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Disclaimer  14 

NNR2022 has been tasked by the Nordic Council of Ministers to integrate sustainability into the food 15 

base dietary guidelines and thereby contribute to their vision of making the Nordic Region the most 16 

sustainable region in the world by 2030.  17 

The NNR2022 Committee collaborates with Chatham House in London and other sustainability 18 

experts in the development of background papers on sustainability. These external experts will not be 19 

involved in the final integration of sustainability and the formulation of the food based dietary 20 

guidelines. It is the NNR Committee that have these responsibilities. 21 

When integrating sustainability into the food based dietary guidelines, several major reports 22 

covering the main dimensions of sustainability, including the environmental, social and economic 23 

dimension will be used as a background, in addition to the background papers developed in the 24 

NNR2022 project.  25 

The draft background paper "Assessing the environmental sustainability of diets – an overview of 26 

approaches and identification of 5 key considerations for comprehensive assessments" is now 27 

available for public consultation until September 30st, 2022. We welcome all relevant input, which 28 

will be considered by NNR2022 Committee and external experts. In parallel, the manuscript is also 29 

sent to a targeted consultation among a group of sustainability experts. After adjustments for 30 

relevant consultation comments, this paper will be submitted for publication in a scientific journal. 31 

The current paper focuses on global environmental considerations and hence does not consider the 32 

local context in Nordic and Baltic countries. This paper will be followed by two further papers that 33 

will discuss the local context in the Nordic and Baltic countries and establish principles for integrating 34 

sustainability into FBDGs in these countries.  35 

 36 
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Introduction  79 

The food system has fundamental flaws that must be addressed to feed current and future 80 

populations in a healthy and sustainable way. The focus on increasing productivity has contributed 81 

to the growing problem of over-nutrition through the ‘cheaper food paradigm’.1 Global food 82 

production does not meet the developed world’s dietary guidelines, and is too heavily focused on a 83 

small variety of crops and animal products, with too few fruits, vegetables, pulses and nuts, too 84 

much sugar, and too much grain used for farmed animal feed.2,3 Malnourishment in all its forms – 85 

stunting, hunger, hidden hunger, overweight and obesity – and the diseases associated with it is a 86 

global problem, affecting all countries and regions4. Malnourishment from poor diets results in 87 

substantial personal and societal level costs, estimated to be $US3.5tn per year5.  However, this is 88 

likely to be an underestimate for several reasons: (1) a lack of data on the public health status of 89 

malnourishment, (2) lack of robust accounting and attribution of disease, and (3) unequal healthcare 90 

spending between countries. In addition to malnutrition, food production has other adverse health 91 

impacts including those arising from air pollution. For example, one US analysis found that for every 92 

dollar of revenue, around 55 cents of health costs through air pollution was levied6. In total, the 93 

economic impact of ill-health arising from the global food system may exceed 10% of global GDP7.   94 

In addition to not delivering global – or local -public health, the food system has substantial impacts 95 

across a range of environmental aspects – both in terms of resource use and adverse outcomes. 96 

Globally, around a third of greenhouse gas (GHG) emissions arise from the food system8, which is 97 

also the main user of land, source of nitrogen and phosphorus pollution, and driver of biodiversity 98 

 
1 The cheaper food paradigm drives supply and demand through a set of overlapping and often self-reinforcing mechanisms, with the 

primary goal of constantly increasing food production at increasingly lower costs, which involves converting more land to agriculture, and 
further intensifying farming methods. Consumption rises as food prices drop – resulting in more environmental degradation and 
disruption of our natural ecosystems, and climate change – leading to an increased requirement to bring fresh agricultural land into 
production. From: Benton et al 2021. Food system impacts on biodiversity loss. Three levers for food system transformation in support of 
nature. Chatham House report, February 2021. 
2 Springmann et al 2020. The healthiness and sustainability of national and global food based dietary guidelines: Modelling study. The BMJ 
370. BMJ Publishing Group: 2322. https://doi.org/10.1136/bmj.m2322. 
3 Global Panel on Agriculture and Food Systems for Nutrition (2020), Future Food Systems: For people, our planet,  
and prosperity, https://www.glopan.org/foresight2 
4 Swinburn, B. A., Kraak, V. I., Allender, S., Atkins, V. J., Baker, P. I., Bogard, J. R., Brinsden, H., Calvillo, A., de Schutter, O., Devarajan, R., 
Ezzati, M., Friel, S., Goenka, S., Hammond, R. A., Hastings, G. et al. (2019), ‘The Global Syndemic of Obesity, Undernutrition, and Climate 
Change: The Lancet Commission report’, The Lancet, 393(10173): pp. 791–846, doi: 10.1016/S0140-6736(18)32822-8; Willett, W., 
Rockström, J., Loken, B., Springmann, M., Lang, T., Vermeulen, S., Garnett, T., Tilman, D., DeClerck, F., Wood, A., Jonell, M., Clark, M., 
Gordon, L. J., Fanzo, J., Hawkes, C., Zurayk, R., Rivera, J. A., De Vries, W., Sibanda, L. M., Afshin, A., Chaudhary, A., Herrero, M., Agustina, R., 
Branca, F., Lartey, A., Fan, S., Crona, B., Fox, E., Bignet, V., Troell, M., Lindahl, T., Singh, S., Cornell, S. E., Reddy, K. S., Narain, S., Nishtar, S. 
and Murray, C. J. L. (2019), ‘Food in the Anthropocene: the EAT-Lancet Commission on healthy diets from sustainable food systems’, The 
Lancet Commissions, 393(10170): pp. 447–92, doi: 10.1016/S0140-6736(18)31788-4 
5 Food and Agriculture Organization of the United Nations. State of Food and Agriculture 2013: Food systems for better nutrition. 2013 
Rome, Italy. 
6 Paulot, Fabien, and Daniel J. Jacob. "Hidden cost of US agricultural exports: particulate matter from ammonia emissions." Environmental 
science & technology 48.2 (2014): 903-908. 
7 FOLU (2019) Growing better: Ten critical transitions to transform food and land use. September 2019. FOLU-GrowingBetter-
GlobalReport.pdf (foodandlandusecoalition.org) 
8 Crippa, M., Solazzo, E., Guizzardi, D. et al. Food systems are responsible for a third of global anthropogenic GHG emissions. Nat Food 2, 
198–209 (2021). https://doi.org/10.1038/s43016-021-00225-9 

https://www.foodandlandusecoalition.org/wp-content/uploads/2019/09/FOLU-GrowingBetter-GlobalReport.pdf
https://www.foodandlandusecoalition.org/wp-content/uploads/2019/09/FOLU-GrowingBetter-GlobalReport.pdf
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loss9. In addition, the food system contributes substantially to soil degradation, water use and air 99 

pollution. Adverse impacts of the food system are expected to increase – for example, food related 100 

GHGs will roughly double by 2050 under business-as-usual projections of food production and 101 

consumption10 and more than 17,000 species will be threatened with extinction11. In turn, furthering 102 

the already burgeoning impact of the food system on earth’s biogeophysical and biogeochemical 103 

constraints or ‘boundaries’ related to climate change, land use change, biodiversity loss, and 104 

nitrogen and phosphorus pollution – beyond which ecosystem destabilisation is expected to 105 

accelerate12. Without transformative action in the food sector, it will be impossible to meet vital 106 

planetary health goals related to climate change and biodiversity13. 107 

There are no standardised approaches for assessing environmental sustainability in the food system, 108 

nor indeed for robustly or comprehensively assessing the sustainability of diets, supply chains or 109 

agriculture itself. This relates to both the number or types of environmental metrics to include, the 110 

relationship between relative (e.g. intensity of impact per item of food) and absolute (i.e. the 111 

aggregated impact of total supply) measures, how to include them in a meaningful way in respect to 112 

national and inter-national impacts and contexts, and how to consider health and environmental 113 

aspects together. The aim of this paper is to provide an overview of the different approaches to 114 

assessing the environmental sustainability of diets - and identify key considerations to assist 115 

comprehensive assessments. We outline the food system within the earth system, and the 116 

underlying complexities that subsequently shape environmental assessments. We take a global 117 

approach throughout, with the inclusion of specific examples for further context.  118 

This paper forms part of the evidence basis for incorporating environmental sustainability into Food 119 

Based Dietary Guidelines (FBDGs) as part of the Nordic Nutrition Recommendations (NNR) process. 120 

The NNR, which is commissioned by the Nordic council of Ministers, will form the scientific basis for 121 

formulating national FBDGs in Denmark, Estonia, Finland, Iceland, Latvia, Lithuania, Norway and 122 

Sweden. The forthcoming edition (NNR 2022) has been tasked to integrate sustainability aspects into 123 

the FBDGs. Sustainability is a complex concept that includes environmental, as well as economic and 124 

social dimensions. While we acknowledge that all dimensions need careful scrutiny, the remit of this 125 

paper is to focus on the environmental dimension of sustainability. This paper focuses on global 126 

considerations and hence does not consider the local context in Nordic and Baltic countries. This 127 

paper will be followed by two further papers that explore the environmental sustainability of food 128 

production and consumption within the Nordic and Baltic countries and establish principles for 129 

integrating environmental sustainability into FBDGs in these countries.  130 

 131 

 
9 Benton et al 2021. Food system impacts on biodiversity loss. Three levers for food system transformation in support of nature. Chatham 

House report, February 2021. 
10 Springmann et al 2018. Options for keeping the food system within environmental limits. Nature. https://doi.org/10.1038/s41586-018-
0594-0. 
11 Williams D.R. Clark, M. Buchanan, G.M. et al (2020). Proactive conservation to prevent habitat losses to agricultural expansion. Nature 
Sustainability volume 4, pages314–322(2021). 
12 Steffen, W., Rockstrom, J., Richardson, K., Lenton, T. M., Folke, C., Liverman, D. … Schellnhuber, H. J. (2018). Trajectories of the Earth 
System in the Anthropocene. Proceedings of the National Academy of Sciences of the United States of America, 115, 8252–8259. 
13 Clark et al 2020; Williams D.R. Clark, M. Buchanan, G.M. et al (2020). Proactive conservation to prevent habitat losses to agricultural 
expansion. Nature Sustainability volume 4, pages314–322(2021). 
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Food systems within the Earth System 132 

 133 

The food system 134 

The food system is a “complex system”. Complex systems typically exhibit non-linear behaviour, 135 

meaning they respond in different ways to the same input depending on their state or context. Non-136 

linear systems are those where a change in an input driver does not necessarily produce the same 137 

proportional change in output. In the food system, such non-linear behaviour arises from economies 138 

of scale driving feedbacks: for example, intensifying grain production drives up the scale of grain 139 

production, driving down the price, making it economically possible to utilise grain for animal feed, 140 

making meat cheaper, stimulating demand for meat and ultimately allowing accelerating 141 

consumption of meat-based products.   142 

A commonly used definition of the food system was published by the FAO’s HLPE as  143 

All the elements (environment, people, inputs, processes, infrastructures, institutions, etc.) 144 

and activities that relate to the production, processing, distribution, preparation and 145 

consumption of food, and the output of these activities, including socio-economic and 146 

environmental outcomes (HLPE, 2017). 147 

 148 

We expand on this definition in Box 1. 149 

 150 

Box 1. Defining a ‘food system’ 151 

 152 

The term ‘food system’ encompasses the entirety of the production, transport, manufacturing, 153 

retailing, consumption and waste of food. It also includes impacts on nutrition, human health and 154 

well-being, and the environment. Food security is a function of variations in the food system in any 155 

given location, and is influenced by a range of socio-political factors affecting price, availability and 156 

access. While there is an overall global food system (encompassing the totality of global production 157 

and consumption), there are also many subsystems within it. Each location’s individual food system 158 

is unique, and is defined by that location’s mix of food produced locally, nationally, regionally or 159 

globally. 160 

For each product consumed there is a supply chain, which describes the way food and its ingredients 161 

get to consumers. The term value chain describes the mechanisms through which the value of a 162 

product is increased by transport, processing and packaging along the supply chain. The term ‘food 163 

system’ includes all supply chains (and, implicitly, value chains) as well as their impacts on the 164 

environment and people. Food systems inherently incorporate feedback, leading to direct and 165 

indirect effects; in turn, this can create feedback loops wherein the system responds in unexpected 166 

ways to small changes in the forces acting on it. Food systems are therefore dynamically changing 167 

systems; thinking only about supply chains and value chains is unhelpful both analytically and for 168 

policymaking, as it avoids consideration of wider system dynamics. 169 

All activities within a food system – whether production, processing, retail or cooking – have impacts 170 

on the environment. For example, land under agriculture is disturbed from its natural state, which 171 

affects soils, water, biodiversity and even local microclimates. Processing, transport and retail 172 

require energy, water, infrastructure (e.g. roads) and other inputs – e.g. packaging. Throughout, 173 

pollution comes from chemical usage and disposal (e.g. from fertilizers, pesticides, antibiotics, 174 
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industrial processes and GHG emissions), as well as from the disposal of waste, including plastics and 175 

other packaging. 176 

 177 

Environmental systems underpin planetary health 178 

Ultimately, almost all food production depends on natural resources (e.g. land, soils, water – and 179 

often the embedded biodiversity that supports production, from microbes in the soil, to pollinators 180 

and the “natural enemies” that play a role in regulating populations of pests). Inevitably, food 181 

production impacts on the environment through three main routes. 182 

First, in terms of the direct impacts on land – both land under agriculture and through incentives 183 

that stimulate more land being brought into agriculture – so that agriculture is the predominant 184 

form of global land use (Figure 1). As land is converted, blocks of natural land are reduced in size and 185 

are also fragmented. This reduces the amount of space for nature and has a direct impact on 186 

ecosystems and the way they function (including carbon storage, water and climate regulation and 187 

biodiversity). However, fragmentation and loss of natural land cover can also have a significant 188 

indirect impact on ecosystems through “ecological rewiring”. As ecosystems tend to be a co-evolved 189 

set of interacting species that operate in equilibrium, a loss or reduction of even a single species can 190 

destabilise the whole ecosystem.   191 

 192 

Figure 1: Global land ‘foodprint’ 193 

 194 
Notes: Agricultural land is the sum of arable land, permanent crops, permanent meadows and pastures. 195 
Permanent meadows and pastures is ‘land used permanently (five years or more) to grow herbaceous forage 196 
crops, either cultivated or growing wild (wild prairie or grazing land).’ Image source: Benton et al (2020), 197 
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modified from Ritchie, H. and Roser, M. (2019), ‘Land Use’, Our World in Data, September 2019, 198 
https://ourworldindata.org/land-use14 199 

The second major route for impact – beyond habitat loss and fragmentation – is via the degradation 200 

of habitat, often via the intensification of agriculture (increasing yields per unit area). This impacts 201 

on environmental functions through reducing small patches of non-managed land (as fields become 202 

amalgamated into monocultures), and degrading the quality of farmland in general which limits 203 

opportunities for biodiversity. Primarily this is through reducing heterogeneity of habitats and 204 

focussing on ever larger-scale monocultural production – whether single crops or herd sizes. The 205 

associated inputs of nutrients and pesticides reduce the ability of most species to live there.  206 

Nutrient run off into ditches, streams and rivers, can lead to environmental changes occurring very 207 

far away, geographically, from agricultural land15. 208 

The third major route is via food systems driving climate change. Globally, the food system is 209 

responsible for more greenhouse gas emissions than any other aspects of our economies16. 210 

According to the IPCC17 (see Table 1) food systems account for about one third of all greenhouse gas 211 

emissions through GHGs from land use change and directly from agriculture (e.g. fertiliser, manure 212 

management, and soil degradation). The financial incentives to agriculture therefore both directly 213 

drive habitat loss and degradation, and also drive climate change, indirectly driving habitat loss and 214 

degradation. Food systems therefore are intimately linked and interacting drivers of ecosystem 215 

disruption.     216 

Table 1. GHG emissions (GtCO2-eq yr-1) from the food system and their contribution (%) to 217 

total anthropogenic emissions. Mean of 2007-2016 period.18 218 

 219 
Source: IPCC (2019), ‘Summary for Policymakers’, Climate Change and Land: an IPCC special report on climate 220 
change, desertification, land degradation, sustainable land management, food security, and greenhouse gas 221 
fluxes in terrestrial ecosystems, Shukla, P. R., Skea, J., Calvo Buendia, E., Masson-Delmotte, V., Pörtner, H.-O., 222 
Roberts, D. C., Zhai, P., Slade, R., Connors, S., van Diemen, R., Ferrat, M., Haughey, E., Luz, S., Neogi, S., 223 
Pathak, M., Petzold, J., Portugal Pereira, J., Vyas, P., Huntley, E., Kissick, K., Belkacemi, M. and Malley, J. (eds), 224 
Data from Table SPM1, https://www.ipcc.ch/srccl/chapter/summary-for-policymakers19 225 

 226 

 
14 Hannah Ritchie and Max Roser (2013) - "Land Use". Published online at OurWorldInData.org. Retrieved from: 

'https://ourworldindata.org/land-use' [Online Resource]. Data source: UN Food and Agriculture Organization (FAO). All visualizations, data, 
and code produced by Our World in Data are completely open access under the Creative Commons BY license. 
15 Benton et al 2021. Food system impacts on biodiversity loss. Three levers for food system transformation in support of nature. Chatham 
House report, February 2021. 
16 This includes both direct emissions from agricultural production, indirect emissions from land-use change, and emissions from transport 
and energy used along the food supply chain. 
17 IPCC SRCCL 2019. 
18 This table is reproduced here in accordance with the IPCC copyright: Copyright — IPCC 
19 Notes: Food system emissions are estimated from a) FAOSTAT (2018), b) US EPA (2012), c) Poore and Nemecek (2018) and d) Fischedick 
et al. (2014) (using square root of sum of squares of standard deviations when adding uncertainty ranges; see also Chapter 2); e) rounded 
to nearest fifth percentile due to assessed uncertainty in estimates. Percentage shares were computed by using a total emissions value for 
the period 2007–2016 of nearly 52 GtCO2-eq yr–1 (Chapter 2), using GWP values of the IPCC AR5 with no climate feedback (GWP-CH4=28; 
GWP-N2O=265). 

https://www.ipcc.ch/copyright/?msclkid=fa536d3ad13d11ec8687227187e5e7f9
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Complex systems and complex dynamics: non-linear responses and thresholds 227 

The reality of the non-linear behaviour of complex systems (Box 2) means that their behaviour 228 

changes unevenly even if input drivers are changing at a constant rate (i.e. linear). Non-linear 229 

behaviour implies the existence of thresholds or boundaries, below which a system can cope, and 230 

above which it cannot. For example, in ecology, population declines can be gradual then sudden. As 231 

populations decline – through for example habitat degradation – the inevitable result is that 232 

individuals become rarer. At a certain level, this means it becomes difficult to find a mate and 233 

therefore reproduction rate decelerates, rarity further increases, and the population accelerates 234 

towards extinction: populations often decline slowly, then “crash”. 235 

Non-linear behaviour also applies to ecosystems, which are often “re-wired” by environmental 236 

change caused by humans. Such ecosystem rewiring typically causes cascading impacts that often 237 

destabilise the whole ecosystem. For example, habitat fragmentation tends to lead to the loss of 238 

“keystone species” such as large carnivores. For less mobile species, the habitat may remain 239 

plentiful, but cascading impacts arise as carnivory declines and herbivory increases, leading to 240 

species declines and loss. Another example is nutrient enrichment of water-courses adjacent to 241 

agricultural lands. Natural systems tend to be nutrient-limited, so when excess nutrients are added, 242 

the species most competitive for nutrients thrive – often algae or other microbes. Blooms of such 243 

species can shade the water, use up its oxygen, and lead to the collapse of the biodiversity within 244 

the natural ecosystem. Excess nutrients can also be dispersed downstream into lakes and coastal 245 

zones and cause further algal blooms and hypoxic dead zones.20 246 

 247 

 
20 Scheffer, M., Carpenter, S., Foley, J. A., Folke, C. and Walker, B. (2001), ‘Catastrophic shifts in ecosystems’, Nature, 413(6856): pp. 591–

96, https://doi.org/10.1038/35098000 (accessed 6 Nov. 2020); and Carpenter, S. R. (2005), ‘Eutrophication of aquatic ecosystems: 
Bistability and soil phosphorus’, Proceedings of the National Academy of Sciences of the United States of America, 102(29): pp. 10002–05, 
https://doi.org/10.1073/pnas.0503959102 

Box 2: Complex systems 
Complex systems may be studied in a top-down way using tools of “Systems Science”, an 

interdisciplinary science concerned primarily with understanding systems, rather than the 

components. Systems science often includes e.g. cybernetics, dynamical systems theory, 

information theory, or systems theory. Interaction between a system and its environment, and the 

complex trajectories of systems behavior that sometimes are stable, while at various “tipping 

points” become wildly unstable, are typical aspects of complex systems.  

The top-down approach starts with the big picture, then breaks down into smaller elements - first 

describing the system, its boundaries, and all first-level subsystems, then describing subsystems in 

greater detail, introducing additional subsystems if necessary, until the entire description is reduced 

to base elements. This top-down model often includes "black boxes". One important aspect of the 

top-down approach is that it also provides insight into the non-linear behaviour of complex systems.  

Alternatively, the system can be studied using a bottom-up approach where the individual base 

elements are brought together to form a more complex system. In this bottom-up approach the 

individual base elements are first specified in detail, then linked together to form larger subsystems, 

which in turn are linked - sometimes on many levels, until a complete top-level system is formed. 

This reductionist approach continues to form the basis for much of the natural sciences. Beyond the 

limits of reductionism’s utility are the properties of complex systems that cannot be deduced from 

its base elements and subsystems. 
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Non-linearity is also important in climate change. The Paris agreement aims to keep anthropogenic 248 

warming well-below 2 °C above pre-industrial levels to reduce the risk of passing ‘tipping’ points – 249 

thresholds beyond which positive feedbacks (such as the release of methane from melting 250 

permafrost causing more heating and in turn more permafrost melt and methane release) make it 251 

difficult to return to below the threshold. These include the potential for loss of ice sheets, which 252 

once ice-sheet loss is triggered will continue to melt over the next centuries and may cause 253 

considerable sea level rise (during the last period of warming, the mid-Pliocene Warm Period– when 254 

global CO2 in the atmosphere was similar to today’s and there was 2-4 °C warming above the 20th 255 

Century climate – sea levels were up to 25m higher than today21). In addition, increased thawing of 256 

the arctic may lead to the release of methane at rates that accelerate climate change and for which 257 

mitigation may not be possible. 258 

Complex systems’ implications for “sustainable food” 259 

Recognising that the food system is a complex system operating within the complexities of the earth 260 

system, we identify five key points to consider. First, there will be thresholds in the way that food 261 

systems can absorb environmental degradation. Second, altering the food system (by changing some 262 

aspect of demand or supply) will have a range of consequences, some unintended. Third, there are 263 

many ways that the environment can be impacted by food system activities, and such impacts might 264 

be prioritised or traded off against other impacts under different circumstances. Fourth, the same 265 

activity can have different outcomes in different contexts; and fifth, the environmental impacts of 266 

food production and the place of consumption can be very far apart, leading to challenges of 267 

understanding, measuring and managing, the totality of the impacts across multiple countries. We 268 

highlight each of these in turn in the following sections. 269 

 270 

1. Local and planetary boundaries will exist due to non-linear behaviour from complex 271 

systems 272 

As more and more is produced and extracted from the same land, or more pollution is released into 273 

land, water or air, it is likely that the system will “gradually, then suddenly” lose functionality22. This 274 

implies there will be upper-limits of production, below which the system works and above which the 275 

system breaks, even if the production methods remain the same. Hence, there is no absolute recipe 276 

for “sustainable food”: what is sustainable at one place or time may be unsustainable at another 277 

place or time. While defining local and planetary boundaries is challenging, partly due to large 278 

uncertainties (see below), the planetary boundaries concept is essential for understanding the 279 

environmental limits within which food systems should operate.  280 

2. There will be unintended consequences of action 281 

Any intervention can have impacts that propagate through the system via multiple routes, therefore 282 

there will be unintended consequences of action. A prime example might be that decreasing the 283 

GHG intensity of dairy production (reducing GHG emissions per unit of product), through increasing 284 

intensity and productivity, increases profit and reduces the cost of milk, stimulating further demand, 285 

incentivising the growth of the sector, leading to the increase in absolute emissions whilst reducing 286 

the relative emissions intensity of a product. 287 

 
21 IPCC 2020 Special Report on Oceans and Cryosphere ipcc.ch/SROC 
22 Environmental tipping points and food system dynamics: Main Report (2017). The Global Food Security programme, UK. 
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3. The multiple components of sustainability and their trade-offs 288 

There are multiple “axes” of environmental sustainability, including the impacts on land, soil, air, 289 

water, climate and biodiversity. This list can be expanded to include a range of other factors that 290 

play an important role in overall sustainability i.e. expanding the remit of sustainability beyond 291 

environmental issues. Such factors include animal welfare, and social factors e.g., farmer and farm 292 

workers economics/livelihoods (German et al. 2017), and universal rights to access healthy and 293 

sustainable food.  294 

These factors trade-off against each other in many circumstances and in a variety of ways. For 295 

example, increasing the “carbon efficiency” of a meat product implies increasing the intensity of 296 

production and production methods, which may lead to adverse impacts on water and air quality, 297 

land and biodiversity through an increased demand for (and thus supply of) animal feed crops 298 

(German et al. 2017). Conversely, animal welfare measures that increase space provision either 299 

through larger indoor space allowances, outdoor rearing, and/or by extending the lifetime of 300 

animals, all reduce productivity and thus result in higher ‘GHG footprints’ relative to animal sourced 301 

foods from more intensive production methods.23 Similarly, farming methods that aim to minimise 302 

adverse impacts on biodiversity or provide more opportunities for biodiversity within a farmland 303 

area, may as a consequence reduce some aspects of efficiency (e.g. land use), creating a relatively 304 

large footprint in some dimensions.24  Given the multitude of trade-offs, it is important to expand 305 

environmental impacts beyond a food’s direct GHGs, and instead incorporate a broad range 306 

including resource use (water, land, fertilizers, pesticides and antibiotics) and environmental impacts 307 

(such as biodiversity/habitat loss, land degradation, antimicrobial resistance, particulates and 308 

chemical pollution).25  309 

Including a broader range of factors (i.e. in addition to environmental factors) within the remit of 310 

sustainability brings with it additional complexity in measuring such factors in a comprehensive and 311 

meaningful way. Determining the bounds of sustainability is less problematic from a purely resource 312 

use perspective as factors such as land use and nitrogen use can be assessed within the context of 313 

earth’s biogeophysical and biogeochemical limits, and the usage levels that are possible to continue 314 

into the long term (i.e. across future generations) without reaching or surpassing those limits. 315 

Animal welfare measures tend to relate to space provision and/or access to outdoor space. The 316 

same determination of sustainability is not possible with such factors as they are difficult to define 317 

objectively, although it is possible to develop methodologies to measure and incorporate them into 318 

FBDGs.26  The way that different aspects (e.g. biodiversity vs pollution vs welfare) are weighted to 319 

define sustainability is a normative judgement rather than a science-based one. 320 

4. Context dependency of environmental impacts  321 

In addition to the issues related to trade-offs and measurement complexity, context-dependency is 322 

common in relation to food’s environmental impacts (Benton et al. 2018). The same intervention 323 

(e.g. organic farming) can have better or worse outcomes depending on the management of the 324 

farm, the place (e.g. biophysical environment) and the neighbours (a conventional farm surrounded 325 

 
23 Zira, S. et al (2021) A life cycle sustainability assessment of organic and conventional pork supply chains in Sweden. 
https://doi.org/10.1016/j.spc.2021.03.028 
24 Clark, M. and Tilman, D. (2017) Comparative analysis of environmental impacts of agricultural production systems, agricultural input 
efficiency, and food choice. Environ. Res. Lett. 12 064016. https://doi.org/10.1088/1748-9326/aa6cd5 
25 van der Werf, H.M.G., Knudsen, M.T. & Cederberg, C. Towards better representation of organic agriculture in life cycle assessment. Nat 
Sustain 3, 419–425 (2020). https://doi.org/10.1038/s41893-020-0489-6 
26 Mouysset, L., Doyen, L., Léger, F., Jiguet, F., & Benton, T. G. (2018). Operationalizing sustainability as a safe policy 
space. Sustainability, 10(10), 3682. 

https://doi.org/10.1016/j.spc.2021.03.028


NNR2022 – public consultation – July 2022 

11 
 

by organic neighbours can have the same biodiversity on it as an organic farm surrounded by 326 

intensive neighbours) (Gabriel et al. 2009).  327 

Part of the context dependency of impacts arises from the non-linear behaviour of environmental 328 

and food systems. Converting an acre of land to agriculture makes relatively little difference if it is a 329 

pristine landscape, but makes a relatively big difference if it is the last acre of habitat in a landscape. 330 

Likewise, an intensive patch of land has a less adverse ecological effect at a small scale than a 331 

landscape scale (which may preclude species moving between foraging and nesting sites, for 332 

example). From a food systems’ perspective, a single farm in a region may have market-access 333 

problems, but a multitude of the same farm types may stimulate market infra-structure (Gabriel et al 334 

2008). Similarly, the timeframe associated with production also effects which impacts are accounted 335 

for in a food’s footprint and how they are attributed. For example, beef produced on freshly 336 

deforested land for local consumption in the Amazon rainforest area would be associated with much 337 

higher GHG emissions due to land use change impacts compared to beef produced in the UK for 338 

local consumption on land that was deforested many years before – despite both products being 339 

produced using the same production methods (for example, outdoor grazing). These frequency-, 340 

scale- and time-dependent outcomes mean that the same action has different consequences 341 

depending on when and where it happens. Hence, solely relying on production-standards-based 342 

approaches, such as outdoor grazing, as a sustainability indicator in some cases can only ever act as 343 

a proxy for sustainability, in turn making system level assumptions with regard to production 344 

methods challenging. 345 

5. Spillovers and the role of trade 346 

It is rarely the case that national food consumption maps entirely to national food production 347 

(because a significant amount of what may be produced nationally may be exported, and a lot that 348 

may be consumed nationally may be imported). This leads for the potential for significant spill-overs 349 

across geographies. For example, if a country decides to conserve its own biodiversity through 350 

changing its agricultural production in an environmentally friendly way, the cost of production in 351 

that country will typically increase relative to elsewhere (since the inputs and practices on which the 352 

‘cheaper food’ paradigm depends will likely be reduced or avoided). Higher costs may drive down 353 

demand for the food in question produced in that country, but, if total demand stays the same, price 354 

signals through international market linkages will incentivise either greater use of inputs or the 355 

conversion of additional land somewhere else to compensate, and demand will be filled through 356 

trade. This potentially leads to a biodiversity ‘saving’ in one place, arising through environmentally 357 

friendly farming, but a biodiversity ‘cost’ in another, through intensification or land-use conversion, 358 

to meet demand for cheaper food via imports.27  359 

Approaches to assessing the environmental sustainability of food, 360 

diets and food systems 361 

The methods used to assess the environmental impacts of foods (and thus diets) differ substantially 362 

from methods used in health and nutrition. Research on the health outcomes of food intake include 363 

a large number of i) intervention studies, ii) cohort studies and ii) mechanistic studies, whose results 364 

are summarised in qualified systematic reviews from which general conclusions are drawn.28 In 365 

 
27 Dougill, A. J., Howlett, D. J. B., Fraser, E. D. G. and Benton, T. G. (2012), ‘The scale for managing production vs the scale required for 
ecosystem service production’, World Agriculture, http://www.world-agriculture.net/article/the-scale-for-managing-production-vs-the-
scale-required-for-ecosystem-service-production (accessed 2 Nov. 2020). 
28 Arnesen EK, Christensen JJ, Andersen R, Eneroth H, Erkkola M, Høyer A, Lemming EW, Meltzer HM, Halldórsson ÞI, Þórsdóttir I, Schwab 
U, Trolle E, Blomhoff R. The Nordic Nutrition Recommendations 2022 - handbook for qualified systematic reviews. Food Nutr Res. 2020 Jun 

 

http://www.world-agriculture.net/article/the-scale-for-managing-production-vs-the-scale-required-for-ecosystem-service-production
http://www.world-agriculture.net/article/the-scale-for-managing-production-vs-the-scale-required-for-ecosystem-service-production
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contrast, the environmental impacts of food are commonly entirely modelled, using first a number 366 

of different empirical models to calculate e.g. emissions of methane from cattle eating a certain type 367 

and amount of feed and emissions of nitrous oxide from soils, and then aggregating these different 368 

results to the final impact of the food, the diet or the food system. Measuring the actual (point 369 

source) impacts in each case is often impossible (e.g., GHG emissions from global food production) 370 

or very expensive (e.g. measuring gaseous emissions from a large number of fields). Uncertainties in 371 

models for assessing emissions from these biological processes can be substantial.29 However, due 372 

to the methods having formal (mathematical) parts some aspects of environmental modelling are 373 

certain. For example, 1 kg of wheat will always have a considerably lower environmental impact than 374 

1 kg of pork meat if it requires 4kg of that same wheat to produce the 1kg of pork.  375 

For modelled environmental impacts, statistical inference methods like confidence intervals and 376 

hypothesis testing do not apply30 - methods that are central in health and nutrition research. 377 

However, uncertainty analysis can be performed using e.g. Monte Carlo simulation, or sensitivity 378 

analysis in which results are checked for how sensitive they are to model and data choices. This is 379 

central to all environmental modelling. Results from independent studies can also be summarised in 380 

meta-analyses as for nutrition research, but for many foods and environmental impact categories 381 

the number of studies is still limited. 382 

The two main ways to assess environmental impacts of diets are via life cycle assessment (LCA) by 383 

measuring the impacts of individual foods and multiplying by total consumption in the diet, or by 384 

using mass/nutrient flow models to calculate the impacts of the entire food system. It is then 385 

possible to assess using either approach how current diets relate to a given threshold or boundary, 386 

such as climate change targets, i.e. GHG emissions levels that accord with 1.5°C of warming. Such 387 

boundaries or thresholds can also be used to identify which ‘future’ or theoretical diets accord with 388 

them, using LCA or mass flow models i.e. by constraining environmental impacts. Additional 389 

constraints to the diet can be included such as meeting nutritional and health requirements. 390 

Simplistic proxies of sustainability can utilise partial outputs from either approach to equate diets 391 

with sustainability – although the addition of boundaries or thresholds is not applicable to such 392 

proxies. We describe each of these approaches and their limitations in the following sections.  393 

 394 

LCA approach 395 

To assess the environmental impact of a certain food product a well-established, standardised and 396 

commonly used method is Life Cycle Assessment (LCA)31. In a LCA, a “bottom-up” approach is used 397 

to quantify the emissions of environmentally damaging substances (e.g. gases such as carbon dioxide 398 

or pollutants such as nitrate and toxic substances) and the use of resources (e.g. energy, land, 399 

materials and water) from all processes associated with the production, use and disposal of the 400 

product. Environmental impacts can be reported as different ‘impact categories’ or ‘mid-points’ e.g. 401 

 
18;64. doi: 10.29219/fnr.v64.4404. PMID: 32612492; PMCID: PMC7307435; Arnesen EK, Christensen JJ, Andersen R, Eneroth H, Erkkola M, 
Høyer A, Lemming EW, Meltzer HM, Halldórsson ÞI, Þórsdóttir I, Schwab U, Trolle E, Blomhoff R. The Nordic Nutrition Recommendations 
2022 - structure and rationale of qualified systematic reviews. Food Nutr Res. 2020 Jun 18;64. doi: 10.29219/fnr.v64.4403. PMID: 
32612488; PMCID: PMC7307429; Christensen JJ, Arnesen EK, Andersen R, Eneroth H, Erkkola M, Høyer A, Lemming EW, Meltzer HM, 
Halldórsson ÞI, Þórsdóttir I, Schwab U, Trolle E, Blomhoff R. The Nordic Nutrition Recommendations 2022 - principles and methodologies. 
Food Nutr Res. 2020 Jun 18;64. doi: 10.29219/fnr.v64.4402. PMID: 32612489; PMCID: PMC7307430. 
29 Röös, E. and Nylinder, J (2013) Uncertainties and Variations in the Carbon Footprint of Livestock Products. Rapport 063. Swedish 
University of Agricultural Sciences. 
30 von Brömssen, C., Röös, E. Why statistical testing and confidence intervals should not be used in comparative life cycle assessments 
based on Monte Carlo simulations. Int J Life Cycle Assess 25, 2101–2105 (2020). https://doi.org/10.1007/s11367-020-01827-4 
31 ISO (2006a) ISO 14040 International Standard. In: Environmental management—life cycle assessment—principles and framework. 
International Organisation for Standardization, Geneva, Switzerland ISO (2006b) ISO 14040 International Standard. In: Environmental 
management—life cycle assessment—requirements and guidelines. International Organisation for Standardization, Geneva, Switzerland. 
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climate impact, eutrophication, eco-toxicity, energy, land and water use, or aggregated into one or a 402 

number of ‘environmental scores’, or so called ‘end-points’. For example, to calculate the overall 403 

climate impact of a food product, the different GHGs (most importantly carbon dioxide, methane 404 

and nitrous oxide) are weighted together most commonly using a metric called the Global Warming 405 

Potential which considers both the warming effect of different molecules and their lifetime in the 406 

atmosphere32. Similarly, eutrophication potential is calculated by considering how different 407 

eutrophying substances (e.g. ammonia, nitrate) contribute to biomass growth. For water use, it can 408 

be disaggregated into blue (fresh, ground- or surface-water) or green (direct precipitation or stored 409 

in soil) water to indicate the source and weighting factors. Considering water scarcity can also be 410 

used to better reflect impact on local water resources. A number of more or less sophisticated 411 

methods are available for aggregating emissions and resource use into impact categories, which all 412 

function as proxies for actual environmental damages. The choice of impact assessment method is 413 

value based and there is an on-going scientific debate about the appropriate metrics to use for 414 

different purposes.33 The most commonly assessed environmental impact categories for food 415 

products to date include the climate impact (also called carbon footprint), the land, water and 416 

energy footprint, and the eutrophication and acidification potential34.  It is less common but possible 417 

to report other impacts such as particulate matter. 418 

LCAs of food products typically include the production of inputs (e.g. fertilizers, pesticides, fuels and 419 

electricity), processes at farm level (e.g. the use of energy, emissions from soils and animals) or from 420 

fisheries (e.g. fuel use in boats), processing, transport and packing. Depending on the purpose of the 421 

LCA, some measurements stop at the farm-gate and some include additional life cycle stages such as 422 

food preparation and waste management. For example, if the purpose of the LCA is to compare 423 

different feeding strategies for pigs, including post farm stages is not necessary.  424 

Figure 2 shows an example of the lifecycle of animal-sourced foods, starting with the impacts of feed 425 

production and ending at the point of post-consumer waste. A LCA of food can also include 426 

environmental impacts (e.g. GHGs) associated with land use change (such as deforestation as a 427 

result of converting forest to agriculture for feed crop production), and additionally for animal 428 

sourced foods, GHGs associated with manure and directly emitted from farmed animals. 429 

Figure 2: Example life cycle of a livestock product  430 

 431 

 
32 IPCC, 2021: Annex VII: Glossary [Matthews, J.B.R., V. Möller, R. van Diemen, J.S. Fuglestvedt, V. Masson-Delmotte, C.  Méndez, S. 
Semenov, A. Reisinger (eds.)]. In Climate Change 2021: The Physical Science Basis. Contribution of Working Group I to the Sixth 
Assessment Report of the Intergovernmental Panel on Climate Change [Masson-Delmotte, V., P. Zhai, A. Pirani, S.L. Connors, C. Péan, S. 
Berger, N. Caud, Y. Chen, L. Goldfarb, M.I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R. Matthews, T.K. Maycock, T. Waterfield, O. Yelekçi, 
R. Yu, and B. Zhou (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, pp. 2215–2256, 
doi:10.1017/9781009157896.022. 
33 Global Guidance on Environmental Life Cycle Impact Assessment Indicators. Volume 1&2. UNEP/SETAC Life Cycle Initiative. Global 

Guidance for Life Cycle Impact Assessment Indicators and Methods (GLAM) - Life Cycle Initiative 
34 Poore and Nemecek 2018. 

https://www.lifecycleinitiative.org/activities/key-programme-areas/life-cycle-knowledge-consensus-and-platform/global-guidance-for-life-cycle-impact-assessment-indicators-and-methods-glam/
https://www.lifecycleinitiative.org/activities/key-programme-areas/life-cycle-knowledge-consensus-and-platform/global-guidance-for-life-cycle-impact-assessment-indicators-and-methods-glam/
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Source/credit: Authors own 432 

 433 

There are several types of LCA. One important distinction is between attributional and consequential 434 

LCA. Attributional LCAs estimate how much global environmental impact is a result of the product 435 

studied. A consequential LCA estimates the global environmental burden of production and use of 436 

the product. For food commodities, attributional LCAs are most commonly used. One major 437 

difference between attributional and consequential LCA, is how emissions are allocated between co-438 

products. In attributional LCA, it is most often based on economic or physical relationships, while in 439 

consequential LCA the system is expanded to include processes that are affected by the by-products 440 

entering the market. For example, in attributional LCA, the environmental impacts related to the 441 

rearing of animals, slaughter and product processing are allocated to each product according to 442 

economic value. For example, if beef meat accounts for 70% of the overall economic value of the 443 

products derived from the animal, 70% of the life cycle impacts of that animal would be allocated to 444 

beef meat. In consequential LCA, the system is typically expanded to include alternative ways of 445 

producing the co-products, such as beef meat and leather. These could be for example producing 446 

beef in a system purely for meat production, i.e. from a suckler herd, and producing synthetic 447 

leather from biomass. The environmental impacts from these additional systems are then subtracted 448 

from the impact of the dairy system, leaving the impacts from the milk isolated.        449 

It is also possible to differentiate between input-output LCA and processed based LCA, which relates 450 

to how data from the different life cycle stages are collected. Input-output LCA is a top-down 451 

approach that uses economic input-output databases for data collection, e.g. the total economic 452 

activity and its associated emissions is divided between different sectors and then allocated further 453 

to products. Processed based LCA is a bottom-up approach, describing the system being studied and 454 

mapping and assessing the emissions and resource use from the “ground up”.   455 

LCA impacts are reported in relation to a ‘functional unit’ – which for food commodities is typically  456 

weight (e.g., kg CO2e/kg wheat), protein (e.g., kg CO2e/kg wheat protein), or energy (e.g., kg 457 

CO2e/1000 kcals wheat). However, there are also studies that attempt to relate the environmental 458 

impact of foods to their nutritional content using nutrient density scores.35 459 

Examples of environmental impacts from a range of food LCAs that were adjusted to the same 460 

system boundary to enable comparison is shown in Figure 3. The figure illustrates the substantial 461 

differences between food groups, e.g., tofu has on average around 25 times less GHGs per unit of 462 

protein in comparison to beef produced from a beef herd. There are also large variations in 463 

environmental footprints within the same type of food, e.g within beef from beef herds, and 464 

between beef from beef herds and dairy herds.  465 

 
35 E. Hallström, J. Davis, A. Woodhouse, U. Sonesson, Using dietary quality scores to assess sustainability of food products and human 
diets: A systematic review, Ecological Indicators, 93, 2018, pp 219-230, https://doi.org/10.1016/j.ecolind.2018.04.071. 
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Figure 3: Relative environmental “footprints” of a range of food products36  466 

 467 
Data source/credit: Poore and Nemecek, 2018. 468 

 469 

 
36 Notes: (A) Protein-rich products. Grains are also shown here, given that they contribute 41 per cent of global protein intake, despite 

lower protein  content. (B) Milks. (C) Starch-rich products. (D) Oils. (E) Vegetables. (F) Fruits. n = farm or regional inventories. Pctl. = 
percentile. Data source: Poore and Nemecek (2018), ‘Reducing food’s environmental impacts through producers and consumers’. Image 
source: Benton et al 2021. Food system impacts on biodiversity loss. Three levers for food system transformation in support of nature. 
Chatham House report, February 2021. 
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LCA data can be used to assess the environmental impact of diets by multiplying the LCA results for 470 

different foods by the amounts of foods in diets. Diets can be based on a national average from food 471 

supply data, from national dietary surveys37, individual diets collected from dietary surveys or cohort 472 

studies38, or constructed diets e.g. diets that meet given health/nutrition criteria39. The advantage of 473 

assessing whole diets compared with individual food products is the consideration of total volumes 474 

of food consumed. Reviews of such studies generally show considerably lower climate impacts and 475 

land use from diets with a lower content of animal-based foods, e.g. vegetarian or, in particular, 476 

vegan diets40 (Figure 4). The majority of studies included GHG emissions and land use41, although a 477 

number of studies also included other impact categories such as potential loss of biodiversity, and 478 

phosphorus and nitrogen use42,43.   479 

   480 

 
37 Röös E, Karlsson H, Witthöft C, Sundberg C. (2015)  Evaluating the sustainability of diets – combining environmental and nutritional 
aspects. Environmental Science & Policy 47:157-166. http://dx.doi.org/10.1016/j.envsci.2014.12.001; 
38 Bälter, K., Sjörs, C., Sjölander, A. et al. Is a diet low in greenhouse gas emissions a nutritious diet? – Analyses of self-selected diets in the 
LifeGene study. Arch Public Health 75, 17 (2017). https://doi.org/10.1186/s13690-017-0185-9; Scarborough, P., Appleby, P.N., Mizdrak, 
A. et al. Dietary greenhouse gas emissions of meat-eaters, fish-eaters, vegetarians and vegans in the UK. Climatic Change 125, 179–192 
(2014). https://doi.org/10.1007/s10584-014-1169-1 
39 Saxe, H., Larsen, T.M. & Mogensen, L. The global warming potential of two healthy Nordic diets compared with the average Danish 
diet. Climatic Change 116, 249–262 (2013). https://doi.org/10.1007/s10584-012-0495-4; David Bryngelsson, Stefan Wirsenius, Fredrik 
Hedenus, Ulf Sonesson, How can the EU climate targets be met? A combined analysis of technological and demand-side changes in food 
and agriculture, Food Policy, Volume 59, 2016, Pages 152-164, https://doi.org/10.1016/j.foodpol.2015.12.012 
40 E. Hallström, A. Carlsson-Kanyama, P. Börjesson, Environmental impact of dietary change: a systematic review, Journal of Cleaner 

Production, Volume 91, 2015, Pages 1-11, https://doi.org/10.1016/j.jclepro.2014.12.008; and Aleksandrowicz L, Green R, Joy EJM, Smith P, 
Haines A (2016) The Impacts of Dietary Change on Greenhouse Gas Emissions, Land Use, Water Use, and Health: A Systematic Review. 
PLoS ONE 11(11): e0165797. doi:10.1371/journal.pone.0165797; and Jarmul S, Dangour AD, Green R, Liew Z, Haines A, Scheelbeek PF. 
Climate change mitigation through dietary change: a systematic review of empirical and modelling studies on the environmental footprints 
and health effects of 'sustainable diets'. Environ Res Lett. 2020;15:123014. Published 2020 Dec 22. doi:10.1088/1748-9326/abc2f7 
41 Jones AD, Hoey L, Blesh J, Miller L, Green A, Shapiro LF. A Systematic Review of the Measurement of Sustainable Diets. Adv Nutr. 2016 
Jul 15;7(4):641-64. doi: 10.3945/an.115.011015. PMID: 27422501; PMCID: PMC4942861; Röös, Elin and Garnett, Tara and Watz, 
Viktor and Sjörs, Camilla (2018). The role of dairy and plant based dairy alternatives in sustainable diets. Uppsala: (NL, NJ) > Dept. of 
Energy and Technology, Sveriges lantbruksuniversitet. SLU Future Food Reports ; 3 [Report]. 

42 Röös E, Karlsson H, Witthöft C, Sundberg C. (2015)  Evaluating the sustainability of diets – combining environmental and nutritional 
aspects. Environmental Science & Policy 47:157-166. http://dx.doi.org/10.1016/j.envsci.2014.12.001;  
43 Moberg E, Karlsson Potter H, Wood A, Hansson PA, Röös E (2020) Benchmarking the Swedish Diet Relative to Global and National 

Environmental Targets—Identification of Indicator Limitations and Data Gaps. Sustainability 12, 1407.https://doi.org/10.3390/su12041407 

http://dx.doi.org/10.1016/j.envsci.2014.12.001
https://doi.org/10.1186/s13690-017-0185-9
https://doi.org/10.1007/s10584-012-0495-4
https://doi.org/10.1016/j.foodpol.2015.12.012
https://doi.org/10.1016/j.jclepro.2014.12.008
https://pub.epsilon.slu.se/view/divisions/4090.html
https://pub.epsilon.slu.se/view/divisions/4090.html
http://dx.doi.org/10.1016/j.envsci.2014.12.001
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Figure 4: Changes in climate impact, land use and water use of various ‘sustainable’ dietary 481 

patterns compared to current average diets44 482 

 483 

 484 

 
44 Copyright: © 2016 Aleksandrowicz et al. This is an open access article distributed under the terms of the Creative Commons Attribution 
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are 
credited. Figure included here in its original format. https://doi.org/10.1371/journal.pone.0165797  

Greenhouse gas emissions 

Land use 

https://doi.org/10.1371/journal.pone.0165797
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 485 
Source/credit: Aleksandrowicz et al. 2016. 486 

 487 

Limitations of LCA 488 

There are a range of limitations relating to the use of food LCAs that are relevant regarding their 489 

usefulness in the context of dietary guidelines. There are a number of issues with the LCA 490 

methodology itself and the usefulness of its outputs in relation to determining the environmental 491 

sustainability of food commodities. First, there is the question of where to start and end the supply 492 

chain. Figure 2 shows the supply chain starting with “feed production” and ending at “post-493 

consumer waste”. However, it is not always clear which elements of the life cycle are included in 494 

individual studies, and the beginning and end points of the life cycle are not always consistent 495 

between studies, meaning cross-comparison is sometimes impossible without retro-adjusting the 496 

LCA start/end points accordingly.   497 

Second, LCA focusses on relative impacts, i.e. it is a measure of ‘environmental efficiency’ and 498 

typically it is difficult to draw absolute or systemic conclusions from it. While a kg of beef has a much 499 

larger LCA footprint compared to a kg of chicken across a range of environmental metrics, if chicken 500 

was produced in large enough quantities, the aggregate impact of the chicken sector could be larger.  501 

This is exemplified by the ‘Jevons Paradox’.45 For example, the GHG impact of chicken production in 502 

Sweden was reduced by 20% between 1995 and 2006, but overall consumption- and therefore 503 

production - increased much more, completely off-setting the reduction. Recently however, 504 

methods to relate LCA results to ‘absolute’ limits have been suggested46, but these have not yet 505 

reached widespread use. Such methods are also associated with a range of value based and ethical 506 

choices that need more discussion. Related to this, relying solely on LCA for informing dietary 507 

guidelines would not provide a target or limit to design the guidelines around. For example, to 508 

reduce the impact of meat consumption, a shift from beef to chicken could appear to be favourable 509 

based on LCA data (depending on which indicators are included and how they are weighted). 510 

However, without having an overall target (such as a 50% reduction of food related GHGs), it is not 511 

possible to assess whether such a shift would be adequate, or if further measures would be 512 

 
45 Jevon’s paradox describes a situation where efficiency gains are offset or even lost due to a subsequent increase in consumption, driven 

by the benefits of the efficiency (such as a lower food price delivered through intensifying food production, in turn stimulating an increase 
in food consumption). 
46Anders Bjørn, Chanjief Chandrakumar, Anne-Marie Boulay, Gabor Doka, Kai Fang, Natacha Gondran, Michael Zwicky 
Hauschild, Annemarie Kerkhof, Henry King, Manuele Margni. Review of life-cycle based methods for absolute environmental sustainability 
assessment and their applications. Environmental Research Letters, Volume 15, Number 8 2020  

Water use 
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required. Similarly, without a whole diet GHG ‘budget’ for example, based on planetary boundaries, 513 

it would not be possible to assert whether a shift from beef to chicken would be adequate to stay 514 

within such boundaries when all other foods were also included. In addition, without a target or 515 

budget, the Jevons Paradox issue could emerge, where lower impact foods are substituted for higher 516 

impact foods and subsequently consumed in greater quantities – negating GHG savings. 517 

Third, as the goal of LCA is to isolate the environmental aspects of individual products, it cannot 518 

capture system effects of the highly complex and interconnected food system. For example, many 519 

LCA-studies show favourable effects of replacing imported soy used for animal feed with locally 520 

grown protein feeds or e.g. insects produced on waste streams. However, the abolishment of soy for 521 

feed would have broader food system-level consequences. For example, replacing all imported 522 

soybean meal with local protein crops would increase the cropland devoted to animal feed 523 

production, reducing the area available for food production. Such a strategy might unintentionally 524 

shift import dependency from feed crops to food crops, increasing land demand elsewhere, with 525 

potential negative environmental effects.   526 

Fourth, some aspects of environmental performance are more easily assessed, others are not (a 527 

limitation of environmental modelling in general). This tends to lead to a focus on the environmental 528 

aspects that are more easily modelled (e.g. GHG emissions or energy use) and a lack of focus on 529 

those that are not (such as eco-toxicity and impacts on biodiversity). Even if impacts are known and 530 

measurable, and measured consistently – they could lead to a situation of comparing impacts on 531 

water use versus impacts on biodiversity loss for example. Context specificity will be important to 532 

navigate such trade-offs – thus requiring more information beyond the scope of LCA.  533 

In summary, to date most LCAs present only a portion of environmental impacts, and where those 534 

are presented they are not always comprehensive. Hence there are ‘gaps’ or inconsistencies across 535 

product impacts (such as some beef LCAs counting impacts associated with animal feed production, 536 

or land use change, and others not) which makes comparison problematic, but also there are gaps in 537 

terms of the types of impacts measured. For example, most food LCAs measure GHGs but not 538 

necessarily land use change, or biodiversity – this is largely because of the complexity in measuring 539 

such impacts and thus a lack of data availability, or avoiding double counting (for example if land use 540 

change impacts are allocated to a different sector). Partial assessment of impacts and the fact that 541 

LCA measures environmental efficiency without considering absolute boundaries could potentially 542 

lead to unintended consequences of actions taken. For example shifting from beef to chicken 543 

production could reduce GHGs and land use overall, but could increase requirements for intensively 544 

produced animal feed, increase the number of intensively farmed animals in the farming system, 545 

and subsequently increase antibiotic use and risk of new zoonotic diseases developing.  546 

Despite the many limitations of LCA, the application of this method to assess the environmental 547 

impact of food has increased knowledge of the environmental sustainability of foods in several ways. 548 

Applying a life cycle perspective, i.e. including the impacts from all major processes associated with 549 

the production of a certain food, across all stages of the life cycle, has revealed hotspots within the 550 

lifecycle (the majority of impacts often arise in primary production i.e. agriculture, rather than from 551 

processing, packaging and transport), and hotspots among foods (animal-based foods generally have 552 

considerably greater adverse impacts than plant-based foods).47 What has also become clear is that 553 

uncertainty and variation can be substantial, highlighting why the magnitude, rather than detailed 554 

numbers, should be the focus when interpreting LCA-results.  555 

 
47 Poore and Nemecek 2018. 
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Systems approach  556 

Food system models calculate the environmental impacts from total production driven by a given 557 

demand for food. By doing so they inherently cater for system effects (including joint production) 558 

and availability of land. Some models are purely biophysical models and diets are in that case 559 

exogenously set, while some models include an economic demand system which determines total 560 

consumption based on consumer preferences and food prices (according to elasticities of demand).  561 

Models can be global or regional, with the additional complexity of the latter needing to consider 562 

trade.  563 

Schader et al (2015)48 modelled a range of different global scenarios, of which we highlight two here.  564 

First, a “business as usual” scenario without dietary change, focussing on the efficiency of agriculture 565 

in the sense of minimising emissions in products, led to a significant increase in arable land (as 566 

livestock switch to predominately grain fed) and the abandonment of grasslands for agriculture. This 567 

in turn had significant adverse impacts on nitrogen cycling, water-use and deforestation 568 

(incentivised for grain production). Second, a dietary shift to increase the consumption of plant-569 

based foods, combined with a 71% reduction in protein intake from livestock products resulted in a 570 

smaller water, nutrient and biodiversity impact – despite the environmental efficiency of livestock 571 

production being reduced compared with the business as usual scenario due to a shift to grassland-572 

based feed for ruminants and use of by-products (waste) to feed non-ruminants. 573 

Limitations of complex systems approaches 574 

While systems approaches are useful in numerous ways, there are some limitations to consider. 575 

Principal amongst these is a relative lack of use of such approaches in the academic literature 576 

(compared to LCA) and therefore a lack of methodological robustness in how to understand the 577 

aggregate impact of the food system on the environment, and how to minimise this whilst providing 578 

nutritious food for all. 579 

There are also dynamic elements within a system that are difficult or impossible to capture. For 580 

example, population rise and timeframe in terms of numbers, demographics and location – which 581 

would all impact food demand and production. Whilst this criticism also applies to LCA-based 582 

approaches, because they do not aim to assess the absolute impacts, changing patterns of demand 583 

and supply are less problematic conceptually. 584 

Thresholds or benchmarks  585 

Assessing environmental impacts of diets within the context of thresholds or benchmarks is relevant 586 

to LCA and systems approaches. Most studies to date assessing the environmental impacts from 587 

diets share the same limitation as with LCA of individual food products in that they do not commonly 588 

relate the results to any absolute limit, i.e. they compare diets with different food compositions, but 589 

do not assess whether the diet is ‘good enough’ when scaled to the global level. However, some 590 

attempts have recently been made to do this (Springmann, Clark, et al. 2018; Springmann, Wiebe, et 591 

al. 2018; Willett et al. 2019)49. The EAT-Lancet commission modelled the environmental impact of a 592 

healthy dietary pattern using LCA data, in combination with reduced food waste and production side 593 

 
48 Schader, C., Muller, A., Scialabba, N.E.H., Hecht, J., Isensee, A., Erb, K.H., Smith, P., Makkar, H.P., Klocke, P., Leiber, F. and Schwegler, P., 
2015. Impacts of feeding less food-competing feedstuffs to livestock on global food system sustainability. Journal of the Royal Society 
Interface, 12(113), p.20150891. 

49 Moberg et al 2020. Benchmarking the Swedish Diet Relative to Global and National Environmental Targets—Identification of Indicator 

Limitations and Data Gaps. 
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improvements, and benchmarked against planetary boundaries (Willett et al. 2019). An earth 594 

systems approach was used to set the environmental boundaries for food production, i.e. 595 

boundaries that sustainable global food production must stay within to help create a safe operating 596 

space (indicated by the green area on figure 5). The EAT-Lancet boundaries present limits for the 597 

food system related to climate impact, land and water use, biodiversity loss and N and P use derived 598 

from the planetary boundaries framework (Figure 5). The analysis demonstrated that it is possible to 599 

produce – at the global level – a diet that meets health criteria within the environmental boundaries, 600 

when diet shift is combined with production side improvements and reduced food waste. Given the 601 

existence of databases, locally and globally, that collate LCA data, there is the potential to construct 602 

culturally appropriate local food-based dietary guidelines taking a similar approach to the EAT-603 

Lancet (e.g. x portions of food-type y per week).   604 

Figure 5: The current impact of agriculture in relation to planetary boundaries50 605 

 606 
Source/credit: Campbell et al 2017.  607 

 608 

Limitations of threshold or benchmark approaches 609 

The ‘planetary boundary’ or limit on impact being applied is very important in determining dietary 610 

composition. For example, a less stringent boundary or limit on food GHGs could provide more 611 

allowance for GHGs per capita, increasing the inclusion of higher impact foods. Conceptualizing 612 

planetary boundaries to levels that do not necessarily keep pace with or match the implications of 613 

today’s science in terms of the levels of GHG reductions needed to align with 1.5 °C aspirations could 614 

be problematic in that dietary guidelines based on them would quickly become inadequate and in 615 

need of revision. Related to this point, conceptualizing environmental or health boundaries from a 616 

 
50 Copyright © 2017 by the author(s). Ecology and Society is now licensing all articles under the Creative Commons — Attribution 4.0 

International — CC BY 4.0. Figure included here in its original format. Source/credit: Campbell, B. M., D. J. Beare, E. M. Bennett, J. M. Hall-
Spencer, J. S. I. Ingram, F. Jaramillo, R. Ortiz, N. Ramankutty, J. A. Sayer, and D. Shindell. 2017. Agriculture production as a major driver of 
the Earth system exceeding planetary boundaries. Ecology and Society 22 (4):8. https://doi.org/10.5751/ES-09595-220408 

https://creativecommons.org/licenses/by/4.0/
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political acceptability perspective, or least cost pathway does not necessarily equate to earth’s 617 

biogeophysical or biogeochemical boundaries.  618 

Using location-specific LCAs in a global analysis could be problematic in terms of allocating equal 619 

impacts to the same product produced in different parts of the world, which could result in under or 620 

overcounting impacts as they could be different in reality51. Taking a local systems approach is also 621 

problematic as it does account for impacts at the global level, in terms of where those production 622 

impacts would occur and whether consumer impacts at the local level are sustainable within global 623 

planetary boundaries.  624 

The limitations of LCA also impact the utility of threshold approaches that rely on them. For 625 

example, if impacts are not measured or are difficult to measure and associated with inaccuracies, 626 

this could result in a partial estimation of total impacts. In particular, data on land footprints and 627 

energy use is relatively complete, data on the impact of farming on biodiversity is very incomplete.  628 

Basing footprints only on what is easier to measure would, in such a case, bias considerations 629 

towards high intensity farming, rather than more extensive farming. 630 

 631 

Proxies for sustainable food 632 

Simple proxies are often used, particularly in civil society discourse, in an attempt to define food as 633 

environmentally sustainable. Examples of such proxies relate to food miles (e.g., defining locally 634 

produced food as more sustainable than food imported from further away), food provenance or 635 

national self-sufficiency (e.g. all food consumed, or large portions of it, within a country is also 636 

produced within the same country), the farming system (e.g. organic agriculture or regenerative 637 

agriculture), or even more loosely defined proxies such as “real food” or “naturalness”. While 638 

proxies are simple in terms of focussing on one aspect such as transport, or production method, this 639 

is their main limitation. There is no simple proxy that maps onto a sustainable food system. A focus 640 

on food miles or local production fails to account for a multitude of impacts, including major 641 

portions of a products LCA impact (e.g., ~90% of impacts occur during the production stage, with 642 

transport generally accounting for less than 10% of total impacts52). Using organic production as a 643 

basis for making food more sustainable could have unintended consequences, as more land and 644 

resources would be required to meet existing demand (at the system level, organic production is 645 

only feasible in conjunction with major demand shifts to more plant-based diets)53,54. Proxies also 646 

potentially distract from other changes that could have much bigger impacts. For example, shifting 647 

less than one day of calories per week from red meat and dairy products to chicken, fish, eggs, or a 648 

vegetable-based diet achieves more GHG reduction than buying only locally sourced food55. 649 

Integrating health and environment  650 

In this section, we consider the synergies across health and environmental impacts of food and diets. 651 

 
51 Steward, P. R., Shackelford, G., Carvalheiro, L. G., Benton, T. G., Garibaldi, L. A., & Sait, S. M. (2014). Pollination and biological control 
research: are we neglecting two billion smallholders. Agriculture & Food Security, 3(1), 1-13. 
52 Poore and Nemecek, 2018. 
53 Seufert, V., Ramankutty, N. and Foley, J. A. (2012), ‘Comparing the yields of organic and conventional agriculture’, Nature, 485: pp. 229–
32, doi: 10.1038/nature11069. 
54 Muller, A., Schader, C., El-Hage Scialabba, N., Brüggemann, J., Isensee, A., Erb, K.-H., Smith, P., Klocke, P., Liebe, F., Stolze, M. and Niggli, 
U. (2017), ‘Strategies for feeding the world more sustainably with organic agriculture’, Nature Communications, 8(1290), doi: 
10.1038/s41467-017-01410-w. 
55 Weber, C. and HS Matthews. 2008. Environ. Sci. Tech. 42: 3508-3513. 
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Commonalities across healthy and sustainable diets 652 

There are some top-level common conclusions regarding health and environmental sustainability 653 

within the context of diet that can be considered well-supported by the scientific literature. Trophic 654 

relationships play a central role in terms of environmental impacts of diets. In essence, growing 655 

plants for direct human consumption has a lower environmental impact – certainly for GHGs and 656 

land use, and typically for eutrophication and acidification potentials - than growing plants on 657 

cropland for farmed animal feed to provide animal products for human consumption (see Figure 3 658 

from Poore and Nemecek above). A number of analyses have demonstrated various savings 659 

associated with dietary shifts that benefit from simplifying trophic relationships in the food system 660 

(making a range of simplifying assumptions, particularly about linearity of the observed associations 661 

at large scale). For example, Shepon et al56 demonstrated that rather than produce crops for farmed 662 

animal feed in the US (which accounts for 67% of total calorie production), if the cropland was 663 

reconfigured in a way that optimised food production for human health whilst using a minimum of 664 

environmental resources, more than twice the number of people (350 million) could be fed from the 665 

same area of land. More than a third of all crop calories produced globally are fed to farmed animals 666 

– only 12% of those calories return to the food system for human consumption (a loss of 29% of crop 667 

calories produced57). If those crop calories were instead provided for direct human consumption, an 668 

estimated 4 billion additional people could be fed58.    669 

The implications of such trophic relationships also impact other factors. For example, largely due to 670 

the greater requirement for land and nutrient pollution from producing animal sourced foods, they 671 

are generally associated with greater biodiversity losses compared to growing plants for direct 672 

human consumption59. Due to an expected increase in the consumption of animal sourced foods 673 

globally, they are also identified as not only major drivers of current environmental impacts such as 674 

climate change and biodiversity loss, but are dominant future threats60. The extent to which diets 675 

shift to less resource intensive foods also largely determines options for tackling major 676 

environmental issues including climate change and biodiversity loss61. Thus to a first approximation, 677 

at the system level - obtaining food directly from plant sources in preference to animal sources 678 

generally has a lower environmental impact. 679 

A second criterion to consider is the diversity of products. If a diet rich in plant material reduces the 680 

impact relative to one rich in animal sourced food, then eating a diversity of plants – fruit, 681 

vegetables, pulses, nuts, leafy green vegetables, and whole grain products is likely to both be 682 

beneficial from a micronutrient and fibre perspective, but also from a farming system perspective. It 683 

 
56 Shepon, A., Eshel, G., Noor, E., & Milo, R. (2018). The opportunity cost of animal based diets exceeds all food losses. Proceedings of the 
National Academy of Sciences of the United States of America, 115, 3804–3809. 
57 Harwatt, H (2018) Including animal to plant protein shifts in climate change mitigation policy: a proposed three-step strategy. Climate 

Policy 19(5):1-9 DOI:10.1080/14693062.2018.1528965 
58 Cassidy, E., West, P., Gerber, J., & Foley, J. (2013). Redefining agricultural yields: From tonnes to people nourished per hectare. 
Environmental Research Letters, 8, 034015. 
59 Leclère, D., Obersteiner, M., and Barrett, M., et al (2020), ‘Bending the curve of terrestrial biodiversity needs an integrated strategy’, 
Nature, 585: pp. 551–56, doi: 10.1038/s41586-020-2705-y; Williams D.R. Clark, M. Buchanan, G.M. et al (2020). Proactive conservation to 
prevent habitat losses to agricultural expansion. Nature Sustainability volume 4, pages314–322(2021). 
60 Williams D.R. Clark, M. Buchanan, G.M. et al (2020). Proactive conservation to prevent habitat losses to agricultural expansion. Nature 
Sustainability volume 4, pages314–322(2021). 
61 Hayek, M. N., Harwatt, H., Ripple, W. J. and Mueller, N. D. (2020), ‘The carbon opportunity cost of animal-sourced food production on 
land’, Nature Sustainability (2020), doi: 10.1038/s41893-020-00603-4;  Benton et al (2021) Food system impacts on biodiversity loss Three 
levers for food system transformation in support of nature. Chatham House report, February 2021; Harwatt, H (2018) Including animal to 
plant protein shifts in climate change mitigation policy: a proposed three-step strategy. Climate Policy 19(5):1-9 
DOI:10.1080/14693062.2018.1528965; Williams D.R. Clark, M. Buchanan, G.M. et al (2020). Proactive conservation to prevent habitat 
losses to agricultural expansion. Nature Sustainability volume 4, pages314–322(2021); Clark, M. A., Domingo, N. G. G., Colgan, K., Thakrar, 
S. K., Tilman, D., Lynch, J., Azevedo, I. L. and Hill, J. D. (2020), ‘Global food system emissions could preclude achieving the 1.5° and 2°C 
climate change targets’, Science, 370 (6517), doi: 10.1126/science.aba7357. 
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is well understood that many of the adverse environmental impacts – particularly on biodiversity, 684 

but also on soils - arise from monoculture and simplified rotations. Diversified diets could enable 685 

more diversified agriculture, and more benefits arising for wildlife62.   686 

In addition to what is eaten, a number of studies highlight that significant “sustainability 687 

improvement” arises from eating amounts consistent with energy requirements (i.e. to eat sufficient 688 

rather than excessive amounts)63. Excessive energy intake is a form of food waste that has both an 689 

environmental footprint and adverse health impacts. 690 

 691 

Coupling environmental and health analyses 692 

Numerous analyses of dietary shifts that reallocate food production for direct human consumption 693 

have demonstrated a range of environmental and public health benefits. The environmental benefits 694 

include a 70% reduction in food related GHGs, a 76% reduction in the requirement for agricultural 695 

land, the removal of 547 GT CO2 from the atmosphere through restoring native ecosystems on 696 

spared agricultural land (equivalent to 16 years of current global CO2 emissions), and a 49% 697 

reduction in eutrophication64. The public health benefits include reduced incidences of non-698 

communicable disease including heart disease, cancer, stroke and diabetes, amounting to an 699 

estimated 10% reduction in global premature mortality rates and a resultant $30 trillion/year saving 700 

in health care costs65. 701 

Coupled analyses for “nutritional impacts” vs “environmental impacts” shows some degree of 702 

correlation (see Figure 6): i.e. a diet that has a lower environmental footprint can also be, to a first 703 

order approximation, one that is nutritionally adequate and health promoting66. This suggests a 704 

“substitutability” hierarchy (e.g. switch from red meat to fish/white meat, or better to plant-based 705 

foods) – shifting dietary choices from the top right quadrant to bottom left in Figure 6 for maximum 706 

health and sustainability benefits. However, while this is potentially useful, there are likely to be 707 

trade-offs to consider in practice given the many variances in food production impacts – even for the 708 

same type of food across different locations and production methods (as discussed in the LCA 709 

limitations section). For example, shifting from beef to chicken would reduce GHGs and overall land 710 

use, but could increase food-feed competition and reliance on imported feed, bring more farmed 711 

animals into the food system, increase animal welfare concerns, increase risk of zoonosis, and 712 

increase point source pollution. Conversely, a shift from beef or chicken to a plant based food does 713 

not carry the same risks. Hence, while substitutability hierarchies have utility in some contexts, they 714 

do not take account of such system level impacts and trade-offs.  715 

 716 

 
62 Benton et al 2021. Food system impacts on biodiversity loss Three levers for food system transformation in support of nature. Chatham 
House report, February 2021. 
63 Clark et al 2020; Springmann et al 2018; Willet et al 2019. 

64 Stehfest, E. et al. (2009) Climate benefits of changing diet. Climatic Change 95, 83–102; Springmann, M., Godfray, H. C. J., Rayner, M., & 
Scarborough, P. (2016). Analysis and valuation of the health and climate change cobenefits of dietary change. Proceedings of the National 
Academy of Sciences, 387, 1937–1946; Poore and Nemecek 2018; Hayek, M. N., Harwatt, H., Ripple, W. J. and Mueller, N. D. (2020), ‘The 
carbon opportunity cost of animal-sourced food production on land’, Nature Sustainability (2020), doi: 10.1038/s41893-020-00603-4;   
65 Springmann, M., Godfray, H. C. J., Rayner, M., & Scarborough, P. (2016). Analysis and valuation of the health and climate change co-
benefits of dietary change. Proceedings of the National Academy of Sciences, 387, 1937–194. 
66 Springmann, M., Godfray, H. C. J., Rayner, M., & Scarborough, P. (2016). Analysis and valuation of the health and climate change co-
benefits of dietary change. Proceedings of the National Academy of Sciences, 387, 1937–194; Springmann et al 2018; Willet et al 2019.  
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Figure 6: Association between a food group’s environmental impact and impact on human 717 

mortality67  718 
 719 

 720 
Source/credit: Clark et al 2019. The y axis is plotted on a log scale and is the AREI of producing a serving of each 721 
food group across 5 environmental outcomes relative to the impact of producing a serving of vegetables (not 722 
including starchy roots and tubers). The x axis is the relative risk of mortality, where a relative risk >1 indicates 723 
that consuming an additional daily serving of a food group is associated with increased mortality risk, and a 724 
relative risk <1 indicates that this consumption is associated with lowered mortality risk. 725 

 726 

Methods for optimising diets for health and environmental sustainability  727 

Analyses seeking to identify dietary patterns that minimise environmental impacts whilst meeting 728 

nutritional requirements have used scenario analyses and mathematical optimisation approaches. 729 

Computerised dietary programming (CDP) is one way to optimise diets with regard to several 730 

indicators and has been used to create new, more sustainable dietary recommendations and 731 

guidelines (e.g. Gazan et al., 2018b). In CDP, mathematical optimisation of diets is performed using 732 

linear or quadratic programming. Software programs handle data on several different variables, such 733 

as macro- and micronutrients, GHG emissions and land use, and optimise diets based on minimising 734 

environmental impacts, e.g. GHG emissions, while meeting nutrient recommendations or keeping 735 

diets as similar as possible to a reference diet (commonly the current diet). The “Livewell plate”68 736 

produced by WWF, was derived from linear programming to adjust the UK’s FBDG (the “Eatwell 737 

plate”) to one that minimises GHGs, whilst meeting nutritional requirements. Similar approaches 738 

have been taken in academic studies. For example, Perignon et al. (2019) and Donati et al. (2016) 739 

use an optimisation approach similar to the Livewell approach, but across multiple environmental 740 

objectives, to suggest how diets could be adapted to maintain nutritional requirements but reduce 741 

environmental impacts across multiple dimensions. Such studies are often based on maintaining 742 

today’s dietary patterns, with a view to nudging people in more optimal directions and 743 

understanding the demographic correlates of who might make such shifts (Seconda et al. 2019). In 744 

the EU project SUSDIET (ended in 2017), CDP (a tool developed by MS Nutrition in France) was used 745 

 
67 Copyright © 2019 the Author(s). Published by PNAS. This open access article is distributed under Creative Commons — Attribution 4.0 

International — CC BY 4.0. Figure included here in its original format. Source/credit: Clark, Michael A., Marco Springmann, Jason Hill, and 
David Tilman. 2019. Multiple health and environmental impacts of foods. Proceedings of the National Academy of Sciences of the United 
States of America 116. National Academy of Sciences: 23357–23362. https://doi.org/10.1073/pnas.1906908116. 
68 Livewell: a balance of healthy and sustainable food choices. Commissioned by WWF-UK Authors: Dr Jennie Macdiarmid, Dr Janet Kyle, Dr 
Graham Horgan, Mrs Jennifer Loe, Miss Claire Fyfe, Dr Alex Johnstone, Professor Geraldine McNeill. 
http://assets.wwf.org.uk/downloads/livewell_report_corrected.pdf, 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://assets.wwf.org.uk/downloads/livewell_report_corrected.pdf


NNR2022 – public consultation – July 2022 

26 
 

to develop nutritionally adequate diets with low GHG emissions that deviate as little as possible 746 

from current dietary patterns within the EU. Results from this project were recently published by 747 

Vieux et al. (2018), where nutritionally adequate diets for each gender were developed using 748 

optimisation techniques starting from average observed diets (gender-specific) in five European 749 

countries (France, UK, Italy, Finland and Sweden) and applying stepwise 10% reductions in GHG 750 

emissions.69 There are also studies that attempt to relate the environmental impact of foods to their 751 

nutritional content using nutrient density scores (e.g.,70).  752 

 753 

Key considerations for assessing the environmental sustainability of 754 

diets 755 

 756 

In previous sections, we have demonstrated the complexity of assessing the environmental 757 

sustainability of foods and diets, and the limitations of the various approaches. Despite this, a 758 

pragmatic approach is needed in order to identify options for most effectively reducing 759 

environmental impacts while minimising unintended adverse outcomes. To assist this endeavour, we 760 

summarise the paper findings to identify 5 key considerations to guide assessments of sustainable 761 

diets (Box 3). They are not listed in priority order but are instead intended to provide a 762 

comprehensive list of considerations when integrating the environmental sustainability of food 763 

production and consumption into FBDGs. 764 

 765 

 766 

 767 

 768 

 769 

 770 

 771 

 772 

 773 

 774 

 775 

 776 

 777 

 778 

 
69 Röös et al 2018. 
70 E. Hallström, J. Davis, A. Woodhouse, U. Sonesson, Using dietary quality scores to assess sustainability of food products and human 

diets: A systematic review, Ecological Indicators, V 93, 2018, pp 219-230, https://doi.org/10.1016/j.ecolind.2018.04.071. 
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Box 3: 5 key considerations for assessing the environmental sustainability of diets 779 

 780 

1: Consider the thresholds. The limits of absorbing environmental impacts might vary depending on 781 

location and/or time but are always important to consider – as is the potential for shifting 782 

environmental burdens up or down stream (or leakage) to other areas. This implies there will be 783 

upper-limits of production, below which the system works and above which the system breaks, even 784 

if the production methods are identical on either side of the threshold. Boundaries (not just relative 785 

outcomes) need to be factored in, including some safety/error margin. 786 

2: Consider the system. Apply a system perspective and use models that can capture such dynamics, 787 

such as the consequences of shifting an element of supply or demand on the entire system. This is 788 

important for avoiding an exceedance of environmental thresholds at the global level, for example if 789 

supply side efficiency gains were applied in conjunction with an increase in production amounts, this 790 

could result in an absolute increase in impacts at the system level, despite having lower relative 791 

impacts (i.e. per unit of production impacts would be lower).  792 

3: Consider the variables. Assessments should include a wide range of aspects, extending beyond 793 

environmental impacts such as land, water and greenhouse gases, to also capture important 794 

socioeconomic factors and how such impacts might be prioritised or traded off against each other 795 

under different circumstances. This is also important when assessing public health aspects, and the 796 

nutritional component of food to ensure for example that diets also meet nutrition criteria. 797 

4: Consider the context. In addition to considering global perspectives, use evidence and perform 798 

research relevant to the local situation/context, and include appropriate stakeholders. As the same 799 

activity can have different outcomes in different contexts it is important to refine the context 800 

accordingly to gain more accurate insights in terms of impacts. 801 

5: Consider the spillover. Include impacts from production and consumption, i.e. not only territorial 802 

production-based impacts. The location of food production and its place of consumption can be very 803 

far apart in terms of distance (and sometimes across multiple countries), leading to challenges of 804 

understanding, measuring and managing the totality of impacts. However, acknowledging such 805 

‘distant’ impacts of consumption is important to aiding understanding of the system level impacts. 806 

 807 

Conclusions  808 

 809 

Assessing the environmental impacts of food, food systems and diets is highly complex due to the 810 

multitude of processes involved, the uncertainty in assessment models, the variability in production 811 

systems and the large range of products available. No single assessment method can therefore 812 

provide a complete, simple and robust evidence base. However, the increasing number of LCA and 813 

food system approach studies, and the integration of planetary boundaries, offer insights from 814 

which we can draw some robust high-level conclusions, while recognising there is a need for more 815 

detailed analysis to capture the inherent nuances of more location and context specific situations. 816 

Despite the complexity of assessing the environmental sustainability of food, diets and food systems, 817 

there are a number of key considerations that could be used to guide this process, and in doing so 818 

help to increase utility of the outcomes and limit unintended adverse consequences. We identified 5 819 

key considerations (Box 3) that can be applied (consider the thresholds, consider the system, 820 
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consider the variables, consider the context, and consider the spillover) to ensure assessments are 821 

comprehensive. These key considerations will be incorporated into the next paper in this series, to 822 

help evaluate the environmental sustainability of food production and consumption within the 8 823 

countries that use the NNR as a basis for their national FBDGs.  824 
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