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Abstract 13 

Organisations are increasingly committing to ‘nature-positive’ targets, in line with proposed international 14 

goals. However, there are few worked examples showing how to feasibly achieve these targets. Here, we set 15 

out a novel approach to achieving nature-positive targets with respect to the embodied biodiversity impacts 16 

of an organisation’s food consumption. We quantify these impacts using a comprehensive database of life-17 

cycle environmental impacts from food and provide exploratory strategies to meet defined targets, 18 

structured according to the Mitigation and Conservation Hierarchy. Through considering the varying needs 19 

and values across the organisation’s internal community, we identify a range of feasible, targeted approaches 20 

towards mitigating impacts, which balance top-down and bottom-up actions to different degrees. However, 21 

we also find that delivering ambitious nature-positive targets within current constraints will be highly 22 

challenging, particularly when considering how to mitigate cumulative impacts. Our results evidence the 23 

need for transformative systemic change if nature-positive targets are to be achievable at the organisational 24 

scale.  25 

Main   26 

Transformative actions are needed in order to address the triple challenge of global biodiversity loss, climate 27 

change, and improving human wellbeing1-3. Bold targets are being proposed at an international level (e.g., 28 

“net improvements” in natural ecosystems as part of the proposed post-2020 Global Biodiversity 29 

Framework4) and national levels (e.g., the UK Environment Bill5, Biodiversity Net Gain policies6), which are 30 

being translated to sub-national levels (e.g., circular cities7) and organisations (e.g., Science-Based Targets8). 31 

Several organisations have committed to strategic biodiversity targets aimed at balancing or outweighing 32 

negative biodiversity impacts with mitigation activities (i.e., achieving a net gain in biodiversity)9. The first 33 

step in achieving these targets is to measure and account for biodiversity impacts. This enables effective 34 

strategies to be designed to reduce impacts, assess progress towards targets, and make explicit contributions 35 

to wider environmental goals9-12. Targets and strategies must also be designed in consultation with affected 36 

groups, to ensure equitable and sustainable outcomes13.  37 

The mitigation hierarchy provides a framework that reactively addresses impacts from human activity, 38 

prioritising the prevention of biodiversity losses before compensating for remaining unavoidable losses in 39 

order to reach a specified target (e.g., no net loss or net gain of biodiversity)14. In the past, this framework 40 

has primarily applied to impacts from infrastructure and extractive sector development, although it has more 41 

recently been expanded to agriculture and fisheries15-19 and could be extended to all impacts from human 42 

activities20, 21. However, reactive compensation is not enough to achieve transformative change. Recently, 43 

the ‘Mitigation and Conservation Hierarchy’ has been proposed, which integrates the mitigation hierarchy 44 

for mitigating impacts with a proactive Conservation Hierarchy for actions which transform and improve 45 

biodiversity status22. It provides a structured framework to support individuals, communities, businesses, and 46 
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governments to meet ambitious biodiversity targets. However, these frameworks have yet to be tested and 47 

applied to the full range of impacts that organisations need to mitigate in order to meet nature-positive 48 

targets. 49 

 50 

For many organisations, a key area of operations needing to be addressed is the embodied impacts from its 51 

members' food consumption23. It is increasingly clear that food systems are the predominant driver of global 52 

biodiversity loss, with over a third of land currently used for agricultural purposes24 and ~88% of terrestrial 53 

birds, mammals and amphibians predicted to lose habitat to further agricultural expansion by 205025. 54 

Changes to food systems, including sustainable production and trade practices, reduced food waste, and 55 

altered diets, have been identified as key components of reversing global biodiversity loss26 while 56 

simultaneously addressing issues of climate, food security, and health27-29. In particular, altering consumption 57 

patterns has the potential to achieve drastic reductions in global environmental impacts30 - 32.  58 

Recently, widespread use of Life Cycle Analyses (LCA) has enabled the development of large-scale databases 59 

on the environmental impacts of various food products30. Here, we make novel use of these datasets to 60 

quantify impacts from food consumption of a case study organisation, with a community made up of a range 61 

of consumers with varying needs, values, and constraints. We apply the Mitigation and Conservation 62 

Hierarchy approach to organise the exploration and comparison of feasible routes towards achieving 63 

biodiversity targets relating to food consumption, considering differences in risk and preference across 64 

various consumer groups. Finally, we consider how bold but necessary nature-positive targets (e.g., 65 

cumulative biodiversity net gain) could be achieved in this context. We aim to provide the first robust, 66 

quantitative application of the Mitigation and Conservation Hierarchy to empower an organisation towards 67 

understanding an important element of its environmental impacts and to design feasible strategies to 68 

mitigate them against an explicit target. 69 

Approach Overview 70 

Our case study focuses on a higher education college (Lady Margaret Hall, Oxford University, UK; herein, ‘the 71 

College’) and the community of individuals that work, study, and visit as part of its operations. The College 72 

canteen provides food and beverages (herein, ‘food’) regularly for ~500 university students, ~130 support 73 

and facilities staff, and ~75 academic staff. The College also runs a commercial food service, frequently 74 

preparing food for conference and event attendees, as well as for external students attending annual 75 

summer school programmes. All food is ordered and prepared through the College’s central kitchen.  76 

We chose this case study because of the availability of detailed records of food consumption for multiple 77 

groups, the keenness of the community to reduce its environmental impact, and the circumscribed and 78 

controllable nature of its food system. However, while context and constraints vary between organisations, 79 

our broad approach is generalisable to any organisation with centralised catering services. Furthermore, 80 

while we focus on estimating and mitigating biodiversity impacts, the approach is generalisable to other 81 

forms of environmental impact (e.g., greenhouse gas emissions, see Supplementary Material). 82 

The approach used here (summarised in Table 1) comprises four stages:  83 

1) estimating the biodiversity impact of the food currently served;  84 

2) defining targets for the future biodiversity impact of the community’s food;  85 

3) using the Mitigation and Conservation Hierarchy to explore the feasibility and effectiveness of 86 

different interventions under the four steps of Refrain; Reduce; Restore; Renew; and 87 

4) exploring strategies for reaching chosen targets using different combinations of interventions with 88 

varying levels and types of risk.  89 

Each stage required consultation with end users (stakeholders at the College) and was done in a participatory 90 

manner (see Methods). 91 

 92 
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Table 1: A summary of the approach used, following the Mitigation and Conservation Hierarchy framework 93 

proposed by Milner-Gulland et al.22 94 

Stage Description Method 

1: Baseline 

 

Establish current biodiversity impacts from food, 

identifying focal areas of high impact (in terms 

of both products and consumer groups). 

Combine consumption data with LCA data and a 

biodiversity metric33 to estimate impacts per 

product type and consumer group. 

2: Targets 

 

Establish a set of possible SMART [Specific, 

Measurable, Achievable, Realistic, Time-bound] 

targets to reduce future impacts from food. 

Identify target options based on stakeholder 

consultations and science-based best practice. 

Model annual and cumulative impacts under each 

target scenario over the target period to gage level 

of effort required. 

3: Actions 

 

 

 

 

Identify possible interventions that would 

reduce impacts under each of the Four Steps of 

the Mitigation and Conservation Hierarchy: 

Refrain, Reduce, Restore, Renew. 

Scan of relevant academic and grey literature. 

Consult with stakeholders to identify existing 

interventions in place at the College. 

Assess each intervention in terms of technical 

effectiveness. 

Model changes to baseline biodiversity impacts 

expected under each intervention. 

Assess each intervention in terms of socio-

economic feasibility. 

Conduct stakeholder interviews with key 

individuals at the College. 

4: Strategy 

 

Consider different combinations of interventions 

that balance different risks to varying degrees. 

Model combinations of interventions and assess 

predicted progress towards targets. 

 95 

Stage 1: Estimating Biodiversity Impacts 96 

Baseline biodiversity impacts from food served at the College were estimated by pairing 2018/19 kitchen 97 

purchasing data, in terms of the total mass or volume of purchased products, with environmental life cycle 98 

databases30, 34, breaking this down by the different consumer groups at the College. We applied a UNEP-99 

recommended biodiversity metric developed by Chaudhary et al.33, which estimates the number of species 100 

destined for extinction based on land transformation requirements of food production, ongoing agricultural 101 

occupation, and the location of the production system33.  102 

We estimated the College purchased an approximate total of ~156 tonnes of food over the 2018/19 academic 103 

year, which required ~541,904 m2 of land, resulting in a negative biodiversity impact of ~7.9 x 10-7 potential 104 

global species extinctions equivalents (‘species extinctions eq.’; this figure should not be over-interpreted in 105 

an absolute sense – see ref33; Fig 1A). In line with prior research23, 30, the highest biodiversity impacts were 106 

driven by foods with disproportionately large land footprints – including red meat (linked to 16.5% of total 107 

impacts), poultry (15.7%), and farmed fish (12.6%; Fig 1B). A significant proportion of impacts was also driven 108 

by products containing ingredients sourced from highly biodiverse regions, including desserts, chocolate, and 109 
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confectionary (15.1%), as well as coffee and tea (9.3%, of which 80% was linked to coffee) as has also been 110 

highlighted elsewhere35,36. In terms of consumer groups, students consumed the greatest quantity of food 111 

and were the top driver of impacts (36.8%), although had the lowest impact per kilogram of food (4.6 x 10-12 112 

species eq. per kg; Fig 1C). Conference attendees contributed a significant portion of overall impacts (33.0%) 113 

and had the highest impact per-kilogram of food (5.4 x 10-12 species eq. per kg). Support staff, academic staff, 114 

and summer school pupils accounted for 11.8%, 11.2%, and 7.2% of impacts, respectfully. 115 

Similar studies (e.g.,23, 37) have found greater relative impacts from animal-derived products, potentially 116 

owing to more of these products being consumed and/or the use of alternative biodiversity metrics that 117 

exclude region-specific species vulnerability but include multiple pressures in addition to land occupation 118 

and transformation (e.g., climate change, water consumption, pollution, exploitation of wild populations, 119 

invasive species etc). This highlights the need for improved metrics that account for multiple stressors on 120 

biodiversity but remain simple to communicate and effective at incentivising behaviour towards lower-121 

impact options. Further detail on estimated impacts, including comparative estimates for greenhouse gas 122 

emissions, are provided in the supplementary material (Figure S1). 123 
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   124 

 125 

Figure 1: (A) Total food quantities (in terms of mass or volume) consumed at the College by food product 126 

category; (B) Estimated baseline biodiversity impacts by food product group; (C) Total impact by consumer 127 

group; shaded bars show impacts per kg or litre, coloured bars show cumulative impact per food product 128 

group. Further details, including impacts in terms of greenhouse gas emissions, are provided in the 129 

supplementary material. 130 
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Stage 2: Defining Targets for Impact Reduction 131 

Given the baseline impacts estimated in Stage 1, we considered a set of five ‘Specific, Measurable, 132 

Achievable, Realistic, and Timebound’ (SMART) targets to reduce biodiversity impacts from food. Possible 133 

targets were explored in collaboration with key stakeholders at the College (see Methods) and included 134 

ambitious ‘net outcomes’ targets in line with those being considered at national and international scales1, 12, 135 
20. We modelled annual changes to the College’s impacts that would be required under each target scenario, 136 

over a 15-year period to 2035. The intention was not to be prescriptive, but rather to explore and 137 

communicate the magnitude of annual changes needed to achieve each target, given the pragmatic 138 

assumption that some capacity-building would be necessary during initial years. A ‘business as usual’ (BAU) 139 

counterfactual scenario was also defined for comparison, based on the assumption that annual impacts 140 

would remain broadly similar, with a slight overall decline in impacts driven by national dietary trends39,40 141 

(Figure 2, Table S1).  142 

First, a target was defined for switching to healthy and sustainable diets in line with science-based best 143 

practice, based on dietary recommendations from the EAT-Lancet Commission29 (‘EL2035’, Figure 2). 144 

Achieving this target would reduce annual impacts by ~33.6% by 2035 against the 2018/19 baseline (~26.4% 145 

against predicted annual impacts under BAU). However, this would still result in significant cumulative 146 

biodiversity loss over the 15-year period – only ~12% less impact than under BAU. This demonstrates the 147 

importance of understanding cumulative impacts when target setting, and also indicates that gradual dietary 148 

shift alone is inadequate to tackle the full extent of impacts.  149 

The four remaining targets (‘Managed Net Loss (50%)’, ‘Managed Net Loss (75%)’, ‘No Net Loss’, and ‘Net 150 

Gain (10%)’) aim to reduce this 15-year cumulative biodiversity impact by a set amount (respectively, by 50%, 151 

75%, 100%, or 110%). In these scenarios, any years in which the College falls short of reaching the target 152 

percentage reduction must be compensated for in subsequent years to achieve the target by 2035. For 153 

example, under Managed Net Loss (75%) (‘MNL75’, Figure 2) we assume the College begins working towards 154 

this target in 2021/2022, initially reducing annual impacts by a third each year until 2024 to allow for capacity-155 

building. Annual biodiversity impacts are then reduced to ‘net zero’ by 2031, from which point a net gain in 156 

biodiversity would be needed each year up to 2035 to compensate for impacts incurred during initial years 157 

and achieve an overall cumulative impact reduction of 75% relative to BAU.  158 

This demonstrates the ambitious nature even of relative targets like MNL75 - which would still result in a 159 

cumulative loss of biodiversity. Additional uncertainty is introduced by MNL targets being calculated relative 160 

to a dynamic counterfactual (BAU), which may change depending on factors that have not been modelled 161 

here (e.g., an increase in student numbers, or unanticipated changes due to the COVID-19 pandemic). More 162 

stringent targets for absolute No Net Loss or Net Gain in biodiversity by 2035 would thus require urgent and 163 

immediate action to ensure effective delivery.  164 



Meeting nature-positive goals for an organisation’s food system | Taylor et al. | January 2022 | Main manuscript 

 

 165 

Figure 2: Net changes in (A) cumulative and (B) annual biodiversity impacts from food, modelled for five 166 

possible target scenarios and a business-as-usual scenario (BAU). Values below ‘0’ represent a cumulative or 167 

annual net positive impact on biodiversity (i.e., biodiversity net gain) for (A) and (B), respectively. The BAU 168 

scenario assumes similar impact each year with a slight declining trend based on data from the UK National 169 

Diet and Nutrition Survey38. EL2035 represents a process-based target for the College to switch to serving 170 

healthy and sustainable diets by 2035, based on EAT-Lancet recommendations29. Managed Net Loss (MNL) 171 

targets aim to reduce cumulative impacts relative to BAU by 50% (MNL50) or 75% (MNL75). No Net Loss (NNL) 172 

and Net Gain (NG10) are targets that aim to mitigate 100% of absolute cumulative impacts, with additional 173 

compensation to achieve 10% biodiversity net gain under NG10. More detail is provided in Table S1.  174 

Stage 3: Assessment of interventions 175 

To identify routes towards achieving targets, we collated a set of 44 interventions (actions that mitigate 176 

biodiversity impacts from food; listed in Table S2) from the grey and academic literature. These were 177 

categorised according to the four steps of the Mitigation and Conservation Hierarchy22 (Refrain, Reduce, 178 

Restore, Renew), and included top-down and bottom-up approaches, as well as environmentally sustainable 179 
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sourcing and options for compensation. Interventions were each assessed for technical effectiveness and 180 

socio-economic feasibility, following previous applications of the Mitigation Hierarchy17,18 and other 181 

assessments of consumer-focused interventions (e.g.,40; Table 2). Technical effectiveness was quantified 182 

based on biodiversity impacts estimated in Stage 1, further informed by relevant academic literature. Socio-183 

economic feasibility was qualitatively assessed through semi-structured interviews with key stakeholders at 184 

the College, and was further considered in terms of social acceptability for each of the separate consumer 185 

groups at the College (Table S2). 186 

Key considerations and constraints were identified during consultations with catering staff and members of 187 

the College, including: 1) ensuring consumers’ wellbeing by providing healthy and nutritionally balanced 188 

food, 2) ensuring freedom of choice and providing a variety of diverse meal options, 3) ensuring produce is 189 

ethically and sustainably sourced, and 4) strict budgetary constraints (food for staff and students is subsidised 190 

by the College, whereas conferences and summer schools are commercial and therefore constrained by 191 

wider market conditions).  192 

Interventions covered a broad spectrum of socio-economic feasibility and risks to biodiversity, which varied 193 

between community groups (Tables 2 & S2). Top-down preventative interventions restricting access to the 194 

highest-impact food products (‘Refrain’) had higher mitigation potential, but lower levels of feasibility due to 195 

the social risk of restricting consumer choice and potential for leakage. The converse was true for bottom-up 196 

interventions aimed at shifting consumer choice – e.g., through awareness raising or behavioural ‘nudge’ 197 

interventions41 (‘Reduce’). Environmentally sustainable sourcing (‘Reduce’) had strong but highly uncertain 198 

mitigation potential, with effectiveness contingent on supply chain transparency9,42-44 and product availability 199 

and affordability. Furthermore, low biodiversity impact of these products may trade off with other aspects 200 

of sustainability important to the College (e.g., greenhouse gas emissions or animal welfare30) and would also 201 

need to translate into altered production practices to avoid impacts being displaced to other organisations.  202 

Compensatory interventions to ‘Restore’ impacts included re-purposing excess or leftover foods (e.g., using 203 

local food re-distribution networks, or composting food waste for use on college allotments). While 204 

effectiveness could not be calculated due to data limitations, interviews indicated there would be limited 205 

scope for applying such interventions in the case study College.  206 

Biodiversity offsetting is a compensatory action under the ‘Renew’ step that should only be applied to 207 

residual impacts after all other steps in the Mitigation Hierarchy are considered14. The biodiversity impact 208 

metric used here would not accurately translate into an equivalent area, number or type of habitats or 209 

species needing to be restored, due to the necessarily high-level assumptions made in its calculation33. This 210 

is further limited by the complexity and lack of transparency in food supply chains42, 45, meaning offsets would 211 

be associated with high levels of uncertainty in addition to other commonly faced issues – such as ensuring 212 

additionality, long-term monitoring and compliance46 as well as cost (although detailed cost estimates were 213 

outside the scope of this study). 214 

Once all residual impacts have been mitigated or offset, an aspirational biodiversity Net Gain target can be 215 

achieved at the ‘Renew’ step through additional offsetting combined with proactive conservation actions, 216 

included under the ‘Conservation Hierarchy’ element of the Mitigation and Conservation Hierarchy 217 

framework22. These might include supporting biodiversity conservation initiatives locally and/or where 218 

biodiversity impact is greatest, creating new community food gardens within the College grounds, or 219 

contributing to research, education, and innovation in sustainable food systems. Although these actions are 220 

not usually quantifiable and cannot be counted towards a biodiversity net gain target until direct impact 221 

mitigation has been instituted, they can still be implemented as soon as possible, as positive actions to build 222 

support for biodiversity conservation and its social benefits. If appropriately targeted, they may also help 223 

reduce wider impacts from food systems and avert future biodiversity losses from food consumption. 224 
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Table 2: Results of the technical and feasibility assessments for different categories of interventions, under 225 

the four steps of the Mitigation and Conservation Hierarchy – Refrain, Reduce, Restore, and Renew. NB: 226 

ranges provided in the Technical Assessment column show the range of average impact reduction across the 227 

number of interventions that were assessed (‘N’) and are not an indication of statistical uncertainty. 228 

Additional detail on specific interventions, consumer group-specific assessments, and sources is provided in 229 

Table S2. 230 

Intervention 

category 

Technical assessment  Socio-economic feasibility Recommendations 

Biodiversity 

impact 

mitigation 

potential 

(average and 

range % 

reduction per 

intervention) 

Biodiversity risks & 

uncertainty 

Financial & 

Logistical risks 

Social risks 

Refrain from serving 

the most impactful 

foods (e.g., ‘top-

down’ restrictions on 
meat, fish, coffee, 

chocolate etc.) 

 

 

6.2% (2.5 - 14.8%) 

(N=11) 

Generally low risk 

due to focus on 

prevention (as 

opposed to 

compensation). 

However, impacts 

may be displaced if 

consumers seek 

highly valued 

restricted foods 

elsewhere (leakage), 

particularly when 

there is high local 

availability (e.g., 

coffee, chocolate).  

May be time-and 

resource-consuming 

for kitchens to 

consistently produce 

a good variety of low-

impact choices and 

work with novel 

ingredients. 

 

Potentially reduces 

purchasing costs in 

some cases (e.g., 

replacing red meats 

with plant-based 

ingredients). 

Ingredient costs 

could also increase in 

some cases. 

High levels of 

choice 

infringement, 

particularly for 

consumers who 

eat regularly at 

the College. 

 

Some groups 

(e.g., academic 

staff) have 

previously 

opposed 

restrictions on 

meat, whereas 

other groups 

(e.g., certain 

student 

committees) 

have advocated 

for restrictions. 

Could be applied to 

consumers who eat 

infrequently at the 

College, minimising the 

extent of choice 

infringement (e.g., 

conference and summer 

school attendees) 

 

Avoid refraining entirely 

from serving highly 

valued and easily 

accessible foods (e.g., 

coffee, chocolate) to 

prevent displacement of 

impacts. Focus instead on 

sustainable sourcing of 

these products and 

reducing where possible. 

 

For staff and student 

populations, focus on 

bottom-up approaches 

and reducing where 

possible to achieve long-

term sustainable change. 

Reduce 

consumption of 

impactful foods 

through ‘bottom-up’ 
interventions (e.g., 

behavioural nudges, 

awareness raising 

etc) 

 

 

4.0% (1.0 – 9.4%) 

(N=4) 

Effects of most 

behavioural 

interventions would 

be context and 

consumer dependent 

and subject to high 

uncertainty.  

 

Reliant on long-term, 

bottom-up changes 

in dietary choices 

among consumers, 

rather than instant 

changes to 

organisational food 

purchasing.  

Most interventions 

would be low-cost 

and simple to carry 

out (e.g., rearranging 

menus), others may 

require more 

resources and 

collaboration (e.g., 

ecolabelling).  

No restriction of 

consumer choice, 

although some 

may perceive 

behavioural 

interventions as 

choice 

manipulation. 

 

Awareness 

raising 

interventions 

could provide 

educational 

benefits. 

Implement simple 

behavioural interventions 

as soon as possible (e.g., 

increasing ratio of low-

impact meal options on 

conference menus) 

 

Form partnerships to 

enable implementation 

of more complex 

interventions (e.g., eco-

labelling) 

 

Monitor effectiveness of 

any behavioural 

interventions 

implemented to improve 

estimates of 

effectiveness. 

Reduce impacts 

through sustainable 

sourcing of 

ingredients (e.g., 

buying certified 

biodiversity-friendly 

products and using 

local suppliers) 

 

8.8% (2.4 – 18.8%) 

(N=7) 

High uncertainty due 

to lack of supply 

chain transparency 

relating to 

biodiversity impacts. 

 

Biodiversity-friendly 

food production may 

trade-off against 

Buying more 

environmentally 

sustainable produce 

could potentially 

increase costs in 

some cases and limit 

availability of certain 

products. 

Avoids risk of 

choice 

infringement. 

 

May result in 

pricing changes. 

Invest in foods certified 

as using best practice 

production methods for 

biodiversity where 

budget allows (e.g., in 

more commercial aspects 

of food provision or for 

select products).  
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other aspects of 

sustainability for 

certain products. 

 

Impacts may be 

displaced to other 

organisations. 

Focus on sustainable 

sourcing of the most 

impactful foods that are 

unable to be avoided 

entirely.  

 

Identify opportunities for 

low-cost, seasonal, and 

local sustainable sourcing 

(e.g., allotment-grown 

produce, local suppliers, 

repurposing others’ 
excess or wasted food 

etc).   

Restore impacts by 

repurposing wasted 

food (e.g., donating 

excess to food 

redistribution 

networks)  

 

 

Not possible to 

calculate here due 

to data limitations. 

Reducing the amount 

of food wastage 

would help to reduce 

impacts. However, 

there would be 

uncertainty in how 

much ‘redirected’ 
wasted food would 

be replacing rather 

than adding to other 

food sources.   

Potentially limited in 

scope, as the College 

already keeps kitchen 

waste to a minimum 

(e.g., by rarely 

overstocking on 

perishable foods, 

incorporating excess 

ingredients into 

flexible recipes, and 

re-selling discounted 

leftovers in the 

canteen). 

 

Continued 

monitoring, 

management, and 

communication with 

food redistribution 

networks would be 

required. 

No identified 

negative impact 

on consumers. 

 

Consumers may 

benefit from 

discounted 

leftovers.  

Participate in existing, 

flexible food 

redistribution schemes as 

and when required.  

 

Increase rates of onsite 

composting. 

 

Improve monitoring of 

waste streams.  

Renew through 

biodiversity 

restoration offsets 

to mitigate for 

residual impacts.  

 

 

Dependent on 

extent of residual 

impacts and 

chosen biodiversity 

target. 

Offsetting is high risk 

unless carried out 

according to best 

practice,47 which 

would be 

complicated by a lack 

of transparency 

along complex global 

food supply chains 

and a lack of 

biodiversity metric 

that can accurately 

be translated into an 

equivalent offset 

requirement.  

Offsetting will likely 

be expensive and 

may require a novel 

funding stream.  

May result in 

pricing changes 

at the College. 

Seek greater 

transparency in all 

College food supply 

chains to enable 

appropriate targeting of 

offsets to the site of 

biodiversity impact.   

 

Renew through 

proactive actions to 

conserve and create 

biodiversity (e.g., 

through 

contributions to food 

system research & 

innovation, or 

proactively 

supporting 

biodiversity 

conservation 

initiatives locally and 

in the areas of 

biodiversity impact) 

 

 

Once all impacts on 

biodiversity have 

been mitigated, 

proactive 

conservation 

actions can help 

the College to 

strive for a Net 

Gain target and 

drive systemic 

change, although 

these positive 

impacts are not 

normally 

quantifiable.  

Pro-active 

conservation actions 

are not able to offset 

for the specific, 

quantifiable 

biodiversity impacts 

of the College and 

must not be used as 

a substitute for 

offsetting (to prevent 

greenwashing). 

Could be both cheap 

and produce socio-

economic value. 

May deliver 

added social 

benefits (e.g., 

through inspiring, 

educating, or 

providing 

opportunities for 

College 

members, or 

empowering local 

communities in 

key areas of 

impact.) 

Pursue pro-active 

conservation actions that 

are likely help reduce 

future ‘unavoidable’ 
impacts (e.g., through 

supporting research, 

innovation, and 

education on sustainable 

food systems). 

 

Maximise the social 

benefits of proactive 

conservation actions. 

 

Do not replace 

quantifiable impact 

mitigation with proactive 

conservation actions.   

 231 
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Stage 4: Exploring Strategies for Impact Mitigation 232 

Our final step was to investigate the feasibility of achieving each target described in Stage 2 by combining 233 

interventions. A set of five exploratory strategies was constructed, balancing risks and uncertainties 234 

identified at Stage 3 to varying degrees (Figure 3, Table S3). The effectiveness of each strategy for mitigating 235 

biodiversity impacts was quantified based on Stage 1 and 3 results, and provides an approximation intended 236 

to inform organisational decision-making.   237 

Strategy A aims to prevent as much biodiversity impact from food as possible (i.e., using the ‘Refrain’ and 238 

‘Reduce’ steps of the Mitigation and Conservation Hierarchy) while providing the community with a healthy 239 

diet. It assumes that the College switches to serving nutritionally balanced vegan food (i.e., refraining from 240 

animal products) with all ingredients sourced from best-practice suppliers for biodiversity. Given the 241 

technical and feasibility assessments (Table 2), this strategy is unlikely to be socially, financially, or logistically 242 

achievable in the near future. However, it does indicate that ~83% of biodiversity impacts from food 243 

consumption could theoretically be preventable; ~42% from serving vegan food (‘Refrain’) and ~41% from 244 

biodiversity-friendly sourcing (‘Reduce’; Figure 3). If the College also halved its consumption of coffee, 245 

chocolate, and palm oil, preventable impacts could be up to ~88%. An EAT-Lancet ‘flexitarian’ diet29 246 

combined with best-practice sourcing could still prevent ~79% of impacts while allowing for small amounts 247 

of meat and dairy.  248 

Strategies B – E show various combinations of interventions considered potentially feasible in the current 249 

context of the College, based on the Stage 3 assessments and consultations. They range from a top-down 250 

‘avoidance-focussed’ approach to a bottom-up strategy focussing on behavioural interventions and best-251 

practice sourcing. The former would infringe more on consumer choice but deliver impact mitigation that is 252 

less risky for biodiversity, whereas the latter would incur less social risk but has greater uncertainties for 253 

biodiversity due to its reliance on environmentally sustainable sourcing and behavioural approaches. 254 

Engagement and communication with stakeholders and consumers would be an important aspect of all 255 

strategies; helping to ensure the acceptability of top-down product restrictions and effective implementation 256 

of bottom-up behavioural interventions. 257 
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 258 

Figure 3: A comparison of five strategies for mitigating the biodiversity impacts of food served at the College 259 

(see Table S3 for a breakdown of individual interventions for each strategy). Each strategy is represented by 260 

a bar, with each bar representing one year’s worth of impacts. The Y-axis shows the approximated mitigation 261 

potential, such that 0% represents no action taken (BAU) and 100% represents No Net Loss of biodiversity 262 

resulting from College food consumption. Dotted lines represent average annual impacts required under the 263 

different cumulative targets described in Figure 2 (recognising that in some years these targets may be 264 

missed, whereas in other years targets will need to be surpassed to compensate for missed years). 265 

Interventions that refrain from or reduce impacts (shown in blue/green) should be given precedence over 266 

compensatory actions like biodiversity offsets (orange/red). Note that the values provided here are indicative 267 

for use in informing pragmatic policy decisions and are based on numerous assumptions, which are described 268 

in the Methods and supplementary material. 269 

These results demonstrate that more ambitious targets will require greater logistical and/or financial effort. 270 

Preventative actions could enable the College to make good progress towards each target (~37-42% impact 271 

mitigation for Strategies B-E). However, achieving more ambitious targets (such as No Net Loss or Net Gain) 272 

would require a significant level of compensation (on average over the 15-year period: 58-63% for No Net 273 

Loss and 68-73% for 10% Net Gain). Given that some capacity-building would be required during initial years, 274 

this challenge would be emphasised by the need to over-compensate in later years to reach the specified 275 

cumulative target (see Stage 2). 276 

Furthermore, while targets could in theory be achievable through a more bottom-up strategy (e.g., Strategy 277 

E), the high risk/uncertainty associated with behavioural interventions and environmentally sustainable 278 

sourcing makes mitigation difficult to predict, achieve or measure. Combining several behavioural 279 

interventions adds additional uncertainty, as it is unclear whether the effects on consumer behaviour would 280 
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be additive, synergistic, or may reach a point of saturation (here, values are indicative only and assumed to 281 

be additive). Both behavioural and sourcing interventions are valuable; they encourage progressive change 282 

without infringing on freedom of choice and may have widespread positive impacts (e.g., if the College uses 283 

its purchasing power to promote sustainable practices across supply chains). However, top-down 284 

preventative measures will be key to ensuring that biodiversity outcomes are achieved. Detailed assessments 285 

of financial feasibility for each strategy would also need to be carried out by the College, taking into account 286 

product purchase and offset costs, commercial viability, fair pricing for consumers, as well as potential 287 

funding streams. 288 

These results highlight the challenge for organisations of achieving targets such as No Net Loss or Net Gain, 289 

since even avoidance-weighted strategies (e.g., Strategy B) would still incur significant residual impact, 290 

requiring considerable levels of offsetting for targets to be met within identified socio-economic constraints. 291 

This makes targets difficult to achieve due to the challenges of calculating offset values, as well as potentially 292 

being logistically and financially prohibitive to deliver and monitor.19 It also highlights that the embodied 293 

impacts of one organisation cannot be tackled in isolation from the broader food system. As such, an interim 294 

target for the College of 50% or 75% cumulative impact mitigation by 2035 may be more feasible at this stage, 295 

in combination with proactive efforts to push for transformative systemic change. 296 

Recovering biodiversity one organisation at a time 297 

The mitigation hierarchy is generally applied to addressing the direct impacts of a development within a 298 

particular area. Here, we provide a first example of how the expanded Mitigation and Conservation Hierarchy 299 

can be applied to address the globalised impacts of a community’s food consumption. We quantified key 300 

areas in which biodiversity impact could be reduced, and framed potential targets and strategies within 301 

context-specific constraints. Central to this approach was the need explicitly to consider the various groups 302 

within the focal community, with levels of impact and feasibility thresholds varying between groups and 303 

across intervention categories. This highlighted group-specific opportunities and constraints, enabling the 304 

development of targeted strategies for reducing the biodiversity impacts of food consumption.  305 

Transparency with regard to the scale of the challenge and potential risks for diverse communities is essential 306 

to achieving ethical and sustainable paths towards biodiversity impact mitigation13, 48. Here, we show that 307 

achieving ambitious No Net Loss or Net Gain targets may not currently be feasible from the perspective of 308 

one organisation wishing to tackle the embodied impacts of their food. However, reversing global biodiversity 309 

loss remains urgent and necessary,1 with increasing numbers of organisations committing to Net Gain targets 310 

in recognition of their economic and social dependence on, and responsibility for, biodiversity and its 311 

restoration9, 49. The major role of food consumption in driving global biodiversity losses means that it will 312 

often need to be a core part of an organisation’s approach to achieving Net Gain26. Our results highlight that 313 

achieving these desired changes will require a broader enabling environment that allows consumers and food 314 

providers to make more sustainable choices at lower socio-economic cost, as well as holistic, system-wide 315 

monitoring to account for any displacement of impacts.  316 

We have here evidenced the urgent need for wider transformative change to minimise the impacts of food 317 

systems as a whole26, 29 and enable endogenous nature-positive approaches that are achievable across scales 318 

– from individuals, to organisations, to global communities48.  This would require preventative and proactive 319 

measures enacted at all levels - including government incentives, improved production and procurement 320 

practices, improved market standards, increased monitoring and transparency (including improved 321 

biodiversity metrics), systematic approaches to offsetting, as well as shifts in consumer behaviour30,50. 322 

Importantly, organisations and their communities can make genuine, positive contributions to these 323 

transformative changes through proactive efforts to ‘renew’ biodiversity in addition to mitigating impacts22. 324 

For instance, our case study College would be well-positioned to provide academic support in research, 325 

education and innovation in biodiversity restoration and sustainable food systems. This would empower 326 



Meeting nature-positive goals for an organisation’s food system | Taylor et al. | January 2022 | Main manuscript 

 

them to deliver on an ethos, shared by many communities and organisations, of wanting to drive global 327 

change towards a nature-positive future. 328 

 329 

Methodology 330 

Context & Participatory Approach 331 

This research was based at a University of Oxford College (Lady Margaret Hall College, Oxford, UK) and was 332 

carried out during July-December 2020. The College hosts a community of approximately ~500 university 333 

undergraduate and postgraduate students, ~130 members of support and facilities staff, and ~75 members 334 

of academic staff. The College has a central canteen, which provides daily food and beverages (herein, ‘food’) 335 

at subsidised rates for university students and free of charge for staff. The College also runs a commercial 336 

food service, frequently preparing food for conference and event attendees, as well as for external students 337 

attending annual summer school programmes. All food is ordered and prepared through a central kitchen. 338 

coordinated primarily by a head chef and catering manager. Along with the College’s domestic bursar, these 339 

individuals were considered the primary end-users of this applied research and were involved throughout its 340 

inception and delivery in a participatory and iterative manner. 341 

Stage 1: Estimating baseline quantities and biodiversity impacts of food served at the College. 342 

Sources of Food Purchasing Data. 343 

Our analysis was based on food purchased by the College during the financial (academic) year of 2018/19, 344 

chosen as the most recent year for which a complete dataset was available and prior to the impacts of the 345 

COVID-19 pandemic. For feasibility, analyses were based on three months of invoice data from September 346 

2018, February 2019, and July 2019. These months captured different aspects of the College’s food service; 347 

the main conference season, standard term-time, and summer schools, respectively. Data were primarily 348 

obtained from the College’s online procurement system, supplemented with data from an additional 8 349 

suppliers. All aspects of food under the control of the College’s catering department were captured, which 350 

did not include food prepared in student accommodation kitchens or supplies for vending machines. The 351 

final dataset consisted of 4,651 individual purchase records, 1,612 unique food products, and included 352 

information on date, supplier, product code and description, number of units purchased, and cost per unit. 353 

Information on product mass or volume per unit was also included for 37% of products. Records were sorted 354 

into 63 product categories for further analysis, based on the type of food and price band of the product. 355 

Estimating Quantities of Food Served 356 

Due to the limited available information on product mass or volume, these values were directly estimated 357 

for the 200 most frequently purchased products (which accounted for 70% of all purchased units). Estimates 358 

were based on information within supplier catalogues, other College purchasing reports, or on supermarket 359 

websites (J Sainsbury PLC and Tesco PLC). All food categories included a minimum of 50% of items with direct 360 

mass or volume estimates (average per category: 89%). For the remaining 41% of unique products with no 361 

mass or volume estimate, this was approximated based on an average cost-to-mass (or volume) ratio for 362 

each food category. For records with an unknown product description (9% of records), mass/volume of the 363 

product was approximated based on the known breakdown of food categories and average g or ml per £ for 364 

the product supplier. This was deemed a reasonable approach, as most ‘unknown’ products came from 365 

specialised suppliers (e.g., fruit and vegetable suppliers). However, detailed estimates were made for most 366 

records and all final values were sense-checked by stakeholders at the College. 367 

Estimating Biodiversity Impacts from Food 368 

Each of the 1,589 unique products was matched to a corresponding item in one of the three following 369 

environmental datasets to obtain its biodiversity impact value:  370 

 371 
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(1) the first dataset was derived from research by Poore & Nemecek30, consisting of 55 raw ingredients with 372 

their associated environmental impacts and including land occupation and transformation values, based on 373 

a meta-analysis of global life cycle analyses. The LCA system boundary ranged from agricultural inputs at farm 374 

stage (e.g., including feed for livestock) up to retail stage (see30 for details). Environmental values, including 375 

biodiversity impact, were provided for each raw ingredient at three levels of impact based on the range of 376 

producers assessed – low (5th percentile), average (50th percentile), and high (95th percentile). Biodiversity 377 

impacts were quantified using a UNEP-recommended metric developed by Chaudhary et al33. This models 378 

the number of expected global species extinctions (‘species extinctions equivalent’) for a given area of land 379 

occupation (extent * time occupied) and transformation (land use change) per food item and country, based 380 

on the Countryside species-area relationship model and species vulnerability scores (including levels of threat 381 

and endemism). Further details on underlying models are provided in Chaudhary et al.33 382 

(2) The second dataset was derived from an extensive database of products from six major UK online 383 

supermarkets (‘foodDB’, developed by Harrington et al.34 and used under license). An extract containing 384 

back-of-packet ingredients for 2,138 unique supermarket products was obtained. Products consisted of 385 

composite food items in categories such as ready meals, sandwiches, desserts and sweet treats, pies and 386 

quiches, as well as specific vegan and vegetarian products. Raw ingredients for each product were paired 387 

with corresponding ingredients in dataset (1) and weighted according to quantity to derive overall 388 

biodiversity impacts per 100g of supermarket product. Full details on the dataset and methodology are 389 

described in Clark et al. (in review). 390 

(3) The third dataset was also derived from foodDB, but with biodiversity impact values aggregated at the 391 

supermarket ‘shelf’ level, as opposed to specific products. This dataset captured a broader range of food 392 

items than dataset (2) (including 3,687 shelf categories), and was used for more generic categories of 393 

composite food items (such as ‘red wine’, ‘chocolate bars’, ‘curry sauce’, ‘dairy-free cheese’, ‘jam’ etc). This 394 

dataset was applied when an appropriate match could not be identified in datasets (1) or (2), and where a 395 

specific product was not required (i.e., where there was low intra-category variation for environmental 396 

impacts). 397 

Biodiversity impacts could then be derived by multiplying the mass or volume of each product by the impact 398 

values in the corresponding databases. In most cases, the median (50th percentile) impact values were used 399 

(but see below).  400 

Accounting for Existing Sustainable Sourcing Efforts  401 

Consultations with College stakeholders identified that certain products were routinely sourced with 402 

sustainable certifications (e.g., all purchased tea, coffee, and sugar was either Rainforest Alliance or Fairtrade 403 

certified). To broadly account for this, a weighted combination of 50th (64%) and 5th (36%) percentile impacts 404 

was used for these certified products. This was based on the assumption that certified products were likely 405 

to have some positive impact on biodiversity relative to average (50th percentile) products, but recognising 406 

that these positive effects can often be weak or uncertain. Percentage weightings were based on results from 407 

DeFries et al44. While this was a broad approximation, it was a useful and evidence-based way to account for 408 

important actions already undertaken by the College in the absence of more detailed data on product-specific 409 

impacts.   410 

Scaling up and Allocating Impacts 411 

To calculate biodiversity impacts for the full baseline year (2018/19) and allocate portions of impacts to each 412 

of the main consumer groups at the College (students, support staff, academic staff, conference/commercial 413 

event attendees, and summer school pupils), estimates for the three focal months were factored up based 414 

on a breakdown of annual food costs provided by College stakeholders. This was done by calculating the 415 

average quantity (mass or volume) or impact (species extinctions equivalents) per £1 spent for each 416 

consumer group across the three focal months, and then multiplying this value by the overall amount spent 417 

per consumer group for the full year.  418 
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Key Uncertainties and Assumptions for Stage 1 419 

The methods used in this impact analysis were the best available in the timeframe and provided a set of 420 

estimates from which decisions could justifiably be made by College stakeholders. However, they are 421 

necessarily broad and are based on several additional assumptions, which are listed below: 422 

i. When factoring up estimates based on food costs, we assumed that the food consumed during the 423 

three focal months is representative of food that is consumed during the rest of the baseline year 424 

(2018/19). There may be some seasonal variation that is not accounted for here (although according 425 

to College stakeholders, seasonal variation is limited). Furthermore, this analysis focuses on a single 426 

year and does not consider any inter-year variation.   427 

ii. The chosen biodiversity metric only measures impact based on one component of biodiversity 428 

(species) and does not measure threat to other components, such as habitats, ecosystems, genetic, 429 

or functional diversity. Furthermore, the metric is intended for calculating relative levels of impact 430 

on biodiversity, and cannot be interpreted in terms of absolute impact due to the assumptions made 431 

in its calculation33. 432 

iii. The biodiversity metric focusses only on the effects of land use on biodiversity. It therefore does not 433 

directly include other important pressures on biodiversity – such as over-extraction of water, 434 

pollution, climate change, direct exploitation of wild populations, or invasive species. The relative 435 

biodiversity impact for food products may therefore be under- or over-estimated in certain cases. 436 

For example, relative biodiversity impacts of red meat might be higher if the indirect impacts on 437 

biodiversity from food’s impact on climate change were considered (see section 1 of Supplementary 438 

Material).  439 

iv. In the absence of information on the region from which food products were sourced, datasets were 440 

based on global average LCA data per product. Any region-specific differences in the impacts 441 

associated with food products sourced by the College were unable to be accounted for here. This is 442 

unlikely to change the conclusions of the analysis given that the difference in impacts between food 443 

types is typically much larger than the variation in impacts for a given food (e.g., across countries). 444 

Future analyses could incorporate country-specific sourcing when this information is available.  445 

v. Certain food categories within each of the datasets were based on limited information and are likely 446 

to be less accurate than others. All fish was assumed to be produced through aquaculture rather 447 

than wild-caught (although according to stakeholders this was representative of fish sourced by the 448 

College). Additionally, impacts for lamb and mutton products were based on a single set of LCA 449 

values, meaning that 5th and 95th percentile impacts could not be estimated in this instance. Given 450 

that lamb was purchased in quantities an order of magnitude lower than other meats, it is unlikely 451 

that this would have had a significant effect on overall results. 452 

vi. With regards to datasets (2) and (3), limited data was available for ingredient composition of certain 453 

products, meaning that the estimated environmental impacts have limited reliability in these cases. 454 

However, these products tended to be ‘low-impact’ foods, meaning that this lack of data is unlikely 455 

to have translated into a significant effect on the results overall.  456 

Stage 2: Constructing Target Scenarios 457 

Modelling the ‘Business as Usual’ Scenario (BAU) 458 

The BAU scenario was calculated based on the assumption that the quantity and type of food served at the 459 

College would remain similar each year until 2035. Slight changes were predicted to occur in certain food 460 

groups, based on trends shown in the UK government’s National Diet and Nutrition Survey (NDNS)38. These 461 

trends included average annual increases of 2.7g of vegetables and 1.1g of poultry, and average declines of 462 

2.1g of red meat and 4.1ml of fruit juice per person per day. These trends were converted to percentage 463 

changes, based on known total average daily intakes per person per ingredient provided in the NDNS survey 464 

data, and yearly percentage changes were applied to the baseline impacts described in Stage 1. Note that 465 

this BAU scenario does not consider possible changes to community numbers and associated consumption 466 
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patterns in future years, as this information was unknown (e.g., BAU may change based on increases in 467 

student numbers, or based on the unforeseen impacts of the COVID-19 pandemic).  468 

Modelling the ‘Healthy and Sustainable Diets’ Target (‘EL2035’)  469 

The ‘EL2035’ target was calculated based on dietary recommendations set out by the EAT-Lancet Commission 470 

on Healthy Diets from Sustainable Food Systems29. Food products purchased by the College were 471 

disaggregated into their constituent ingredients, using a breakdown of product ingredients provided in 472 

datasets (2) and (3) where necessary (i.e., for composite food products). This provided a proportional 473 

breakdown of the total mass or volume of raw ingredients served at the College during the baseline year. To 474 

model predicted impacts under an EL2035 target in 2035,  these proportions were altered to match the 475 

proportions of an EAT-Lancet ‘flexitarian’ diet (specific dietary values taken from Supplementary Table 7 in 476 

Springmann et al.27), with the assumption that the overall mass or volume of food served would remain the 477 

same. These new proportions were then combined with biodiversity impacts per food product (as described 478 

above) to estimate overall impacts. Ingredients that were not captured within the EAT-Lancet dietary 479 

recommendations (e.g., tea and coffee) were assumed to remain the same in terms of quantities consumed. 480 

Modelling Cumulative Targets  481 

Cumulative targets (‘MNL50’, ‘MNL75’, ‘NNL’, & ‘NG10’) were modelled based on the overall cumulative 482 

outcome of the target (e.g., a 50%, 75%, 100% or 110% reduction in cumulative biodiversity impacts by 2035), 483 

each with a given period of capacity building included in the initial years of the scenario. These are described 484 

in more detail in Table S1.  485 

Stage 3: Assessment of interventions 486 

Collation of Interventions 487 

Possible interventions to reduce biodiversity impacts from food at the College were identified from identified 488 

key grey and academic literature. These were further refined based on consultations with stakeholders to 489 

identify and exclude any interventions already in place at the College (and therefore captured under baseline 490 

impact calculations). The final list of interventions along with relevant sources is provided in Table S2. 491 

Technical Assessment 492 

Percentage reductions in biodiversity were calculated for each intervention using one of three approaches, 493 

depending on the type of intervention:  494 

1) For top-down interventions (those that restricted the quantity of certain foods served at the College), 495 

the expected change in impacts was estimated by substituting highly impactful foods with the same 496 

mass or volume of their lower-impact equivalents (e.g., by replacing 100 kg of red meat with 100 kg 497 

of plant-based meat alternative products). Note that replacements were made on the basis of 498 

ingredient mass or volume, and not based on calories or nutrition. This was considered reasonable 499 

and practical, as it reflects the functional replacement of an ingredient in a recipe that is more easily 500 

communicated to catering staff. 501 

 502 

2) For interventions that focussed on sourcing ingredients from producers with the lowest impacts on 503 

biodiversity (environmentally sustainable sourcing), we made use of the range of impact levels 504 

provided by dataset (1) described above. Average (50th percentile) impact values used in calculating 505 

the baseline were replaced with low (5th percentile) impacts (e.g., replacing 100 kg of ‘average’ red 506 

meat with 100 kg of red meat sourced from the top 5% of producers in terms of reducing biodiversity 507 

impacts). 508 

 509 

3) ‘Bottom-up’ interventions (e.g., behavioural nudges, advertising campaigns etc) were more complex 510 

to predict since these are highly dependent on context and consumer responses. Here we provided 511 

indicative estimates based on previous examples cited in the literature (see Table S2 for sources), 512 

broadly assuming that the same proportional results of these studies would apply to 513 
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ingredients/meals at the College. Literature sources were identified from reviews of behavioural 514 

interventions and were selected based on similarities in context (e.g., food in a higher education 515 

setting)51-55. These estimates are therefore only rough order-of-magnitude indications used to inform 516 

policy recommendations – trials and monitoring at the College would be needed to assess the actual 517 

reductions that these types of intervention might achieve. 518 

Feasibility Assessment – Stakeholder Consultations 519 

The feasibility assessment for interventions was carried out using information gathered during interviews 520 

and follow-up discussions with three key staff members involved in managing food operations at the College. 521 

Semi-structured interviews were carried out in early 2020 as part of the Wellcome Trust-funded ‘Our Planet 522 

Our Health’ (Livestock, Environment and People - LEAP) project. Interviews were carried out with informed 523 

consent of participants and approval from the University of Oxford’s Central University Research Ethics 524 

Committee (CUREC Reference number: R68035/RE002). These interviews followed a set of questions that 525 

aimed to 1) understand how the College’s food service operations work, 2) identify facilitators and barriers 526 

to implementing environmental initiatives to promote sustainable meals, and 3) understand lessons learned 527 

from environmental initiatives that have been tried previously in the College. Interviewees were questioned 528 

on whether sustainability measures had been discussed and implemented at the College, both generally as 529 

well as measures relating specifically to food. They were also asked whether responses to measures had been 530 

positive or negative for different stakeholders, and the perceived reasons for those responses. Some 531 

questions were specifically focussed on approaches to meat consumption at the College. Additional 532 

information on specific aspects of the College’s operation, core values, and food provision was gained 533 

through further ad-hoc discussions. 534 

Interventions were each assessed against the qualitative information gathered during consultations (in the 535 

form of interview notes), to identify key relevant points relating to social, logistical, and financial risks or 536 

opportunities (as captured in Table 2). Information pertaining to specific consumer groups within the 537 

community was used to categorise the level of social risk specific to the consumer group (in terms of poor, 538 

moderate, or adequate perceptions of an intervention; Table S2), specifically referring to known previous 539 

consumer perceptions where similar interventions had been trialled in the past, or predictions based on 540 

stakeholder familiarity with consumer requirements and values. As such, the categorisations used here are 541 

based on well-informed stakeholder assumptions. This was seen as a pragmatic approach to prioritising 542 

interventions to aid decision-making processes, which in subsequent iterations could be further informed by 543 

consumer consultations (e.g., surveys or focus groups) and/or intervention trials and monitoring. 544 

Stage 4: Modelling Mitigation Strategies 545 

Strategy A 546 

Strategy A assumes that the College serves no animal-derived food products and sources all ingredients from 547 

producers with the lowest impacts on biodiversity (5th percentile impacts, see dataset (1)). Percentage 548 

reductions in impact were calculated in a similar manner to the ‘Healthy and Sustainable Diets’ target 549 

(EL2035): baseline quantities were disaggregated into individual ingredients and relative proportions were 550 

altered to nutritionally-balanced vegan dietary proportions (obtained from Supplementary Table 7 in 551 

Springmann et al.27). Newly proportioned food impacts based on average (50th percentile) values were then 552 

replaced with low-impact (5th percentile) values to account for environmentally sustainable sourcing. 553 

Combining Interventions in Strategies B-E 554 

The specific interventions included in strategies B-E are listed in Table S3. Interventions were applied 555 

sequentially to avoid double counting of mitigation potential (e.g., if a strategy contained more than one 556 

intervention pertaining to the same category of food). For Strategy E, an assumption was made that the 557 

impacts of ‘bottom-up’ behavioural interventions would be additive – that is, we do not account for any loss 558 

of effectiveness or synergies that might occur when combining several behavioural interventions together. 559 

As such, percentage reduction values for these behavioural interventions are intended to be indicative only, 560 
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although this was considered adequate for the purposes of this analysis (i.e., to inform policy decisions at the 561 

College). 562 
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