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Non-technical Summary

In decision-making, especially for sustainability, choosing the right assessment tools is
crucial but challenging due to the abundance of options. A new method is introduced to
streamline this process, aiding policymakers and managers. This method involves four
phases: scoping, cataloguing, selection, and validation, combining data analysis with
stakeholder engagement. Using the food system as an example, the approach demonstrates
how practitioners can select tools effectively based on input variables and desired outcomes
to address sustainability risks. This method can be applied across various sectors, offering a

systematic way to enhance decision-making and manage sustainability effectively.

Technical Summary

Decision making frequently entails the selection and application of assessment tools. For
sustainability decisions there are a plethora of tools available for environmental assessment,
yet no established and clear approach to determine which tools are appropriate and resource
efficient for application. Here we present an extensive inventory of tools and a novel
taxonomic method which enables efficient, effective tool selection to improve decision
making for policymakers and managers. The tool selection methodology follows four main
phases based on the divergence-convergence logic; a scoping phase, cataloguing phase,
selection phase and validation phase. This approach combines elements of data-driven
analysis with participatory techniques for stakeholder engagement to achieve buy-in and to

ensure efficient management of progress and agile course correction when needed. It builds
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on the current limited range and scope of approaches to tool selection, and is flexible and
Artificial Intelligence-ready in order to facilitate more rapid integration and uptake. Using the
food system as a case study, we demonstrate how practitioners can use available input
variables and desired output metrics to select the most appropriate tools to manage

sustainability risks, with the approach having wide applicability to other sectors.

Social Media Summary

New method simplifies tool selection for sustainable decisions, aiding policymakers &

managers. #Sustainability #DecisionMaking
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1. Introduction

The global community faces a multitude of difficult decisions across all sectors of society.
These decisions involve balancing different factors, for example how to provide more nutrient
dense food to tackle the growing double-burden of obesity and micronutrient deficiency with
the need to protect and restore our environmental capital 1, or how to make effective use of
the outstanding benefits offered by artificial intelligence (Al) whilst avoiding a collapse of our
political, financial and healthcare systems 2:3. Difficult decisions, such as these, need to be
based on evidence in order to be robust and effective. However, making these decisions from
scratch is time consuming and complicated. Hence in several fields, assessment tools, which
are methodologies developed to evaluate complex situations, and used to identify, quantify,
and assess the potential benefits, consequences or risks associated with specific policies,
practices, actions, or systems, and to accelerate and ease intervention plans, are used to aid
the decision-making process./ In the environmental and sustainability fields, numerous
assessment tools have been developed to answer questions posed about specific situations,
including for example Life Cycle Assessment (LCA) 4, which is used extensively across sectors
to evaluate the environmental impact of projects, plans, and products, and Multi-Criteria
Assessments >, that enable analysis of a diverse range of socioeconomic and environmental

factors by government, statutory bodies, industry, and NGOs.

Yet simply having access to tools does not overcome the initial problem in decision making -
specifically which tool to use. As the number of tools increases, often with overlapping
functionality, many incorporating sophisticated modelling and simulation capabilities, and

increasingly with Al functionality ©, selecting the best tool for the job becomes ever more
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challenging. Environmental managers and policymakers, in particular, do not have the time
or necessarily the expertise to explore the intricacies of many tools. Without a clear process
for identifying tools there is open scope for inappropriate tool usage, effort duplication,
wasted resources and bad decisions. The importance and effectiveness of good decision
making is well accepted in areas such as medicine with EBM (Evidence-Based Medicine) 7 or
business with EBMgt (Evidence-Based Management) 8. However, while evidence-and tool-
based decision making as a concept is widely used in the sustainability field there is not yet
an established approach for the rapid identification of the most effective and efficient tools
to use in specific scenarios, despite the fact that climatic and environmental change has been
identified as the most severe risks to our global society in terms of likelihood and impact .
This leaves the practitioner facing a potentially subjective and uninformed choice on which
tool, from the plethora available to them, best suits their need. In this perspective we develop
a novel taxonomic framework for facilitating tool selection and effective decision making for
policy and management in the sustainability arena. We demonstrate the utility of our
framework by using food production as a case study although our approach can be applied

widely.
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2. Current status of research in sustainability tools and the need for a new

approach

2.1 Status of research in sustainability tools

Research to date in sustainability tools covers four key spheres: reviews of tools and their
application to case studies; comparative studies of specific tools; integration of tools into
computational models; and frameworks on how to integrate different tools. There are also a

diverse range of factors that can influence the way tools are currently selected.

A diverse scientific and institutional literature exists that reviews tools and their application
to case studies. In sustainability, these tools are used to evaluate the environmental
consequences of products, services, projects, policies and other anthropogenic activities.
They tell us whether our actions, in effect, have consequences for the environment. They
encompass established systematic examinations, such as LCA or ecological footprint analysis
?, and also emerging approaches like socio-environmental assessments 10 and ecosystem
services valuation 1. This literature offers critical insights into each methodology, their
applicability across different contexts, and their effectiveness for assessing environmental

impacts (Supplementary Information 1).

Some studies compare specific tools and their strengths and weaknesses 12718, These studies
critically evaluate the risks and uncertainties associated with specific tools, and some advise
on the most appropriate contexts to apply them. For example, Grout et al.'® compared eight

different tools for assessing the environmental impacts of agricultural systems. They selected
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Health Impact Assessment (HIA) for New Zealand’s dairy sector as it was the only tool that
covered environmental, health, social, and economic aspects, and that was designed to assess
the impacts of a proposed policy. The problem with this approach is that it makes use of the
selected tool relatively inflexible - in this case HIA is not appropriate for analysing alternative

scenarios - meaning new tools have to be selected.

Efforts have also been made to integrate sustainability tools together in various ways. These
include conducting post-hoc analyses of results from different tools, combining results and
modifying the underlying methodology, or incorporating additional indicators to enhance an
analysis. Computational predictive tools and models are becoming increasingly important in
tool integration. For example, the MIT Integrated Global System Modelling (IGSM) Framework
20 the Integrated Model to Assess the Global Environment (IMAGE) 21, GCAM v5.1 Model %,
E3ME-FTT-GENIE 23, and SEAMLESS 24. Each is designed to explore potential development
pathways and provide a set of scenarios showing the time-dependent evolution of
environmental, human and ecosystem health indicators, and other socio-economic
parameters. These models canhowever suffer from imbalances between the dimensions they
consider, and may not always scale well. For example there is still uncertainty as to whether
SEAMLESS can effectively be upscaled beyond its test case and whether it can cope with the
environmental externalities of farming systems assessed with large bio-economic farm

models 1924,

Frameworks have been developed to integrate different tools, with prominent examples

including the Life Cycle Sustainability Assessment (LCSA)2> and Environmental Impact

Assessment (EIA) 2627 For LCSA, while there are case studies of application, the framework is
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not widely used as it still requires further scientific work on method integration and on
harmonisation of procedures in presenting and interpreting the results. EIA was implemented

by the European Commission with a corresponding Directive 2011/92/EU.

The selection of appropriate tools can be influenced by a range of factors, including the topic
or issue to be investigated, the scope and complexity of the project or activity under
consideration, the relevant environmental indicators to be considered, legal and regulatory
requirements, the need or otherwise to consider stakeholder and public involvement,
availability and quality of data, technical expertise required, and the cost of the tools and
specialist databases 282°. For example, in industry, the use of Environmental, Social,
Governance (ESG) assessment tools is gaining traction, primarily driven by regulatory
reporting requirements in the financial sector 3%; in food production applications, LCA is
widely deployed for product and supply-chain assessment where process input and output
data are readily available; and-at the global level tools such as the IPCC models are more

appropriate for assessing and intervening on climate, biodiversity and disease spread issues

31

Managers may select tools in a variety of ways; they may re-use a tool they are already
familiarwith, they may ask colleagues for advice or they may make use of some of the reviews
or comparative studies described above. Their approach to tool selection will depend on their
experience level, available time and financial resources but, with so many tools available, this
can be a daunting task. Problematically, there are many pitfalls to tool selection - ranging
from negligencein not investing the required time or resources to researchappropriate tools,

to more nuanced and complex factors. These include overlooking context-specific factors or
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ignoring the dynamic nature of environmental systems, such as failing to adequately consider
biodiversity dependencies in industrial and agricultural practices3?, or failing to consider social
dimensions in assessments 33. Certain well-established tools, such as LCA and ecological
footprinting 34, may become the default choice for a sector, even when more suitable tools
may exist. For example, LCA, while excellent for assessing impact of a production system on
the environment, is typically unsuited for the reverse, in considering impacts of the
environment on the production system 7. As our understanding of the interconnectedness
of complex systems grows, the deficiencies of these tools become. more apparent.
Furthermore, in many instances there is a preference for quantitative data, but this may
overlook important qualitative socio-economic nuances, stakeholder preferences, and other
less tangible considerations. Perhaps the biggest pitfall in tool selection relates to lack of
knowledge and lack of capability in a given organisation. Organisations may only be aware of
the tools that are either prescribed by regulators or are a standard in their industry - there is
no robust classification of the tools or a comprehensive overview of what types of issues they

can assess - the gap that we address with our research programme.

2.2. The need for a new approach to tool selection

Various frameworks and guidelines do exist to assist practitioners in selecting suitable tools
in some contexts. These include the ISO 14001 standard for environmental management
systems, which offers a broad framework that, while not specifying particular tools, focuses
on incorporating environmental considerations into organisational decision-making.
Sustainability Assessment Frameworks like the Comprehensive Assessment System for Built

Environment Efficiency (CASBEE) 3°, provide a suite of tools for assessing sustainability and
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making informed decisions based on specific criteria. LCA, although a tool itself, is also a
framework offering a structured approach for assessing environmental impacts throughout a
product's lifecycle that can incorporate other tools to provide a more holistic perspective.
Guidelines from environmental agencies and international organisations, such as the United
Nations Environment Programme (UNEP) and the European Environment Agency (EEA),
provide additional resources and recommendations for tool selection tailored to specific

needs.

However, despite these frameworks and guidelines, and the diverse research on tools, their
strengths, weaknesses, and integrations, there is not yet an effective tool selection process
or database with global applicability across a.wide range of sectors. A large number of studies
use sustainability tools (see Supplementary Material 1), but they lack comprehensive
explanation regarding the rationale behind tool selection, weakening confidence that these
are the most appropriate tools to.address the requirements of the intended decision making
process 36. Where studies do provide rationale on selection, it is typically limited to the
specificities of that study, and so lacksthe flexibilityto adapt to different input or output data,
which could lead to decision making errors if implemented elsewhere. Furthermore, current
studies frequently do not include an approach to effectively manage practitioner engagement
during the development and subsequent roll-out of the tool, which is imperative for tools
designed for use by practitioners 37. A robust rationale, flexible application, and method for
stakeholder engagement are critical requirements for a tool selection process to have broad

applicability in making difficult decisions 3849,
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The consequences of using inadequate environmental assessment can be severe, ranging
from environmental degradation and loss of biodiversity to social unrest and economic losses,
underscoring the need for thorough, context-sensitive environmental assessments 41. Where
large infrastructure projects, like dams, roads, or mining operations, have been planned in
ecologically sensitive areas, the use of EIAs is commonplace, but they may fail to fully account
for biodiversity loss, habitat fragmentation, increased poaching or illegal logging, among
other problems. For example, the controversial development of the Belo Monte dam in Brazil,
where the construction and 60 % river flow reduction caused /by the dam: operations
destroyed the livelihoods of 20,000 people - and a more robust quantification of potential
negative impacts following a correspondingly robust tool selection process may have helped
to sway political stakeholders to implement further mitigation measures 42.  Similarly,
agricultural development projects that rely on simplified environmental assessments may
overlook the cumulative impacts on watersheds and water resources, leading to
unsustainable water use, degradation of water quality, and conflicts among water users. This
was seen in the Aral Sea disaster, where implementation of irrigation schemes using tools
that did not adequately consider the downstream effects on water availability for other users

or ecosystems 43,

Given the current lack of an effective tool selection process we aimed to develop a solution.
Since it is at the heart of human needs and draws from nature, we used the global food
production system as a sustainability case study, working with the UK Centre for Environment,
Fisheries and Aquaculture Science (Cefas). Cefas are working with governments, academia
and NGOs to maximise the social, economic and environmental sustainability of food

production, collectively under the banner of One Health.
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Cefas are spearheading their efforts via their ‘One Food’ project #*. This aims to develop a
ground-breaking system that places hazard profiling and management at the heart of
environmentally, economically, and socially sustainable food system design. The project will
develop a systems-based approach to comprehensively map terrestrial and aquatic food
sectors and scenarios and their potential to interrupt safe and sustainable supply chains. A
comprehensive mitigation plan will be developed by analysis of supply‘chain options for
hazard control. The project aims to visualise and realise the benefits of this approach via
calculation of the impact on key indicators associated with the Global Burden of Animal

Disease (GBAD), Global Burden of Crop Loss (GBCL) #°, biodiversity, and climate efficiency.

A core component of the One Food project is the development of the Risk Tool 4¢. The tool
aims to generate an understanding of the multiplicity of hazards across food sectors, allowing
users to identify priorities for mitigation, explore trade-offs between different hazards and
food sectors, and understand the possible outcomes of mitigation interventions. The tool
requires the selection of a robust environmental impact assessment method to provide it with
information on the environmental implications of food production. The environmental
challenges associated with food systems will vary according to country-specific geographical
and socio-economic circumstances, meaning wide variations between applications.
Consequently, the selected method needs to be adaptable to a multitude of circumstances
and sectors. It, much like broader initiatives, thus requires an effective and widely applicable

tool selection methodology.
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3. A methodology for fast tracking tool selection

Here we provide a novel methodology for flexible and efficient identification and transparent
selection of tools to support sector-level analysis and decision making by policymakers and
managers, ensuring a holistic approach to assessment. The intention is to encourage thought
and promote a default practice in which organisations proactively review and make a
measured decision on what tool they intend to use before initiating an action. This can apply
to interventions including addressing anthropogenic impacts on the environment,

biodiversity, resource availability, and threats and risks to food production systems.

Our methodology improves on previous frameworks by enabling fast track high-quality
decision making in food production systems, and meeting current needs for a system with
robust rationale, flexible application, and a method for stakeholder engagement. We

illustrate the approach with the case study of the One Food project.

The methodology  (Figure 1) consists of four main phases based on the divergence-
convergence logic #7. Firstly, identifying the focus area, objectives, and frame of reference for
the industry or regulatory body. Secondly, cataloguing the tools used in industry, policy, and
academia. Thirdly, selecting a suite of tools, and finally, validation. This approach combines
elements of data-driven analysis with participatory techniques for stakeholder engagement
to achieve buy-in and to ensure efficient management of progress and agile course correction
when needed. In our case study we established an interdisciplinary team of researchers and

users with experience in industry and policy advice.
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3.1 Scoping

The first step of the methodology is to establish specific objectives and a shared
understanding of what is in and out of scope and thus narrow down potential tools. This
‘scoping’ phase is criticallyimportantand is the first point of failurein a tool selection process.
If the practitioner fails to conceive the system boundaries correctly and the relevant inputs,
outputs, risks and hazards, the tool selection may miss key dimensions - leading to failures,
as described in 2.2 4243, Further scope refinement takes place by capturing key stakeholder
requirements, corresponding to different decision scenarios, which-are amalgamatedinto a
single set of requirements. In the case of the One Food project, this included specific
environmental issues and risk categories,-and ‘national priorities for reduction of food
waste/loss based on the economic benefits and consequences to the environment and
identifying least harmful food production methods as targets for new policies. Typically, this
scoping process is iterative between the research and stakeholder team members, leading to

a detailed outline of the overall study programme.

3.2 Creating a Catalogue of Tools

A landscape of potential tools is then created through a rapid, but comprehensive, literature
scan conducted in a systematic and transparent way. This can include using academic search
engines, such as Google Scholar and Web of Science, via appropriate searchterms. Many tools
have also been developed outside of academia in multilateral organisations and are deployed
more often by industry and policymakers. Thus, institutional and industrial reports and

databases can complement the scientific literature (i.e., the grey literature) - examples from
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our case study include the FAO, MSC (Marine Stewardship Council), Seafish and Mowi
(Supplementary Data 1). The broad scope of the One Food project resulted in an extremely
large number of hits, and therefore to decide on our search terms, we used pilot searches to
give us a broad range of articles from which to launch our literature review. In addition to
desk-based literature review, we conducted qualitative research through discussion with our
panel of experts to gain additional data outside of the main searches. For the literature
review, we applied the principle of diminishing returns, which provided confidence that we
identified the majority of reported tools from different sets of literature, and documented
the progress with a discovery curve analogous to species recovery.curves used for assessing
survey completeness #8. The output of this activity undertaken as part of this study is provided
as supplementary data to this article (Supplementary Data 1), and serves as a comprehensive

database for future tool selection activities, subject to periodic review and update.

Next, the identified tools are grouped into categories and organised in a structured way; a
‘taxonomy’. The literature presents various categorisations of environmental and broader
sustainability assessment methods, for example, based on indicators or indices suites for
specific sectors, product-related groupings, procedural versus analytical approaches, or
whether it is a framework with integrated tools 212.27, By combining these approaches, we
used the underlying characteristics and applications of the tools and clustered them into
groups for the taxonomy. The taxonomy is a tool itself that enables the industrial sector to
identify the input metrics it has available (Figure 2), and from this identify the tools that could
be integrated to build a more complete analysis approach with greater relevance to the sector
(Figure 3). In policymaking by government or regulatory bodies, the taxonomy could provide

a method for more efficient use of economic resources and to improve policy
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complementarity. By using the taxonomy to identify desired output metrics (Figure 2), this
can allow the practitioner to select the most efficient possible range of tools that can deliver

these outputs, helping minimise investments of time and economic resources.

The taxonomy consists of four layers, or ‘tiers’. Tier 1 subdivides the tools into ‘scope models’,
focused on an assessment over a specific spatial, economic, or population scale, and ‘flow
models’, evaluating input and output flows within pre-defined system boundaries, where any
spatial, population, or economic focus is secondary. Tier 2 encompasses six subcategories.
Spatial models focus on assessing a system in space; they estimate the impact of activities
and interventions within the defined spatial boundaries and provide a zonation structure for
management. Economic models focus on assessing the yield or weighing up the costs and
benefits of a certain production system or approach. Population models focus on a given
population of a species and are used to evaluate risks from a set of activitiesin order to inform
population management. Hazard assessments focus on hazards, which are sources or
situations with potential to cause harm to the environment, ecosystems and humans; these
tools look at individual or multiple hazards associated with a defined production system or
activity. Environmental systems approaches are categorised as “a system that is based on the
natural environment and includes biotic and abiotic components which interact” 4°; they
incorporate life cycle analyses, which typically quantify the environmental impact of a
system/product/service using either a single or multiple indicators, and frameworks
integrating additional perspectives, such as economic, and social. Finally, the category of
Multi-criteria assessments aims to integrate an interdisciplinary suite of indicators that

describe specific aspects of environmental assessment, which are then assessed across a set

https://doi.org/10.1017/sus.2024.21 Published online by Cambridge University Press


https://app.readcube.com/library/8e750ed3-7074-4ef8-9249-3746efdcb1f3/all?uuid=2937913842462556&item_ids=8e750ed3-7074-4ef8-9249-3746efdcb1f3:9d4f5043-35f0-43c5-8a40-54dd68b0338c
https://doi.org/10.1017/sus.2024.21

of criteria to support a specific decision-making process. Further sub-division at Tier 3 groups

tools by single/multi-hazard or single/multi-indicator.

A clear definition of the Tier 1 and 2 categoriesin the taxonomy is fundamental, as these drive
the number and type of tools that end up in the final selection by the stakeholder. During the
definition process of the taxonomy architecture for the One Food project example, we
maintained a focus on a sector-independent character when selecting and defining the levels,
as the taxonomy needs to be applicable to a wide range of topics and challenges relevant to
the project stakeholders. As the search for the tool landscape was not specifically focused on
the food system, we expect the taxonomy to be universally applicable to any type of sector.
If the categories are too broad there is a risk thatinsufficient tools are selected to assess all
relevant areasof impact, if categories are too granular this can result in too many overlapping
tools, and if a category is missing then an entire tool type or area of impact could be excluded
fromthe final selection. Figure 2 illustratesthe taxonomy developed for the One Food project,
its substructure based on the tiersand at the lowest level of detail it summarises the different
inputs required by the tools in each category and the main types of the output information
and data resulting from the assessments with these tools. Figure 3 shows the taxonomy with
its architecture and the different examples of tools within each category; the full list of tools

is included in Supplementary Data 1.

3.3 Tool Selection

A structured selection process is then used to select a suite of tools for the end user. Any ‘no-

go’ or ‘must-have’ stakeholder requirements (in our example applicability to food production

https://doi.org/10.1017/sus.2024.21 Published online by Cambridge University Press


https://doi.org/10.1017/sus.2024.21

or a sufficient maturity level for practitioner deployment) can be used for an initial pre-
selection and followed by a more detailed evaluation. Assessing the tools is a substantial part
of the process and comparing the various tools within each category to make the final
selection involves many trade-offs as all have different strengths and constraints. This could
be a very difficult part of the process for users because it requires a reasonably good
knowledge of the tools, so a guiding mechanism is needed to support the decisions. These
trade-offs will always be project and context specific, but the creation of a set of appraisal
criteria provides the mechanism for structuring and prioritising tools to reach a solution. A
facilitated workshop that brings all team members together is an efficient technique for
developing appraisal criteria. Through workshop discussions with the stakeholders, we
identified ten criteria and reflected their importance to the One Food Risk Platform using

weightings as shown in Table 1.

Table 1. Criteriaand their weighting as defined for the One Food project example. Note that

for application to other projects the level of weighting applied to each criteria may differ.

Appraisal Criteria Weighting

1. Degree of stakeholder acceptance and suitability for business and policy Very important
contexts: Method maturity, proven real-world usage, scale and trends of

deployment, influential/global actors using method)

2. Scientific rigour, robustness, and certainty: Are the outputs objective, reliable, Very important
consistent, are of high validity, and also provide a measure of uncertainty? Are the

allocation methods (e.g., in impact assessments) robust, proven, and up-to-date?

3. Applicability and flexibility: Can the method be applied generically to all different | Very important

food sectors or more than one simultaneously, and differing regions and contexts?
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4. Input data readily available and accessible freely: Input data availability and Very important
accessibility, flexibility to cope with data of different levels of quality, completeness,

and complexity, and quality/variability of data sources

5. Method outputs easily interpretable and understandable by a broad audience Very important

of decision-makers

6. Application of the method without substantial investments of time and Very important
resources: Independence from resources required for application — fieldwork,

equipment, etc.

7. Availability and accessibility of the method itself: Open-source / restriction-free | Moderately

use of method vs. subscription/private models. important

8. Method can be used to assess trade-offs or different scenarios Moderately
important

9. Documentation, transparency, and reproducibility: Documented guidelines for Moderately

use, ISO standards, regulatory directives, legislation. important

10. Method integrates with or complements other methods Less important

3.4 Validation

The final step.in the methodology is validation. This requires close collaboration between
both researchers and stakeholders to stress-test the performance of the tools, to assess if
there are gaps in what and how results are presented and whether they are applicable to the
stakeholder’s aims. In our case study, the selected tools were validated by (1) assessing the
ecosystems types (marine, freshwater, and terrestrial) covered; and (2) coverage of various

indicator categories, for example ecosystem functions and services, environmental impact
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categories, spatial and temporal metrics, and biosecurity. We identified 188 tools, which were
reduced to 53 tools through taxonomy and screening based on the criteria in Table 1
(Supplementary Data 1), and further screening allowed us to identify five tools most
applicable for the specific intended food systems evaluation by the One Food Risk Platform.
These were Life Cycle Analysis (LCA) with ReCiPe 2016 and BioScope, Life Cycle Sustainability
Assessment (LCSA), Ecosystem Approach to Fisheries Implementation Monitoring Tools (EAF-
IMT), Rapid Agricultural Supply Chain Risk Assessment (RapAgRisk), and Soil and Water
Assessment Tool (SWAT). Underlying information can be found in the comprehensive
database in Supplementary Data 1. The selection above should be treatedas an example only,
and any given use case will have its own requirements for the best applicable tools. We
emphasise that the ‘gap testing’ component of validation is critically important and should be
iterated several times during the validation step. There-may be instances where a small suite
of relatively generalist tools cover the vast majority of categories effectively, but that leave
open a small and specific but important impact category, which should be covered by an

appropriate ‘add on’ tool.

4. Applying the new methodology to drive impact

By providing a taxonomy we aim to open the door to a wave of new sustainability
methodology to drive impact. There are specific ways in which the taxonomy, as illustrated
by Figures 2 and 3, should be applied for effective tool selection. As we highlighted earlier, a
practitioner would consult the taxonomy (e.g. Figure 2) with a specific set of desired output
metrics (e.g. impact metric, efficiency metric), or a specific set of input variables available to

them (e.g.energy flows, material flows, system boundaries), or a combination of the two, and

https://doi.org/10.1017/sus.2024.21 Published online by Cambridge University Press


https://doi.org/10.1017/sus.2024.21

would identify these on the smallest branches of the tree. They would then work back up the
branches of the tree to identify which category of tool would be most appropriate for use
(e.g. environmental systems approaches, multi-indicator assessments). The practitioner
would then refer back to the taxonomy (e.g. Figure 3) to work down from the tool category
they have identified (e.g multi-indicator assessments, impact) to select candidate tools from
the list in the smallest branch (e.g. SimaPro, ReCiPe), and assess which would be most

appropriate for their application, data availability, and desired outputs.

In the case of the One Food project, the taxonomy of tools as a working:model is now being
used to support new efforts that will drive impact in-decision-making on food systems
interventions. The tools identified as most applicable for food systems environmental
evaluation are being integrated into the evidence base for the One Food Risk Tool so that the
interventions the tool explores canbe assessed using defensible methodologies. The final One
Food Risk Tool, which remains under development, will comprise an integrated scoring
system and visual representation of the hazard impacts for the whole food system and its
component parts, and a risk mitigation matrix to quantify the benefits of hazard intervention.
Making our taxonomy of tools selection approach publicly availableis a key component of
the One Food Risk Tool pathway. By ensuring our flexible and working model is accessible we
allow foracademic and stakeholder discussion, constructive criticism and manipulation of the
approach before and as it is applied to diverse scenarios, facilitating optimal tailoring and
refinement. It also ensures the tool is tailored with as generic a form as possible, reducing the
cost and time required to a wider range of sectors. Crucially, it also allows exposure to other
fields of scientific expertise, in particular Al, where the rapid rate of technological progress

could facilitate rapid integration of the taxonomy of tools model into existing systems, and
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aid in filling out existing gaps such as the lack of needed and appropriate primary data in

certain areas of application.

Al is set to play a powerful role in accelerating the development and integration of the
taxonomy of tools approach, and in making the pre-assessment process we outline more time
and cost effective. Off-the-shelf Al tools are already becoming increasingly competent at
summarising and extracting information from the scientific literature °°->2and with effective
prompt engineering (i.e. crafting queries for tools such as ChatGPT °3) they could help to come
up quickly with an initial list of tools that could be supplemented by expert input - reducing
the time spent searching for tools (i.e., reaching a higher point on a discovery curve more
quickly). Furthermore, machine learning clustering techniques could help to speed up the
process of developing an initial taxonomy that could be refined and expanded again with
expert input. Assessment of different tools against criteria currently requires quality
reasoning skills and more explainable Al that is currently lacking (although may develop in the
near future >%), which means expert input will still be required to critically appraise each tool.
However, using Al for the previous steps of summarisation and classification may still help
accelerate this appraisal process. Few examples of Al-assisted tool selection currently exist,
but those that do typically focus on situations where a objective function can be defined to
optimise for different quantitative values such as in selecting cutting tools in engineering >,
whereas risk-based tool selection, as this paper presents, often requires more qualitative,
nuanced criteria and deliberation, although ordinal categories could be used, e.g., low,
medium, high, to provide an initial assessment. Nevertheless, machine learning and Al in
general, particularly through using decision trees, could be highly useful for not only

clustering tools based on summarising their attributes, but also generating interactive guides
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to help users select tools based on their individual preferences and selection criteria.
Currently, there is a trend towards making clustering and thus taxonomy building more

interpretable for this purpose °°.

With further information integration using approaches including Al, the taxonomy of tools
has potential wide and high impact for industry and policymaking beyond the One Food
project, being applicable to a wide variety of other non-food sectors, and also to specific sub-
sectors of the food system with their own unique needs. For example, the mining and
extraction sector, which like food production has a close connection to the environment,
currently tends to use EIA (Environmental Impact Assessment) and often places most
emphasis on LCA to monitor its environmental and carbon footprints, like many industrial
sectors °’. However, as we have argued, this approach may miss the many other potential
risks to, and impacts caused by, the sector, ifthe correct type of LCA or combination of LCA
with other tools is not selected. For example deforestation and habitat destruction, soil
erosion, biodiversity loss and human-wildlife conflict, impacts on watersheds, and the
potential hazards for the sector associated with climate change such as flooding and
inundation, destabilising of ground or strata failure, which should be included alongside or
within LCA 8. Our approach has clear benefits for policymaking because the taxonomy
provides a robust and defensible tool selection process. By using the taxonomy to identify
desired output metrics, this can allow the practitioner to select the most efficient possible
range of tools that can deliver these outputs, helping minimise investments of time and
economic resources. A similar approach could be used to identify relevant tools for analysis
of the broad range of social and economic or public health impacts. The taxonomy selection

approach also has the capability to be applied to more specific but still highly diverse sub-
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sectors of the food industry, such as the aquaculture sector. The aquaculture sector is already
one of the most progressive food sectors and utilises a wide range of sustainability key
performanceindicators (KPIs), ranging from Feed Conversion Ratios to animal escape incident
percentages to benthic impact metrics °°. However, the relative importance of KPIs can easily
become lost amongst such complexity, which can lead to an overzealous focus on some
metrics at the expense of others, for example on carbon footprint, when other factors such
as harmful algal blooms and antibiotic resistance may pose a far greater risk °°. Here a formal
weighting process as present in parts 3.2 and 3.3 of our approach/can help provide clarity,
and identify which specific impact metrics play the most important role in a given risk

scenario.

5. Conclusion

At present, there is not a ‘one size fits all’ tool for environmental hazards and impact
assessment but a plethora of tools, and no one tool can do the entire job. This means that
policy decision-makers and industry face the challenge of selecting from a range of different
tool options and being able to adequately justify their choice in decision making. The
approach we developed for fast tracking tool selection provides an effective, transparent, and
repeatable methodology that improves decision making. It is agnostic and can be used for any
analysis that requires selection and deployment of multiple tools. Customising the tiers in the
taxonomy can enable universal applicability across sectors. We applied this approach and
developed a taxonomy of tools in the context of food production systems. This allowed

visualisation of how tools relate to each other, and in the case of the One Food project is
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allowing the development of the One Food Risk Platform to provide effective simplification

to decision making.

The taxonomy approach builds on and provides a valuable addition to the currently limited
range and scope of approaches discussed in the literature for tool selection. Unlike
approaches we discussed earlier, suchas ISO 14001, the taxonomy of tools specifies particular
tools, facilitating more specific decision making by practitioners. The taxonomy of tools is also
less restrictive in its range of available tools than approaches such as CASBEE which are very
much focussed on the built environment 3°, or LCA which is in.essence just one tool. Crucially,
the taxonomy of tools is also one of the first approaches specifically designed with Al in mind,
with the vision that Al systems can allow key data gaps regarding inputs and primary data to
be plugged more quickly, facilitating more rapid model optimisation and application over

time.

There are still hurdles to overcome and extensive space for development and optimisation.
There is a need for improved approaches to integrate different tools. Our analyses for the
One Food project indicate this will be difficult, but that comprehensive analysis can still be
achieved, by using detailed maps of inputs and outputs for each tool to identify information
overlaps, and what flows can be assessed in parallel or as synergies and which flows can be
inputs to another method. There is also a need to streamline data collection, accessibility,
and quality to avoid magnification of errors during modelling, avoid double counting, and

ensure optimal compatibility of tools. We also encourage the establishment of a robust
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method appraisal framework across sectors, as was done in the One Food project, to validate

tool selection approaches and ensure they are highly relevant.

In summary, the novel taxonomic approach developed here provides an easy-to-use way for
practitioners to identify available input data variables and desired output metricsin order to
select the most appropriate tools to manage a given sustainability risk. The approach is
flexible, adaptable, and has global applicability across sectors needing to make difficult

decisions in an efficient and effective manner.
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metrics.
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Figure 3. Taxonomy of tools - One Food Tool Examples. The figure shows the taxonomy of

tools in which the fourth tier contains the specific tools applicable to the One Food case

study. In the One Food case study, the practitioner would use this to identify specific tools

having selected the appropriate tool types using Figure 2.
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Supplementary Information List

Supplementary Data 1: Background tool screening excel spreadsheet.

The spreadsheet contains the long list of tools (as described in section 3.4) that was used as
the basis for further selection in the case study. It is organised as follows: Column A:
Sequential identification number; Column B: Name of the tool(s); Columns C-F: Assigned
level category according to the taxonomy (Figure 3); Column G: Reference(s) for the tool.
This list is not exhaustive as it was designed for the purposes of the One Food case study.
Nonetheless, it acts as a grounding point when deploying the proposed fast tracking

methodology.
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