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More about 
me (beyond 

my NUS 
affiliations)

• An environmental economist (and scientific journal co-editor)
• A behavioral social scientist working on individual climate 

action

• I finished my PhD 20 years ago, at the London School of 
Economics

• 2005-2013: I was an assistant professor of strategy at the 
Kellogg School of Management

• I think I “get” businesses

• I have been in Singapore since 2013

• As a consumer/worker, I try hard to manage my “contribution” 
to environmental pollution

• Climate, biodiversity, and plastic crises are tightly linked
• Also tightly connected with caring for the poor

• This often involves inner conflicts and tensions



For example: My 
most recent conflict

• I just came back from a 4-week trip
• Miami, Chicago, West Lafayette, Atlanta, 

Madrid, Rome, Bologna, Barcelona

• Time with my two older boys who are in College

• Time with my mother, three siblings, and other 
extended family

• 5 research talks, 1 research workshop, >60 
extended conversations that are directly 
relevant to my work

• Atmosfair platform: I worked out my 
apportioned share of aviation emissions:

• 7.6 tons CO2e (emissions at 10 km altitude)
• All economy-cabin seating (business cabin 

would be 3X based on floor space)

• “Was my trip worth it?” (to me, to society)



“Was my trip worth it?”

• To me, yes! 
• Yet, I am accountable and feel grateful for the (largely unpriced) natural 

resources that my trip demanded

All economy-cabin seating, one-way, 1 passenger Offset suggested
Origin Destination CO2 Non-CO2 CO2 + Non-CO2 by Atmosfair Distance

(tons) (tons) (tons) (Euro) (km) kg CO2e / km Euro / ton CO2e
Singapore Dubai 355 553 908 28 5,978 0.152 30.84
Dubai Miami 1017 1621 2,638 80 12,746 0.207 30.33
Miami Chicago 159 224 383 12 2,032 0.188 31.33
Chicago Atlanta 103 126 229 7 1,077 0.213 30.57
Atlanta Madrid 441 691 1,132 34 7,095 0.160 30.04
Madrid Rome 111 147 258 8 1,432 0.180 31.01
Bologna Barcelona 79 91 170 6 932 0.182 35.29
Barcelona Abu Dhabi 298 461 759 23 5,273 0.144 30.30
Abu Dhabi Singapore 445 692 1,137 35 6,018 0.189 30.78
Total 9 flights 7,614 233 42,583 0.179 30.60
Note: Aviation only; excludes lower-emissions train ride from Rome to Bologna

(kg) (kg) (kg)



Brief aside: Water as 
a greenhouse gas??
(at altitude = GHG)



Another brief aside: What 
is the “marginal impact” 
from I taking that flight?

Two narratives
• Short horizon/low individual accountability: The next flight 

The plane is taking off anyway. I might as well be on it.

(Similar to: The cow is already dead. I might as well eat the beef.)

vs.

• Longer horizon/high individual accountability: Supply meets demand

The more individuals like me demand air travel, the more resources will 
be allocated to the sector.

(Similar to: The more beef I eat, the more cows will be raised and 
slaughtered.)



Less: Could I take ground (& public) transport?

• Would have reduced my personally accountable emissions from 7.6 to 6.6 
tons of CO2e

• (More later) System frame vs. individual frame

All economy-cabin seating, one-way, 1 passenger Offset suggested
Origin Destination CO2 Non-CO2 CO2 + Non-CO2 by Atmosfair Distance

(tons) (tons) (tons) (Euro) (km) kg CO2e / km Euro / ton CO2e
Singapore Dubai 355 553 908 28 5,978 0.152 30.84
Dubai Miami 1017 1621 2,638 80 12,746 0.207 30.33
Miami Chicago
Chicago Atlanta
Atlanta Madrid 441 691 1,132 34 7,095 0.160 30.04
Madrid Rome
Bologna Barcelona
Barcelona Abu Dhabi 298 461 759 23 5,273 0.144 30.30
Abu Dhabi Singapore 445 692 1,137 35 6,018 0.189 30.78
Total 5 flights (transoceanic only) 6,574 200 37,110 0.177 30.42
Note: Aviation only

(kg) (kg) (kg)



More: Fly in comfort & style

Emissions factors based on floor area, e.g., “a passenger in premium class emitted 2.6 to 4.3 times more CO2 per km than a 
passenger in economy class, depending on aircraft”
Graver, B., Rutherford, D. & Zheng, S. CO2 emissions from commercial aviation. International Council on Clean Transportation (2020)

Bofinger, H. & Strand, J. Calculating the carbon footprint from different classes of air travel. World Bank Policy Research WP 6471 (2013)

UK DEFRA (Department for Environment, Food & Rural Affairs ) and DESNZ (Department for Energy Security and Net Zero). Greenhouse gas reporting: conversion factors (2023)

All business-cabin seating, one-way, 1 passenger Offset suggested
Origin Destination CO2 Non-CO2 CO2 + Non-CO2 by Atmosfair Distance CO2e

(tons) (tons) (tons) (Euro) (km) kg CO2e / km Euro / ton CO2e B : E
Singapore Dubai 1422 2211 3,633 109 5,978 0.608 30.00 4.0
Dubai Miami 4067 6485 10,552 317 12,746 0.828 30.04 4.0
Miami Chicago 239 338 577 18 2,032 0.284 31.20 1.5
Chicago Atlanta 155 189 344 11 1,077 0.319 31.98 1.5
Atlanta Madrid 1705 2671 4,376 132 7,095 0.617 30.16 3.9
Madrid Rome 169 223 392 12 1,432 0.274 30.61 1.5
Bologna Barcelona 118 137 255 8 932 0.274 31.37 1.5
Barcelona Abu Dhabi 1193 1844 3,037 92 5,273 0.576 30.29 4.0
Abu Dhabi Singapore 1780 2769 4,549 137 6,018 0.756 30.12 4.0
Total 9 flights 27,715 836 42,583 0.651 30.16 3.6

(kg) (kg) (kg)

Penelope Cruz,
Brand ambassador for

Emirates Business Class



What is 7.6 tons 
CO2e? (my one trip)

• Bottom 50% of world 
population emits 1.4 
tons CO2e per person 
per year

• Environmental justice

My single (economy) trip’s attributed aviation emissions 
Growth at the top

N = 80mN = 800m



What is 7.6 tons 
CO2e? (my one trip)

• Distributions of 
individual emissions 
per year

• Going forward: Global 
South will be critical

My single (economy) trip’s attributed aviation emissions 2025-2050: What happens in 
the Global South will be critical



Individuals as climate 
actors, e.g., Christiana, YOU



What is 7.6 tons 
CO2e? (my one trip)

Nature-based climate solutions

“Tree equivalents”

• 1 mature raintree (samanea
saman) stores 10 tons of 
CO2e above and below 
ground

Key to note:

• Trees’ (and forests’) 
“ecosystem services” go way 
beyond carbon storage

Connection to COP30 
Belém, in the Global South



Climate 
actors



On the less-known protein transition:
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



Individuals in multiple climate actor roles



NUS Institute 
for Public 
Understanding 
of Risk keynote 
address in May 
2025



Individual climate action: Linkages

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

A combination of upstream, midstream, and downstream interventions is needed to 
enable and scale choices for climate action (Hampton and Whitmarsh, 2023)



Who is responsible: Two 
polar narratives (again)

• GHG emissions are (largely) the result of the 
choices and behaviours of a billion or so 
individuals. The role of businesses and 
governments is to respond to their demands.

vs.

• Individuals make choices which are highly 
bounded, constrained by what systems of 
provision make available, and influenced by 
powerful vested interests.

(including, e.g., personal carbon calculators are a 
ploy to deflect responsibility away from 
corporations, as in the BP/“Big Oil” and “Make 
America Beautiful” business campaigns)



Connecting the “i-frame” and the “s-frame”



Why we need an educated and engaged public

• Economists’ (like me) obsession with carbon pricing: Are we ready?

In 2021: 
Unconstrained by 

politics (not 
facing the public)

In 2025: 
Constrained by 

politics (remaining 
electable in North 

America today)



Emissions disclosure for 
all actors?

• The adage: What you don’t measure, you can’t 
control

• Think ~2035: Disclosure for governments, 
businesses, and individuals?

• Personal emissions disclosure as potential tools 
for:

• (Opt-in) Public education & engagement?
• (Opt-in or Mandatory) Personal carbon 

taxes/subsidies to interact with personal 
income taxes

• Concerns over double taxation: Both businesses 
and individuals currently pay income taxes



NUS Institute 
for Public 
Understanding 
of Risk



NUS Sustainable and Green Finance Institute 



Key to note: Most societies are 
accepting of personal income taxes, 
despite privacy concerns. Most 
societies are nowhere near 
accepting of personal carbon taxes 
(or personal carbon disclosure).



Two NUS 
experiments, 
seeking to 
educate 
climate 
citizens, rather 
than nudge 
behaviour



Incentivized personal carbon scores lower 
the carbon intensity of urban mobility and spill 

over to pro-science climate attitudes
Research team: 

National University of Singapore (NUS)

Alberto Salvo (PI, Economics & Climate Action Council), Leonard Lee (Co-PI, Institute for the Public 
Understanding of Risk & NUS Business School), Yuen Wei Lun (Marketing), Lynn Tay (Sociology), Lim Fang 
Ding (Economics), Suveen Ellawela (Computer Science), Charleston Chan (PPE), Tan Jia Min (Engineering)

Land Transport Authority (LTA)

Leong Wai Yan (Chief Transport Economist—at the time), Yong Hui Le (Transport Economist—at the time)

Funding: IPUR Seed Grant, FASS Dean’s Chair Award, Economics Untied Academic Grant



Motivation of study 1

• How to raise the public’s engagement with the interconnected climate-
biodiversity-plastic crises?

• Globally, political leaders are timid given the scale of the problem
• Public acceptance matters

• Can positive and hopeful messaging and rewards in a specific consumption 
domain spill over to climate-change policy support?

• Go live every February as part of a Singapore Climate Awareness month?

• Are individuals accepting of personal carbon scoring (privately)?
• Atmospheric carbon is the new currency in town



Building blocks in the urban mobility RCT

• Building blocks
• (from product…) Carbon labelling
• (…to person) Personal carbon scores
• Positive, hopeful messaging of more local co-benefits, e.g., active mobility, safer 

travel
• Testimonials by peers
• Low-carbon rewards

• Focus on educating climate citizens



RCT sample: Young adults (window of opportunity)

Participants: NUS undergraduates
• Research on consumption patterns of different demographic groups in Singapore
• 16-week study: January to May 2024 (total ~120 minutes of participation)
• Earn between $100-$110

• Effective sample size, N = 327 (power calculation)
• 59% female, mean age 21y, 57% living off campus, 81% no family car
• Randomly assigned into a control group and two treatment groups (balancing tests)

• Participants maintained an 11-week personal travel diary, shared transactions from transport 
platforms, and stayed tuned by Telegram/email



Building block: Personal carbon scores

Individual choices ∩ carbon labels → Personal carbon scores averaged over 3-week periods 

Our carbon labels: A hierarchy accounting for limited bandwidth 
(1/1) Car, single rider: 200 g of CO2 per km
(1/2) Car, shared rider: 100 g of CO2 per km
(1/5) Public transport: 40 g of CO2 per km



Building block: Low-carbon rewards

Low-carbon rewards by 3-week period:
$5 for average carbon score ≤ 60 g of CO2 per km
Another $5 for average carbon score ≤ 45 g of CO2 per km



Environmental education and spillover effects

• Less interesting: Domain-specific
• Exposure to environmental education and low-carbon rewards did shift 

observed behaviour
• Treatment reduced (stated) agreement with the environment having “little” 

or “no” influence on a participant’s public transport choices

• More interesting: General views
• Stronger general pro-environment attitudes among treated participants than 

in the control group, e.g.,
With our current lifestyles, humans are abusing the environment.
Actions to reduce environmental impact are very important for people to 
consider when getting around, shopping, and at home.
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Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 Week 9 Week 10 Week 11

Very high engagement across all groups

Group with most exposure: No attrition from week 1 to week 11

Group:
Control
Personal carbon scores
Low-carbon rewards

Randomization Intervention begins

Post-intervention survey
(Groups PCS and LCR had positive experience/perception of 
personal carbon scores/low-cost rewards)



Engagement 
with 

personalized 
education



“initially i had always been someone 
who took grab to school, but 

participating in this programme has 
made me change my habits, and i

now try my best to take public 
transport. this active change has 

actually lifted my mood, and i really 
do enjoy walking and taking the bus 

now. i believe it is little choices like 
this that help reinforce a sense of 

hope that we have some agency over 
the outcomes of climate change.”

~ Participant C  
(who wrote in voluntarily)



Enhancements to the NUS Dining App
A beta version for participating NUS Residential Colleges



Motivation of study 2

• Similar to study 1, except in the food domain

• Address nutrition-climate knowledge gaps in 
food

• Global food system today
• ~25% GHG emissions & ~50% habitable 

land
• Exacerbates the twin climate and 

biodiversity challenges
• Growing meat consumption

• Co-benefits beyond sustainability
• Human health, animal welfare, food 

security, zoonotic disease risk, antibiotic 
resistance

e (via CH4)



Knowledge 
gap: For a 

protein-rich 
meal, I need 
to eat animal 

meat
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Agriculture’s 
climate 

damage and 
biodiversity 

loss



Knowledge 
gap: Food is 
natural and 
renewable, 
so low on 
resource 
demands

40



Knowledge 
gap: 

Emissions 
from beef vs. 

chicken vs. 
plant 

proteins vs. 
car rides

41



“My Protein, Our Climate” education feature 1



Enhanced dining menu: Personal & planetary health

Indian Vegetarian
Protein: 22g
Carbon: 205g

Bee Hoon Goreng
Protein: 9g
Carbon: 161g

Western
Protein: 23g
Carbon: 635g

Steam Tofu w/ Bean 
Sauce
Protein: 13g
Carbon: 44g

Roasted Cauliflower
Protein: - g
Carbon: - g



“My Protein, Our Climate” education feature 2



Personalization
(strictly 

private, just 
like Transaction 

History)



“My Protein, Our Climate” education feature 3

My Protein, Our Climate
Rich text…

Close 
popup



Key: Educate rather than nudge deeply personal choices

Four examples of (at most) weekly messages, overseen by an inter-disciplinary Review Board



General policy opportunity
• Systemic change needs public support

• Demand for FinTech platforms to track one’s choices
• Opt-in + open-data regulations (UK): Need to safeguard privacy
• Integrate local co-benefits, e.g., nutrition, step tracker, planetary 

health (CO2), monetary cost
• Bring into the disclosure effort, into the problem and the solution

• Tool for public engagement, manage eco-anxiety (on the rise)
• Until energy and protein transitions are underway (2040?)
• Link between education, accountability, and support for costly 

decarbonisation
• C., a subject in the urban mobility project, volunteered:
It is little choices like this that help reinforce a sense of hope that we 
have some agency over the outcomes of climate change


