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ABSTRACT

Food supply chains hold significant embodied carbon emissions that need to bemitigated and neu-
tralized. This study aimed to explore the historical Greenhouse Gas (GHG) emissions associated with
household food consumption at a local scale i.e. across the eight English regions and the four nations
that comprise the United Kingdom (UK). UK EatWell guidelines were used to explore the potential
change in emissions and food costs in a scenario of transitions to healthier diets across the study
areas. These emissions were calculated based on food consumption data before the advent of the
Covid-pandemic i.e. between the years 2001 and2018. Spatial data analysiswas used to explore if the
study areas had any significant correlations with respect to the emissions during the study period.
The results displayed a potential reduction in GHG emissions for all study areas in the explored sce-
nario. Further impacts include a reduction in household food costs across a majority of the areas
during the study period. However, a consistent trend of significant correlations among the study
areas was absent. This study concludes that local or regional policymaking should take precedence
over national regulations to achieve healthier diets that are both carbon-neutral and affordable for
the households.
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1. Introduction

Estimation of GHG emissions from the agricultural sec-

tor and related upstream activities is critical for carbon-

neutrality as they amount to a third of the total GHG

emissions in the world (Gilbert 2012). In the United

Kingdom (UK), approximately 7.0% of the total GHG

emissions are reported to originate from the agricultural

sector (Smith 2012).However, this does not include emis-

sions from backward-linkages and downstream activities

along the food supply chain (Audsley et al. 2010). One

of the reasons behind this includes the fact that many

food items consumed in the UK are imported and as

such, sometimes, it is difficult to accurately quantify their

environmental footprint. Quantification of these wider

emissions is complicated even further owing to the lack of

availability of emission factors for all food sub-categories.

Still, there have been attempts to quantify food related

GHG emissions at national scale in the UK. This includes

estimates by the Cabinet Office that show the overall

agri-food sector contributing 18.0% of the total to the
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national GHG emissions (Office 2008). Studies like this

are interesting but are limited by their focus on the emis-

sions for the whole country for a particular year only. As

such these results may not be meaningful for policymak-

ing at regional or local scale in the UK. Hitherto, there

hasn’t been any attempt to quantify the temporal dif-

ferences in emissions between different UK regions and

nations. This is mainly because, the calculation of food-

related emissions for each region and nation is a com-

plicated task as government statistics report more than

300 different food categories and sub-categories which

vary with time and location (Office of National Statistics

2014). Moreover, as discussed above, the changing ratios

of food imports from other countries further complicates

the calculations due to differences in emission factors

for the same food items with different sources. Despite

these issues, it is still important and interesting to explore

the spatio-temporal variations in food based GHG emis-

sions. This is because, national statistics makes decisions

relevant for cabon-neutral policy making at national

© 2022 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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scale only and may not appreciate provincial or regional

differences (Liu et al. 2012). This is important as not

all regions and nations share the same socio-economic

and environmental status. These differences have been

augmented by both international factors such as Brexit

and local factors such as rising income gaps between dif-

ferent social strata in these nations (Chen et al. 2018).

For instance, one of the most critical issues involving

Brexit includes farm subsidies which are critical for the

survival of farmers in different parts of the UK (Grant

2016). Similarly, some of the climate related impacts on

agriculture in the UK vary with region (Morison and

Matthews 2016). Moreover, some segments of the UK ‘s

urban population across different regions lack access to

healthy and sufficient food supplies (Wrigley 2002). Ide-

ally, all future policy changes should focus on balancing

food security concerns with those of carbon neutrality.

While there have been studies at the national scale to

determine the environmental impacts of transition to

healthier diets at the national scale, studies focusing on

local issues and solutions are still more important due

to the above-mentioned economic and social disparities

between the UK’s different regions (Willett et al. 2019).

As such, it would be interesting to understand the differ-

ences in environmental emissions from UK regions with

regard to transition towards healthier diets.

The purposes of this study are three-fold. First, we aim

to determine the spatio-temporal variations in weekly

Green House Gas (GHG) emissions and costs per capita

related to food in different UK nations and English

regions between the years 2001 and 2018. The English

regions include North West, South West, South East,

South West, East, London, Yorkshire & Humber, East

Midlands and West Midlands. The UK nations include

England, Scotland, Wales and Northern Ireland. We will

try to understand if the variations in food based emis-

sions among these regions and nations have been con-

siderable over time. The second purpose is to estimate

the weekly per capita emissions and costs based on an

ideal mix of different food categories as recommended by

the UKEatWell guidelines (Scarborough et al. 2016). The

third aim is to understand the end-point impacts of the

emissions by estimating how human health and ecosys-

tems are affected because of a shift to healthier diets. We

focused on the study period before the Covid pandemic

to understand the impacts under normal circumstances

as Covid-led disruptions are likely to be temporary and

not representative of the usual ground realities.

2. Literature review

Studies show that the annual food-system emissions

amount to 18Gt CO2 equivalent globally, representing

34% of total anthropogenic GHG emissions (Crippa et al.

2021).Moreover, diets high in refined sugars, refined fats,

oils and meats would be a major contributor to an esti-

mated 80% increase in global agricultural greenhouse gas

emissions by 2050 (Tilman and Clark 2014). Transition-

ing toward more plant-based diets that are in line with

standard dietary guidelines could reduce food-related

greenhouse gas emissions by 29–70% compared with

a reference scenario in 2050 (Springmann et al. 2016).

However, this seems difficult given the rising demand of

meat frompopulations across countries such as India and

China. Still, research shows that combining technology

improvement with dietary shifts, food-based GHG emis-

sions in China could drop by 41.5% compared to the level

in 2010 (Li et al. 2016). In India, although most of the

GHGemissions originate from livestock and rice produc-

tion (Vetter et al. 2017) but display significant regional

variation (Green et al. 2018). In such countries, improve-

ments in storage and transportation infrastructure is

also required to reduce the food related environmental

impacts (Mogale et al. 2022; Prajapati et al. 2022).

To avoid undernutrition in low and middle-income

countries (LMICs), widespread adoption of healthy diets

may actually lead to increases in the environmental foot-

prints of the food system (Aleksandrowicz et al. 2019a;

Semba et al. 2020). In developed countries, however, a

shift to healthier diets may help reduce anthropogenic

emissions (Stoll-Kleemann and Schmidt 2017). Of the

different food items, animal products account for 43-

87% of an individual’s environmental burden (Davis et al.

2016). To corroborate this, a study in Denmark dis-

covered that vegetarian and vegan diets generally per-

form better environmentally compared to a standard

Danish diet, with minimal difference between the two

no-meat options (Goldstein et al. 2016). These emis-

sions from animal-based diets, however, can be reduced

through targeted strategies. For instance, rearing cat-

tle using either corn- or barley-based diets could lead

to different environmental impacts across the livestock

supply chain (Beauchemin and McGinn 2005). Apart

from the supply side interventions, changes in food

consumption behaviour among the human populations

could also achieve emission reduction. For instance, a

study in Hong Kong showed that dietary change from a

meat-heavy diet to that following governmental nutrition

guidelines could achieve a 67% reduction in livestock-

related emissions, thus allowing Hong Kong to achieve

the Paris Agreement targets for 2030. While such stud-

ies can be conclusive for small regions or countries, more

diverse populations and subgroups require dedicated

transition strategies (van Dooren et al. 2018; Chaud-

hary and Krishna 2019). For instance, a study in Nor-

way revealed that willingness to eat less meat was partly
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determined by the consumers’ existing consumption

practices (Austgulen et al. 2018) which are often driven

by economic and cultural factors (Huan-Niemi et al.

2020). Similarly, a study exploring environmental and

nutritional efficiency assessments of diets in 17 Spanish

autonomous regions displayed significant regional varia-

tions driven by differences in climate, culture and lifestyle

(Esteve-Llorens et al. 2020).

For the UK, a study comparing meat-eaters, fish-

eaters, vegetarians and vegans discovered that dietary

GHG emissions in self-selected meat-eaters were twice

as high as those among the vegans (Scarborough et al.

2014). Another study assessed the embodied environ-

mental impacts of fertilissers in the production of bread

in the UK (Goucher et al. 2017). Similar studies show

that healthier diets in the UK could delay or avert deaths

thus displaying an alignment among public health and

climate change dietary goals (Friel et al. 2009; Scarbor-

ough et al. 2012). Another study shows that diet-related

GHG emissions in the UK could be reduced by 17–40%

through behavioural change (Green et al. 2015). Stud-

ies however point out towards deficiencies in national

food-related policy making in the UK and the need for

a more granular approach to uncover finer details (Par-

sons 2020; Benthem de Grave et al. 2020). For a regional

approach, a recent study uncovered the economic and

environmental impact of shift in consumption under

healthy eating guidelines in Scotland only (Allan, Com-

erford, and McGregor 2019). Apart from this, another

study compared the city regions of Bristol in the UK

and Vienna in Austria in terms of dietary land footprint

(Vicente-Vicente et al. 2021). To the best knowledge of

the authors, this is the first spatio-temporal assessment

of economic and environmental impacts of diets changes

in UK nations and English regions.

3. Methods

3.1. Goal and scope definition

In this paper we will employ environmental account-

ing of different foods in the UK that are consumed at

home by estimating GHG emissions through Life Cycle

Analysis (LCA) (Lake et al. 2015; Koh et al. 2013). A

recent review shows that of all the different analytical

and simulationmethods, LCA ‘is exclusively used to anal-

yse environment-related issues’ for sustainable food sup-

ply chains (Zhu et al. 2018a). The LCA methodology

has been in use since the 1960s and is a robust frame-

work used to determine the environmental impacts of a

material, product or service (Ali et al. 2020). Life Cycle

Assessment (LCA) is a robust and sophisticated tech-

nique that has been used in a variety of studies in the

past to assess the impact of diets on the environment

at national scales (Heller, Keoleian, and Willett 2013;

Muñoz, Milà i Canals, and Fernández-Alba 2010). Other

alternatives include techno-environmental analysis and

econometric modelling to estimate the socio-economic

assessments of dietary changes. However, for environ-

mental impact assessments, LCA is a better alternative

due to the level of detail in the analysis and results. Sim-

ilarly, LCA follows internationally recognized standards

(ISO 14040 and 14044) which lends further credibility

to the modelling. A recent review corroborates that a

lifecycle approach is integral to the traceability of envi-

ronmental sustainability in agri-food systems (Corallo

et al. 2020).

The system boundary includes the food supply

chain from production to the retail distribution centre.

The Green House Gas (GHG) emissions factors were

expressed in the units of kgCO2-eq per 100 grams of food

consumed (i.e. kg of GHG weighted by global warming

potential over a 100-year time frame, with carbon diox-

ide weighted as 1, methane weighted as 25 and nitrous

oxide weighted as 298). The emission factors were mul-

tiplied with the food consumption data reported in the

units of 100 grams per person per week to report the final

results in the units of kg CO2-eq per person per week. A

set of emission factors had already been calculated for a

range of foods consumed in the UK and was made avail-

able on request with density adjustments made for food

imports and to account for differences in food production

and consumption densities (Ali, Liu, and Zhang 2021;

Scarborough et al. 2014). These parameters themselves

were based on an earlier study that reported GHG emis-

sions for different food commodities consumed in the

UK (Audsley et al. 2010). All calculations can be obtained

from the first author upon request.

For this study, we segmented different food types into

5 broad categories defined by UK EatWell to compare

the differences in current eating behaviour from the rec-

ommended quantities of foods. These food categories

include (a) Fruits and vegetables, (b) Proteins, (c) Dairy

and alternatives, (d) Starchy carbohydrates and (e) Foods

high in fats and sugars. As such, drinks (alcohol, soft

drinks, etc.) and ‘other’ items in the data were ignored for

the analysis due to their low carbon intensities and the

challenge of classifying them into the above-mentioned

food categories.

3.2. Data sources

Inventory data for consumption statistics was obtained

from secondary resources that reported food consump-

tion and expenditure for differentUK regions andnations

over time. Most of the data was collected using latest
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available statistics from UK’s Family Food datasets that

report data for the years 2001 through to 2018 (DEFRA

2020). The figures in Family Food are sourced from The

Living Costs and Food Survey run by the Office for

National Statistics (Office of National Statistics 2014). As

noted above, these datasets report food and drinks that

are consumed within the households. This data is col-

lected each year using voluntary sample survey of private

households using a list ofmajor food categories which are

then further disaggregated into their respective sub-food

types amounting tomore than 300 items. All data is avail-

able in the units of grams or milli-litres (e.g. fruit juices)

per person per week which was converted for this study

into the units of 100 grams per person per week after

using density adjustments and unit conversions based on

literature review. As mentioned above, this data can be

obtained from the first author upon request.

3.3. Scenarios

Emissions from two different scenarios were calculated

and compared with each other

(a) GHG emissions from household food consumption

were estimated based on the available statistics up to

the year 2018 assuming a Business As Usual (BAU)

scenario. Emissions for all UK regions and nations

were calculated separately.

(b) GHG emissions based on the recommended por-

tion sizes (as per EatWell recommendations) was

calculated for the different regions and nations in

the UK over time. Differences in monetary costs

were also explored to understand the economic

impact of transition to a healthier diet.

The results will be displayed as a difference between

the two scenarios described above. Changes in emissions

as a result of transition to healthier diets will be quantified

to account for impacts on human health and ecosystems

using the ReCiPe method.

3.4. Limitations

While calculating the emissions for different years we

assumed the emission factors to have remained constant.

This is because the largest variation in emissions is caused

by changes in quantities and sources of import categories

from Rest of the World (Row) areas, which, in contrast

to imports from EU countries, haven’t changed drasti-

cally over the studied period. This is shown in Figure 1

belowwhich shows changes in imports ofmajor food cat-

egories from EU countries and RoW between the years

2000 and 2018 as reported by Food and Agriculture

Organisation of theUnitedNations Statistics (FAOSTAT)

(FAOSTAT 2019). In contrast, emission factors for most

of the import items from the EU countries are similar to

that for locally produced substitutes in the UK. More-

over, our focus of attention in this study is the regional

disparity in emissions and data for the distribution of

food imports across English regions is difficult to obtain.

Figure 1. Change in imports to UK from EU and RoW between 2000 and 2018.
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A study involving a particular food category might be

able to trace regional import flows but tracking each of

the more than 300 sub-categories of food items across 18

years in so many different regions is beyond the scope of

this study.

4. Results and discussion

4.1. Greenhouse gas emissions

Figure 2a and 2b displays the change in GHG emissions

for English regions and UK nations between the years

Figure 2. (a) Change in per capita weekly GHG emissions in English regions resulting from a change in diet patterns to those based
on UK Eatwell recommendations. Decimal places could not be shown due to font size limitations. (b) Change in per capita weekly GHG
emissions in UK nations resulting from a change in diet patterns to those based on UK Eatwell recommendations. Decimal places could
not be shown due to font size limitations.
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2001 and 2018 for the scenario that the diets transition

from current patterns to those based on UK Eatwell rec-

ommendations. The figures present the results in the

form of a hierarchy of estimated emission reduction

potential. Here, for each individual year, the region with

the least expected change in emissions has been presented

in the top band and the region with the greatest possi-

ble reduction has been presented in the lowermost band.

For Figure 2a it can be seen that for most of the years

during the study period the greatest reduction in emis-

sions would have occurred in the North East region as

shown by the light blue ribbon. On the other hand, the

least amount of emission reduction would have occurred

in London had UK Eatwell recommendations been fol-

lowed, as indicated by the yellow ribbon. Data analysis

shows that the inherent reason behind this difference is

based on food consumption habits where people in the

North East consume much more meat in their diets than

those in London. Similarly, Figure 2b shows that for most

of the years during the study period, the nation of North-

ern Ireland had the greatest emission reduction potential

whereas England had the least emission reduction poten-

tial. These differences among the nations also emanate

from the underlying variations in food consumption

behaviour.

For a more thorough analysis, spatial correlation of

the emissions from the regions was assessed for all years

during the study period. For correlations, we estimated

global and local Maron’s I using the spatial lag model

with the help of GeoDa software (Anselin, Syabri, and

Kho 2010). Previous efforts to quantify spatial autocor-

relations based on regional emissions include a study

in China where CO2 emissions from different provinces

were used in a spatial lag model (Shi et al. 2019).We have

used a similarmodel as it can help us understand the spa-

tial dependency between different geographical locations

and for the present study it is more relevant than time

series models. Results show that there is no significant

spatial correlation as measured by the global Maron’s I.

It is pertinent to mention here that local Moran I and

global Moran I are used for different purposes and their

exact use depends on the assumptions onemakes. Global

Moran I implies that one single statistic can account for

all of the datawhereas localMoran Iwill return local clus-

ters that may or may not be correlated. In other words,

the global Moran statistic only tells us about overall pat-

tern, whether there is any clustering but it does not tell

us about where this clustering is, or what it looks like.

Consequently, global Moran I may tell that the variable

is random distributed while in fact we may have clus-

ter in the data, because it is an average measurement.

In other words, some variables may be locally strongly

autocorrelated, but display no correlation over a slightly

larger radius (Oliveau and Guilmoto 2005). Local Moran

I can address the shortcomings of the global Moran’s

I by capturing these clusters. As such we measured the

local spatial autocorrelations for all years in the study

period. It is important to note here that the nations of

Northern Ireland, Scotland and Wales were also consid-

ered as regions in this analysis to account for disparities

between adjacent areas. Figure 3 shows the results based

on different levels of significance based on the Bonfer-

roni criterion. Significant local clusters were formed in

only seven years during the study period. It can be seen

that different regions cluster together in different patterns

from one year to another and no two regions were con-

sistently correlated from one year to another based on

their food-based emissions. This serves to indicates that

the regions vary from each other significantly which is

causedmainly due to underlying differences in food con-

sumption. This supports our premise that the differences

among the regions and the nations are large enough to

warrant customized policy making for food-based emis-

sion reduction. This is because the food behaviour itself

is a function of socio-economic variables which vary

across these regions. As such each region requires poli-

cies tailored according to their subtle as well as noticeable

sensitivities and behaviours.

4.2. Implications for household finances

A rebalancing of the diets would also have implications

for food costs borne by the households. As such it would

be interesting to observe the change in per capita weekly

costs as a result of a change in diets from current pat-

terns of consumption to those based on UK Eatwell

recommendations. The results have been presented in

Figures 4a and 4b which display the change in weekly

per capita expenditure on food for different regions and

nations over time with a shift towards healthier diets

based onUKEatWell recommendations. Since the figures

compares data for each region or nation across indi-

vidual years, the values haven’t been normalized for a

region or base year. Inflation adjustment is also chal-

lenging as relevant inflation data at a nation scale. It can

be seen that for most of the regions across most of the

years there would have been a reduction in food expen-

diture. Figure 4a shows that this reduction would have

been the greatest in regions such as West Midlands and

the North East. On the other hand, there would have

been an increase in expenditure for residents in London

had UK Eatwell recommendations been followed which

could be due to higher cost of living and possibly greater

physical distance from agricultural areas. Figure 4b also

shows that except for the year 2002 in Scotland, the year

2003 in Wales and the years 2015 and 2017 in England,
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Figure 3. Local auto-correlations for emissions from UK nations (Scotland, Wales and Northern Ireland) and English regions between
2001 and 2018. Areas shaded dark green show correlations with greater statistical significance using Bonferroni criterion.

households could have saved food costs if UK EatWell

recommendations had been followed.

4.3. Implications for human health and ecosystem

services

As mentioned above, the health impacts of GHG emis-

sions can be calculated using DALYs. DALY represents

the years of life lost and the number of years lived as

a disabled person due to the impact of emissions, and

it is based on an approach developed by the World

Health Organization (WHO) (Reza, Sadiq, and Hewage

2014). Similarly, the impacts on terrestrial and freshwater

ecosystems can be measured based on species extinc-

tions as measured in the units of species-years. These

end-point impacts for all UK regions and nations for

the years between 2001 and 2020 have been presented in

Figures 5a, 5b and 5c below. These are based on actual

data for the years between 2001 and 2018 and fore-

casts for the years 2019 and 2020 as presented above. All

results have been shown below using the ‘hierarchical’

perspective which is the default in most of the LCA

studies (Weidema 2015). In Figures 5a through 5c, it

can be seen that the trend lines for all regions are sim-

ilar to those shown in Figures 2a and 2b as they are

based on fixed conversion factors. In other words, all fig-

ures show savings in human as well as ecosystem health

as a consequence of emission reductions in the studies

regions.

As mentioned above, using the measure of DALY as a

proxy to assess the impact of GHG emissions on human

health is a widely used LCIA technique (Cobiac and Scar-

borough 2019; Eckelman and Sherman 2018). For fur-

ther clarification, DALY is the number of disability years

caused by exposure to chemicals or pollutants multiplied

by the ‘disability factor’, a number between 0 and 1 that

describes severity of the damage (0 for being perfectly

healthy and 1 for being fatal/loss of life) (Schuur et al.

2009). Figure 5a in the manuscript shows the reduction

in this potential health damage due to an improvement

in diets and the impact is shown per million people for

greater clarity.
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Figure 4. (a) Variation in per capita weekly expenditure per person per week in £s in English regions. (b) Variation in per capita weekly
expenditure per person per week in £s in UK nations.

The impacts on terrestrial and freshwater ecosys-

tems are standard LCIA categories which express poten-

tially disappeared fraction of species (PDF) integrated

over space and time in m2.years. A detailed explana-

tion of the methodology to measure them can be seen

here for instance (Huijbregts et al. 2017). As most LCA

studies use pre-determined characterisation factors that

express the PDF over area and time, a repetition of the

detailed steps to measure each of the standard indi-

cators/impact categories is unnecessary (Rashedi and

Khanam 2020; Goronovski et al. 2018; Heidari et al.

2017). Figures 5b and 5c show the reduction/saving in
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this loss of species as a consequence of a shift towards

healthier diets.

As shown in Figures 5a–5c display the difference or

savings in shifting frompre-existing diets to those recom-

mended byUKEatwell. In Figure 2b, a positive difference

would show an increase in emissions whereas a negative

difference would indicate emission reduction. Similarly,

in Figure 5a, a positive differencewould indicate a surplus

number of lives lost (something undesirable) and a nega-

tive numberwould indicate number of livesnot lost or the

Figure 5. (a) Reduction in health impacts of GHG emissions in DALYs permillion people for English regions andUKnations. (b) Reduction
in terrestrial ecosystem impacts of GHG emissions in life-years per million species for English regions and UK nations. (c) Reduction in
aquatic ecosystem impacts of GHG emissions in life-years per billion species for English regions and UK nations.
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Figure 5. (Continued)

number of lives saved (which is actually desirable). The

same logic applies to Figures 5b and 5c. Mathematically

this can be written as follows:

Net Emissions = EmissionBaseline − EmissionEatwell
(negative figures are desirable)

Net Lives Lost = Lives LostBaseline − Lives LostEatwell
(negative figures are desirable)

Net Species Lost = Species LostBaseline − Species

LostEatwell (negative figures are desirable)

4.4. Discussion and comparisonwith other studies

Interest and investment in carbon-neutral food supply

chains has been increasing with the passage of time

(Mogale, Cheikhrouhou, and Tiwari 2020). The reasons

behind this phenomenon include a changing dietary

landscape where consumers have become more con-

scious and vocal in favour of sustainable foods. Some

of the environmental challenges emanating from these

carbon emissions include climate change, air pollution,

loss of biodiversity and a reduction in ecosystem ser-

vices. These issues have been complemented with those

of food safety and security emanating from external sup-

ply chain shocks such as Brexit, the swine flu virus and

the Covid-19 pandemic. Some of these disruptions jolted

food supply chains in a way that led to food shortages

and rationing for many households in the UK (Hobbs

2020). There is a growing realization that the urban

food systems are particularly vulnerable to supply chain

shocks. Consequently, policymakers are trying to find

innovative solutions to future-proof sustainable supply

of healthy food to all communities. There have been

efforts to suggest planetary diets for different areas of the

world by optimising the environmental and nutritional

requirements in such areas (Willett et al. 2019; Zhu et al.

2018). However, such policy suggestions have been crit-

icized for being unaffordable for some segments of the

society (Temple and Steyn 2011). Similarly, despite an

increasing interest in the topic of urban and regional food

systems, there is a limited understanding of possible pol-

icy solutions. Prominent issues include, lack of a clear

consensus regarding benchmarking resilience and sus-

tainability indicators for the food supply chains (Yakovl-

eva, Sarkis, and Sloan 2012). This is understandable

because geographical locations differ from each other

in terms of their social, economic and environmental

needs. For instance, previously researchers have tried

to develop an ideal food system that aims to meet the

challenges of environmental, nutritional, and economic

constraints through mathematical optimization. Yet, it

has been acknowledged that most of these models fail

to account for spatial and temporal variations in diet

consumption (Drewnowski 2020). As such, there is a

paucity of studies that assess carbon-neutrality of food

consumption at a local scale. In other words, the num-

ber of studies exploring impact of changes in food con-

sumption on emissions at regional scales across different
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years are relatively rare. Still, there have been attempts

to understand carbon, water and ecological footprint

of shifts in household food consumption for different

nations. This includes, for instance, a modelling exercise

in the UK that discovered that on average a saving of

1.6 kg CO2-eq/day could be achieved if the UK EatWell

recommendations were followed (Scheelbeek et al. 2020).

This aligns well with this study which shows a per capita

saving of 1.49 kg CO2-eq/day as an average for the UK

nations and 0.86 kg CO2-eq/day as an average for English

regions for the studied period. Another study in the UK

attempted to optimise ideal diets for different income

groups and concluded that diets of different income quin-

tiles might have similar GHG emissions, but the source

these emissions can vary due to differences in consump-

tion of various food categories (Reynolds et al. 2019).

This study also finds that while the average emissions

from different regions and nations might be similar, the

underlying consumption of different food categories can

result in a wide range of emission savings as shown

in Figures 2a and 2b. Similarly, a study for the Euro-

pean Union (EU) concluded that a shift to healthier

diets could reduce the environmental impacts by 8%

(Tukker et al. 2011). While these results encourage the

adoption of national diet guidelines for emission reduc-

tion, in some developing countries there might actu-

ally be an increase in emissions if dietary guidelines are

to be followed entirely. For instance a recent study in

India discovered that meeting healthy guidelines would

actually increase GHG emissions by 3–5%, especially

in rural areas which have a greater proportion of low-

income households (Aleksandrowicz et al. 2019). Simi-

larly, another study inChina discovered that if all Chinese

follow healthy diets rather than their existing diets, the

GHG emissions would actually increase by 7.5% (He

et al. 2019). Interestingly, the direction of change in GHG

emission as a result of dietary change can vary depend-

ing on resource inputs for agricultural production. For

instance, a study for the United States of America (USA)

discovered that dietary shifts to government recommen-

dations with low calorie intakes could actually increase

GHG emissions by 11% which is a reflection of resource

intensive healthier food sources such as fruits and veg-

etables (Tom, Fischbeck, and Hendrickson 2016). This

serves to show that policy changesmay have counterintu-

itive results unless ground realities have been accounted

for. This is all the more reason why local-scale perspec-

tives should be taken into account food policymaking for

carbon-neutrality.

In this paper we took a local perspective by focus-

ing on the English regions and the nations within the

United Kingdom. This is important as national level

statistics represent aggregate sums and for individual

years only which make it ‘challenging to understand

fine-scale behavioural change over shorter timeframes’

(Benthem de Grave et al. 2020). As such they fail to

highlight the spatio-temporal differences in food con-

sumption behaviour and associated emissions for effec-

tive policymaking. This is crucial as a single mitigation

policy would potentially yield varying results across the

different regions. As an example, the instances of avoid-

able and food related health conditions are more preva-

lent in the Northern regions than in the South of the UK

(Baker 2022). Clearly, the food policy has not addressed

the underlying inequalities which drive these health con-

ditions. Realizing this issue, in the year 2020, the food

policy was devolved to the governments of England,

Wales, Scotland and Northern Ireland. Further devolu-

tion is needed at regional scales as, for instance, studies

show that food policy making in the England is dis-

persed and opaque and ‘the use of an aggregated govern-

ment website makes it difficult to identify information’

(Parsons 2020). This lends further support to the need

for a more localised focus in food-related research and

policy-making. The most recent independent review of

the governments’ food strategy calls for developing ‘local

food strategies, with reference to national targets and in

partnership with the communities they serve’ (Dimbleby

2021).

As food choices depend on local contexts, effective

policy design could choose a combination of supply

and demand side measures for a sustainable behavioural

change. These choices include, restricting availability of

hot food takeaways near schools for obesity prevention,

imposing sugar taxes, effecting display layouts of gro-

cery stores, developing local food standards for school

and office meals, etc (von Philipsborn et al. 2019). In

essence, a local or community-based perspective is essen-

tial before choosing and implementing any of the pol-

icy measures (Orr and McCamley 2017). Apart from

behavioural changes, a local perspective is also impor-

tant because it allows for greater pressure from the

community for transparency and traceability in agri-

food supply chains (Golini et al. 2017). This, in turn,

facilitates greater cooperation among the producers and

the cooperatives for sustainability at source by mea-

sures such as post-harvest food loss reduction (Despoudi

et al. 2018).

5. Conclusions

This study was aimed at understanding the life cycle

impacts of transition to healthier diets for people in dif-

ferent regions of England and different nations in the

UK over time. We focused on the years before the Covid

pandemic to understand these impacts under normal
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circumstances. The results of the study show that for

all regions there would have been a reduction in emis-

sions had UK Eatwell recommendations been followed.

However, spatial auto-correlations confirmed that there

exist significant differences between the regions in terms

of the level of emission reductions that could have

been achieved. This was accompanied by an analysis

of the adjustments to the consumption of major food

types required on a on a weekly per capita basis for

all regions using the average statistics for the 18-year

period of study. Similarly, differences were discovered

in terms of the expenditure that could have been mit-

igated as a result of transition to healthier diets. All of

this points to the fact that the studied regions differ

from each other and require different responses to food

sustainability demands. Thus all future public-health

policy making should appreciate local differences while

designing a carbon-neutral and affordable food provi-

sion strategy. To the best knowledge of the authors, this

is the first study exploring spatio-temporal assessment

of changes in emissions and expenditures for different

UK regions. Future studies can explore the differences

in tradeoffs between resilience and sustainability of food

supply chains for these regions to aid amore targeted and

customized policymaking.

A limitation of this study is the use of the same

emission factors for all regions and nations and for the

studied period. This was mainly due to a lack of avail-

ability of data pertaining to the portion of imported

food consumed for different locations over time. Simi-

larly, the emission factors were assumed to be constant

for all years from 2001 and 2018 as the ratio of food

imports from RoW to imports from EU or local produc-

tion didn’t vary drastically. Moreover, data for household

consumption was the focus of this study and as such

‘eating out’ activities were ignored while collecting data.

Future research can build on the LCA used in this analy-

sis to estimate the upstream and downstream impacts of

dietary shifts related to a particular food category, using

other variations of LCA techniques such as hybrid-LCA

or input-output tables. Similarly, further granularity can

be achieved using a city-scale perspective starting from

larger cities such as London, Birmingham, Edinburgh

etc. Further refinement can be added by using primary

data instead of relying on statistics from government

reports only.
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