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The Paris Climate Agreement and the United Nations’ 
Sustainable Development Goals together challenge govern-
ments across the world to both tackle climate change and 

improve people’s health1,2. These apparently different priorities have 
one point of very clear intersection: food systems. Current food pro-
duction, processing, transport, packaging and consumption patterns 
generate more than one third of global greenhouse gas (GHG) emis-
sions, contributing substantially to climate change3, and unhealthy 
diets account for nearly one in five deaths globally4. Integrated food 
policies that tackle both the climate and health aspects of the food 
system are therefore a clear and urgent priority5,6.

Supply-side initiatives to promote environmentally friendly agri-
cultural practices, such as the 2021–2027 Common Agricultural 
Policy in Europe, are potentially important to reducing GHG 
emissions from food production. However, the scale and speed 
of transformation7–9 needed to deliver net-zero commitments10,11 
and achieve public health targets require that we also consider the 
potential contribution of demand-side shifts in food consump-
tion12 to reaching those targets. This paper contributes to that 
demand-side analysis.

Policies to influence food demand range from education, infor-
mation or nudging, which are often considered ‘soft-policy’ initia-
tives, to ‘hard measures’ such as regulation or taxation13,14. There is 
some evidence that information provision, typically through food 
labelling, can encourage consumers towards healthier15,16, more 
environmentally sustainable17,18 food purchases. A related body of 

literature has also found that consumers tend to react differently 
to different labels that certify foods with higher environmental or 
health standards19,20. While politically challenging, some food taxes 
have also been successfully applied in recent years, mostly with the 
objective to improve people’s health by encouraging changes in con-
sumption (to achieve a reduction of salt, fat and sugar intake21,22). 
Simulation studies and experiments have also shown how the appli-
cation of carbon taxes could result in a reduction of GHG emissions 
from food23.

Despite this growing body of literature, previous studies have 
typically limited their focus to specific food products and single 
policy instruments, targeting improvements in either health or the 
environment but not both. While some research24,25 has discussed 
the opportunities and trade-offs of implementing a broad range 
of policies, very few empirical applications exist that have recently 
appraised the combined impact of different mechanisms16,26. 
Moreover, only a few studies27–29 have looked at both the environ-
mental and health impacts of food. This latter body of research has 
generally relied on simulations of food taxation or dietary change 
scenarios starting from ‘historic’ data on consumption. Such an 
approach, though, implicitly assumes that past behaviour is a good 
predictor of behaviour in the face of new policies. This is not nec-
essarily a realistic assumption30, especially when future policies are 
anticipated to generate substantial changes in behaviour. In addi-
tion, ‘historic’ data are not suitable to exploring the role of soft mea-
sures not implemented before. In this paper, we thus empirically 
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explore consumers’ food purchase intentions in the face of future 
soft and hard policies to achieve broad dietary transformations, and 
we systematically assess and compare the resulting expected impacts 
on health and the environment. This represents a critical but previ-
ously missing piece of information that can guide policymakers in 
the choice of the most appropriate policy instrument, while con-
sidering the potential for synergies as well as trade-offs associated 
with the adoption of different measures. For example, encouraging 
a shift towards more plant-based foods is generally associated with 
positive health outcomes and relatively low GHG emissions, but not 
all low-emission foods are also good for health (for example, sugary 
drinks and confectioneries)31,32.

The present study has addressed this gap through analysing the 
potential impacts on carbon emissions and dietary health from 
changes in household food purchase behaviour prompted by a range 
of information policies and taxes reflecting a True Cost Accounting 
approach33. In line with this, to internalize the externalities asso-
ciated with food-related GHG emissions, we applied carbon taxes 
that change food prices proportionally to the food carbon content to 
reflect the social cost of carbon, while to account for the externali-
ties arising from consuming unhealthy food, we applied taxes that 
increase the price of food proportionally to a score that measures 
the healthiness (nutritional content) of food. Given that data are 
currently unavailable to address our research question, we designed 
a survey-based, randomized controlled experiment and applied it 
to a nationally representative sample of N = 5,912 UK citizens. Our 
survey design consistently assessed and compared the effects of dif-
ferent policies (see Fig. 1 for an overview), and it was guided by data 
on household observed food purchase behaviour from the Kantar 
Fast-Moving Consumer Goods (FMCG) panel34, information on 
the carbon footprint of different foods based on a review of the life 
cycle assessment (LCA) literature and nutritional evidence based on 
the nutrient profiling model and Nutri-Score data35.

Overview of the survey design
In our survey-based, randomized controlled experiment, respon-
dents were randomly allocated to one of three groups or policy 
streams (as specified in Fig. 1), within which the study participants 
were asked about their food purchases in a baseline scenario and in 
the presence of two distinct policy instruments defined by differ-
ent combinations of new information and/or taxes. In the baseline 
scenario, common across all three policy streams, respondents were 
asked to report their typical food and beverage purchases for home 
consumption, starting from a list of commonly purchased food prod-
ucts (Methods). The respondents were then asked to imagine that a 
new policy instrument had been introduced. They were presented 

again with the list of food products—this time including additional 
product information and/or increased prices, depending on the pol-
icy instrument—and they were asked to adjust their food product 
choices in response to the policy introduced (if they so wished). The 
policy instruments presented in the Carbon Information and Tax 
(CIT) policy stream were Carbon Information, detailing the carbon 
emissions associated with each food (using a graphical indicator, as 
exemplified in Extended Data Fig. 1), followed by Carbon Tax, add-
ing a carbon tax to the baseline food prices and the carbon informa-
tion presented in the scenario introducing the Carbon Information 
instrument (note that variation in tax rates was systematically 
introduced across respondents). Similarly, the policy instruments 
presented in the Health Information and Tax (HIT) policy stream 
included Health Information, providing details about the healthi-
ness of each food (using a graphical indicator, the Nutriscore, as 
illustrated in Extended Data Fig. 2), followed by Health Tax, adding 
a health tax to the baseline food prices and the health information 
presented in the scenario introducing the Health Information instru-
ment. Both policy instruments considered in the Unlabelled Tax/
Carbon + Health Tax (UT/CHT) policy stream involved the applica-
tion to baseline food prices of the combined tax rates presented in 
the scenarios introducing the Carbon Tax and Health Tax. However, 
in the case of the Unlabelled Tax, presented as the first policy instru-
ment, the respondents were not informed of the reason behind this 
price increase, while in the case of the Carbon + Health Tax, pre-
sented as the second policy instrument, the respondents were addi-
tionally informed about the level of emissions and healthiness of 
each food (as in the previous policy streams) and were told that the 
price increase was applied to high-emission and/or unhealthy foods.

The design of our survey-based, randomized controlled experi-
ment (summarized in Fig. 1) allowed us to separate the effects of 
information, taxation or combined information and taxes focus-
ing on the carbon emissions and dietary health of consumers’ food 
choices. Further information on the survey design is provided in 
the Methods.

Results
Food purchase patterns and GHG emissions. For our study, we 
collected data from N = 5,912 respondents. No significant differ-
ences were detected in the participants’ socio-economic or demo-
graphic characteristics, or baseline patterns of food purchases, 
when comparing between the three policy streams or against cen-
sus and Kantar food purchase data for the overall UK population 
(Supplementary Tables 1–3). As reported in Supplementary Table 3, 
the main food and beverage products, by volume, that the average 
survey respondent reported to purchase at baseline were fruit and 
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vegetables, followed by dairy products (especially milk) and eggs, 
beverages (especially non-sugary drinks and alcohol), meat (espe-
cially poultry, pork and unprocessed beef) and carbohydrates (espe-
cially bread, pasta, rice, flour and cereals). In monetary terms, the 
average survey respondent reported spending the highest share of 
their monthly baseline food expenditure on meat (about 26%), bev-
erages (19%), fruit and vegetables (17%), dairy products and eggs 
(12%) and snacks (11%).

On the basis of our findings, these baseline food purchase patterns 
would result in an average of roughly 3,200 kg CO2e of GHG emissions 
per person per year, equivalent to the emissions from driving a regu-
lar petrol car across the United States almost three times (13,000 km). 
As reported in Supplementary Table 4, most of these emissions 
are linked to meat purchases: on the basis of our survey responses, 

unprocessed beef alone would contribute to about 32% of our respon-
dents’ total food basket GHG emissions, followed by processed beef, 
lamb, pork and poultry, which together would contribute to another 
26% of the total food basket emissions. This is not surprising given 
that meat products—especially beef—are associated with the highest 
levels of emissions per kilogram of food. Some lower-emission prod-
ucts (such as milk and yogurt, fruit and vegetables), however, would 
also contribute an important share of total emissions (about 15%), 
given the high volume of purchase of these food groups. These results 
were consistent across all baselines in the three policy streams (see the 
tests reported in Supplementary Table 4).

Figure 2 illustrates the average change in food-related GHG emis-
sions per person per month for the CIT (Fig. 2a) and UT/CHT (Fig. 2b)  
policy streams across different food groups (further information  

−10 −8 −6 −4 −2 0 2

Carbon Tax 95% confidence interval

CIT policy stream

Average change in emissions (kg CO2e per kg or litre of food) per person per month

a

−10 −8 −6 −4 −2 0 2−35 −30 −25 −20 −15

Carbon + Health Tax 95% confidence intervalUnlabelled Tax

Average change in emissions (kg CO2e per kg or litre of food) per person per month

−35 −30 −25 −20 −15

Carbon Information

b

Tea/coffee
Less/non-sugary drinks
Sugary drinks
Plant-based milk
Fruits/vegetables
Bread/pasta/rice/flour
Alcohol
Meat alternatives
Breakfast cereals
Milk/yogurt
Less unhealthy snacks
Unhealthy snacks
Eggs
Butter/cream
Poultry
Fish/veg-based ready meals
Pork
Fish/seafood
Meat-based ready meals/pizza
Cheese
Lamb
Processed beef
Unprocessed beef

Low-emission foods

1 kg CO2e per kg or l

3 kg CO2e per kg or l

8 kg CO2e per kg or l

15 kg CO2e per kg or l
40 kg CO2e per kg or l
60 kg CO2e per kg or l

High-emission foods

Tea/coffee
Less/non-sugary drinks
Sugary drinks
Plant-based milk
Fruits/vegetables
Bread/pasta/rice/flour
Alcohol
Meat alternatives
Breakfast cereals
Milk/yogurt
Less unhealthy snacks
Unhealthy snacks
Eggs
Butter/cream
Poultry
Fish/veg-based ready meals
Pork
Fish/seafood
Meat-based ready meals/pizza
Cheese
Lamb
Processed beef
Unprocessed beef

Low-emission foods

High-emission foods

2 kg CO2e per kg or l

1 kg CO2e per kg or l

3 kg CO2e per kg or l

8 kg CO2e per kg or l

15 kg CO2e per kg or l
40 kg CO2e per kg or l
60 kg CO2e per kg or l

2 kg CO2e per kg or l

UT/CHT policy stream

Fig. 2 | Average change (from the baseline) in p.p.m.e. by food group across the different policy streams and policy instruments. a, The average changes 
in p.p.m.e. across respondents in the CIT policy stream. Diamonds and dots indicate the average changes in p.p.m.e. with the application of the Carbon 
Information instrument and the Carbon (Information and) Tax instruments, respectively. b, The average changes in p.p.m.e. across respondents in the UT/
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pooled. Figure 4 discusses the impact of varying tax rates. p.p.m.e., per-person monthly emissions.
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is reported in Supplementary Tables 5 and 6 and in Extended Data 
Fig. 3 for the HIT policy stream). A general finding of our study is 
that tax instruments, with or without information, would deliver 
greater impacts than reliance on information alone. In addition, on 
the basis of our results, the most substantial abatement in the aver-
age levels of GHG emissions would be achieved by decreasing the 
volume of unprocessed beef purchased, which (depending on the 
policy mechanism considered) would lead to reductions of 17 to 
31 kg CO2e per person per month, compared with the baseline.

In our results, more modest GHG emission reductions would be 
achieved through changing the purchase levels of other meat prod-
ucts. Despite having high carbon content per kilogram of product, 
both processed beef and lamb represent only a small share of the total 
amount of meat purchase reported in our survey (approximately  

4% and 6%, respectively). Consequently, any reduction in the level 
of purchase of these types of meat that would be achieved through 
the food policies explored has little influence on total emissions 
(while varying across policy instruments, the average reductions are 
around 6 and 2 kg CO2e per person per month for processed beef 
and lamb, respectively). Smaller emission reductions would also 
be achieved through a decrease in the purchase of other relatively 
carbon-intensive food products, such as cheese (around 2 kg CO2e 
reduction per person per month), pork (around 1 kg CO2e reduction 
per person per month) and meat-based ready meals and pizza (1 to 
2 kg CO2e reduction per person per month). Emission levels associ-
ated with all other food groups are relatively less sensitive to the 
application of the different policy instruments. More details about 
the average change in per-person monthly emissions (p.p.m.e.) for 
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Table 1 | Contribution of each policy instrument to the achievement of UK net-zero targets by 2050

UK annual GHG emission reductions under each policy instrument, as a share 
(%) of reductions required for net zero by 2050

Food demand policy 
instrument

UK annual GHG emission reductions under 
each policy instrument (MtCO2e)

In the absence of other emission 
reduction policies (−503 MtCO2e)

After implementing all planned emission 
reduction policies (−102.4 MtCO2e)

Carbon Information −18.4 3.7 18.0

Carbon Tax −36.4 7.2 35.6

Health Information −5.7 1.1 5.5

Health Tax −12.0 2.4 11.7

Unlabelled Tax −33.7 6.7 32.9

Carbon + Health Tax −39.5 7.9 38.6

In this table, in each scenario where taxes are applied, all responses from the different tax rate groups are considered (as in Fig. 3). Figure 4 presents the impact of varying tax rates.
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each food group across the different policy instruments are avail-
able in Supplementary Table 6.

Figure 3 summarizes the mean per-person per-annum GHG 
emission reductions that would be achieved across the different 
policy streams and instruments for all food purchases. Considering 
first the CIT policy stream, we found that the Carbon Information 
policy instrument would reduce emissions by an average of 
282 kg CO2e per person per year, a significant reduction given the 
relatively low cost of such a policy. However, this reduction would 
be almost doubled to 558 kg CO2e per person per year through the 
addition of a Carbon Tax. Interestingly, in the HIT policy stream, 
GHG emission reduction co-benefits would arise from the sequen-
tial introduction of the Health Information and Tax instruments. 
The fact that both the Health Information and Health Tax policy 

instruments would reduce emissions to some extent shows the 
correlation between dietary improvement and reduced emissions, 
primarily because of the lower meat and dairy content of healthier 
diets. The potential clearly exists for health policies to generate envi-
ronmental co-benefits.

The CIT and HIT policy streams show the substantial impact 
that both carbon and (to a smaller extent) health policies target-
ing food demand could have on GHG emissions. However, the UT/
CHT policy stream highlights the potential limits of combined poli-
cies in terms of emission reduction. Here the Unlabelled Tax policy 
instrument shows what could be the possible effects on emissions of 
imposing a food tax (combining the tax levels used with the appli-
cation of the Carbon Tax and Health Tax policy instruments) when 
consumers are not informed of the reason for this price increase. 
In contrast, the Carbon + Health Tax policy instrument applies the 
same combined tax level but now informs consumers of the GHG 
and health motivations for that tax. While the average reduction in 
emissions is significantly greater under the Carbon + Health Tax 
than under the Unlabelled Tax instrument, the reduction in emis-
sions produced by the Carbon + Health Tax instrument is not sta-
tistically different from that achieved by the Carbon Tax instrument 
alone. These conclusions are based on the results of t-tests on mean 
equality, reported in Supplementary Table 7.

Figure 4 analyses the effectiveness of tax instruments in greater 
detail by examining how different rates of tax affect emissions (see 
Supplementary Table 8 for more details). These relationships are 
illustrated in Fig. 4a for the Carbon Tax policy instrument and in 
Fig. 4b for the Carbon + Health Tax policy instrument, with both 
panels showing similar patterns (see Extended Data Fig. 4 for the 
corresponding graph for the Unlabelled Tax policy instrument). 
While the initial introduction of these tax instruments delivers 
substantial reductions in carbon emissions relative to the base-
line, further increases in tax eventually fail to yield notably greater 
emission reductions, indicating nonlinearities in the responses to 
tax rate increases. In economic terms, the initial relatively ‘elastic’ 
response to higher prices becomes more ‘inelastic’ as consump-
tion falls to levels where individuals are more resistant to further 
reductions, a common observation across many goods36. These 
findings suggest that applying an intermediate tax rate may be 
preferable, as it would enable emission reductions very close to 
those obtained with the highest tax rate, but with a lower increase 
in food prices, which could boost the social (political) acceptabil-
ity of the intervention.

To understand the emission reduction potential at a national 
scale from the application of food policies such as these, we aggre-
gated the values reported in Fig. 3 to the UK level (as explained 
in more detail in Supplementary Note 1). Table 1 reports these 
findings, with the second column detailing the aggregate emission 
reductions that would be achieved, on average, under each food 
demand policy instrument. The remaining columns report these 
findings as a percentage of the overall reduction required to reach 
the 2050 net-zero commitment (as detailed in Supplementary Note 
1) either in the absence (the third column) or after the implementa-
tion (the fourth column) of planned emission reduction measures. 
While such food policies are obviously not a panacea on their own, 
our findings show that food demand policies that include carbon 
taxes could address around one third of the net-zero GHG removal 
gap currently predicted for 2050 (that is, after planned decarboniza-
tion policies are implemented)7. These values exceed the levels of 
emission reductions that the UK government anticipates to achieve 
via societal dietary changes; the 2019 report by the Committee on 
Climate Change7 predicts that only up to 14.9 MtCO2e of emissions 
could be reduced in the United Kingdom by 2050 through dietary 
changes involving 50% lower consumption of beef, lamb and dairy. 
We show that much more could be achieved via appropriate food 
demand policies.
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The relationship between different levels of Carbon Tax derived using True 
Cost Accounting principles and food emission reductions per person per 
annum, with the application of the Carbon Tax policy instrument. b, The 
relationship between different levels of Carbon Tax and GHG emissions, as 
in a, but with the addition of a Health Tax linked to the Nutri-Score rating 
of each food category, reflecting the application of a Carbon + Health Tax 
policy instrument (Methods and Supplementary Table 8). As there is no 
perfect correlation between carbon emissions and health, the vertical axis 
in b lists the Carbon Tax amount to which the Health Tax amount is added. 
The two vertical axes are therefore not identical in absolute terms, and the 
full details are presented in Supplementary Table 8. However, both graphs 
(a and b) reveal that the rate of emission reductions diminishes as the 
level of taxes increases. The bars indicate the 95% confidence intervals, 
calculated on the basis of normality distribution assumptions.
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Dietary health implications. While the carbon-focused CIT pol-
icy stream is more effective at reducing GHG emissions than the 
health-focused HIT policy stream, the reverse is true when the con-
cern is for optimizing the healthiness of diets (compare Extended 
Data Fig. 5 with Fig. 5). Figure 5a shows that the HIT policy stream 
performs particularly well in reducing the reported purchase of 
unhealthy snacks, sugary drinks and alcohol and increasing the 
reported purchase of fruit and vegetables. In particular, the Health 

Tax instrument, combined with information, outperforms the pro-
vision of Health Information alone. While the UT/CHT policy 
stream (Fig. 5b) seems to provide comparable benefits to HIT in 
terms of improved healthiness of diets (see Supplementary Table 9 
for more details on the average change in the volume of purchased 
food groups across the different policy streams and instruments), 
we have shown that the expected reductions in emissions would 
be significantly larger in UT/CHT relative to HIT. The overall  
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respectively. b, Average changes in p.p.m.v.p. across the respondents in the UT/CHT policy stream. The light-blue diamonds and dark-blue dots indicate 
the average changes in p.p.m.v.p. with the application of the Unlabelled Tax and Carbon + Health Tax instruments, respectively. The bars show the 95% 
confidence intervals, based on normality assumptions. The food groups are ordered on the basis of their Nutri-Scores from A (most healthy) to E (least 
healthy). Nutriscore logo credit: Nutri-Score/Santé Publique France.
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message is therefore clear: single policy objectives are best addressed 
through focused policies, but combined policies can contribute sub-
stantial benefits across multiple objectives.

Conclusions
Creating a food system that reduces its negative impacts on both 
the environment and health is a major policy challenge facing 
governments globally. While supply-side, technological and other 
advancements in the production of food are important (as has been 
demonstrated in product reformulation to reduce sugar content for 
people’s health37), consumer demand is a major but complex driver 
requiring greater policy coherence. Our analysis—a large-scale, 
survey-based randomized controlled experiment evaluating the 
anticipated environmental and dietary health impacts of informa-
tion and/or fiscal measures across the food basket—clearly demon-
strates the power of demand-side policy interventions.

Our results suggest a substantial impact (compared with baseline 
control purchasing) of fiscal measures and/or information provision, 
with primacy of fiscal measures over information provision alone. 
The potential magnitude of benefits arising from these policies is 
clear. To date, governments around the world have been reluctant 
or at best hesitant to implement food taxes, with the focus of such 
tax incentives being mostly to deter the consumption of unhealthy 
foods in order to improve personal health and reduce pressures on 
health services21. Using demand-side fiscal measures can, however, 
offer the prospect of highly substantial environmental benefits. 
Specifically, on the basis of our study, carbon taxes applied to food 
purchases could address around one third of the net-zero gap pre-
dicted to require GHG removal by 2050 in the United Kingdom.

Some limitations must also be acknowledged, however. First, 
our study focuses on a single, high-income country, so more 
work is needed to test the generalizability of our results to other 
(particularly low- and middle-income) countries. Second, while 
our findings support the employment of taxation to achieve both 
environmental and dietary health improvements, more research is 
required to spell out the distributional implications of the differ-
ent policy instruments explored38. The potential for carbon taxes 
to fall disproportionately on poorer people has been highlighted39. 
Our analysis points to the possibility of using intermediate lev-
els of tax rates to achieve emission reductions very close to those 
obtained with higher tax rates, but with a lower increase in food 
prices, potentially boosting the social (political) acceptability of the 
intervention and possibly reducing the regressive effects. Much less 
is known regarding the distributional effects of health taxes40, which 
remains an area for future work. Third, while improving both the 
environment and dietary health is a key concern for policymakers, 
the political challenges of targeting multiple benefits through a com-
bination of policies should not be underestimated41. Policymakers 
often operate by tackling different problems separately. However, 
as shown in our study, while the achievement of single objectives 
might best be reached through specific, single-purpose measures, 
the achievement of multiple objectives is best targeted through mul-
tiple, integrated measures. Research focusing on multiple dimen-
sions might address each in less detail than single-focus studies. 
Yet, if the systems concerned are complex and multidimensional, 
then single-focus analyses may actually be a misleading guide for 
policy- and decision-making. The food system is multidimensional 
and involves many interdependent actors, whose roles we do not 
explicitly study in our research. For instance, it is likely that shifts in 
consumers’ behaviour will also affect (and be affected by) the deci-
sions of all other actors involved in the food supply and distribution 
chain and, in turn, that all these interlinked choices are influenced 
by wider shifts in social, demographic and environmental systems. 
An analysis of the broader cascading effects of the different policy 
mechanisms on the various components of the wider food system 
and the connected socio-ecological networks is beyond the scope of 

this study, but it represents an interesting question for future work. 
Such an analysis of the dynamics and feedback loops that might 
arise with the application of different food policies could represent 
valuable information to better guide policymaking.

Methods
This study relies on a survey-based, randomized controlled experiment that 
we designed to elicit respondents’ behaviour in the current baseline food 
purchase situation (as a control) and in the face of a range of hypothetical policy 
instruments that reflect the provision of information on food products’ carbon 
emissions, dietary health or both; and/or taxation of food based on its carbon 
emissions, healthiness or both. In the absence of alternative data available, the 
survey represents an appropriate method to measure the possible effects of 
specific food policies that will be implemented in the future, what these would 
mean in terms of consumers’ food choices and the resulting implications for the 
environment and dietary health. The survey also offered a controlled environment 
to consistently and systematically identify the effects of the different food policies 
of interest, which wouldn’t have been possible in non-experimental settings. This 
is particularly important when one of the aims is to evaluate consumers’ responses 
to the provision of new carbon and health information, which are not reflected in 
historic consumption/purchase data and hence can be derived only from stated 
preferences. The survey is also unique in the way in which it replicated an online 
supermarket where realistic prices and information about the food products were 
displayed to the respondents. To achieve the above, we designed the survey by 
considering food purchase data from the Kantar FMCG panel; accurate GHG 
emissions for a variety of foods, which were calculated using the LCA method; 
and indicators of the healthiness of food products, which were inferred from the 
aggregated nutritional value based on the Nutri-Score labelling system.

Survey design. Our survey-based, randomized controlled experiment was 
designed to elicit the food purchase behaviour of a sample of UK respondents 
from the general public in response to a range of hypothetical policy instruments, 
grouped into three policy streams, as described in more details below. In each 
policy stream, respondents were also first asked about their food purchase choices 
in the current baseline situation (as a control)—namely, they were required 
to report information about their typical purchases of food and beverages to 
consume at home in normal settings (excluding out-of-home food purchases, 
unusual circumstances such as the COVID-19 pandemic or special occasions 
such as Christmas). In this baseline scenario, the same for all policy streams, a list 
of food and beverage categories was displayed to mimic an online supermarket 
platform, and each category was presented with its name, a picture and price 
information (a copy of the food list can be made available upon request from the 
authors). The respondents were then asked to indicate the amount they buy and 
the frequency of purchase (each week, every two weeks or each month) for each 
food category listed.

Once the respondents had worked through the baseline scenario, they were 
then presented with two hypothetical policy instruments, varying depending 
on the policy stream that the participant was randomly allocated to (see Fig. 
1 for an overview of each policy stream and the policy instruments contained 
within). Our study participants could be confronted with (1) the provision of 
Carbon Information and the additional application of a Carbon Tax in the CIT 
policy stream, or with (2) the provision of Health Information and the additional 
application of a Health Tax in the HIT policy stream, or with (3) the application 
of an Unlabelled Tax and the additional provision of environmental and dietary 
health information regarding the reasons for the price increases displayed (Carbon 
+ Health Tax) in the policy stream called UT/CHT. These policy instruments, 
though hypothetical, reflect current policy discussions42–50. We grouped the 
different instruments in such a way that the second policy instrument presented 
in each policy stream displayed some additional elements compared with the first 
policy instrument in the same policy stream. Our survey design, relying on both 
within- and between-sample approaches, allowed us to ensure the identification 
of each separate policy effect—namely, the role of information provision (on the 
food categories’ carbon emissions, dietary health or both), in addition to, or as 
opposed to, the role of taxation (based on the food carbon emissions, on dietary 
health or both)—while avoiding respondent fatigue. Further details on each policy 
intervention are outlined later in the Methods. After being introduced to each 
policy instrument, the respondents were again shown the list of food categories 
presented in the baseline, revised as appropriate to include additional food labels or 
modified prices depending on the policy instrument considered. The participants 
were then asked if they wanted to revise any of their food purchase choices, and, 
to simplify this task, the amount and frequency of purchase of each food category 
were each time pre-populated with the choices made by the respondent in the 
immediately preceding scenario. This way, the responses provided in the baseline 
were used to pre-populate the choices in the face of the Carbon Information, Health 
Information and Unlabelled Tax policy instruments, and the responses to the 
scenarios applying the Carbon Information, Health Information and Unlabelled 
Tax policy instruments were used to pre-populate the choices in the presence of the 
Carbon Tax, Health Tax and Carbon + Health Tax instruments, respectively.
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Kantar FMCG panel. To ensure that the survey presented a realistic set of foods 
that are commonly purchased in the United Kingdom, along with a set of realistic 
prices for each food category, we used disaggregated data on households’ actual 
purchases in Great Britain from the Kantar FMCG panel34. We obtained volume, 
expenditure and nutritional information for 37,650,088 food and beverage 
purchases made for consumption at home by 31,725 British households in 201751. 
This dataset covers a wide range of places of purchase, including supermarkets, 
convenience stores, newsagents and specialist stores such as butchers and 
greengrocers, and therefore provides an accurate picture of British households’ 
current food purchase behaviour.

This dataset was used primarily to identify the main food categories (in terms 
of volume of purchases) to include in the survey. We defined a final list of 72 food 
categories that were identified as homogeneous with respect to their nutritional 
content and carbon footprint and that were representative of British food purchase 
patterns. The selected food categories accounted for 72.8% of all products reported 
in the Kantar FMCG dataset and for 81.1% of the take-home expenditure made on 
food and beverages in Great Britain. A summary of the food categories displayed 
in the survey, along with their volume of purchase according to the 2017 Kantar 
FMCG data, is provided in Supplementary Table 10.

The Kantar FMCG dataset was also used to provide accurate information 
on the price ranges for each food category to be used in the survey. To identify 
the ‘typical’ (per kilogram or litre) prices for each food category, the full price 
distribution from the Kantar FMCG data was truncated between the 25th and 75th 
percentiles to exclude extreme values. The resulting truncated distribution of prices 
(reported in Supplementary Table 10) was subsequently simulated in MATLAB to 
obtain individual-specific levels for each food category, such that each respondent 
was shown different baseline prices. The prices were also adjusted to April 2020 
values to account for inflation since 2017.

GHG emissions of food. Information on the GHG emissions for each food 
category was presented to the respondents in the survey using a colour-coded 
indicator displayed under the price of each food category. Extended Data Fig. 1 
provides an example of the GHG emission indicator that we designed and used 
for our study. For each food category, the level of this indicator was informed 
by a desk-based review of studies reporting the ‘farm to fork’ GHG emissions 
associated with the whole supply chain. The reviewed studies rely on the 
well-established LCA method, which represents the most comprehensive approach 
available to accurately calculate the GHG emissions associated with food52. For 
most food categories, the GHG emission estimates relied on the meta-analysis 
study provided by Poore and Nemecek53, which summarizes the most up-to-date 
information in the published literature regarding the environmental impacts of 
food. When information from the Poore and Nemecek study was not available for 
specific food categories, alternative published sources were used. A summary of 
the reviewed LCA papers used in our study is reported in Supplementary Table 11. 
Where possible, we relied on information on the median (or else the mean) GHG 
emissions for each food category.

Healthiness of food. Information on the healthiness of food categories was 
communicated to the participants (where applicable) using a Nutri-Score label. 
This is a letter-based, colour-coded indicator that is increasingly used in many 
countries to convey information on the nutrient value of a given food. Despite 
some concerns around its capacity to reduce calorie intake54, the Nutri-Score is 
one of the clearest and simplest food labelling approaches to signal the nutritional 
quality and healthiness of food products55–57 and one of the most effective labelling 
tools to encourage healthy purchases58. Food and beverage products marked with 
a dark- or light-green letter A or B are generally recommended for a healthy diet, 
while products with an orange D or red E should be consumed in small quantities 
and less often, as they are unhealthy (see Extended Data Fig. 2 for an overview 
of the different Nutri-Score letters). To represent the healthiness of each food 
category in the survey, we calculated the Nutri-Score of each product purchased 
in the Kantar FMCG dataset and identified the most frequent Nutri-Score in each 
food category (see Supplementary Table 12 for an overview of the Nutri-Score 
assigned to each food category). To calculate the Nutri-Score, negative points were 
assigned to products that are high in unfavourable (less healthy) nutrients that 
should be avoided such as calories, sugars, sodium and saturated fats, and positive 
points were attributed to favourable (healthier) nutrients such as fibre, protein, 
fruit, vegetables, nuts, rapeseed oil, walnut oil and olive oil35. The positive points 
were subtracted from the negative points to obtain a final score, which allowed us 
to classify each given food product into Nutri-Score categories A to E.

Carbon tax. As governments are well aware, food taxes have the potential to be 
highly contentious. Therefore, rather than taxing every food on the basis of its 
carbon content, in an approach that presaged the recently published UK National 
Food Strategy Plan (2021)59, we relied on a simple approach that taxes the most 
carbon-intensive foods only. This is more feasible than a universally applied tax, 
and it proved generally acceptable in our pre-test investigations. Given this, and 
following previous studies27,28, for those food categories with higher-than-average 
GHG emissions per kilogram or litre (that is, above 8.75 kg CO2e, as explained in 
Supplementary Table 11), we simulated a carbon tax by increasing the baseline 

prices proportionally to the level of carbon emissions of the food. For each 
food category, the price increase was derived by multiplying the level of GHG 
emissions per unit of food (summarized in Supplementary Table 11) by the 
price of carbon. We followed the UK government’s recommendations to use the 
short-term non-traded carbon prices60. Different values exist, however, and there 
is uncertainty regarding which one would be most appropriate: £60 per tonne of 
CO2e represents the central value estimate for 2020, but lower-bound estimates 
(£30 per tonne of CO2e) and upper-bound estimates (£90 per tonne of CO2e) are 
also available. In the CIT and UT/CHT policy streams, where carbon taxes where 
applied, we therefore randomly assigned the respondents to one of three possible 
groups, each using a different short-term non-traded carbon price for 2020. The 
consideration of multiple carbon prices allowed us to test for (1) the sensitivity 
of the results to uncertainties regarding the carbon prices and (2) the presence of 
nonlinearities in behavioural responses to the application of the tax instrument.

Health tax. Where health taxes were applied in our survey, the respondents were 
presented with a price increase for those food categories classified as having a 
Nutri-Score D or E. The tax on unhealthy food (added to the price displayed in 
the baseline) was designed to reflect the structure of most existing taxes on food 
around the world61. For each unhealthy food category subject to taxation, the 
price increase per volume was calculated as a given percentage of the average price 
of that food. To account for the uncertainties associated with this approach, we 
considered different possible percentage increases—generally higher for foods 
with a Nutri-Score E than for those with a Nutri-Score D, given that E products 
are unhealthier and therefore should be taxed proportionally more62,63. The 
respondents were randomly allocated to one of three possible tax rate groups, each 
associated with a different percentage increase, depending on the Nutri-Score 
classification of the food category of reference:
•	 For food categories with a Nutri-Score D, a price increase of 5%, 15% or 25% 

was used.
•	 For food categories with a Nutri-Score E, a price increase of 25%, 35% or 45% 

was used.
These tax rates were informed by food tax examples in the real world and the 

literature. Food tax rates are rarely lower than 5% and generally fall within the price 
increase of 20%61. However, existing studies have found that low tax rates, which 
lead to only minor price changes, also result in only minor demand variations16,64. 
Therefore, in our study we also considered higher tax rates of up to 45%.

Data collection, preparation and validation. Different survey versions for 
each policy stream were distributed online using a market research company 
(for an overview of the survey versions, see Supplementary Table 13, and for 
the detailed information provided to the respondents in each survey version, 
see Supplementary Note 2). When collecting data, we followed a randomized 
quota-based sampling approach to ensure that the sample is representative of the 
UK population in terms of dietary profile, age, gender, geographical region of 
residence and socio-economic status. The survey could be completed only by those 
members of the household who are frequently in charge of the food shopping. 
The main data collection campaign took place in autumn 2020. The final survey 
was informed by the results of in-depth individual interviews (which qualitatively 
explored the general public’s understanding of the food system and its impacts, 
and possible framings for the experimental food choice tasks), and pre-testing 
and piloting (which guided the drafting and refinement of the survey design) 
over spring and summer 2020. A set of criteria (Supplementary Note 3) was 
used by the market research company to identify unreasonable responses, which 
were screened out at the sampling stage and replaced with new respondents with 
similar demographics. Overall, 5,912 completed surveys were collected from 1,979 
respondents in the CIT policy stream, 1,958 in the HIT policy stream and 1,975 in 
the UT/CHT policy stream. For the purpose of data analysis, we aggregated the 72 
food categories displayed in the survey into 23 food groups (Supplementary Table 
14) on the basis of their product similarity, healthiness and GHG emission levels. 
This way, we could focus on the key purchase changes across food groups and 
enhance the interpretability of our results.

We validated the survey data in three ways. First, we checked the 
socio-demographic characteristics of the respondents in the final dataset to ensure 
that these were similar across the policy streams and that they were representative 
of the UK population. We found that in the three policy streams, the respondents 
do not display significantly different socio-demographic characteristics, and 
these characteristics reflect the patterns in the UK population (Supplementary 
Table 1). Second, to ensure the credibility of the data from the questionnaire, we 
cross-validated the survey responses in the baseline scenarios with real-purchase 
data from the Kantar FMCG panel using Wilcoxon rank-sum tests65. We calculated 
the average per-person monthly volume of purchase for each of the 23 food 
groups using the Kantar FMCG data51 and compared this information with the 
corresponding volume data in the survey baseline. For each policy stream, the 
patterns of baseline food purchase (reported in Supplementary Table 2) are not 
significantly different from the Kantar data or from each other, suggesting a high 
degree of face validity. Third, we assessed the equivalence of the baseline emissions 
across all policy streams to make sure that they originate from identical population 
distributions. To do that, we ran Kruskal–Wallis tests66. The test results (reported in 
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Supplementary Table 4) suggested that the baseline emissions are equivalent (and 
can be compared without further adjustments) at both the food group and food 
basket levels.

Performance of the different policy instruments. To evaluate the performance 
of the different policies in reducing GHG emissions, we first calculated the level 
of monthly per-person GHG emissions (kg CO2e) for each food group under each 
policy instrument and then averaged across all respondents in that policy stream. 
We then computed the average changes in emissions from the baseline for each 
food group and compared variations in these changes across the different policy 
instruments. To evaluate the extent of the environmental impact, we also looked 
at the significance of the differences in total emissions from the food basket across 
the different policy instruments, using two-sample or pairwise two-sided t-tests 
of mean equality, as appropriate. We also looked at the relationship between the 
tax rate applied and the level of emission reductions achieved in those scenarios 
where taxes were presented to the respondents. In the scenarios where a carbon 
tax is considered, we employed different carbon prices to reflect different tax 
rates. We assumed that (1) a lower-bound carbon price of £30 per tonne of CO2e 
represents a low tax rate, (2) a central estimate of carbon price of £60 per tonne of 
CO2e represents a medium tax rate and (3) an upper-bound carbon price of £90 
per tonne of CO2e constitutes a high tax rate. In the policy stream where a health 
tax is additionally considered (that is, UT/CHT), the tax rate also depended on 
the application of a health tax. Considering the ranges of price increases employed 
in our survey to design the health tax, we assumed that (1) a 5% increase in 
price for food categories with Nutri-Score D (25% if Nutri-Score E) represents 
a low tax rate on unhealthy food, (2) a 15% increase in the price of Nutri-Score 
D food categories (35% if Nutri-Score E) constitutes a medium tax rate and (3) 
a 25% price increase for food categories with Nutri-Score D (45% if Nutri-Score 
E) represents a high tax rate. The tax rates applied in the different tax scenarios 
are summarized in Supplementary Table 8, alongside information on the average 
per-person total emission reductions (at the food basket level) achieved under 
each policy instrument.

To draw conclusions on the potential impacts on dietary health of applying 
the different policies, we similarly computed the per-person monthly volume 
purchased (in kg or litres) for each food group in each policy instrument and 
averaged across all the respondents in that policy stream. We then assessed the 
changes in the average volume purchased across policy instruments for each food 
group by analysing the distribution of changes in purchases in relation to the 
average Nutri-Score of the different food groups. This was done to evaluate the 
effectiveness of each policy in terms of encouraging the purchase of healthy versus 
unhealthy food.

Ethics statement. This project received approval from the University of Exeter 
Business School Research Ethics Committee, UK (reference number eUEBS002059 
v.6.0). We have obtained informed consent from all the participants in the research.

Data availability
The survey data collected as part of this study can be made available to interested 
readers upon reasonable request to the corresponding author. The Kantar FMCG 
data are available from Kantar Worldpanel (www.kantarworldpanel.com/en). 
Any other data used to design the survey are reported in the Supplementary 
Information. Source data are provided with this paper.
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Extended Data Fig. 1 | Example of the colour-coded indicator used in the survey to illustrate the level of greenhouse gas emissions associated with each 
food category. To illustrate the level of greenhouse gases associated with the production of each type of food we designed and used this colour-coded 
indicator. This is an example for lamb. The blue arrow shows that the production of 1 kg of lamb generates 40.6 kg of greenhouse gas emissions. The closer 
the blue arrow is to the right hand (red) end of the scale the higher the emissions. The closer the blue arrow is to the left hand (green) end of the scale the 
lower the emissions.
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Extended Data Fig. 2 | Overview of the Nutri-Score possible categories. The following ‘traffic light’ indicator (called the “Nutri-Score”) is a simple way 
to show the level of healthiness of different food categories, which we have used in the survey. Foods shown with a Green A or B are those generally 
recommended for a healthy diet. Foods labelled with an Orange D or Red E are those that should be eaten less often and in small amounts in order to have 
a healthy diet. Nutriscore logo credit: Nutri-Score/Santé Publique France.
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Extended Data Fig. 3 | Average change in per person monthly emissions (from the baseline) by food group in the HIT policy stream. This figure refers 
to the average changes in per person monthly emissions (from the baseline) across respondents in the HIT policy stream. Food groups are ordered from 
low emission per kg or litre to high emission level per kg or litre.  and • indicate the average changes in per person monthly emissions (from the baseline) 
under the Health Information instrument and Health (Information and) Tax instrument, respectively. ⌶ shows the corresponding 95% confidence interval 
(C.I.), based on normality assumptions.
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Extended Data Fig. 4 | Effects of different food tax rates on greenhouse gas emission reductions with the application of the Unlabelled Tax policy 
instrument. This figure shows the relationship between different tax rates and the resulting average reduction in greenhouse gas emissions with the 
application of the Unlabelled Tax policy instrument. • indicates the baseline. Orange dots give the average reduction in emissions that would be achieved 
depending on the different tax rates used. For more information on the values employed for each tax rate, see Methods and footnote to Supplementary 
Table 8. ⌶ indicates the 95% Confidence Interval (C.I.), based on normality assumptions.
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Extended Data Fig. 5 | Average change in the reported per person monthly volume (from the baseline) of the different food groups in the CIT policy 
stream. This figure refers to the average change in per person monthly volume purchases from the baseline by food groups for the CIT policy stream. Food 
groups are ordered based on their Nutri-Scores from A (Most Healthy) to E (Least Healthy). Light blue diamond and dark blue dot symbols indicate the 
average changes (from the baseline) in per person monthly volume of purchases with the application of the Carbon Information instrument and Carbon 
(Information and) Tax instrument, respectively. ⌶ shows the corresponding 95% confidence interval (C.I.), based on normality assumptions. Nutriscore 
logo credit: Nutri-Score/Santé Publique France.
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