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To whet our appetite

• Hunger for knowledge and individual climate action
• Four questions on direct and indirect atmospheric emissions

• 1 rain tree as it grows captures how many kg of CO2e each week?
• 10 km ride in a mid-size petrol car adds how many kg of CO2e?
• Relative to 10-km car ride, 1 kg of beef adds how many kg of CO2e?
• Relative to 1 kg of beef, 1 kg of chicken adds how many kg of CO2e?

• www.pollev.com/salvo



Carbon labeling and education

• Examples of personal carbon emissions (lifecycle)
• Urban travel: A 10-km ride in a mid-size petrol car (Saudi oil)

• 2 kg CO2e 
• Residential utilities: 10 kWh (a 3-room HDB flat’s daily use) (Indonesian gas)

• 5 kg CO2e
• Animal protein: 1 kg bone-free beef (the edible version of coal)

• 25 kg CO2e
• Air travel: Economy-class roundtrip Singapore to London (now in tons!)

• 3,000 kg CO2e
• And in the business cabin?

• 9,000 kg CO2e

The glamour of a high-carbon consumption lifestyle:
Penelope Cruz, Brand Ambassador for Emirates Business Class

$0.40 climate damage @ the Social Cost of Carbon (~$200 per ton of CO2e) 

$0.90 climate damage

$5 climate damage

$600 climate damage

$1,800 climate damage



Varying personal attitudes

• Why should I do something when Taylor Swift flies in her private jet?
• It’s businesses that pollute, I am just an individual consumer

• Consumers, through their demands, pull every supply chain

• I’ll plant a tree
• I’ll buy a carbon offset

• Verifiability, additionality, and permanence? 
• Priced as low as 1/40th the SCC

• I’ll substitute to lower-carbon substitutes…
• …where not too inconvenient/value not too high ( ) 
• …with the help of incentives ( )

A raintree and low-carbon consumption



A plug-in to important IPUR work



Why food choices matter

• Global food system today
• ~25% GHG emissions
• ~50% habitable land
• Exacerbates the twin climate and biodiversity challenges
• Growing meat consumption
• Protein transition is an imperative, just like the energy transition

• Co-benefits beyond sustainability
• Human health
• Animal welfare
• Food security
• Zoonotic disease risk

Are we being honest about ‘fellow’ sentient mammals?



Climate-health co-benefits of dietary choices



Climate-health co-benefits of dietary choices



Bezos Centre for Sustainable Protein at NUS

“Since 1970, the human population has doubled, while the population of all other 
vertebrates has halved.” Sir Andrew Steer, Bezos Earth Fund, at the recent launch
“3/4 of all agricultural lands (a land mass the size of China + India times two, plus 
Indonesia) is used to grow feed for animals or graze them, while they only deliver 1/3 
of our protein supply.” Mirte Gosker, Good Food Institute

A multi-disciplinary team to 
address a whole-of-society 
challenge



What the rest of this talk is about

• Present work with NUS students
• Integrates teaching and research
• Carbon education and consumption choices

• With a focus on protein foods
• With highly varying lifecycle emissions intensities



Class and the university as a living lab

• Different NUS student-partners in multiple roles
• NSWS RAs surveying the public’s carbon-health literacy of protein foods
• Students studying the literacy survey data in their course assignments
• Students’ own literacy tested after vs. before taking an environmental course
• Students’ own food orders after vs. before taking the course (as part of a 

revealed preference experiment)



Carbon-health literacy of protein foods

• Food and planetary health

Different versions were 
implemented to control 
for framing (order, 
tree/no tree equivalent)

7-point Likert scale
(qualitative and 
quantitative)



Carbon literacy of other familiar products

• Frequently consumed energy-intensive products for comparability



Health literacy of protein foods

• Food and personal health



Towards a Carbon Literacy Index (CLI)

• Examples of how each (anonymous) respondent is graded
• Absolute level for each food & energy-intensive product (includes partial credit)
• Relative levels within and across product type

• Beef or mutton selected as the most carbon-intensive food
• Kidney beans, pinto beans, or chickpeas as the least carbon-intensive food
• Chicken as 2-3 units less carbon-intensive than beef
• 10-km petrol car ride equal or 1 unit above 4-hour afternoon AC
• 4-hour afternoon AC equal or 1 unit above 8-hour evening AC
• 10-km petrol car ride 2-3 units below 1 kg of beef



Carbon literacy index exhibits large variance

• Knowledge gap 1: Beef vs. car rides
• Emissions from animal proteins are understated relative to those from driving.

• Knowledge gap 2: Beef vs. chicken vs. beans
• Respondents understate the variation in emissions across protein foods, in part 

driven by understating beef emissions

N = 614, 2022-2023
Carbon Literacy Index (CLI), out of 1
NUS and NTU campus communities
Environmental students: Undergraduates 
and policy officers
General population: Malls, parks, food courts



Opportunity to sell health co-benefit

• Knowledge gap 3: Many respondents misperceive plant proteins as low 
on protein

• Knowledge gap 4: Responses vary widely for fish and shrimp, which is 
perceived by many as low cholesterol and low carbon

Food-Health Literacy index 
(FHLI) and its correlation 
with CLI
Pairwise correlation index 
of 0.19 is significant at the 
1% level

.2 .4 .6 .8 1
CLI

.4 .6 .8 1
FHLI



Who is more carbon literate?

• Environmental students ( ) vs. General Population ( ) 
• CHLI vs. , equality rejects w/ p-value 

• Environmental students ( ) vs. Campus Community ( ) 
• CHLI vs. , equality rejects w/ p-value 

• General Population and Campus Community are indistinguishable
• Highly educated ( ) vs. less educated ( )

• CHLI vs. , equality rejects w/ p-value 

• ~40 students after vs. before taking an environmental course
• CHLI vs. , equality rejects w/ p-value 



Who is more food-health literate? (similar patterns)

• Environmental students ( ) vs. General Population ( ) 
• CHLI vs. , equality rejects w/ p-value 5

• Environmental students ( ) vs. Campus Community ( ) 
• CHLI vs. , equality rejects w/ p-value 

• General Population and Campus Community are indistinguishable
• Highly educated ( ) vs. less educated ( )

• CHLI vs. , equality rejects w/ p-value 

• ~40 students after vs. before taking an environmental course
• CHLI vs. , equality cannot reject (p-value )



How to educate without raising eco-anxiety?

• Survey climate change beliefs and attitudes (9 statements)
• ~40 students after vs. before taking an environmental course (Jan-Apr)
• Animals and plants have as much right as humans to exist

• % agreeing after vs. before: vs. , equality rejects w/ p-value 
• I feel anxious about what global warming and rising sea levels will do to 

us
• % agreeing after vs. before: vs. , equality rejects w/ p-value 

• Actions to reduce our impact on the environment are very important for 
Singapore’s consumers to consider

• % agreeing after vs. before: vs. 
• Equality cannot reject because baseline is already very high!



Over to shopping: Open data

• To serve as a proof of concept: Does education alone nudge?
• Jan to May 2023: 111 students in Environ. Econ. (mostly non economists)

• Key themes: Carbon education, personal carbon tracking, and pricing

• Jun 2023: I recruited a control group of students
• June to July: I invited students to share their downloadable 180-day 

consumption history… the participation rate was 70%
Transactions shared (5 Jan to 20 Jun 2023)Retailers (platforms with digital transactions)Consumer product

669 orders (15% ruminant meat, 17% no animal meat)Grabfood, Foodpanda, DeliverooFood

17,974 ridesSimplyGoPublic transport

1,176 ridesGrab, Gojek, TADA, CDG ZigPrivate car use

104 purchases (only 14 students)EVS (living on campus, room with AC)Air conditioning





A best-case scenario?(Occidental College)



Results of the intervention on platform orders

• Food-delivery orders
• Prop. of orders w/ ruminants: (environmental students) vs. (non-

environm.), equality rejects w/ p-value . Difference is stable over time!
• Prop. of orders w/o animal meat is indistinguishable across the two groups

• Car-hail rides vs. public transport
• Prop. of rides in cars: (environmental students) vs. (non-environm.), 

equality rejects w/ p-value . Difference is stable over time!

• Limitations
• Short run
• Limited, incomplete data on consumption

• Intention-action gap



A takeaway note

• Consumers in the short run
• Behavioral nudges are a very small step towards deep decarbonization. In 

contrast, the more expensive scalable technologies have a much greater 
potential for substantial emissions reductions. Gillingham and Stock (2018)

• Most of these studies find intervention effects of a few percentage points on 
emissions, but these effects tend to decrease over time. Imai et al. (2022), on 
information provision and labeling studies of consumer behavior

• Climate-literate citizens in the long run
• Link between education, accountability, and support for costly decarbonization
• Would policymakers (in rich countries) then be more daring?
• Public understanding of climate risk is key, in spite of heightened eco-anxiety
• Leverage co-benefits, which may be more local 



“A (GREAT) review of the multiple roles individuals play”

“The six domains of choice for climate action” 
(Hampton and Whitmarsh, 2023)

“The riverine ecology of choice for climate action. A combination of 
upstream, midstream, and downstream interventions is needed to enable 
and scale choices for climate action.” (Hampton and Whitmarsh, 2023)



Appendix (not to be shown for lack of time)



Food-carbon literacy in a general population

Opportunity:
Ruminants perceived to 
be significantly lower 
than actual (including 
relative to driving)



Food-health literacy in a general population

Opportunity: 
Health co-
benefits that 
may be more 
‘local’ to the 
individual than 
climate is



Education and incentives

“Support for London’s congestion charge grew following its introduction” (Hampton and Whitmarsh, 2023)

Wishful thinking? 
Or our best hope 
for a sustainable 
future of 
collective action?



Carbon label at a less granular level

• Focus on specific foods: Protein-rich foods
• Highlight connection between planetary and personal health

• By informing co-benefit, or making salient, more shoppers/diners may care
• Feels more local, where the shopper can make a difference to his/her loved ones

• Can overlay with personalized messaging and rewards
• Does fintech (and retailers generally) have a role to play in carbon 

education?
• Retailers pipe my data to my platform of choice
• Attributes I may care about, e.g., My Protein, Our Carbon
• Tech4Good






