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First example of co-benefits:

food
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Globalisation & Food System Transitions

• Globalisation of business

– Multinational firms: transnational, 

production, sales, distribution, 

design, governance

• Technological & farm changes

– Larger farms, monocultures, (over) 

intensification

Impact on:

• climate change
• health

kg/p/year 1969/

1971

1979/

1981

1989/

1991

2005/

2007

2030 2050

World

cereals (food) 144 153 161 158 160 160

meat 26 30 33 39 45 49

kcal/p/day 2373 2497 2633 2772 2930 3070

LMIC

cereals (food) 140 152 160 155 159 158

meat 11 12 13 14 23 30

kcal/p/day 2056 2236 2429 2619 2860 3000

Alexandratos and Bruinsma, 2012



Red (processed) meat & Climate

• >10% total GHG emission worldwide related to 

livestock worldwide

• increased by more than 50 % over last 50 years
– strong growth of emissions in developing countries 

(>100 % increase)

– developed country emissions decreased (±25 % 

decrease)

• Beef and dairy cattle are the largest source of 

livestock emissions 
– 74 % of global livestock emissions

Caro et al, 2014 – Climatic Change



Lentils

Tomatoes

Milk

Beans

Tofu

Broccoli

Yoghurt

Nuts

Peanut butter

Rice

Potatoes

Eggs

Tuna

Chicken

Turkey

Salmon

Pork

Cheese

Beef

Lamb

CO2 eq / g protein 

ruminant meats up 

to 250 x legumes

GHG emissions for food



Red (processed) meat & colorectal cancer

• Conclusions Monograph based on: 

– 20 large good quality prospective cohort 

studies: with follow-up from 1990s 

through 2010s

– ±150 case-control studies across the 

world. 

– Several regions of the world

– wide range of intake of red & processed 

meats

Lancet oncology, 2015



Red (processed) meat & colorectal cancer



Biological plausibility 

• Cooked and processed meat contain:

– Classified carcinogens: NOCs, PAHs and HAA

– Haeme iron 

• Formation enhanced: cooking at high temperatures 

• In addition to evidence on exogenous carcinogens:

– Endogenous formation of carcinogenic compounds 

(randomized intervention studies in humans)

– Strong evidence that such chemicals interact 

biologically in the human body: 

– overall effect may > than the sum of effects



Other health impacts

• The transition to higher meat 

intake:

– Ischaemic heart disease

– type II diabetes

Global burden of disease data, 2013



Red (processed) meat & Health

• However more nuanced: no lower meat/vegetarian diets recommended for all –

many essential nutrients

• WHO / European Commission (2008) recommend:

– Industrialized countries: reduce meat consumption from current levels (e.g. 

USA>100 kg/p/year

– Global convergence to 400-500 g/person/week would have a significant effect 

on carbon levels and health. 

– Increasing meat intake in some low income countries could reduce childhood 

growth stunting.



Alternative Protein Sources: Legumes

• Proteins from other sources 

than meat:
– E.g. Legumes

• Major difference in emission
Tuomisto et al, 2014. Proceedings of the 9th 

International Conference on LCA Food 2014



Methods

• Assess impact on GHG 

emission: 
– Global Calculator Tool

– implications for GHG 

emissions in order to stay 

below the 1.5°C target

http://tool.globalcalculator.org/

• Assess health impacts:
– WCRF guidelines applied to 

EPIC study



Results 1 - Health

• Highest (most vegetarian) category 34% lower hazard of death (95% CI: 

0.59, 0.75) compared with participants within the lowest (highest in 

meat) category. 

• Excess risk of dying of 19% [95% CI: 6 – 34%] in high meat consumers 

(>70g/person/day) compared to those on a lower meat diet 

(≤70g/person/week). 

• The WCRF/AICR score was significantly associated with a lower hazard 

of dying from 

– Cancer

– Circulatory disease

– Respiratory disease

Vergnaud et al. (2013)



Results 2 - Climate

• Scenario tested:

– changing the meat consumption 

from the FAO forecast to the WHO 

recommendation

• Expected to avoid:

– 20 GtCO2eq/year in 2050

– including consequential changes 

in land use, soil carbon, enteric-

fermentation and forestlands



Benefit could be even higher by also increasing agricultural and 

livestock yields.

Changes in food habits have:

• strong impact on land use (and thus greenhouse emissions) 

• strong impact on the prevention of non-communicable 

diseases (NCD)

Both the goals of UN/WHO 25x25 strategy on NCDs and of COP21

would be reached with an immediate intervention on food 

production, partially shifting habits from meat to vegetables and 

legumes. 



Zoonotic viruses

– Agricultural expansion and deforestation

• Malaria

• Yellow fever

• Hendra virus

• Monkeypox virus

• Lassa virus

• Junin virus

• Laguna negra virus

• Machupo virus

• ….



More zoonotic viruses

– Animal food production

• Influenza A (e.g., pandemics 2009 H1N1; ~ 10-200 

million cases, 18 500 deaths)

• Japanese encephalitis

• Nipah virus

• Menangle virus



A potentially devastating problem related to globalization and

exacerbated by climatic change is represented by fluctuations in food

prices. One example is the Russian drought and heatwave of 2010, when

17% of the total crop area of the country was affected causing a national

decline of 33% in the wheat harvest.

As a result, a ban of wheat export was implemented that led to a 60–

80% increase in global prices in the summer of 2010. This resulted in

major increases in wheat and bread prices in importing countries such as

Egypt, Syria and Yemen.

Lancet. 2015 Jul 15. pii: S0140-6736(15)60901-1. doi: 10.1016/S0140-6736(15)60901-1



Second example of co-benefits:

coal
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In Europe there are 280  coal-fired power stations

Coal  is responsible of:

21000 hospital admissions per year

583000 episodes of asthma

6.5 million lost work days

Health costs estimated at 32-62 billion euros per year

Coal has the highest CO2 emissions per KWh of power

(HEAL report “Europe’s dark cloud”)

In the US the implementation of air standards by EPA in 2004-2014 

generated 157-777 billion dollars in benefits, with a benefit to cost 

ratio of 4:1

Page 20



ACS Cohort Concentration–Response Curves (solid lines) and 95% CIs (dashed lines) for Source-
Related PM2.5 (µg/m3) Contributions to PM2.5 mass.  
[Green lines along abscissa indicate data density]

COAL POLLUTION IS MOST CVD TOXIC PER POUND

Ischemic
Mortality 
Hazard 

Ratio

Ischemic
Mortality 
Hazard 
Ratio

Thurston et al. EHP 2015 (http://ehp.niehs.nih.gov/15-09777)



PM Cleanup Co-Benefits of Climate Mitigation Can Be Large if Fossil 
Fuel Combustion Reduced (West et al Nat Clim Chang. 2013 Oct 

1;3(10):885-889
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Research Conclusions (West et al, 2013)

• Fossil fuel combustion, especially coal combustion and 
diesel soot, appear to be among the most toxic PM2.5
components to heart disease mortality. 

• Of the carbon sources, controlling fossil fuel emissions 
(especially Coal Combustion) will have the greatest health 
co-benefits.

– Just scrubbing out CO2 will not get these air quality health 
benefits, if other pollutants are not removed.



… the existing evidence makes a strong case that the benefits of 

select, well-designed mitigation strategies can include large 

health benefits, are available in a range of sectors, and that the 

economic benefits are often as large, if not larger, than the 

climate benefits and marginal mitigation costs.  It is therefore 

likely that if we fail to account for the health benefits of 

mitigation, we will continue to undersupply mitigation actions.

Thurston et al (paper in preparation)



THANK YOU
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The GHG avoidance calculations from the Global Calculator 

paper are a future projection: So by reducing the meat 

intake, by 2050 we will be able to avoid 20Gt CO2 /year which 

is 40% of the current (2015) GHG. Also, this is calculated with a 

consequential modelling approach: what is happening with the 

land if no longer used for livestock etc. These issues are not 

taken into consideration in FAO and IPCC models

· The 11% I mentioned is the contribution of just 

agriculture (not including land-use change) and is the IPCC 

2014 estimate

· The 20%-25% is the FAO total for agriculture, land use 

change and forestry in a attributional model (so not considering 

CO2 that eco-systems remove) – This estimate is from 2010.


