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ARTICLE INFO ABSTRACT

Keywords: The need for a transition towards healthy diets from sustainable food systems links into a multitude of accel-
Environmental impact price index erating social and environmental grand challenges including climate emergency, biodiversity loss and obesity.
Inflation

Governance for sustainable food systems is dominated by market-based approaches focusing on incremental
Nutrition price index ch.angfe and cenFred on the idea of nufiges., ie., behaviou.r change. interventions to promote .pro—envirf)nm.ental
Sustainable consumption minority behaviours. Yet, product price is often the primary driver for consumers, especially considering a
Sustainable food systems highly volatile market environment, with a succession of major disruptions that have put additional strains on
Sustainability transition global food systems and have triggered Cost-Of-Living (COL) crises in many economies. This raises the question
whether relative price increases have incentivized sustainable food consumption, or whether they have effec-
tively served as a barrier for the transition to sustainability. Hence, we track prices of food products included in
the UK consumer price inflation basket over a nine-year period. We develop two indices: the Environmental
Impact Price Index and the Nutrition Impact Price Index to monitor the affordability of a healthy and sustainable
diet. The indices provide a means of assessing the impact of changing prices on the nutritional value and sus-
tainability of different food products. We select the food products found in the standard UK Consumer Price Index
basket used to calculate inflation. We find the COL crisis period (2021-23) to have nudged UK consumers to-
wards healthy and sustainable diets, but this is embedded in a long-term trend that has disincentivized healthy
and sustainable food consumption.

Healthy and sustainable diets

low-income households are especially price sensitive with dependency
on limited state welfare and are more in need of healthier diets due to
higher diet-related diseases. A shift to healthier diets that is lower in
overall cost will help these households (Bai et al., 2025). We investigate
the impact of the COL crisis on UK food prices and examine whether
relative price increases of healthy and sustainable diet alternatives have
nudged consumers towards or away from sustainable food consumption.

For systemic change towards a more sustainable society that includes
tackling some of the most pressing environmental problems such as
climate change or biodiversity loss, there is need for a multi-level socio-
ecological transition (Geels, 2011) through robust global frameworks
(Goh et al., 2024). In the context of agri-food systems, according to
leading theorists, this requires changes of “technology, policy, markets,
consumer practices, infrastructure, cultural meaning and scientific
knowledge [...] by firms and industries, policy makers and politicians,
consumers, civil society, engineers and researchers” (Geels, 2011 p.24).
Others argue that children and adolescents should be key actors in this

1. Introduction

There is an urgent need for a transition to healthy diets from sus-
tainable food systems which will lead to fewer deaths, and longer lives
with better quality of life, as well as living within safe planetary
boundaries (Willett et al., 2019; Springmann et al., 2018, Tilman and
Clark, 2014). Food safety risks arising from climate change will also be
minimized (Varzakas and Smaoui, 2024). The desired transition takes
place in an increasingly volatile market environment, characterized by a
recent succession of major disruptions such as Covid-19, large-scale vi-
olent conflicts and energy and food price inflation leading to the
Cost-Of-Living (COL) crisis. Consumers are highly price-sensitive (Yue
et al.,, 2024; Marian et al., 2014, Volckner and Hofmann, 2007),
constituting an important barrier to the mainstreaming of sustainable
food consumption (Simon et al., 2023; Leal Filho et al., 2019; Melovic
et al., 2020). Lewis et al. (2024) and Fishlock et al. (2025) argue that
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Glossary

Environment

Environmental Impact Price Index (EIPI)

(Aggregated EIS for (i, t+1)/Aggregated EIS for (i, t))* 100.
Environment Impact Score (EIS)

EIS; ¢ Environment Impact Score for item i, at time t
Total Environment Score (TES)

TES ; Total Environment Score for item i

Nutrition

Nutrition Impact Price Index (NIPI)

(Aggregated NIS for (i, t+1)/Aggregated NIS for (i, t))* 100.
Nutrition Impact Score (NIS)

NIS;  Nutrition Impact Score for item i, at time t

Total Nutrition Score (TNS)

TNS ; Total Nutrition Score for item i

transition for sustained change (Varela et al., 2024). One proposed
systemic change is the transition to “healthy diets from sustainable food
systems” as recommended by the EAT-Lancet Commission (Willett
et al., 2019). The proposed diet is mainly plant-based where whole-
grains, fruits, vegetables, nuts, and legumes dominate with meat and
dairy playing a small part. The environmental and nutritional impacts of
all kinds of food have been quantified through studies such as Poore and
Nemecek (2018) and Harrington et al. (2019), with Li et al. (2024)
finding that a reduction of 32.4 % of global carbon emissions by half of
the overconsuming population could be achieved by this dietary shift. A
comprehensive study of the environmental and nutritional implications
of 57,000 UK food products by Clark et al. (2022) found that many
nutritious foods are also environmentally sustainable.

Even though a transition of this magnitude requires decisive action
by a range of governance actors (Geels, 2011), recent governance for
sustainable food systems has been dominated by market-based ap-
proaches, with consumers playing a pivotal role in the transition to-
wards sustainable food production and consumption modes
(Springmann et al., 2021). They are expected to drive the demand for
more sustainable food products and to incentivize companies to lower
the environmental impacts associated with large-scale food production.
The general idea is that of a transition characterized by incremental
change to the range of available products with gradual mainstreaming of
sustainable product alternatives, moving market participants towards
more sustainable modes of production and consumption (Springmann
et al., 2021; Vogel, 2005). Shoppers are becoming increasingly aware of
the sustainability issues associated with their weekly shop and some
more affluent shoppers have started to change their purchasing habits
(Springmann et al., 2021).

Studies that focused on prices of retail food products have produced
conflicting evidence on the link between price, environmental and
nutritional impacts. Martinez et al. (2024) reviewed 181 countries but
did not review nutritional implications found that more expensive foods
have higher environmental footprints. On the other hand, a Swedish
study found that the cost of nutritious diet had not increased between
1980 and 2012 (Hakansson, 2015). More recently, Mendoza-Velazquez
et al. (2023) focusing on price inflation impacts on nutrition between
2011 and 2022 in Mexico showed that higher prices have an impact on
healthy food affordability.

Overall, this raises a question as to how the prices of sustainable and
non-sustainable food products are evolving, whether these changes
incentivize more sustainable food consumption and how the COL crisis
period impacted the transition to sustainable food systems. This is where
our study is positioned. Utilizing a recent comprehensive dataset on the
nutrition value and environmental impacts of UK food products (Clark
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et al., 2022) and combining it with real UK market price developments,
we investigate how UK food prices have changed over the last decade.
Our focus on consumers’ shopping baskets and relative price increases in
relation to (a) environmental impacts and (b) nutritional value allows us
to explore the role of product price as a driver or barrier for the desired
transition towards healthy diets from sustainable food products.

This paper is structured as follows. The next four sub-sections review
how disruption events impact on food systems and how price indices can
provide insights into the influence of such events (1.1); they also include
further details about the definition of environmental sustainability (1.2)
and healthy diets (1.3) as well as the policy instruments available to
implement sustainable food consumption (1.4). Section 2 describes the
data sources and calculations used to determine the two indices: Envi-
ronmental Impact Price Index (EIPI) and the Nutrition Impact Price
Index (NIPI). Section 3 presents results showing the changes in inflation
over the nine-year study period (Jan 2015 to Dec 2023) together with
price changes for individual price items within the Consumer Price Index
(CPI) food basket and changes in different food categories during this
time. Section 4 discusses the results and potential applications of the
indices followed by our conclusion (Section 5) which summarises our
work and highlights areas for further research.

1.1. Disruption events and Price indices

From both a UK and, in fact, a European perspective, recent years
have been characterized by the co-occurrence of major disruptions such
as Brexit, the Covid-19 pandemic and the Russia-Ukraine war, and a
resultant rise in energy prices leading to the COL crisis (Table S1 shows
the dates of these events). These crisis events have put additional strains
on global food systems (Davies, 2020; Portner et al., 2022) and directly
impacted food security in parts of the world (Mehrabi et al., 2022;
Gaupp, 2020). Beyond food security, they can be expected to also have
impacted the transition towards sustainable food systems. This study
focuses on the COL crisis period (2021-23) as it may have unfolded a
number of contradictory impacts on the uptake of healthy diets from
sustainable food systems. On the one hand, consumer interest may have
shifted from concern for the environment towards product affordability
and, in turn, accelerated consumption of unsustainable product alter-
natives. Along similar lines, governance measures aimed at lowering the
socioeconomic burden for low-income groups may have had the same
effect (Zhong et al., 2025). On the other hand, the COL crisis may also
have reduced food waste, increased interest in short food supply chains
and more sustainable lifestyles and, hence, supported the transition to
healthy and sustainable food systems (Grunert et al., 2023; Rodgers
et al., 2020).

Price indices such as the CPI produced by the (ONS, 2023a) provide
useful insights about the movement of prices over a given time frame
and enable comparisons between different types of household items as
well as food and drinks. Such indices are used to assess changes in the
COL and help to inform monetary policy as well as assisting in the design
of support policies for those in lower socio-economic groups (Grigoli and
Pugacheva, 2024).

1.2. Environmental sustainability

There has been considerable discussion and debate as to what is
considered a ‘healthy and sustainable’ diet. This is due, in part, to the
definition of what ‘sustainable’ means in this context (FCRN, 2014).
From an environmental perspective there are a range of impacts to
consider including land use, greenhouse gas emissions, freshwater use,
biodiversity loss, food waste, soil health, eutrophication potential, fer-
tilizer use and pollution (Goss and Sherwood, 2024; Sharma et al., 2024;
Simsek et al., 2024; Zhang et al., 2022).

There are other factors to consider when deciding on what is deemed
a ‘sustainable solution’. For example, reduced land use through inten-
sive livestock systems causes concern about animal welfare. There is also
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discussion about grass-fed animals being considered more sustainable
than grain-fed (LIM et al., 2024; Magnusson et al., 2003, Sitienei et al.,
2020; Stampa et al., 2020; Yiridoe et al., 2005) although Tilman and
Clark (2014) show that grass-fed beef needs more land and produces
similar GHG emissions as grain-feed beef. There is also confusion in
terms of transportation where local reared animals are deemed prefer-
able to imported meat. The main issue should be focussed on the animal
rearing and feeding together with the land they live on. In terms of
greenhouse emissions, transport contributes very little to the overall
emissions total, with the bulk of these emissions coming from the ani-
mals themselves (methane) and the production of agricultural fertilisers
to improve pastureland for these animals.

Organic production is not necessarily beneficial as more land is
required to produce a given amount of food (Hodgson et al., 2010).
There is considerable variation across the world between countries that
have strict regulations on pesticide use (e.g. UK) and those that do not (e.
g. China), so the differentials between the benefits of organic farming
would be smaller in the UK than China (FCRN, 2014). From the nutri-
tional perspective, there are very few studies that demonstrate organic
foods’ benefits though it is generally agreed that they have less pesticide
residues or do not contain antibiotics in the case of organic beef. How-
ever, the wider adoption of regenerative agriculture practices can help
soil health, increase biodiversity and mitigate climate change (Sher
et al., 2024; Sharma et al., 2024; Garbisu et al., 2025).

1.3. Healthy diets

A further topic of discussion concerns the term ‘healthy’ and what
this means in terms of nutrition (FCRN, 2014). There are a variety of
views on what is deemed to be the optimum diet across the world and
can vary with cultural preferences, local food availability as well as
considerations as to whether the focus should be on vulnerable in-
dividuals or an average for a country’s population. From other studies, it
is evident that healthier food items tend to be more expensive (Hoenink
et al., 2024; Rao et al., 2013; Rydén and Hagfors, 2011; Cade et al.,
1999). It is not always clear why this is the case and further insights are
needed in this area of research. According to Rao (Rao et al., 2013) who
reviewed healthier foods and dietary patterns, part of the reason could
be attributable to the existing food system whereby the focus, since
WWIL, has been on the production of cheap and high-volume food goods
which tend to be highly processed, as well as availability and cultural
acceptability of such foods. The relatively higher costs of healthy foods
are a barrier to healthier eating especially amongst the poorest in soci-
ety. There are also arguments that environmental sustainability and
affordability should be added to dietary guidelines (Cai et al., 2024).

1.4. Policy instruments

From the policy point of view, there are potentially four types of
policy instruments: market-based, information-based, regulatory, and
nudging (Ammann et al., 202.3) to ensure sustainable food consumption.
These first two categories are often voluntarily implemented by food
retailers including through multi-stakeholder initiatives (Ammann et al.,
2023, Young et al., 2017). Economic incentives (such as price dis-
counting and loyalty cards), as well as behavioural nudges (Thaler and
Sunstein, 2008; Mertens et al., 2022), are playing an increasingly central
role in attempts to change consumer behaviour (He and Li, 2025; Rai
and Narwal, 2025). The information-based policy instrument is where
product ecolabels and site-specific information (near product shelf in
store, or as product information online) provide visual and textual cues
to sustainability attributes compared to products without ecolabels. This
may be the greenhouse gas emissions of the food product and can be
effective (Sun et al., 2024; Wojnarowska et al., 2021). Alongside this, is
the education of consumers on sustainability aspects of products.

In addition, the framing of marketing campaigns is often viewed
differently by retailers and experts. For example, retailers interpret
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healthy and sustainable diets as being exclusive of meat and promote
meat alternatives rather than reducing meat sales (Ytreberg et al., 2023;
Trewern et al., 2021). Eco-labelled products and meat-free alternative
products tend to be more expensive than conventional alternatives. As
such, few retail food categories are dominated by eco-labelled products
with a few notable exceptions such as eggs (free-range) and fish products
(Marine Stewardship Council (MSC)) (Chintakayala et al., 2018, Young
et al., 2017). Although plant-based diets overall are less expensive than
meat heavy diets (Springmann et al., 2021), product price of individual
food items continues to be of paramount importance when aiming to
reach mainstream consumers.

Two regulatory policy instruments available to Government are
taxes or subsidies, and the regulation of food products. These concern
the governance of sustainable consumption except perhaps animal
welfare standards. In terms of moving towards healthy diets from sus-
tainable food systems they may include meat and dairy tax, and sub-
sidies on fruit, vegetables, and pulses. Even a recent industry-led report
on the transition of the food system to net zero, advocates that industry
and government need to work together to agree a position on how to
achieve significant reductions in red meat and dairy consumption (IGD,
2024).

The fourth category on behavioural nudges is often implemented by
food retailers using tools commonly used for selling more products such
as moving products to eye level or end-of-aisle or offering discounts.
Nudges (also referred to as choice architecture interventions) (Mertens
et al., 2022) move people through the design of specific choice envi-
ronments towards a socially desirable behaviour and to promote
pro-environmental minority behaviours (Lehner et al., 2016; Thaler and
Sunstein, 2008; Demarque et al., 2015, Campbell-Arvai et al., 2012).
More direct approaches include reformulation of product ingredients,
only stocking products with third party ecolabels, or placing more sus-
tainable products with conventional products.

Despite this diversity of possible interventions, market-based ap-
proaches have become increasingly dominant in the governance of
sustainable food systems (Ammann et al., 2023; Springmann et al.,
2021). Even though all these instruments arguably have a role to play in
the transition to healthy and sustainable food systems, the overall pic-
ture remains incomplete if the impact of product price developments is
not accounted for. Product price can be expected to play a pivotal role
for the uptake of sustainable food consumption (Marian et al., 2014;
Melovic et al., 2020), in particular for price-sensitive consumers (Bai
et al., 2025; Fishlock et al., 2025).

To date, few studies offer comprehensive insights into the develop-
ment of prices for healthy and sustainable food products, and offer
somewhat conflicting findings. Whilst longer-term trends observed in
the Swedish context might be somewhat encouraging in that the cost of a
nutritious diet was found to remain stable between 1980 and 2012
(Fishlock et al., 2025), more recent years have been characterized by a
multitude of large-scale disruptions and the resultant COL crisis,
necessitating an updated analysis that also includes the environmental
sustainability of food products. Utilizing a recent comprehensive dataset
on the nutrition value and environmental impacts of UK food products
(Clark et al., 2022), and combining it with real UK market price de-
velopments, our analysis sheds light on how prices for healthy and
sustainable food prices have developed over time when compared to
other product alternatives.

2. Data and methods
2.1. Study data

To establish UK price trends for the period 2015 to Dec 2023, we
collected data from two main sources: ONS UK CPI data (ONS, 2023b;
ONS, 2023c), together with the Retail Price Index (RPI) (ONS, 2023b),
for all food items. For the purposes of this paper, we extracted the food
and non-alcoholic drinks items (146 in total) and their respective prices.
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We used the weights and sizes of these food items from the UK Shopping
Price Comparison Tool (SPCT) (ONS, 2023d) (See Tables S2, S3 and S4 for
the item weights, and adjustments for missing weights). The basket of
goods used by the ONS, which changes slightly each year, can be found
within its Appendix A (ONS, 2023). To account for the environmental
sustainability and nutritional value of these food items we used data
from the Clark et al. (2022) paper and combined these data with the
retail price and consumer price indices to determine the change in
sustainability over the period 2015 to 2023.

Our research setup is similar to e.g. Martinez et al. (2024) who have
combined environmental impact data (using Petersson et al.’s (2021)
dataset) and World Bank price data in order to explore pricing strategies
of food retailers. However, we add to this body of research by exploring
trajectories of food price categories during the Cost-of-Living crisis.
Using Clark et al.’s (2022) environmental impact data also allows us to
take a more comprehensive perspective on environmental sustainability,
given that Petersson et al. (2021) restricted their assessment to two di-
mensions (carbon and water footprint). In addition, engaging with the
UK context as one specific geography allows us to develop a more pre-
cise understanding of the actual price implications for typical main-
stream consumers in this context, as proxied by the UK ONS CPI food
basket.

Our underlying rationale for developing these indices is to more
transparently monitor the affordability of a healthy and sustainable diet
given that product price constitutes an important barrier to sustainable
consumption (Marian et al., 2014; Melovic et al., 2020). The two indices
we propose — Environmental Impact Price Index (EIPI) and the Nutrition
Impact Price Index (NIPI) — therefore have the potential to prompt
governance for sustainable food systems to pay more attention to
product price as a driver of healthy and sustainable food consumption. If
the price of products in a healthy and sustainable diet decreases relative
to other food items included in the basket, then consumers will be
incentivized to purchase these products because they are cheaper rela-
tive to conventional product alternatives.

There is considerable diversity in index measures, especially in the
context of sustainability (Bohringer and Jochem, 2007; Ness et al.,
2007). For the purposes of our study, and following the general principle
of “less may be more” (Hsu et al., 2013), we developed a relatively
simple measure consisting of environmental/nutrition value and prod-
uct price. In a wider sense, our indices reflect an eco-efficiency rationale
(Schmidheiny and Stigson, 2000). They also align with Oebel et al.
(2024) study in which the authors applied hypothetical Value Added
Tax levels to create ‘true’ food prices and showed how demand would
shift towards organic food if organic food purchasing was incentivized
by way of lower VAT. There are different methods for indices (Nardo
et al., 2008, Guo et al., 2015). For the purposes of this study, we chose a
relative measure, i.e. the percentage of differences over consecutive
periods in line with Nardo et al. (2008). This choice was deemed
appropriate as we were interested in price signals and relative progress
compared to January 2015 as our benchmark. This also means that our
two indices do not allow conclusions regarding actual sustainability per
se and/or a certain threshold below which sustainability was to be
achieved. We normalize using the same unit per CPI and env impact/-
nutrition value, respectively. Hence, the weighting of components is not
necessary (but see appendix of Clark et al. (2022) for the weighting of
environmental and nutrition dimensions applied in their dataset, which
is also implicit in our data).

2.1.1. UK consumer Price indices and RPI data (ONS, 2023c)

We extracted CPI and RPI values from the ONS UK Consumer Price
dataset for the period Jan 2015 to Dec 2023. This is a database of time
series covering measures of inflation data including CPIH (Consumer
Prices Index including owner occupiers’ housing costs), CPI and RPIL.
Full details about each of these indices can be found in (ONS, 2023a).
We downloaded data from the Consumer price inflation time series
(ONS, 2023c) and extracted one of the following: the CPI Index; RPI:
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food; or RPI: Average price values; for each of the food items listed in the
Shopping Price Comparison Tool. In all cases, the category in the dataset
that provided the closest match to a given product was selected to
extract price data. Preference was given to CPI Index data. The data
extracted can be found within Supplementary Information file S2 (see
Prices worksheet). This database contains all the index values and price
values for the period Jan 2015 to Dec 2023. It lists each food item in the
SPCT (ONS, 2023d) with its Consumer Price Index value for the period
Jan 2015 to Dec 2023.

Note the COICOP (Classification of Individual Consumption Ac-
cording to Purpose) reference value was determined for each food item
from the metadata worksheet contained within the data download file
for the SPCT by matching the item ID with the COICOP reference num-
ber. To track UK price levels, we extracted and plotted monthly ratio
values, calculated from the totalled monthly indices for all food items
relative to the totalled value for Jan 2015. Purchasing power is the in-
verse of these values. The results are shown in Fig. 1 (see Supplementary
Information File S2 Prices. To determine price changes for each food
item between the 2015 to 2023 period under study, we averaged the
monthly index values for Jan 2023 to Dec 2023 and divided them by the
average value for the Jan 2015 to Dec 2015 period, to obtain a ratio
value. This value was then ranked to highlight food items with the
greatest change in price during the study period (se Supplementary In-
formation File S2 Top-Bottom Prices). In addition, we calculated a ratio
value for all the CSI food basket items within each COICOP3 food
category (see details about COICOP in the following section), as well as
calculating a six-month moving average for each of the eight food cat-
egories (See Supplementary Information file S2 Prices).

2.1.2. COICOP matching

The United Nations (UN) references specific household expenditure
items, including food, through its international Classification of Indi-
vidual Consumption According to Purpose (COICOP) classification
scheme (UN, 2018). This scheme allocates specific items a COICOP
number, at up to five levels with increasingly detailed information.
Within the CPIH classification file (ONS, 2023b) the COICOP reference
numbers for COICOP level 4 (coicop4.id) and level 5 (coicop5_id) are
listed together with the item id used in the Shopping Price Comparison
Tool (SPCT) (ONS, 2023d) for individual food items. COICOP is
particularly useful for grouping different food items into one category.
Food (Division 01), which includes food (01.1) and non-alcoholic bev-
erages (01.2) also contains food items grouped by source (e.g., cereal,
meat, seafood). Raw primary commodities are at the top of the hierarchy
within each group, followed by processed commodities and preparation
of composites. A new class for ready-made food and other food goods not
elsewhere classified (n.e.c.) has also been introduced to Division 01. In
this paper, and following on from the ONS, we use COICOP levels,
COICOP3 (class) and COICOP4 and COICOP5 (subclasses) within the
food division COICOP1. We use this item_ID to allocate COICOP refer-
ence numbers to the food items in the SCPT and to enable us to group
these items under COCIOP4 which we simplified for data analysis to
eight different food categories (Confectionary, Dairy, Fish, Fizzy Drinks,
Fruit. Meat, Vegetables, and Other). Note that potatoes and pulses are
included in Vegetables and olive oil, ready meals, baby powder and
protein powder in Other. For further details see next section, 2.1.3.

2.1.3. UK Shopping Price Comparison Tool (SPCT) (ONS, 2023d)

The full CPI dataset contains more than 500 items currently in the
consumer prices basket used to capture inflation. The SPCT is based on a
selection of food items from this dataset. These items are representative
of foods bought in the UK which influence the inflation indices. The
SPCT uses the latest available inflation indices to show price movements
of individual items in the consumer price basket and is updated monthly.
The items themselves are updated in March each year to reflect the
annual revisions in the inflation basket. Detailed information about the
SPCT can be found from the ONS (ONS, 2023d). We identified all the
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Fig. 1. Tracking the UK inflation basket (January 2015 = 100). Tracked is the aggregate of all 146 food items included in the UK Office of National Statistics

Consumer Price Inflation basket.

food and drinks items, and their associated weights and sizes used by the
ONS (see Table S2) for the SPCT by using the selection box on the web
site. Table S3 shows the procedures to calculate the weights when no
size or weight information was provided. Table S4 shows the weight
calculations for bread rolls, sponge cake and individual cakes. It was also
possible to determine the Item_Id values of these items, and these were
matched with the COICOP reference numbers, coicop4 id (class) and
coicop5_id (subclass), listed within the CPI classification dataset (ONS,
2023b). We used the COICOP4 categories to group the food items into 11
categories.

We used the data download facility on the SCPT website to download
all items (including food and drink) used by ONS for the CPI. We then
extracted all the food and non-alcoholic drink items using the Excel data
filter option on the COICOP2 Food and non-alcoholic beverages column;
COICOP 4 contains the following ten categories: Bread and cereals;
Coffee, tea and cocoa; Fish; Fruit; Meat, Milk, cheese and eggs; Mineral
waters, soft drinks and juices; Oils and fats; Sugar, jam, syrups, chocolate
and confectionery; Vegetables including potatoes and tubers together with
Food products (nec). For our analysis, and to highlight changes in specific
food categories (e.g. fruit, vegetables and meat), we simplified these
headers into eight food categories: Confectionary, Dairy, Fish, Fizzy Drinks
(soft drinks), Fruit, Meat, Vegetables, Other (See Table S5).

2.2. Data calculations

2.2.1. Inflation calculation

A price index can be used to measure inflation in several ways; the
most common is to look at how the index has changed over a year, which
is calculated by comparing the price index for the latest month with the
same month a year ago. In this case, we are interested in monthly
inflation changes relative to the start of the period: Jan 2015. We divide
the total price index value (TotPI. 1)) for the 146 food items for the
current month by the total price index value for January (TotPI;).
January 2015 is set to 100 (ONS, 2019; Ons, 2023a; ONS, 2023c; ONS,
2024).

Total price indices, at time, t, (TotPI,) = sum of the Price Index values
extracted from the ONS (CPI or RPI): (PI; ), wherei=1t0146,andt=1
(Jan 2015) to t = 108 (Dec 2023);

For Jan 2015,t =1,i = 1 to 146,
=146

S Pl W
i=1

TotPI,

Inflation, Inf ; = total price indices for time (t+1)/total price indices
at time (t) x 100 for all food items.

Jan 2015, t = 1, Inf; = 100 (2
o - TOtPIZ
Feb 2015,t=2, Inf, = TotPl, x 100 3

2.2.2. Purchasing power calculation

Purchasing power (PP)) is the inverse of price levels. As price levels
increase then purchasing power decreases.

Purchasing power (PP;) = total price indices at time (t)/total price
indices for time (t+1), x 100 for all food items

Jan 2015, t = 1, PP; = 100 (©)]
TOtPI]
Feb 2015 t=2,PP, = o, x 100 5)

2.2.3. Calculation of price changes between Jan 2015 and Dec 2023

To determine the price changes (AP) between the start (Jan 2015)
and end of the study period (Dec 2023), for each product the average
price index for the period Jan 2023 to Dec 2023 was divided by the Jan
2015 to Dec 2015 average price index. The results are shown in sup-
plementary file: Supplementary Information file S2 Prices and sum-
marised in Table 1.

__ AvPrice(Jan2023 — Dec2023)

AP=
AvPrice(Jan2015 — Dec2015)

©

2.2.4. Calculation of six-month moving averages of the price indices for the
eight food categories

We calculated the six-month moving average for each of the eight
food categories (see Table S5 for food items included in each category):
Confectionary, Dairy, Fish, Fizzy Drinks, Fruit, Meat, Vegetables and Other
for the period Jul 2015 to Dec 2023. We did this to ensure that we were
able to discern general patterns over time and between product cate-
gories. For example, the inflation value for July 2015 was calculated as
the monthly average inflation values from January to June 2015. For
each food category, Dairy for example, the total price indices for food
items in this category were totalled for each month and adjusted for
inflation (DairyInf; where t = 1 to 108). This figure was multiplied by
100.
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Table 1
Products with highest/lowest price increases (2015-2023).

Top 10

01 Olive oil +94.4 %
02 Baked beans +82.7 %
03 Frozen breaded/battered white fish +68.6 %
04 Dairy-free spread/margarine +67.6 %
05 Granulated white sugar +65.7 %
06 Frozen beef burgers +65.7 %
07 Individual cakes +64.7 %
08 Dairy spread/margarine +63.9 %
09 Plain biscuits +59.9 %
10 Semi skimmed milk +59.7 %
Bottom 10

137 Sweet potato +5.0 %
138 Fresh boneless chicken breast +4.4 %
139 Bacon +3.7 %
140 Beef mince +2.8 %
141 Microwavable rice —2.9%
142 Self-raising flour —4.5%
143 Baking potatoes —5.4%
144 White potatoes —9.1%
145 Whole rotisserie chicken —13.6 %
146 Carrots —14.1 %

Source: UK Office of National Statistics, Consumer Price Inflation (ONS, 2023b)

TotDt—1.108)

TotD; x 100 @)

DairyInf, =
where TotDy is the total of the price indices for food items within the
Dairy category at time t

DairyInf; = 100

To allow for inflation for all food items these values were deducted
from the total inflation for that month, Inf; (Note that Jan 2015 = 100)

For Feb 2015, DairyInf, - Inf, (€))

The six-monthly average value for Dairy items is calculated for t = 7
tot =109

For t = 7, Average (Dairylnf; - Inf) fort =1t0 6 ()]

For t = 8, Average (DairyInf; - Inf;) fort =2 to 7 (10)

2.2.5. Extraction of total environmental impact score and nutriscore from
Clark et al. (2022)

We used the weights (mass in grams or kilograms; millilitres or litres)
and sizes (packets, number of items) of the CPI food items (see Table S1)
to evaluate their environmental sustainability and nutritional content,
using the scaled environmental impact score and scaled nutriscore values
calculated by (Clark et al., 2022). These values were then multiplied by
the appropriate price index (PI ;,), for each month to provide an indi-
cator as to how price fluctuations influence the overall sustainability and
nutritional values over the study period. Further details about the cal-
culations are provided in the following sections.

2.2.6. Calculation of Total Environmental score (g/ml) for each CPI food
item
Total Environmental score (TES;) for a CPI food item mass (g) (i),

TES ; = ES;/100* M; an

where, Environment score for 100g of food item, i, (value from Clark
et al. (2022)) = ES;; mass of CPI food item, i (g/ml) = M;

A high score depicts an item that is deemed to have a low sustain-
ability value, and a low score depicts a highly sustainable item.
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2.2.7. Calculation of the Environment impact score and Environment
impact Price index

The Environment Impact Score (EIS) determines the monthly
changes in sustainability influenced by the price indices from the value
set in Jan 2015. We assume that the product amount in Dec 2023 is the
same as in Jan 2015.

For the period Jan 2015 to Dec 2023, we calculate the Environment
impact score (EIS) for each food item, i, for time-period, t (t = 1, Jan
2015, t = 108, Dec 2023)

EIS it = TESi X (Price i,(t+1) / Price i, t) (12)

where Price ;; = Price of item, i, in base period (t = 1)

where Price j 1 = Price of item, i, in period t+1.

The aggregated EIS; 46, for all food items for a given time period, t,
which in this case is monthly is:

i=146

> EIS;, 13)
i=1

Environmental Impact Price Index for time, t, for time, t, for all
food items is adjusted relative to January (=100)
(i =146, t =0 to 108), EEIS 146

i=146 i=146
ElSis60= Y EISic / > EIS;x 100 14

i=1 i=1

2.2.8. Calculation of Total Nutrition score (g/ml) for each CPI food item
Total Nutrition score (TNS;) for a CPI food item mass (g) (i),

TNS ; = NS;/100* M; (15)

where, nutrition score for 100g of food item, i, (value from Clark et al.
(2022)) = NS;; mass of CPI food item, i (g/ml) = M;

A high score depicts an item that is deemed to have a low nutritional
value, and a low score depicts a highly nutritional item.

2.2.9. Calculation of nutrition impact score

The Nutrition Impact Score (NIS) determines the monthly changes in
nutrition influenced by the price indices from the value set in Jan 2015.
We assume that the product amount in Dec 2023 is the same as in Jan
2015.

For the period Jan 2015 to Dec 2023, we calculate the NIS for each
food item, i, for time-period, t (t = 1, Jan 2015, t = 108, Dec 2023)

NIS ;; = TNS; x (Price j (1 / Price i ) 1e)

where Price ; 1 = Price of item, i, in base period (t = 1)

where Price ; (41 = Price of item, i, in period t+1

where TES ; = Total environmental score for food item, i, in CSI food
basket.

The aggregated NIS 146 for all food items for a given time period, t,
which in this case is monthly:

i=146

> NIS;, a7
i=1

Nutrition impact score for time, t, for time, t, for all food items is
adjusted relative to January (=100)
(i =146, t = 0 to 108), NISy46, ¢

i=146 i=146
NIPLgse= »_ NISiy;; / ) NIS;x 100 (18)
i=1 i=1

2.2.10. Statistical analysis

To calculate the variance between the different food groups in the
period before COVID-19, during COVID-19 and for the COL period, we
divided the whole price dataset (Jan 2015 to Dec 2023) into 3 periods
and applied z-scores (see SPSS output Kruskal-Wallis.pdf). We conducted
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Kruskal Wallis statistical tests to examine whether there were significant
differences in median values between the three periods for either EIPI or
NPI values. We chose non-parametric tests due to the non-normal dis-
tribution of our data. We compared pre-Covid-19, and COL, pre-Covid-
19 and Covid-19 and the COL and Covid-19 (See Tables S6 and S7 for
a summary of the statistical results for EIPI and NIPI respectively). The
results are discussed in Section 3.

3. Results
3.1. Tracking UK inflation over time (2015-2023)

A first look at the data reveals that inflation has been skewed towards
the latter end of the review period (Fig. 1). Prices remain largely stable
until mid-2021, when a steep increase can be observed before a plateau
is reached from early 2023 onwards. Overall inflation based on the CPI
basket reaches 23.1 % by December 2023, which is the equivalent of a
19 % reduction in purchasing power throughout the review period.
However, overall trends at the level of the CPI basket mask very het-
erogeneous price developments for individual products included in the
basket. Prices for olive oil and baked beans have almost doubled be-
tween 2015 and 2023, whereas prices for carrots and whole rotisserie
chicken have reduced in absolute terms by more than 10 % (Table 1).
Prices for 140 out of 146 have increased within the review period.

Very different patterns and trajectories can also be observed at the
level of product categories (Fig. 2). Shown is the extent to which selected
COICOP product categories (see section 2.3) diverge from price de-
velopments of the overall CPI basket. A positive (negative) value denotes
higher-than-average (lower-than-average) inflation level for a product
category. There are three product categories that largely show lower-
than-average inflation rates throughout the entire review period. Out
of these, meat — as the product category associated with by far the
highest environmental impacts — shows a continuous downward trend
from mid-2016 onwards. Prices for vegetables generally fluctuate more,
briefly reach a peak that aligns with overall inflation levels in mid-2019,
and then start levelling off in the second half of the review period.
Inflation levels of dairy products remain below the overall average until
late 2022, but then show a marked increase and higher-than-average
inflation compared to the overall basket throughout 2023. Fruit shows
clear seasonal cycles and highest increase in terms of price development,
before dropping off and reaching lower-than-average inflation for the
first time in late 2023. Finally, fish shows relatively steady and higher-
than-average price increases over time.
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Comparing the trajectories of these product categories, these visibly
volatile price changes are likely to trigger price-sensitive shoppers to
incentivize a meat-heavy diet as fruit and fish have become relatively
more expensive compared to 2015.

3.2. The environmental and nutritional impacts of different food products

There are marked differences in the environmental impacts associ-
ated with the different products included in the CPI basket; likewise,
products differ significantly in their nutrition scores (Table 2). To take
the example of beef mince as a product associated with a particularly
high environmental impact: given that prices for beef mince only
increased by 2.8 % between 2015 and 2023 - compared to an overall
price increase of 23.1 % across all CPI items over the same period - this
is likely to incentivize more purchases of beef mince relative to other CPI
products and, in turn, increase overall environmental impacts of food
shopping.

3.3. The environmental and nutritional impact of changing prices over
time (2015-2023)

Along the same lines, consumer demand for products with a high
nutrition value (and, hence, a low NutriScore in Table 2) will be moved

Table 2
Environmental scores and Nutrition Scores of selected CPI basket items.

CPI Item Unit Total environmental Total Nutrition
score score
Cereal bar 42g 0.74 0.89
New potatoes 1000g 2.85 10.67
Regular cola drink 2L 4.52 69.80
Ice cream 1L 16.58 34.20
Peanut butter 350 g 30.65 6.33
Fresh white fish 1000g  60.97 18.49
fillets
Cheddar cheese 1000g  125.70 40.13
Whole milk 4 pints  127.02 62.40
Pork sausages 454 g 130.95 45.74
Beef mince 1000 g 630.02 20.00

CPI Item = Consumer Price Inflation basket item.

EnvScore = Environmental score per product unit where a lower score is more
sustainable (data sourced from Clark et al. (2022)).

NutriScore = Nutrition score per product unit where a lower score is healthier
(data sourced from (Clark et al., 2022)).

= : = Meat
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Fig. 2. Inflation at the level of COICOP product categories compared to overall CPI basket (January 2015 to December 2023). Price changes at the level of
COICOP product categories are more volatile; for this reason, prices are shown as 6-month moving averages.
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towards a more nutritious diet if price changes for these products remain
below average inflation levels for the overall CPI basket. Conversely,
consumers will be discouraged from having a more nutritious diet if
nutritious products become relatively more expensive when compared
to the overall CPI basket. We plotted the Environmental Impact Price
Index and Nutrition Impact Price Index for the study period: January
2015 to December 2023. The results are shown in Figs. 3 and 4,
respectively.

The overall trend of the Environmental Impact Price Index is a steady
increase until Spring 2021, before levelling off alongside the unfolding
COL crisis (Fig. 3). However, the Index score remains in positive terri-
tory even after this levelling-off effect, with a value of 103.8 in
December 2023. The upward trend in EIPI is mainly driven by low meat
prices, whereas the decrease in EIPI from Spring 2021) is mainly trig-
gered by both falling prices for fruit and vegetables as well as price in-
creases for dairy products.

In comparison to the Environmental Impact Price Index scores,
changes in our Nutrition Impact Price Index scores over time are more
modest (Fig. 4). Between 2015 and early 2022, the overall picture is one
of stability, with scores close to 100. As the COL crisis unfolds, Nutrition
Impact Price Index scores dip into negative territory and reach a level of
98.4 in December 2023. As such, price developments throughout the
COL crisis may have functioned as a push towards healthier diets.
Overall, however, prices for healthy and unhealthy food products have
largely moved in parallel between 2015 and 2023.

From our statistical analysis, the groupwise comparisons performed
between pairs of the three time periods, showed there was a significant
difference between each pair of distributions for the EIPI. The results
(Table S8) showed that over the longer term the EIPI is significantly
higher in the COL crisis than the pre-Covid-19 period (P = .008) sug-
gesting higher relative prices of sustainable items may have led to less
incentive for consumer purchase. However, in the COL crisis period it is
significantly lower than in the Covid-19 period (P < .001) which may
have led to more sustainable products being attractive to price sensitive
consumers Looking at the NIPI values for the whole period, the distri-
bution of the index also differed across the categories with a slightly
different trajectory to the EIPI. The COL crisis also has a positive impact
but the overall trend is different to the EIPI in that the first two periods
are very similar, (P =.001, P =.0007), then the index score falls away in
last period (P = .797) where less nutritious items have come more
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expensive. These results are summarised in Table S9.
4. Discussion

Moving heavy meat eaters over to healthier and more sustainable
diets would save 32.4 % of global emissions (Li et al., 2024). Despite
concerns regarding their effectiveness (Buckley, 2020; Hummel and
Maedche, 2019), nudges are commonly discussed as market-based in-
centives for healthier and more sustainable diets as part of the transition
to sustainable food systems (Thaler and Sunstein, 2008; Lehner et al.,
2016; Demarque et al., 2015, Campbell-Arvai et al., 2012). Yet, product
price is often the primary driver for consumers, alongside quality and
taste as well as habitual behaviours (Machin et al., 2020), for purchasing
a particular food item (Steenhuis et al., 2011). For example, the high
price of organic food is often seen as a barrier to purchase (Kushwah
et al.,, 2019) and the sugar tax in the UK has moved consumers away
from sugar-sweetened drinks (Fearne et al., 2022). The COL crisis has
only increased the importance of price for consumers with reduced
purchasing power, raising the question whether this will affect the
ability of consumers to move to more healthy and sustainable diets.

Throughout the COL crisis in 2021-2023, prices of healthy and
sustainable diet products have become relatively cheaper (Fig. 3) which
is a positive incentive for price sensitive consumers to have healthy and
sustainable diets. However, this is set against a very negative long-term
trend that sustainable food products have experienced a marked price
increase between 2015 and 2023 relative to non-sustainable product
alternatives, which may be a disincentive for price sensitive consumers.
This is likely to continue to be the case as the EIPI shows an upward
trend.

The picture looks less bleak from a nutrition point of view, where
prices for healthy and unhealthy food products have largely moved in
parallel between 2015 and 2023 (Fig. 4) but remain expensive due to the
COL price increase (Hoenink et al., 2024). This trend is comparable to
Sweden (Hdakansson, 2015) but a more recent study by Mendoza--
Velazquez et al. (2023) in Mexico showed that COL higher prices have
an impact on healthy food affordability. This will contunue to be have a
bigger impact on lower income households as shown in Austrailian
studies (Lewis et al., 2024; Fishlock et al., 2025) such as having less or
more energy dense food (Robinson, 2023). The overall trends are largely
driven by the fact that prices for meat products have decreased in
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Fig. 3. Environmental Impact Price Index (January 2015 = 100). The Environmental Impact Price Index tracks price development of food products in relation to
the overall CPI basket. An Environmental Impact Price Index score of above 100 indicates that products associated with high environmental impacts have become
relatively cheaper when compared to the overall CPI basket, moving consumers away from sustainable food consumption.
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Fig. 4. Nutrition Impact Price Index (January 2015 = 100). The Nutrition Price Index tracks price development of food products in relation to the overall CPI
basket. A Nutrition Price Index score of above 100 indicates that products associated with low nutritional value have become relatively cheaper when compared to

the overall CPI basket, nudging consumers away from healthy and nutritious diets.

relative terms whereas prices for fruit and fish have experienced
above-average price increases throughout the analysis period. Any
meaningful transition towards healthy diets from sustainable food sys-
tems will inevitably need to entail a move away from meat-heavy to-
wards more plant-based diets to help mitigate greenhouse emissions as
well as to increase water quality and reduce land degradation.

Price alone cannot move consumers to cheaper vegetarian and vegan
diets (Springmann et al., 2021) with still only 8 % of UK consumers who
would classify themselves as such (Raven, 2022). However, meat-free
alternatives and eco-labelled products tend to be more expensive than
meat products. This illustrates the strong impact of habitual behaviours
in the context of food consumption (Machin et al., 2020). Consumers
suffering reduced purchasing power because of the COL crisis unfortu-
nately have been found to consume less fruit and vegetables (Grunert
et al., 2023), tallying with the general patterns identified in our study.

5. Conclusion

Extant research into nudges has highlighted the potential role of
behavioural incentives to promote pro-environmental minority behav-
iours as part of the transition towards healthy diets from sustainable
food systems (Lehner et al., 2016; Demarque et al., 2015, Thaler and
Sunstein, 2008; Campbell-Arvai et al., 2012). Yet, it is important to note
that beyond behavioural incentives, product price arguably continues to
be of paramount importance when aiming to influence consumer
behaviour. In other words, product price has the potential to be the most
effective nudge in the toolset for a market-based transition to sustain-
able food systems especially for low income households (Bai et al.,
2025).

Hence, in this study, we have explored UK price trends for the period
January 2015 to December 2023, focusing on the 146 food items that are
included in the UK consumer price inflation basket. Tracking relative
price increases of healthy and sustainable diet alternatives has allowed
us to examine whether consumers have been nudged towards or away
from sustainable food consumption over this period.

From a sustainability point of view, we have found a modestly pos-
itive impact of the COL crisis (a fall of 2 points in the EIPI and 1 point in
the NIPI), in fact nudging consumers towards sustainable food products.
However, this is embedded in a markedly negative longer-term trend,
showing that, sustainable food products have experienced a clear price
increase between 2015 and 2023 relative to non-sustainable product

alternatives (4 points rise in EIPL.) From a nutrition point of view, the
overall picture is one of stagnation, both during the COL crisis and as a
longer-term trend, where prices for healthy and unhealthy food products
have largely moved in parallel between 2015 and 2023. In both cases,
the overall trends are largely driven by a relative price decrease for meat
products and a relative price increase for fruit and fish. These trends and
patterns put prior literature on nudging (He and Li, 2025; Rai and
Narwal, 2025) into perspective, showing that price developments for
healthy and sustainable food products relative to non-sustainable
product alternatives constitute a significant barrier for the desired
transition to healthy diets from sustainable food systems.

Our study contributes in three main ways. First, we contribute to the
relatively limited body of empirical research into price developments of
healthy and sustainable food products (Hékansson, 2015; Martinez
et al., 2024; Mendoza-Velazquez et al., 2023), by adding a recent UK
perspective that integrates both nutrition value and environmental im-
pacts of food products. Second, by doing so we provide a more balanced
—and sobering — view of the effectiveness of market-based approaches in
the transition towards healthy diets from sustainable food systems. As a
third, applied contribution, we propose two indices (EIPI and NIPI) that
allow for the monitoring of the affordability of a healthy and sustainable
diet and, thus, have the potential to inform governance for sustainable
food systems.

There are several implications from our results on the impact of crisis
events on the transition toward sustainable food systems. Firstly, dis-
ruptions that cause the price of food to become volatile or to increase
have primarily been restricted to fruit and vegetables. Hence strategies
on the supply and retailer/consumer side of the supply chain should
focus on these product categories. Secondly, behaviour change in-
terventions to move consumers towards healthier and more sustainable
diets should focus on price as a longer-term tool. This is especially acute
when the wider COL crisis limits the purchasing power of consumers.
Thirdly, the domestic strategy for growing fruit and vegetables as well as
the subsidies to meat, needs to change to being more favourable. Finally,
proactive policies are needed such as category-wide environmental
labelling showing meat and dairy products as high impact and fruit and
vegetables as low impact (e.g. see work of IGD Environmental Labelling
(IGD, 2023) and Defra Food Transparency Data Partnership
(Government, 2024)) and even a meat tax that had first been discussed
in the late 1990s.

From a methodological point of view, the two indices presented in



S.E. Lee et al.

our study, the Environmental Impact Price Index, and the Nutrition
Impact Price Index, provide policymakers and retailers with a simple
and transparent measure for our attempts to move towards healthier and
more sustainable food systems. These tools could also be used by current
industry and pressure group behaviour change initiatives to encourage
consumers to move towards healthier and more sustainable diets. It is
worth noting that many prior initiatives have only been effective during
the period of the campaign without any lasting impact except where
price reductions were used (Thomas et al., 2023).

We are aware of several limitations to our research design. First, the
price-demand relationship will not always be linear as has been assumed
in our analysis. This may potentially restrict the predictive utility of the
indices but this would require further testing. Hence, actual consumer
purchases may not necessarily follow the patterns identified in this
study. Nevertheless, we argue that relative price changes can be ex-
pected to prompt equivalent changes in consumption behaviour. Sec-
ondly, whilst we track price changes over time, we have treated
nutrition and environmental impact scores as static, not accounting for
possible changes in environmental impacts or nutrition scores
throughout the period of analysis. Thirdly, we are restricted by the food
items within the CPI basket which have been specifically selected to be
representative of UK food purchases. It could be that these are not
representative in terms of their environmental impacts. Finally, the data
used for this study represents the UK context and may not be general-
izable to other geographies. They are based on purchases for the home
but other food outlets such as restaurants and sandwich bars supply food
that have not been investigated here.

Our findings give rise to a number of promising avenues for future
research building on our current study. First, more fine-grained ana-
lyses, e.g. distinguishing between eco-labelled and conventional product
alternatives within the same product category, could help to shed
further light on the role of product price in the sustainability transition.
Second, the analysis should be extended to other geographies and (non-
food) product categories in order to corroborate the findings reported in
our study. Third, furtherwork needs to be undertaken to assess the
validity of the indices and their accuracy in reflecting likely market
pressures. If possible, this type of analysis should be complemented with
real-life retail sales data in order to get a better understanding of con-
sumer responses to both product price development as well as other
nudging strategies.
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