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A variety of stakeholders are concerned with many issues regarding the sustainability of our complex global food system. Yet navigating and comparing the plethora of issues and indicators across scales, commodities, and regions can be daunting, particularly for different communities of practice with diverse goals, perspectives, and decision-making workflows. This study presents a malleable workflow to help different stakeholder groups identify the issues and indicators that define food system sustainability for their particular use case. By making information used in such workflows semantically-consistent, the output from each unique case can be easily compared and contrasted across domains, contributing to both a deeper and broader understanding of what issues and indicators define a resilient global food system.
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Defining and measuring sustainable food systems: A historical context

The landmark definition of sustainable development set forth in the Brundtland Report more than three decades ago—“development that meets the needs of the present without compromising the ability of future generations to meet their own needs”—has helped to solidify the concept of sustainability as a necessary and worthwhile policy goal (Brundtland, 1987). Yet practically, this definition provides little tangible guidance for comprehensively defining and measuring sustainability—in this case in the context of global food systems—and has been the source of much debate in subsequent decades (Dixon and Fallon, 1989; Howarth, 1997; Connelly, 2007).

First, sustainability is a multi-dimensional concept that crosses the traditional institutional boundaries that commonly divide economic, social, and environmental spheres, leading to characterizations of sustainable food systems that are often one-dimensional, or partial to one sphere over others. Definitions of sustainability stemming from economic foundations are derived from concepts of maintaining the discounted capital stock for future generations (Hotelling, 1931; Dasgupta and Heal, 1974) in attempts to maintain intergenerational wealth over long periods of time (Solow, 1974; Hamilton, 1999; Dasgupta, 2007a). This foundational research has led to the expansion of the concept of capital to include other forms such as natural and social capital, assuring that wealth in the form of ecosystem services, natural resource stocks, knowledge, and social institutions can be included as well (Pearce, 1988; Goodland, 1995; Dasgupta, 2007b). Such work has led to further criticism of those defining sustainability from primarily one-dimension, such as the common approach of using traditional economic indicators of human welfare (Hamilton, 1994; Bell and Morse, 1999; Ayres et al., 2001) or the lack of focus on important human, social, and political dimensions such as poverty, public health, women's rights, property rights, and governance (Chambers and Conway, 1992; Sen, 1997; Bebbington, 1999; Scoones, 2009). Fortunately, global sustainability assessments include issues from all of these dimensions in setting goals, benchmarking indicators, and suggesting strategies (Millennium Ecosystem Assessment, 2005; UN, 2008). Springer et al. (2015) looked at a number of sustainability communications from a variety of sources and found that the degree of focus on these different sustainability categories can vary greatly depending on one's perspective and specific focus.

This multi-dimensionality becomes even more complex when one considers the possible conceptual frameworks that may link issues together and highlight those of particular importance. For instance, one framework for assessing the importance of particular issues is to isolate the issues that are directly impacted by a particular action or strategy (Millennium Ecosystem Assessment, 2003; Tomich et al., 2010; Brown et al., 2015). On the other hand, a corollary framework for assessment could isolate those issues that impact a particular system of interest, such as a supply chain. In other words, this second framework conceptualizes sustainability as the reduction of one's vulnerability and the growth of one's resilience or adaptive capacity to any given variable, either directly or indirectly due to a reaction within the system of relationships (Folke et al., 2002; Turner et al., 2003; Perrings, 2006; Seekell et al., 2017). This includes consistent ways to measure the resiliency of sustainable food systems, which we see as the “capacity over time of a food system and its units at multiple levels, to provide sufficient, appropriate and accessible food to all, in the face of various and even unforeseen disturbances” (Tendall et al., 2015). For instance, considering climate change: under the first framework, one should adopt a strategy to reduce one's impact by mitigating emissions (IPCC, 2014b) while under the second framework one may choose to increase resilience by adopting a new technology that is more adaptable to possible climate variations (IPCC, 2014a). Frameworks can also embed both impacts and resilience components simultaneously (Beddington et al., 2012; Garnett, 2013).

Sustainability is also a multi-scale concept that must be defined and measured at various scopes from local to global levels of spatial resolution and decade to century levels of temporal resolution (Ostrom et al., 1999; Scholes et al., 2010). Multi-scale measurement is particularly relevant for food systems since globalization has increased the connectivity across the globe related to sourcing, processing, transport and storage, and consumption demands (Brown et al., 2015; Seekell et al., 2018). The issues that are important and how they are accurately and usefully measured may differ substantially depending on these scales and scopes. For instance, sustainability defined at a broad scale and scope may result in more macro-indicators at the national policy level (Millennium Ecosystem Assessment, 2005; UN, 2008) while sustainability defined at a specific location may result in more detailed indicators at the individual or community level (Stewardship Index for Specialty Crops, 2011; COSA, 2012). Inclusion of multiple scales and scopes becomes even more difficult if the chosen conceptual frameworks include driving forces that span both local and global systems, such as ecosystem management or technological change (Scholes et al., 2010; Brown et al., 2015).

Furthermore, achieving a sustainable global food system requires input, buy-in, and coordination from a vast array of stakeholders—public and private, profit and non-profit, consumer and producer, owner and worker, poor and rich—to successfully agree on issues, choose indicators, collect data, develop strategies, implement projects, improve practices, and ultimately achieve a sustainable path forward (Pretty, 1995; Cash et al., 2003; van Kerkhoff and Lebel, 2006; Beddington et al., 2012). Defining and measuring sustainable food systems, therefore, must be an inclusive, “bottom-up” effort that allows all interested parties to provide input. Evidence shows that the “co-creation” of transdisciplinary research and conceptual frameworks can improve credibility, relevance, and legitimacy, ultimately helping overcome traditional social and political boundaries, and improving the chances of strategy implementation (Ostrom et al., 1999; Lucas et al., 2010; Clark et al., 2011).

The necessity of an inclusive and comprehensive approach also becomes apparent when one considers the volume of potential tradeoffs between issues that must be considered. For instance, if a strategy is implemented to address a specific set of important issues, this strategy may have unintended and adverse effects on other issues not within the scope of the framework considered. Such results are especially relevant for non-linear, complex systems where socioeconomic and ecological drivers can interact to produce tipping points and emergent properties that affect the system in unintentional and unforeseen ways (Costanza et al., 1993; Beisner et al., 2003; Dasgupta and Mäler, 2004).

As a result of these complexities, many within the sustainability community have promoted multi-criteria decision-support tools that allow groups of stakeholders to address multiple, orthogonal objectives simultaneously to more comprehensively assess issue tradeoffs (Keeney and Raiffa, 1976; Romero and Rehman, 1987; Zander and Kächele, 1999; Munda, 2005). For instance, researchers within the integrated assessment community attempt to achieve a more comprehensive assessment of sustainability impacts by linking planning and scenario models across the natural and social sciences, allowing them to assess multiple, often incongruent issues simultaneously (Lotze-Campen, 2008; Tschakert et al., 2008; Rosenzweig et al., 2013). Still, such modeling efforts are often integrated to assess a few important issues—such as the impacts of climate or nutritional status—and are not set in the context of a larger conceptual framework that includes the comprehensive set of sustainability issues and tradeoffs one could potentially consider (van der Linden et al., 2020).

Each one of these challenges can lead to incongruities between issue and indicator sets that are used by various stakeholders to define and measure sustainability for any particular context, and these incongruities can deepen since our understanding of sustainable food system issues is not static. Our information base is constantly advancing and changing, even for established issues such as water scarcity or poverty. New issues arise as other issues are addressed, and the definition of sustainable food systems must be flexible enough to deal with this dynamic foundation. Although indicator sets and indices have been proposed to define and measure food policy goals such as increased food security various contexts (The Economist, 2013), these remain specific to scales, scopes, and communities of practice. Lacking is a consistent template for formalizing decision workflows for selecting this information to not only assure completeness, but allows information to be linked and shared across different communities of practice (Olde et al., 2016).

To address these questions about the definition and measurement of sustainable food systems—and present some insight into possible solutions—this paper presents a malleable workflow to define stakeholder-specific definitions that can be linked together to enhance both local and global definitions of concepts such as sustainability and food security. This workflow template, here called the “checklist generator” workflow, is comprised of a set of tools that can be used define and measure sustainable food systems for any specific stakeholder group, particularly in a way that transparently (1) engages the different communities of practice (CoP) involved, (2) captures and clarifies key information (3) ensures completeness while reducing dimensionality (or ensuring complete coverage of all issues while reducing dimensionality in the number of indicators needed to measure them). The purpose of this process is to give stakeholders the ability to interface with a consistent and transparent network of sustainability information and iteratively select issues and indicators that measure progress toward increasingly sustainable practices.

We present three hypothetical examples to illustrate how different workflows can arise from different applications of this system of tools. To show the diversity of potential outcomes, each of the three examples typifies an archetypal community of practice: a food company, a global government organization, and a regional government planning board. Unique checklist generator workflows may be derived at different temporal and spatial scales, from a disparate set of actors, and have widely different goals; yet the outcomes of these workflows can be compared to enhance our understanding of sustainable food systems across regions, scales, and commodities.



Three key aspects needed for a successful checklist generator workflow


Stakeholder engagement across communities of practice

Many different communities of practice (CoP) are part of the global food system, including farmers, traders, food producers, policymakers, educators, and researchers. Opinions about which issues matter differ both within and across communities, yet each community has specific norms and concepts for thinking about the impacts of their decisions and the impacts of other's decisions on them. Trying to choose and agree on the sustainability issues that matter and ways of measuring them is difficult to negotiate within a CoP, and become even more difficult when multiple CoP are involved in stakeholder groups. Characterizations of the sustainability of food systems that are partial to one community of practice over another may serve a specific function, but can be problematic for ensuring participation in a broader strategy.

A checklist generator workflow that allows different CoP to identify a recognizable set of issues and indicators in parallel with other stakeholders would allow the results of the studies to be interoperable, no matter the commodity, region, or language. The power of interoperability of sustainability issues such as food security will inform the next group of stakeholders through the use of indicators, data, and results, as well as increase transparency of previous stakeholder's progress. New knowledge generated through scientific research, cultural exchange, social development, and practical experience is constantly revealing new issues as other issues are addressed. Consistent approaches to identify sustainability issues of importance and indicators to measure them must be flexible enough to incorporate emerging issues, insights, and data sources (Springer et al., 2015).



Semantics and organization of food system information

Although the multitude of available information on food system sustainability gives stakeholders many ways to define and measure important issues, a central challenge becomes finding, sorting, and choosing key pieces of information that fit the perspective of the communities of practice involved in a given case. Previous work (Springer et al., 2015) presents an information strategy for doing this, organizing the extensive amount of sustainability information from different CoP into a network of semantically consistent sustainability issues and indicators. The database that resulted from this work contains 44 “integrated” sustainability issues, along with 318 more specific “component” sustainability issues, that are linked with a network of 2,000+ sustainability indicators that have been used to measure them in various contexts.

Although this proof-of-concept database is large and fairly comprehensive, in reality it must be connected to broader networks of information to be truly useful. Using controlled vocabularies, like FAO AGROVOC or CABI (Caracciolo et al., 2013; CABI, 2014), can give stakeholder groups flexibility to do this in real time: new issues can be added; new links made to existing issues; new indicators can be searched for, updated, or changed; and new ontological relationships between issues and indictors can be made. The malleability of this Semantic Web of food sustainability information will be necessary for most use cases, and hence this open, linked-data framework will be essential for interoperability within and across communities of practice.



Completeness and reducing dimensionality

Utilizing a semantically linked network described above can ensure that stakeholders have access to a dynamic, global set of indicators and issues and have the ability to communicate across CoP. Yet a useful workflow must help stakeholder groups sort through this global network for the issues and indicators that will be most useful for their group, while simultaneously ensuring (1) completeness in access and consideration of potential issues and indicators (2) reduced dimensionality of chosen issues of material importance to their use case and (3) reduced dimensionality of the set of indicators that can still completely represent all material issues. On one hand, it is unrealistic and unnecessary to track the global set of indicators in each case; on the other, determining material issues and indicators in isolation creates barriers for communication, and it would be beneficial for any issues and indicators chosen to be recognizable and used by the broader community, and also ideally by other stakeholder groups working on similar lists of issues, commodities, and regions. By using sets of information that are semantically linked to all other CoP, one can help assure completeness by accessing the broadest set of possible issues and indicators available. And if issues and indicators could be compared across different stakeholder groups and CoP, the sustainability community as a whole could begin to more comprehensively address questions such as:

- Is there a minimum set of sustainability issues that comprehensively address the complexity of global food systems across all frameworks and contexts?

- What are the key differences across scales, scopes, sectors, commodities, etc.?

- If there are common issues addressed across communities of practice, what indicators should be used to measure progress on each issue and how much similarity do they have across contexts?




Methods: The checklist generator workflow

We present a malleable workflow that addresses these three aspects of CoP engagement, semantics, and completeness by allowing stakeholders to interface with a transparent network of information and iteratively select issues and indicators that makes sense for their use case. Such a workflow has been successful in the conservation community at creating “best-practice” decision-support systems for conservation projects (The Conservation Measures Partnership, 2013). Information technology tools such as MIRADI (https://miradi.org/) help conservation partners develop boundaries, measurements, goals, and strategies for specific uses that can be shared across user groups without a loss of generality. The workflow presented here provides the basis for a similar decision-support and negotiation-support (Van Noordwijk et al., 2001; Clark et al., 2011) platform within the food system sustainability community, helping stakeholders align the issues, indicators, and strategies they will address, track, and implement, thereby improving chances of success. In Figure 1, this workflow fits within the decision and negotiation support boxes for multiple communities of expertise (two boxes on bottom-right).


[image: Figure 1]
FIGURE 1
 The checklist generator workflow is both a decision support and negotiation support tool, ideal for navigating multiple communities of practice (middle-bottom and bottom-right squares). Figure modified from earlier version published. Source: From Clark et al. (2011).



The checklist generator building blocks

To describe the malleable workflow that can achieve these three aspects of CoP engagement, semantics, and completeness, we need to first define the base set of information and tools that can be used to design a workflow: a group of decisions makers, a graph database, a minimum covering set algorithm, and a software interface.


Group of decision makers

The first requirement is to agree upon a set of actors that will be included. Ideally, this would be a stakeholder group representing the key players within the region and commodity to be addressed. But this group could also be a single institution, such as a company or government agency.



Graph database

The next requirement is an information set, in the form of a graph database with a semantically linked ontology which as the very least requires an overarching set of issues, possible indicators for measuring them, and how each indicator can be used to measure each issue (see Supplementary material for information about this type of data format). For instance, the dataset developed by Springer et al. (2015) provides a set of indicators linked to the issues that they can provide information about. Additional or different datasets could be used as long as they define, for both issues and indicators, the three pieces of the triplestore structure (subject, predicate, object) that make up a semantically-enabled graph database.

Additional information can be specified to help give context to this network of issues and indictors and assist in the selection process. For instance, the dataset developed by Springer et al. (2015) specifies relationships between overarching “integrated” issues and more specific “component” issues to give users more nuance in selecting issues. One could develop a more detailed ontology that adds more specific relationships (predicates) between issues and indicators, and even add new “classes” of subjects and object beyond these two categories, such as spatial data, goals, and strategies. One could even expand the information set to the global Semantic Web of information using defined ontologies and controlled vocabularies used to extract the relevant information for a specific case.



Minimum covering set algorithm

A central tool for ensuring completeness while reducing dimensionality is a minimum covering set (MCS) algorithm. Such an algorithm uses the information provided in the graph database, such as the one presented in Springer et al. (2015), and selects the minimum set of indicators required to represent the issues selected in step two (Huber et al., 2015). Different algorithms can be used to solve the MCS problem, each with distinct advantages as well as computational requirements. The algorithm used by Huber et al. (2015) is based upon the conservation planning tool MARXAN and has its own distinct advantages.

Another more efficient option utilizes the integer programming (IP) method (Balinski and Quandt, 1964), which can be applied in this case to minimize the number of indicators while ensuring that all selected issues are covered by at least one indicator. The IP approach is computationally faster and hence allows users to revise inputs in real time and calculate many different outputs. The IP approach also allows us to add additional constraints to help users in the selection process. For instance, we add a constraint that allows users to define important attributes and then ensure that the selected indicators have these particular attributes such as units, frameworks (measure “impacts” and/or “vulnerability”), or sustainability types (environmental, social, political, physical, financial, and human).

The details of this IP algorithm are described in the Supplementary material, including how to use the graph database as the algorithm input, how to define and select issue and indicator attributes that are required in the minimum set, and how to access open source code and data for running the MCS algorithm.



User interface

This tool allows users to iteratively adjust and modify the graph database and MCS algorithm inputs and outputs, both immediately during the selection process and over time during long-term progress tracking and information updating.

The “front-end” of this application is an user interface that allows users to view the data and run the MCS algorithm. It presents the graph database as lists of issues and indicators, which can then be “checked” on or off depending on the relevance of each issue or indicator to their specific context. The user can then click a button to run the MCS algorithm, view a list of the indicators that cover the issues and attributes they selected, and further adjust the indicator set based on the suggested output. A prototype of this software has been created using R-Shiny, see Supporting Information for details.

The “back-end” of this application allows users to interface with the graph database, adding information and adjusting ontological relationships. This capability is essential for users who may want to use an existing database, such as the one presented in Springer et al. (2015) but want to adjust and update the issues, indicators, and relationships to better fit their use case. Such an interface is useful in transparency and sharing information, as will be considered further in the discussion. A prototype of this interface has been created, see Supplementary material for details.




Checklist generator workflow key steps

These four building blocks are used alongside four key steps to create a checklist generator workflow that produces a manageable set of issues and indicators (Figure 2). Each checklist generator workflow can be unique, and the following four key steps are not exhaustive or in any particular order. But these pieces will be central aspects of helping each stakeholder group define and measure food system sustainability for their particular context.


[image: Figure 2]
FIGURE 2
 Process map connecting the four key steps in the checklist generator workflow with the four checklist generator “building blocks.”



Identify material issues

Here, users select the specific issues that are relevant for their use case from the standardized and organized list of all possible sustainability issues. This can be as heuristic as choosing a few important issues through discussion with the group, straightforward as using the entire issue set, practical as using a set defined by another group, or detailed as systematic consideration of each issue in the database to assesses its relevancy to the chosen region, commodity, and framework. The subset of issues that result from this step defines the food system sustainability boundaries for that particular group.



Select indicators

In this step, users select the indicators they will use to measure their material issues. The MCS algorithm and interface is essential here, ensuring completeness of issue coverage but also assisting stakeholder in identifying overlaps and efficiently building possible sets. Users may select some indicators upfront, “lock-in” good indicators that the MCS tool selects, or eliminate those that stakeholders cannot agree upon or don't makes sense. The tool can be run as many times as necessary with different iterations to help stakeholders agree on the most useful set for their case.



Modify data

After going through the issue list, stakeholders may feel that there is an issue missing they want to add. Or maybe the group creates a conceptual framework to define issues that drive change within their particular food system boundaries. Such changes and additions can be made to the “back end” interface to the graph database at any time during the workflow process.



Refine selections using attributes

If members of the stakeholder group have certain qualifications that must be met, these can be specified different points in the workflow. For instance, if members agree that data must be available for the study area of all indicators chosen, this can be selected using the MCS tool and any indicators that don't specify this data are removed from the choice set.





Three “checklist generator” workflow examples

To illustrate these steps and how these tools can be applied in unique ways for different use cases, we present three different stories that show how the checklist generator workflow could unfold. The main goal of presenting three different hypothetical cases is to show how this workflow is malleable depending on the specific commodity and region, as well as the goals of the stakeholders involved. Note that these stories are only illustrative of our workflow template and do not represent outcomes of real cases.


A multi-national private food company

Consider a global food production company deciding how to define and measure the vulnerability of their peanuts sourcing networks in Nigeria. The stakeholders in this case are limited to people within the company itself. Say the company has historically tracked some key environmental impacts of their sourcing operations around the world, but now some stakeholders have become concerned about the long-term economic, social, and environmental vulnerability of the company, as well as the vulnerability of the network of producers and traders they depend upon. The company realize that their previous efforts to assess their sustainability impacts have been criticized for not being comprehensive, but are unsure how achieve comprehensiveness while maintaining conciseness. For a database, they decide to use the existing Springer et al. (2015) database, as they want to consider all possible vulnerability issues to peanut sourcing, including those not directly important to the company. From the 36 vulnerability issues in the database, the stakeholders select a subset of 24 issues directly relevant to peanut sourcing in Nigeria. From this dataset, they start the indicator selection step with a list of seven issues they are already addressing and 10 indicators they are using to measure them (Figure 3A). Three of these 10 indicators are not in the database, so before running the MCS tool these indicators are added using the back-end interface, and the stakeholders form the linkages to issues, ensuring that each linkage comes from a scientifically-validated, context-specific source. They use the front-end interface to select the remaining 17 issues as well as the 10 indicators they already use.


[image: Figure 3]
FIGURE 3
 Beginning of checklist generator process in Case 1 with ten indicators covering seven issues (A) compared to end of checklist generator process with six indicators covering 80% of the 24 relevant vulnerability issues (B). Indicators highlighted purple are the three indicators added to the graph database by the stakeholder group, bolded issues are the initial issues covered by the food company, and the grayed-out indicators are those covering the remaining 20% of issues.


They now run the MCS algorithm, which identifies a set of indicators that represents all the vulnerability issues. Yet some of these indicators don't fit their goals, and so they eliminate them from the set and run the MCS algorithm again. This process is iterative until they arrive at an indicator set of 14 indicators that cover all 24 issues.

Upon further discussion, they decide the indicator set it too large and they can't afford to collect data and track that many indicators. As a way to shrink the set, they use the graph database to see how many issues they can cover with a smaller set of indicators. They find that they can cover 80% of the issues with only six of the selected indicators, recognizing the need to address the other eight in the long term to address the remaining 20% of issues (Figure 3B).



A global government environmental organization

Consider a global initiative has spent the past 4 years creating a large set of indicators to measure and track categories of issues that are matched with a set of long-term policy goals. These goals have been formulated to track improvements to the sustainability of food systems around the world. These goals are matched up with issue categories, which are then measured by unique indicators. Yet the group has chosen over 100 indicators to represent their issues and goals, and they have received feedback from the public to reduce the number of indicators. Still, the organization does not want to compromise the number of issues or goals they have chosen, for they want to be comprehensive in their definition of sustainable food systems.

The stakeholder group in this case includes not only the organization but any stakeholder interested in the selection of goals, issues, and indicators. The dataset is their own set of issues and indicators, which they enter into the graph database using the back-end interface. Yet since each issue is measured by a unique indicator, there is no way to reduce the size of the indicator set unless they allow each indicator to represent more than one issue. They therefore decide to “recode” the links between issue and indicators using the back-end interface, looking at each indicator and making a link to every issue that it can be used to measure.

Once this relinking is done, they use the front-end interface to eliminate all issues and indicators except their set, and then run the MCS algorithm. Although this is the minimum set, a few stakeholders protest that some very important indicators have been eliminated, and so there is a negotiation about which ones should be added back in and before the MCS algorithm is run one more time. This set, although a few indicators above the minimum set, includes far fewer indicators than the original set, and the stakeholders agree to use this more efficient outcome.



A local government land planning board

Consider a region with a local economy mainly driven by agriculture. The municipal government in this region is concerned about the potential sustainability impact of their nascent long-term land use plan on the local food system. The planning is done by the local committees and consultants but the decisions are made by the regional planning board. The board has the key issues selected and approved, which are limited to mainly environmental issues but also a few social issues, and want input on choosing indicators (with existing data) to measure sustainability impacts of three alternative land development strategies they could implement during the next 20 years.

The stakeholder group is mainly the board, but there is some negotiation that must happen with the committees and consultants. The graph database is limited to the issues they have already defined, but requires indicators to be linked to those issues. The first step is to semantically cross-reference their issues with the issues from the Springer et al. (2015) dataset, which by transitivity links their issues to the 2,000+ indicators in that dataset. But the planning board also undertakes an additional external search for indicators that (1) have small-scale spatial data for their region or that (2) could feasibly and cost-effectively be collected. Once the search is complete, they add these indicators and metadata for the spatial datasets to the graph database using the back-end interface.

The planning board then uses the front-end interface to select the key issues that have been approved, as well as a few of the regional indicators they found that they are sure they want to use because of the good data available. They then also enable the indicator attribute for “dataset,” which assures that each indicator selected has been tagged to have an available dataset to use. The board runs the MCS and finds the solution “infeasible,” meaning that there are not enough indicators with datasets to represent the issue they care about. The board decides to run the MCS algorithm again without the dataset attribute selected, and it immediately finds a baseline set of indicators, some with datasets and some without. They then lock-in those indicators with datasets, eliminate the others, run the algorithm again, and repeat the process iteratively. They are able to represent 80% of their issues using indicators with available data before they receive an infeasible solution again. This indicator set allows them to analyze the spatial data for the majority of their issues to assist in their scenario planning, while also communicating to other government authorities the data gaps that remain for key issues.




Discussion

These examples illustrate the flexibility of the checklist generator workflow and the potential to adjust the “building blocks” depending on the goals and strategies of the stakeholder groups. This flexibility would be even more evident if comparing the differences in indicator sets between runs. As shown by Huber et al. (2015), eliminating one or two indicators and running the MCS again may produce an indicator set that is markedly different than the previous one. This not only highlights the possibility of countless acceptable indicator sets, but the importance of a user-driven workflow to guide indicator selection. This workflow is designed so that actors are forced to engage in careful discussion at various points throughout the user-defined workflow to assess for themselves whether the indicator list being generated adequately covers each aspect of the issues they care about.

One can imagine many other ways of combining and adapting these building blocks for any number of cases, along with the advantages that would come more and more lists being generated. For instance, consider another example: five different groups of stakeholders are concerned with the sustainability of sourcing of a commodity X, but each group is on a different continent and produces commodity X in distinctive agroecosystems, with disparate technologies, and in different social and institutional contexts. As each group goes through their own unique checklist generator workflow, they will generate their own issue and indicator lists to define and measure the sustainability of sourcing commodity X from their respective regions. By continually adding to and utilizing the growing network of issues and indicators, similarities and differences between the resulting lists could be compared and would provide insight into what sustainability issues have global significance and which are locally specific.

We hypothesize that a significant subset of sustainability issues is applicable in all contexts, although this subset cannot currently be determined a priori. Yet as multi-scale commodity- and region-specific sets are generated for more contexts, patterns in these similarities and differences may begin to elucidate a global picture of sustainable food systems. When considered together, a global set that defines and measures global food system sustainability, given current knowledge, will emerge.

As more sets are generated and additional knowledge on important and useful issues and indicators becomes available, stakeholders can use this new information to update their sets to include issues increasingly deemed as important by other groups and indicators that are often used and becoming particularly established. Consider again the example of commodity X: if one region generates an issue and indicator list, the other four regions might find it useful to see these lists while creating their own. This information can then be stored in the growing Semantic Web of data by using the back-end interface to tag issues and indicators that show up again and again, further strengthening both the indicator attributes and the usefulness to users. While maintaining user privacy, such an open-data Semantic Web platform can allow sharing of previously searched commodities and regions at various scales, the issues the user is concerned with, and the indicators that were chosen in real time.

In this way, the iterative nature and flexibility of the checklist generator workflows allow the global definition and measurement of food system sustainability to emerge and evolve over time, growing from the unique knowledge and experience of the people addressing the issues on the ground. Furthermore, transparency of these workflows using the Semantic Web has the potential to empower communities of practice often left out of the decision making workflow: if their sets are consistently different from those with the influence to change practices, it will become evident to the global community that comprehensive sustainability is not being achieved by this group, putting pressure on those in power to iteratively adjust their sets and expand their stakeholder groups and decision making workflow.



Conclusions and future work

The three examples presented in this study show the potential for the checklist generator workflow to take disparate sustainability information and build context-specific and globally-relevant definitions of food system sustainability. The flexibility of the workflow allows different disciplines and stakeholder groups to contribute to a shared informatics platform, while at the same time giving stakeholders a practical tool to communicate with researchers and negotiate with other interest groups. Our next step for this work is to generate issue and indicator checklists for comparison in partnership with stakeholder groups involved in the supply chains of specific commodities and regions.

A number of further steps are envisioned to improve the usefulness of the existing graph database and checklist generator workflow. Our team has developed a draft typology of indicators that, if applied to each indicator (useful scale, available data, leading/lagging, etc.), would populate the attribute table in the MCS algorithm and allow them easy sorting of indicator types before running the MCS. The continued development of the front-end and back-end application interfaces, alongside the continued development of the controlled vocabularies, allow our tools to be more closely linked to global Semantic Web of sources and data. Furthermore, we are developing an ontology to improve the description of the relationships between issues and indicators. In this current study, a link is only made if an indicator can provide useful information about a given issue. Other relationships could be defined among issues, such as causation between issues, allowing the isolation of underlying drivers. Coupling of these underlying drivers to mechanistic frameworks or models would then allow for explicit testing of actionable solutions such as management practices, policy interventions, and livelihood decisions. Building these complex relationships into the graph database would give users even more information and options, helping them choose issue and indicator sets with even more precision and confidence.
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