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Abstract 21 

Large organisations are critical to halting and reversing biodiversity loss, yet most of their 22 

impacts are hidden in complex supply chains. Robust strategies to fully identify, quantify, trace, 23 

and begin to mitigate these impacts remain rare. Here we present a generalisable workflow for 24 

assessing and addressing supply chain impacts on biodiversity and then apply it to the 25 

University of Oxford’s biodiversity impacts. We show how organisations can evaluate 26 

traceability and transparency in their supply chains, estimate region-specific biodiversity 27 

impacts, and harness collaborations for impact mitigation. Among Oxford's 131 highest-spend 28 

suppliers, only 18 disclosed raw material origins and just two offered product life cycle 29 

assessments, evidencing the major traceability gap and underscoring the systemic barriers to 30 

accountability and need for supplier engagement. Using Oxford’s coffee supply chain as a case 31 

study, we apply life cycle impact assessment to estimate the coffee procurement biodiversity 32 

footprint and demonstrate how collaborations could translate these insights into practical 33 

interventions. By shifting the focus beyond diagnosing supply chains as a major driver of 34 

biodiversity loss to delivering actionable solutions, this study provides a scalable pathway for 35 

large organisations to contribute to global nature recovery. 36 

  37 



   
 

   
 

Main  38 

Organisations are increasingly articulating commitments to action on nature and exploring 39 

approaches to measure their biodiversity impacts and dependencies, in response to policy 40 

expectations and growing awareness of the social and economic risks of nature loss1-5. Yet 41 

despite this momentum and the critical role organisations must play, there remains little clarity 42 

on how they can translate ambition into credible, applicable steps for the majority of their 43 

biodiversity footprint, which often lies upstream in complex and opaque supply chains6-11. 44 

Here, we demonstrate a practical and defensible pathway for organisations to reduce harm, 45 

generate positive outcomes, and contribute to systemic change, towards a Nature Positive 46 

future12. 47 

Supply chains typically have low traceability (i.e., ability to determine product origins) and 48 

transparency (i.e., disclosure of product information), making it difficult to link procured 49 

products to on-the-ground biodiversity impacts and accurately quantify associated losses13-15. 50 

This hinders information flow along value chains and limits the design of effective mitigation 51 

strategies, including appropriate prioritisation and justification of interventions16,17. While 52 

platforms such as Trase and Open SC improve traceability by mapping global commodity 53 

flows, they are limited by a focus on agricultural commodities and their operation at national 54 

or regional scales18-20. Bottom-up mitigation approaches developed by and for individual 55 

organisations and their supplier networks to address supply chain impacts remain rare yet are 56 

essential for delivering meaningful and measurable outcomes.  57 

Existing guidelines for addressing organisational impacts prioritise the prevention of impacts 58 

(i.e., avoidance and reduction) ahead of compensatory actions (i.e. restoration and offsetting) 59 

in line with the Mitigation Hierarchy21. The Science-Based Targets for Nature (SBTN) 60 

emphasise this by explicitly excluding compensatory actions and offsets within the Land 61 



   
 

   
 

standard, currently the most developed SBTN domain22. In practice, this prioritisation requires 62 

organisations to interrogate what is considered “mission-critical” and to pursue avoidance and 63 

reduction strategies wherever possible. This may include actions such as zero-deforestation 64 

commitments in supply chains, sourcing certified produce with lower biodiversity impacts, 65 

reducing waste, reducing overall material consumption, and promoting circular use of materials 66 

(e.g. mandating refurbished IT and furniture), for which environmental benefits have been 67 

demonstrated in the case of laptops23-26. Nonetheless, even under ambitious avoidance and 68 

reduction strategies, certain products are likely to continue exerting unavoidable pressures on 69 

biodiversity27. Consistent with this, the biodiversity footprint assessment of the University of 70 

Oxford shows that even under a high-avoidance scenario, one third of the business-as-usual 71 

biodiversity footprint remains as residual impact requiring compensatory action7. 72 

As organisations set more ambitious Nature Positive commitments, there is therefore a growing 73 

need for guidance to ensure that compensatory actions for unavoidable and residual supply 74 

chain impacts are credible, transparent, and deliver lasting biodiversity gains, as equivalent as 75 

possible to the original negative impacts28. While actions to avoid and minimise impacts are 76 

well defined (e.g. through SBTN), far less clarity exists on how organisations should implement 77 

positive actions to compensate for biodiversity impacts when uncertainties are high, and losses 78 

and gains are difficult to match29.  79 

A key source of uncertainty lies in the methods commonly used to quantify and compare 80 

biodiversity impacts across supply chains. Generic life cycle assessments (LCA) are a widely 81 

applied method, used by organisations to assess and compare the relative biodiversity impacts 82 

of different activity streams, enabling prioritisation of impact categories that require more 83 

detailed investigation30-33. However, these approaches are often not spatially explicit and have 84 

numerous sources of uncertainty. For example, outputs are typically averaged across large 85 



   
 

   
 

regions. This limits the usefulness of LCA outputs to justify actions, and for the design of 86 

distinct, spatially explicit mitigation and conservation actions that can compensate for impact. 87 

Here, by contrast, we take a bottom-up approach to examine the biodiversity impacts of an 88 

organisation’s supply chains and identify how these impacts can be addressed through targeted, 89 

actionable mitigation and conservation. We build on Bull et al. (2022), which demonstrated 90 

that most of the University of Oxford’s biodiversity footprint arises from its supply chains, but 91 

left unresolved how such impacts might be traced to a finer spatial scale and mitigated in ways 92 

that contribute to a Nature Positive future. We structure the analysis using the Mitigation and 93 

Conservation Hierarchy (MCH), which provides a framework for addressing dispersed impacts 94 

across complex supply chains, not only helping to prevent inaction where residual impacts 95 

cannot be directly offset, but also supporting systemic and transformational change towards 96 

Nature Positive outcomes34,35. 97 

After assessing the traceability and transparency of the University of Oxford’s major supply 98 

chains, we focus on coffee as a single case study product to demonstrate approaches for 99 

estimating the biodiversity footprint of a key raw commodity at source. We then evaluate 100 

mitigation and conservation opportunities to address these impacts with in-country 101 

collaborators. This analysis informs the development of a generalised workflow applicable to 102 

other products procured by the University of Oxford, and to other organisations more broadly 103 

(Fig.1).  104 

We do not assume numerical equivalence between upstream, life-cycle-based supply chain 105 

impacts and actual impacts, as this risks oversimplifying ecological complexity, and is widely 106 

recognised as practically unfeasible31,36. Decision-making frameworks that rely on averaged or 107 

model-derived impacts are inherently constrained in their ability to guide credible 108 

compensatory action, as they detach impacts away from the actors, locations and decisions 109 



   
 

   
 

required to address them. In response, we use the MCH to identify feasible, evidence-based 110 

interventions across the supply chain and demonstrate how organisations can progress from 111 

impact measurement to prioritised action. Although more analytically demanding than 112 

approaches based on averages, this workflow increases ecological and spatial alignment 113 

between supply chain impacts and mitigation and conservation actions by grounding decisions 114 

in actual sourcing relationships. This subsequently enables more proportionate, transparent, 115 

and on-the-ground responses to biodiversity loss. 116 

  117 



   
 

   
 

Fig. 1: Generalised Workflow 118 

119 
Figure 1: Generalised workflow for addressing biodiversity impacts in organisational supply 120 
chains, in support of Nature Positive goals. The workflow links supply chain traceability and 121 
transparency with mitigation and conservation action through the Mitigation and Conservation 122 
Hierarchy (MCH). Colours denote the main analytical components, with traceability and raw 123 
material mapping shown in parallel to reflect that these processes can occur simultaneously. 124 
Purple arrows indicate how increased supplier engagement and data transparency can improve 125 
understanding of raw material origins, enabling targeted interventions to reduce upstream 126 
biodiversity pressures. The inverted pyramid illustrates the MCH stages (Refrain, Reduce, 127 
Restore, Renew), supported by enabling conditions that facilitate action but do not directly 128 
generate biodiversity benefits. Applied to the University of Oxford’s supply chains, the 129 
workflow highlights how existing collaborations can support the identification and 130 
implementation of mitigation and conservation opportunities. 131 



   
 

   
 

Assessing traceability and transparency 132 

We assessed traceability and transparency across the University of Oxford’s research, 133 

operations, and construction supply chains, corresponding to the first stage of our workflow 134 

(Fig. 1; see Methods and Supplementary Information S1 for details). This analysis aimed to 135 

determine the origin and composition of the University’s highest-expenditure products, 136 

identifying where procurement activities may exert pressure on biodiversity globally. 137 

The results revealed a pronounced traceability gap, reflecting a fundamental challenge that 138 

organisations face in addressing biodiversity impacts (Fig. 2; Supplementary Information 139 

S1.8). Despite substantial efforts to contact all 131 highest-expenditure suppliers, this was 140 

possible for only 67% (88 suppliers) due to incomplete invoice records or missing contact 141 

information, and only half of those contacted responded. Eighteen suppliers identified product 142 

origins or raw materials for at least one item that they supply to the university, but only two 143 

suppliers (<2%) shared complete information for at least one item, including sourcing 144 

locations, raw materials, and LCA data. Both of these items belonged to the “Office, 145 

Classroom, Library and Outdoor Furniture” subcategory within the operations supply chain. 146 

This sharp decline of data availability and supplier engagement at each stage of data collection 147 

indicates a progressive loss of traceability and transparency from initial contact through to final 148 

acquisition of raw material and life cycle data (Fig. 2). The extensive organisational effort and 149 

repeated outreach required to obtain even partial data from suppliers highlights the substantial 150 

resource burden of this process, which itself constitutes a major constraint on achieving full 151 

supply chain transparency and traceability. 152 

  153 



   
 

   
 

Fig. 2: Traceability and Transparency along the Supply Chain 154 

155 
Figure 2: Decline in supply chain traceability and transparency across the University of 156 
Oxford’s procurement categories. Sankey diagram illustrates the progressive loss of 157 
traceability and transparency across research, operations and construction supply chains, 158 
structured into three stages: “Data Gathering” (ability of researchers to contact suppliers), 159 
“Company Capacity” (supplier response and willingness to provide information), and “Data 160 
Access” (provision of raw material, location, and life cycle data). Blue and orange flows 161 
indicate “yes” and “no” responses, respectively, at each stage. 162 

The structure of supply chains combines vertical complexity (multiple tiers of suppliers) with 163 

horizontal complexity (diverse raw materials sourced across regions)37,38. Within the 164 

University of Oxford’s procurement network, 42 suppliers (48%) acted as distributors rather 165 

than manufacturers (i.e. companies that sell products made by others), increasing vertical 166 

complexity by adding distance from production sources39. Only 15 distributors were willing to 167 

contact upstream suppliers, indicating limited transparency beyond first-tier relationships. 168 

Increased provision of data was therefore concentrated among suppliers operating in simpler 169 

product categories, with the two suppliers providing complete data belonging to a furniture 170 

subcategory characterised by fewer components and more localised sourcing. 171 



   
 

   
 

Confidentiality was the most frequently reported barrier to information disclosure, where 172 

nearly half of suppliers (48%) declined or were unable to share data on raw material 173 

composition, and 43% did not provide sourcing locations. Only five suppliers collected or 174 

shared LCA data, and this was limited to carbon footprints. Together, these results indicate the 175 

systemic opacity of organisational supply chains, driven by limited traceability, weak upstream 176 

engagement, confidentiality barriers, and the absence of governance structures providing clear 177 

expectations for transparency40,41,15. Addressing these constraints will require both stronger 178 

supplier engagement and standardised data collection protocols, which record not only 179 

financial expenditure but also product weight and quantity. In addition, material composition 180 

and sourcing geography should be captured, and underpinned by governance mechanisms and 181 

legal requirements that create clearer expectations for disclosure and accountability. Such 182 

information is essential for more granular estimation of biodiversity impacts and for the design 183 

of targeted interventions towards Nature Positive outcomes.  184 

To demonstrate how improved data availability can inform action, we chose a single 185 

commodity - coffee - for deeper investigation. We selected coffee as it is a raw (rather than 186 

composite) product with high biodiversity impact, high socioeconomic importance, and is 187 

partially traceable to the country-level within the Oxford purchasing system42-45. This enabled 188 

us to demonstrate how knowledge of sourcing regions can be used to estimate biodiversity 189 

impacts using established life cycle impact assessment (LCIA) methods7,30. 190 

Estimating coffee’s biodiversity footprint 191 

For the 2022-23 financial year, the University of Oxford’s coffee purchases were associated 192 

with a total estimated biodiversity footprint of 2.68 × 10⁻⁹ PDF·year, aggregated across the 193 

three sourcing regions (the “potentially disappeared fraction” of species, estimated to be lost 194 

over one year due to environmental impacts such as land use, climate change etc., quantified 195 



   
 

   
 

using LCIA approaches; see Methods)46. The three University of Oxford coffee sourcing 196 

regions had marked differences in both the estimated magnitude and composition of 197 

environmental impact pathways (Fig. 3). Coffee sourced from East Africa had the largest 198 

estimated biodiversity footprint (1.81 × 10⁻⁹ PDF.year), around three times higher than if 199 

sourced from Central America and six times higher than South America. This difference was 200 

driven primarily by the greater land use requirements per kilogram in the LCA data used to 201 

estimate impacts of coffee grown in East Africa, making land use the dominant environmental 202 

pressure in the region (81%)47. In Central America, land use was also the largest contributor 203 

(44%), but eutrophication and climate change impacts played proportionally larger roles. In 204 

contrast, South America exhibited a distinct profile, with acidification contributing the largest 205 

share (28%), and land use being relatively smaller. Across all regions, water use contributed 206 

negligibly to overall endpoint biodiversity impacts.  207 



   
 

   
 

Fig. 3: Coffee’s Regional Biodiversity Footprint 208 

 209 
 210 

Figure 3: Composition and magnitude of the biodiversity footprint of coffee across sourcing 211 
regions. Pie charts show the proportional contributions of five environmental pressures 212 
(climate change, acidification, land use, freshwater eutrophication, and water use) to the 213 
estimated biodiversity footprint of coffee sourced from Central America, South America, and 214 
East Africa. Pie chart radii are scaled to the total biodiversity footprint of each region. 215 
 216 

These patterns are consistent with previous work showing that sourcing location strongly 217 

influences both the magnitude and nature of biodiversity pressures, including for coffee, where 218 

impacts such as carbon footprint and water scarcity vary substantially by origin 48,49. However, 219 

LCIA-based biodiversity footprint estimates carry inherent uncertainties due to variation in 220 

model assumptions, data quality, coarse spatial resolution, and category aggregation (see 221 

Supplementary Information S2.3 for a sensitivity test comparing estimates across different 222 

LCIA models)31,50. As such, the values reported here are indicative of relative pressures across 223 

sourcing regions rather than precise absolute impacts. Nonetheless, they offer a transparent 224 

basis for comparing relative impacts and assessing the potential mitigation benefits of different 225 

actions. 226 



   
 

   
 

Opportunities for targeted mitigation and conservation 227 

Regional variation in biodiversity pressures arising from supply chain activities emphasises the 228 

need for locally tailored mitigation and conservation approaches48,51. Accordingly, 229 

organisations seeking to address biodiversity impacts should identify collaborators in sourcing 230 

areas, who can recognise, implement, monitor, and report on locally relevant mitigation 231 

actions. These collaboration opportunities will differ between organisations, but could include 232 

suppliers, NGOs, researchers, and/or other landowners. We demonstrated how this could be 233 

done for a university by reaching out to researchers based at the University of Oxford working 234 

both generally on biodiversity and specifically on coffee, to answer a survey about their 235 

research collaborations. Researchers were identified through initial contacts and snowball 236 

sampling, with respondents asked to highlight other researchers working on coffee- and 237 

biodiversity-relevant collaborations. As this was a demonstrative exercise, we did not aim to 238 

map all collaborations; however, no additional coffee-related projects emerged during the 239 

survey, suggesting saturation within the defined scope.  240 

To contextualise these collaboration opportunities, we first mapped the global distribution of 241 

the University of Oxford’s raw material suppliers (from the 18 suppliers who provided at least 242 

one raw material and source location; Fig. 2; Fig. 4a). We then compared these sourcing 243 

locations with reported research collaborations that could support biodiversity mitigation and 244 

conservation (Fig. 4b).  245 

The 34 biodiversity and conservation researchers responding to our survey reported 69 246 

collaborations across all inhabited continents. Of these, 47 (68%) indicated they could support 247 

supply chain impact mitigation or conservation strategies, including 23 (49%) that either 248 

directly involved coffee-related projects or were located within coffee-sourcing regions. 249 

 250 



   
 

   
 

Fig. 4: Global maps of Oxford supplier raw material locations and research 251 
collaborations 252 

253 
Figure 4: (a) Global distribution of the University of Oxford’s raw material suppliers (food 254 
supply chain excluded; see Supplementary Information S1.4). Coloured points indicate source 255 
locations for materials used across research, operations, and construction supply chains. Points 256 
are not scaled by quantity or volume due to incomplete data, and displaced centroids are used 257 
to separate overlapping country locations. (b) Countries in which University of Oxford 258 
researchers have reported collaborations with potential to support conservation and mitigate 259 
biodiversity impacts in the University’s supply chains. Green shading indicates general 260 
mitigation opportunities, while brown shading denotes coffee-associated opportunities, either 261 
through research explicitly focused on coffee or located within coffee-growing areas.  262 

 263 

In this particular study, we illustrate Oxford’s sourcing locations more generally (Fig. 4a) and 264 

then focus on identifying opportunities for mitigation and conservation for coffee only, as this 265 

is the focus of our case study (Fig. 4b). As sourcing information improves, these hotspots could 266 

be cross-referenced with locations of active research collaborations to identify existing 267 

overlaps, or, where appropriate, guide procurement towards regions where strong research ties 268 

already exist. Such alignment could facilitate the co-development of locally informed 269 

mitigation and conservation strategies, supported by transparent financial flows and monitored 270 



   
 

   
 

through ongoing in-country partnerships (see Supplementary Information S4.1, Fig. S8, for 271 

examples of actions and strategies for mitigation of coffee supply chain impacts, aligned with 272 

the MCH). Footprint results could also inform longer-term procurement strategies, including 273 

shifts away from regions associated with particularly high biodiversity impacts.  274 

Other universities accounted for a large share of both the University of Oxford’s general and 275 

coffee-specific collaboration opportunities (30 general, 18 coffee-related), while NGOs played 276 

a substantial but less coffee-focused role (33 and 13 respectively). Most collaborations were 277 

research-oriented (36 general and 17 coffee-related), followed by implementation-focused (22 278 

and 9, respectively). Researchers noted that mitigation-relevant collaborations commonly 279 

involved community-based conservation or links with specific farms where interventions could 280 

be implemented (Supplementary Information S3.4 Table S18). Beyond direct footprint 281 

reduction, such collaborations may also generate indirect positive outcomes for biodiversity, 282 

often referred to as “handprints”52. For example, research and monitoring activities could 283 

contribute improved knowledge of how to design effective mitigation and conservation actions, 284 

which could then be used by others. Additionally, such collaborations could be structured as 285 

equitable and inclusive partnerships providing mutual benefits (e.g. joint educational 286 

opportunities). 287 

Guided by the wider literature, we identified four stages of the coffee supply chain - cultivation, 288 

processing, retail, and consumption - and mapped opportunities for targeted interventions at 289 

each stage, linking them to the MCH (Supplementary Information S4.1 Fig. S8)53,54. Pressure 290 

profiles differed across early stages. While land use was primarily associated with cultivation, 291 

water consumption was more closely linked to processing due to wet milling and washing 292 

activities55,56. Freshwater eutrophication and climate change pressures were evident across both 293 

stages. This differentiation helps identify where efforts might be most effective. For example, 294 

East Africa’s large land use component (Fig. 3) indicates that cultivation-focused interventions 295 



   
 

   
 

may yield substantial benefits. More broadly, these results suggest that action prioritisation 296 

depends on a combination of supply chain stage, regional pressure composition, and position 297 

within the MCH. Midpoint LCIA profiles can therefore inform the targeting of interventions 298 

across supply chain stages, geographies and MCH steps, while recognising inherent 299 

methodological uncertainties22,31. 300 

Scenario Analysis: A Sustainable Coffee Transition in Kenya 301 

To demonstrate how the generalised workflow (Fig. 1) can be operationalised, we developed 302 

an illustrative scenario using a sourcing region (East Africa) paired with an existing research 303 

collaboration for coffee (Supplementary Information S4.3 Fig. S10). Although neighbouring 304 

Burundi was the East African sourcing location identified from limited supplier data, Kenya 305 

was selected because it hosts the largest cluster of Oxford’s biodiversity and conservation 306 

partnerships and has midpoint characterisation factors available for most relevant pressures47. 307 

Kenya also offers a more tractable context for intervention design: all coffee growers must be 308 

formally registered, with smallholders predominantly organised through cooperatives, 309 

facilitating traceability and coordinated mitigation57,58. In addition, Kenya is strengthening 310 

national traceability systems to comply with the European Union’s Deforestation Regulation 311 

(EUDR) and is among the few African producer countries with a coordinated compliance 312 

framework linking regulators, cooperatives, and exporters, further increasing the feasibility for 313 

supply chain mitigation and conservation action59. 314 

The illustrative scenario maintained the University of Oxford’s annual procurement volume 315 

(3,468 kg yr⁻¹) but recalculated the associated biodiversity footprint under a hypothetical 316 

sourcing assumption where all coffee was sourced from Kenya. Under this sourcing 317 

assumption, the recalculated biodiversity footprint was 4.14 × 10⁻⁹ PDF·year, driven 318 



   
 

   
 

predominantly by land use pressures (81%), followed by eutrophication (14%) and greenhouse-319 

gas emissions (5%), with negligible contributions from acidification and water use.  320 

Oxford- and Kenya-based researchers co-developed impact mitigation options, first, drawing 321 

on academic and grey literature to identify promising approaches, informed by in-country 322 

knowledge of coffee production processes, cultural context, and implementation realities. 323 

Through repeated rounds of discussion, we proposed, refined, and assessed potential mitigation 324 

actions, converging on an intervention list that was evidence-informed and feasible within the 325 

local context. We prioritised mitigation actions capable of addressing multiple pressures while 326 

also delivering biodiversity, social, and research partnership co-benefits. This was in line with 327 

the University's Environmental Sustainable Strategy, with its mission of developing global, 328 

equitable partnerships and ambition to contribute to a nature positive societal goal60. 329 

The process highlighted the need for mitigation pathways tailored to both buyer and sourcing 330 

context. Key considerations included the level of buyer commitment, budget constraints, and 331 

feasibility of implementation, informed by multiple criteria including effectiveness, costs, 332 

stakeholder acceptability, and technical or practical considerations. Options for ongoing 333 

monitoring were also important for the decision-making process (Supplementary Information 334 

S4.2 Fig. S9). Robust monitoring is essential to determine whether planned interventions 335 

deliver intended biodiversity outcomes and to document evidence of their effectiveness over 336 

time, particularly where impacts occur in landscapes distant from the actor, such as in complex 337 

and spatially heterogeneous supply chains61.  338 

Across the interventions assessed, agroforestry showed the strongest combined potential for 339 

pressure reduction, biodiversity enhancement and social benefit62-65. Agroforestry also fell 340 

toward the lower end of expert-elicited cost ranges, both upfront and annually, and was 341 

applicable across all stages of the MCH (Fig. 5). Perimeter tree planting and wetland creation 342 



   
 

   
 

also offered large potential impact mitigation benefits, though aligned with the later MCH 343 

stages (“restore” and “renew”), and so would follow - or supplement - actions at earlier stages 344 

of the hierarchy. Other interventions offered more specific benefits: alternative coffee varieties 345 

reduced disease risk, which is increasing under climate change, while eco-pulpers and biogas 346 

systems improved water and energy efficiency66-68. Certification and direct trade arrangements 347 

acted primarily as enabling conditions, strengthening training, governance, and market stability 348 

rather than directly reducing pressures69,70.  349 

Fig. 5: Potential interventions in Kenyan coffee supply chains 350 

351 
Figure 5: Traffic-light circles denote the estimated potential - high (green), moderate (orange), 352 
or minimal (grey) - for biodiversity enhancement, biodiversity pressure reduction and social or 353 
farmer benefits, based on scoring of scalability, directness, and feasibility. Cost ranges show 354 
expert-elicited minimum and maximum upfront or annual expenses, reflecting typical project 355 



   
 

   
 

experience and are intended as indicative rather than exhaustive. Combined interventions may 356 
generate synergistic benefits. Mitigation and Conservation Hierarchy stages follow standard 357 
definitions, and enabling conditions denote supporting actions rather than direct biodiversity 358 
measures. 359 

 360 

Cost estimates often carry substantial uncertainty, and environmental project budgets are 361 

frequently characterised by systematic underestimation71,72. To contextualise intervention 362 

rankings, we therefore present expert-elicited cost ranges, noting that approximate values can 363 

still support conservation planning when transparently reported and interpreted within bounded 364 

scenarios (Fig. 5) 73. 365 

Final Scenario Design 366 

To illustrate how our findings could inform procurement decisions at a granular level, we 367 

developed a single scenario to represent a potential on-the-ground implementation of supply 368 

chain mitigation action for coffee. We chose Mount Elgon, Kenya, as a hypothetical 369 

smallholder production region due to its potential for collaborative engagement, through 370 

longstanding research partnerships with Oxford 57. Drawing on the Kenya-based co-authors’ 371 

in-country research experience and collective knowledge of regional coffee supply chains, we 372 

estimated that supplying approximately 3,400 kg yr⁻¹ would involve around 20–50 373 

smallholders, typically operating within cooperative structures, and as Oxford’s current supply 374 

is Rainforest Alliance (RFA) certified, the scenario assumes this certification as a baseline.  375 

The resulting scenario combines three complementary, low to medium-cost interventions 376 

selected for their pressure-reduction potential, biodiversity benefits, social outcomes and cost-377 

effectiveness within the sourcing and organisational constraints outlined above. Based on the 378 

ranking results, agroforestry was selected as the core measure because it demonstrated the 379 

strongest combined ecological and social performance, directly addressed land use impacts, 380 



   
 

   
 

and can provide visible, trackable progress through the establishment and growth of newly 381 

planted trees (Fig. 5).  382 

While not all shade-grown coffee systems inherently support biodiversity, a substantial body 383 

of evidence indicates that agroforestry practices incorporating native tree species can enhance 384 

habitat complexity, support a wide range of taxa, and promote resilience to the effects of climate 385 

change74-77, 62. Such systems have been shown to maintain or increase coffee yields. 386 

However, biodiversity and production outcomes of agroforestry are mediated by management 387 

intensity and structural complexity. Intensified systems characterised by simplified canopies 388 

and higher agrochemical inputs are consistently associated with biodiversity loss, whereas low-389 

intensity, structurally complex agroforestry systems enhance biodiversity, ecosystem service 390 

provision, and coffee plant health78-80. To mitigate the risk of yield reductions translating into 391 

unintended land use expansion, and to realise the biodiversity benefits of coffee agroforestry, 392 

such systems should be accompanied by yield monitoring and organisational-level demand 393 

moderation. 394 

Strengthening certification practices could be a pragmatic supplementary intervention, building 395 

on Oxford’s existing baseline of purchasing Rainforest Alliance (RFA) certified coffee. 396 

Certification is a widely used enabling mechanism for coffee, with potential to support 397 

improved agrochemical and water management, strengthen cooperative governance and 398 

provide structured systems for farmer training and transparent monitoring of certification-399 

linked income premiums69. Certification also complements agroforestry systems, as increased 400 

shade cover can help meet criteria used in “bird-friendly” certification schemes81.  401 

However, certification has not consistently delivered biodiversity or production gains, 402 

highlighting the importance of strengthening scheme design and implementation to better 403 

deliver durable ecological and livelihood outcomes69. In particular, higher rates of uptake 404 



   
 

   
 

among higher-income households suggest a need to pair certification with targeted support 405 

mechanisms that improve accessibility and equity, potentially delivered through these 406 

intervention projects implemented with in-country partners. Alternatives to conventional 407 

certification therefore also present an avenue for further investigation. Participatory Guarantee 408 

Systems, for example, provide community-led verification and low-cost assurance, and may 409 

address well-documented limitations of standard third-party certification schemes. Exploring 410 

such systems also creates opportunities for collaborative research on their social and ecological 411 

outcomes, to support more sustainable and transparent supply chains82. 412 

The facilitation of direct-trade relationships was selected as a further option for low-cost action 413 

to improve price stability and market access for cooperatives, thereby supporting farmer 414 

income security and strengthening the conditions required for sustained ecological practice54. 415 

Direct trade relationships could also bring in a wider network (e.g. of other coffee-purchasing 416 

universities), thereby supporting systemic change within the sector. 417 

Together, these measures formed the most effective set within the expert-elicited cost range 418 

(£4.90k-16.4k for combined up-front costs, and £0.76k-1.90k for combined annual costs), 419 

allowing for wider farmer engagement and earlier observable outcomes than higher-cost 420 

technological alternatives. We did not attempt to calculate the potential biodiversity gain from 421 

this scenario and compare it directly to the estimated biodiversity impact of Oxford's coffee 422 

purchases, as this would be comparing two highly uncertain incommensurate measures, neither 423 

of which has a robust evidence base. However, by concentrating supply of this product into a 424 

specific location and engaging with partners on the ground to implement and monitor the 425 

biodiversity impacts, this scenario would enable such analyses to be carried out in future. 426 

These proposed mitigation actions are not supposed to be exhaustive; indeed, additional 427 

measures - such as perimeter tree planting, wetland restoration, eco-pulpers or biogas systems 428 



   
 

   
 

- were also identified as potential mitigation options (see Supplementary S4.4).  These actions 429 

would typically require greater upfront investment, higher levels of coordination, or additional 430 

infrastructure than the options assessed here, reducing their near-term feasibility. It is also 431 

critical to note that this analysis assumes that Oxford's coffee purchases remain at current 432 

levels. Demand-side or "refrain" options aimed at influencing consumption patterns within 433 

Oxford introduces additional complexity, for example through potential leakage effects (e.g. 434 

consumers purchasing coffee elsewhere), or substitution towards other beverages that have 435 

their own biodiversity footprints83. 436 

  437 



   
 

   
 

Discussion  438 

Across the procurement network of a large organisation, we identify a pronounced loss of 439 

traceability and transparency that prevents determination of the origin and composition of 440 

many products. Yet, using coffee as a case study, we show that once quantity and sourcing 441 

information become available, raw materials can be linked to production regions with distinct 442 

biodiversity pressure profiles, helping identify partners for mitigation and conservation action. 443 

This approach could be scaled to address other material impacts and highlights existing 444 

collaborations as a practical means to begin addressing supply chain impacts.  445 

However, scalability beyond products with simple supply chains and well-understood 446 

biodiversity impacts is limited. While commodities such as agricultural or timber products have 447 

comparatively well-characterised, spatially explicit pressure pathways - particularly via land 448 

occupation and transformation - this becomes more challenging for goods with greater supply 449 

chain complexity36-38. These constraints reflect broader limitations in inventory-level data 450 

within LCA, where complex and opaque supply chains contribute to truncation and 451 

completeness issues 14-16. Additional barriers stem from remaining uncertainties in biodiversity 452 

characterisation models within LCIA, particularly where pressures are diffuse and spatial 453 

resolution is limited31. 454 

Our findings suggest that stronger procurement practices are needed to incentivise collection 455 

or sharing of biodiversity-relevant supply chain data. Addressing these challenges will require 456 

clearer reporting expectations, standardised data sharing templates, and improved supplier 457 

engagement. However, institutional reforms alone are insufficient. While carbon reporting 458 

benefits from established standards and regulations, biodiversity reporting remains largely 459 

voluntary, resulting in limited motivation for suppliers to provide biodiversity-relevant data84-460 

87. This is further compounded by a lack of clear guidance on how responsibility for 461 



   
 

   
 

biodiversity impacts should be allocated across supply chain actors, including whether 462 

purchasing organisations are accountable for embedded impacts or whether responsibility 463 

should be shared among producers, intermediaries, and end users16. 464 

The importance of sourcing and raw material information is demonstrated through the regional 465 

variation found in Oxford’s coffee footprint; both in magnitude of impact and composition of 466 

environmental pressures. Mitigation strategies must therefore be tailored to sourcing 467 

geographies30,31. In our coffee case study, for instance, the dominance of land use pressures in 468 

East Africa indicates that land use-focused efforts in this region could be particularly beneficial. 469 

More broadly, integrating spatially explicit LCIA outputs (Fig. 2) with our mitigation and 470 

conservation matrix (Supplementary Information S4.1 Fig.S8) illustrates how footprinting can 471 

support context-appropriate intervention design. 472 

At the same time, biodiversity footprinting is subject to uncertainties, highlighting the need to 473 

interpret LCIA outputs alongside other methods to ensure robust decision-making36. In 474 

particular, regionally averaged impact estimates and aggregate proxies such as material weight 475 

or expenditure - commonly used in consumption-based footprinting - means procurement 476 

substitutions towards products with lower biodiversity impacts may not be reflected in reported 477 

footprints, weakening incentives for such changes. Consequently, greater use of on-the-ground 478 

data to monitor biodiversity responses to interventions has the potential to substantially 479 

improve estimates of impact mitigation outcomes. 480 

This need for location-specific action emphasises an underused opportunity for universities. 481 

For Oxford, existing collaborations span all inhabited continents and frequently overlap with 482 

regions implicated in its supply chain impacts, offering trusted, on-the-ground connections with 483 

farmers, cooperatives, NGOs, and researchers. Importantly, merging mitigation action with 484 

pre-existing collaborations allows universities to align environmental sustainability strategies 485 



   
 

   
 

with other elements of their mission, including global influence and equitable research 486 

partnerships60. In this sense, universities are positioned not only to reduce their own 487 

biodiversity footprints and invest in compensatory actions for remaining impacts, but also to 488 

generate positive biodiversity “handprints” through learning, innovation, and diffusion of 489 

effective practices51. This approach is consistent with recent work emphasising the need for 490 

universities to address both on-site activities and their wider supply chain impacts, while 491 

contributing to broader shifts in how organisations engage with nature across global value 492 

chains30,52.  493 

The Kenya case study illustrates how such collaborations can work in practice for a single 494 

product and sourcing region (Fig. 1; Supplementary Information S4.3 Fig. S10). We 495 

demonstrated how integrating biophysical pressures, social outcomes, collaborative 496 

opportunities, and cost constraints could produce an actionable and context-appropriate 497 

intervention scenario. Empirical tests of such scenarios would help evaluate their real-world 498 

effectiveness and refine organisational approaches to supply chain mitigation. Finally, there is 499 

substantial potential for collaborative action among universities, including coordination and 500 

partnership between purchasing institutions and those located in impact regions, to drive 501 

systemic change at scale.  502 

Altogether, this study presents a scalable approach that moves beyond recognising supply chain 503 

complexity toward enabling targeted biodiversity mitigation and conservation using practical, 504 

context-appropriate actions. By combining bottom-up traceability assessment, location-505 

specific footprinting and adaptable implementation pathways, we bring to life a workflow for 506 

applying the MCH to organisational supply chain impacts. While our case study example of 507 

coffee is only one high-impact part of Oxford's supply chain, we believe the approach could be 508 

scaled to other material impacts that organisations have on biodiversity - helping to bring an 509 



   
 

   
 

organisation's value chain impacts into a credible Nature Positive-aligned strategy capable of 510 

delivering transformative change34.  511 



   
 

   
 

Methods 512 

Supply chain assessment 513 

We focused on three procurement categories - research, operations and construction - 514 

associated with supply chain activities that together account for most of the University of 515 

Oxford’s biodiversity footprint (Supplementary Information S1.2)7. Supplier and products were 516 

derived from Oxford’s Environmental Profit and Loss (EP&L) dataset, which quantifies 517 

environmental impacts associated with university activities, and from item-level procurement 518 

data provided by the Oxford Purchasing Department (OUP) for the 2022/23 financial year 519 

(Supplementary Information S1.3). 520 

All subcategories within research and construction were included. For operations, the five 521 

highest-spend subcategories were selected because analysing all 29 was not feasible 522 

(Supplementary Information S1.4 & S1.5). Within each subcategory, we identified the ten 523 

highest-spend suppliers and their top three products, excluding miscoded or non-physical 524 

items, and manually cross-checking to verify product identity. In total, 131 suppliers were 525 

included: 50 from research and operations (ten in each of five subcategories), and 31 from 526 

construction, with a reduced sample for the “Flooring” subcategory owing to a limited number 527 

of physical commodities within the subcategory (Supplementary Information S1.6).  528 

Traceability and transparency were assessed via a structured email request (with several 529 

subsequent follow-ups) to each supplier for: (a) raw materials used in products, (b) sourcing 530 

locations, and (c) availability of Life Cycle Assessment (LCA) data (Supplementary 531 

Information S1.7). For each supplier, we recorded whether they responded, whether 532 

information was provided, and the stated rationale for non-disclosure when applicable. 533 

Suppliers were classified as distributors (entities reselling goods manufactured by others) or 534 

manufacturers to characterise vertical complexity39. For distributors, we also recorded whether 535 



   
 

   
 

they were willing to contact upstream suppliers, providing an indicator of transparency beyond 536 

the first tier. 537 

Tracing and estimating biodiversity impacts 538 

Invoices within the research, operations and construction categories reported financial 539 

expenditure only, aggregated across multiple suppliers. As spend does not consistently reflect 540 

material quantity, we used a separate category, food procurement, where both quantity and 541 

weight were available, to demonstrate how organisations can trace the origins of a raw 542 

commodity and estimate associated biodiversity impacts (Supplementary Information S2). 543 

Food procurement data for University of Oxford cafeterias was provided by Compass Group 544 

plc, which supplies 19 cafeterias across Oxford. Transaction records were extracted from the 545 

company’s internal procurement platform for 1 August 2022 to 31 July 2023. As nine additional 546 

cafeterias are supplied by other contractors, total consumption was extrapolated to university 547 

level (Supplementary Information S2.1). 548 

Coffee was selected as the focal product because it is procured in raw material form, reducing 549 

supply chain complexity relative to compound products, and because, despite representing a 550 

small percentage of the University of Oxford’s overall footprint (see Bull et al., 2022 551 

Supplementary Information), it is a high-impact commodity for which complete elimination is 552 

neither feasible nor socially desirable22,71,74 Continued procurement is necessary to meet 553 

university demand (otherwise significant demand leakage to other outlets is likely), and to 554 

support livelihoods in producing regions, where coffee contributes significantly to GDP and 555 

employment43-45. 556 

Coffee data was filtered to include roast, ground, and whole bean, with the total mass purchased 557 

calculated by multiplying pack size (weight per pack) by the invoice quantity. Communication 558 



   
 

   
 

with Compass confirmed that “Change Please Coffee” supplies Oxford’s cafeterias, and 559 

sources from five countries: Columbia, Peru, Brazil, Honduras, and Burundi.  560 

Biodiversity impacts were estimated using the LC-IMPACT Life Cycle Impact Assessment 561 

(LCIA) framework, an extension of Life Cycle Assessment (LCA) methodologies providing 562 

regionally specific endpoint biodiversity impact characterisation factors (CFs) and therefore 563 

offering greater spatial resolution than alternative LCIA models such as ReCiPe32,33,46. Whilst 564 

several LCIA frameworks exist, each varying in their assumptions and CFs, relative 565 

comparisons among sourcing regions remain robust when a consistent framework is applied. 566 

Country-level midpoint environmental impact CFs were obtained from Poore & Nemecek 567 

(2018), a global LCA meta-analysis of many agricultural products, including coffee, and 568 

spanning multiple environmental impact categories (Supplementary Information S2.2)47. To 569 

reflect sourcing locations while accommodating data gaps, biodiversity footprint calculations 570 

were conducted at a regional level (South America, Central America, and East Africa). 571 

Midpoint environmental impact CFs were unavailable for three of the five sourcing countries 572 

(Burundi, Honduras, and Peru) and for two environmental impact categories (acidification and 573 

freshwater eutrophication) in Colombia. Kenya was the only country with complete CFs in 574 

East Africa and was therefore used as a regional proxy, and missing Kenyan CFs for freshwater 575 

eutrophication and acidification were substituted with global averages. To enable direct 576 

comparison of different environmental impact profiles and total biodiversity footprints across 577 

regions in the absence of sourcing quantities, the total coffee mass was divided equally among 578 

the three regions. 579 

LC-IMPACT expresses biodiversity loss as “Potentially Disappeared Fraction of species” 580 

within a year (PDF.year), representing the fraction of species facing increased risk of 581 

irreversible global extinction over time46. Where necessary, multipliers from an alternative 582 



   
 

   
 

model ReCiPe were used to convert midpoint environmental pressures into endpoint 583 

compatible units, such as conversion of PO₄ to P equivalents (Supplementary Information 584 

S2.1)32. Sensitivity analyses using ReCiPe and global CFs, and Spearman rank tests for 585 

consistency in pressure hierarchies, are provided in the Supplementary Information S2.3. 586 

Developing mitigation strategies 587 

Supply chain mitigation and conservation opportunities were identified by mapping Oxford’s 588 

global biodiversity and conservation research collaborations. A survey containing up to 15 589 

questions per collaboration was distributed to relevant Oxford researchers, who could submit 590 

up to five collaborations each (Supplementary Information S3). Respondents reported 591 

collaboration locations, partner institutions, research strength, and whether collaborations 592 

could contribute to addressing supply chain impacts. A dedicated section focused on coffee to 593 

identify linkages in producing regions. Where multiple respondents reported collaborations in 594 

the same country, the country was coded as having mitigation potential if at least one 595 

respondent answered ‘yes’ (Fig. 4b). 596 

Scenario development: sustainable coffee transition in Kenya 597 

We conducted a non-systematic literature review to identify key stages of the coffee supply 598 

chain and combined these with survey findings to develop a matrix of potential interventions 599 

aligned with the Mitigation and Conservation Hierarchy (Supplementary Information S4.1 Fig. 600 

S8). LCIA results and literature were used to identify dominant environmental pressures at 601 

cultivation and processing stages. 602 

We selected Mount Elgon, Kenya as the hypothetical production region because Kenya hosts 603 

Oxford’s largest cluster of biodiversity and conservation research activities, and midpoint 604 

characterisation factors for East African coffee in Poore & Nemecek (2018) are derived from 605 

Kenyan LCA47. Kenya also provides a more operationally feasible context for coordinated 606 



   
 

   
 

supply chain mitigation due to its formal grower registration, cooperative-dominated 607 

smallholder system, and strengthening EUDR-aligned traceability framework57-59. 608 

A practical mitigation and conservation scenario was co-developed through two workshops 609 

involving researchers from Strathmore University (Kenya) and Oxford University and two 610 

Kenyan agronomists (all of whom are co-authors of this paper). The objective was to maintain 611 

Oxford’s annual procurement volume (3,468 kg yr⁻¹) while reducing environmental pressures 612 

and generating social and research co-benefits. The objective was not to produce enough 613 

biodiversity gain to compensate fully for negative impacts, as this would require gains and 614 

losses to be specified in comparable units. That said, this could be done in future as on-the-615 

ground actions and associated monitoring programmes are implemented. 616 

Before the first workshop, midpoint pressures were recalculated assuming all coffee was 617 

sourced from Kenya. Intervention goals were defined for each impact category (e.g., land 618 

restoration for land-use impacts; nutrient management for eutrophication) and candidate 619 

measures were drawn from the literature-derived intervention matrix for evaluation by Kenyan 620 

co-authors (Supplementary Information S4.1 Fig. S8). 621 

During the first workshop, the participants identified the pressures addressed by each 622 

intervention. Using information collected during the first workshop, interventions were 623 

assessed using a structured qualitative process across three dimensions: biodiversity 624 

enhancement, pressure reduction, and social benefit. Each dimension was then evaluated using 625 

three predefined criteria: (1) scalability, defined as the potential to expand the interventions ; 626 

(2) directness of impact, defined as the degree to which an intervention provides direct 627 

outcomes through immediate and causal pathways; and (3) feasibility, defined as how 628 

practically achievable the intervention is to deliver these dimensions, within the local context. 629 

Each criterion was scored on a three-point ordinal scale (1-3). Criterion scores were aggregated 630 



   
 

   
 

using an unweighted mean to generate a composite score for each dimension, which was then 631 

translated into a categorical “traffic-light” rating of high (≥2.5), moderate (1.5–2.4) or minimal 632 

(<1.5) impact. 633 

Preliminary scores were presented and discussed during the second workshop, where 634 

participants reviewed and refined the assessments. Following a facilitated discussion, final 635 

categorical ratings were agreed upon. Approximate intervention costs were discussed with the 636 

participating agronomists, who provided indicative minimum and maximum cost estimates for 637 

each intervention based on experience with comparable projects in the region. 638 

Costs were classified as either upfront or annual. These results were used to construct a final 639 

hypothetical scenario during the second workshop, including the target region and number of 640 

farmers, a proposed core set of interventions, long-term extension options, research monitoring 641 

pathways through Strathmore University and estimated costs. This process also produced a 642 

transferable decision framework outlining sequential steps for developing tailored supply chain 643 

mitigation scenarios, including defining scope and sourcing geography, buyer commitment and 644 

budget, and options for monitoring and tracking progress (Supplementary Information S4.2 645 

Fig. S9). 646 

  647 
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