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Across Indigenous scholarship and environmental sciences there is a growing recognition that community and stakeholder partnerships must underpin and guide the co-production of knowledge to better resolve the complex socio-political issues responsible for the production, and ultimately the mitigation, of pollution. This article reports work that aimed to support shared understanding within community stakeholder partners as part of two larger environmental science projects to understand and reduce pollution within an urban waterway. Utilizing participatory action research, transdisciplinary and translational ecology approaches, the research used System Effects Mapping to visualize a networked understanding of people’s connections to, and valuing of, their local water ways. This led to discussions on ways that community stakeholders felt they could act to improve the environmental conditions, taking into account how actions may interact. While actions identified were not necessarily novel, the approach supported shared understanding between researchers and community stakeholders and shared investment in the knowledge produced. Systems Effects Mapping was a useful method, with the social network output allowing for deeper exploration of transdisciplinary systems change.
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1 INTRODUCTION
This paper presents a community collaboration utilizing a novel engagement method as part of two linked multidisciplinary environmental research projects in Aotearoa-New Zealand (Aotearoa). Managing the Risk of Organic Contaminants (EOCs) and Aotearoa Impacts and Mitigation of Microplastics (AIM2) projects focused on better understanding the sources, environmental impacts of contaminants and reducing their impacts in the environment. These contaminants include pharmaceuticals, ingredients in cleaning and personal care products, and microplastics and their associated chemical contaminants.
The use of plastics and chemicals are deeply embedded in our society and are integral to human lifestyle and health. Poor management and disposal practices surrounding their production and consumption result in the release of contaminants into the environment. The effects of these contaminants as components of wastewater discharges, stormwater and run-off, litter, and their potential accumulation in ecosystems including estuaries, are of increasing concern (Davison et al., 2021; Kramm et al., 2022).
Reducing the impacts of plastics and chemicals is a significant challenge, and one that is considered to be a ‘wicked problem’ where people are implicitly part of the problem and there are no simple solutions (Rittel and Webber, 1973; Head, 2008; Lönngren and Van Poeck, 2021). Mitigation would require significant change in everyday life, systemic redesign of policy, and alterations to production and practices across diverse sectors. The complex, multi-faceted sociocultural and political factors associated with mitigation and adaptation need to be better understood by communities, regulators and scientists for science research to have a significant impact. This makes it vital that communities and local stakeholders are meaningfully involved in how the science frames the problems, and the design of any potential interventions (Brown et al., 2010; Jahn et al., 2012; Brandt et al., 2013).
We developed a mixed-method transdisciplinary approach for collaborative planning and critical reflection. Key to the approach was Te Tiriti o Waitangi, guiding partnership with Indigenous Māori as key decision-makers within the geographical area and project (Hepi et al., 2018; Ataria et al., 2023). A central and defining premise of transdisciplinarity is the degree to which local knowledge and experiences are integral to the research (Brown et al., 2010; Jahn et al., 2012; Baker et al., 2023), and the degree of power and influence that community and Indigenous knowledge systems have in shaping and interpreting the research (Jahn et al., 2012; Goven et al., 2015). Further, translation ecology integrates ecological and social science to link scientific knowledge with decision making and action, using transdisciplinary approaches. Including local council decision makers in the study alongside community and Indigenous partners supported dialogue across mental models about environmental management arising from Western scientific, Indigenous, and experiential knowledges, which is an essential part of translational ecology (Foote et al., 2007; Enquist et al., 2017; Safford et al., 2017). All these features support meaningful change through shifts in thinking and practices of those involved (Parsons et al., 2016; 2017; Enquist et al., 2017).
This community case study used systems effects mapping as a tool for co-exploration and joint framing of the issues around the health of local urban waterways. As this work was carried out during the COVID-19 pandemic, there were many challenges to the original research plan. In particular, the plan relied heavily on face-to-face interactions as the preferred method of interaction for the community and Māori partners, and the pandemic resulted in cancellation of many of the larger scale events. Further, the community and Māori groups were involved in supporting others during the difficult times of the pandemic. Despite these challenges, the objective of providing a forum for shared understanding of the wider science project findings was achieved, and areas to increase the community’s ‘capacity to act’ were identified.
The rest of the article describes the case study. The context of the Whau case study is presented, followed by an outline of the systems effects mapping tool and how it was used. The findings are presented and then reflected on in the final section.
2 THE WHAU CASE STUDY
The geographical area of interest was the Whau river catchment, an urban estuarine system in the west of Auckland City, Aotearoa New Zealand. Historically the Whau river was a valuable link between the West and East coast of the North Island of Aotearoa via portage between the large western (Manukau) and eastern (Waitematā) harbors. The Whau was an important trading area for Māori (indigenous peoples of Aotearoa) because of its location, rich biodiversity and bountiful food resources that supported many people. Te Kawerau ā Maki (TKAM) is recognized as mana whenua, being the Māori tribe having principal cultural authority over the Whau catchment area.
Following the signing of Te Tiriti o Waitangi in 1840 between Iwi (Māori tribes) and the British Crown, there was a large influx of immigrants from Britain and significant marginalization of the Indigenous population. British colonialists used the water of the Whau river as an industry resource but also as a vehicle to discharge waste as urban, industrial, and horticultural developments expanded adjacent to the river. By the end of the 20th century, the Whau river was recognized as significantly polluted. By 2020, environmental efforts had failed to significantly mitigate pollution levels, with reporting continuing to show that human induced pollution via accumulation of contaminants within sediment (Mills and Allen, 2021) is impacting on the benthic ecology (Drylie, 2021). Both community environmental groups and Māori mana whenua had expressed their concerns about the pollution. This combination of a polluted environment and active community engagement in seeking solutions made the area ideal for a case study within the EOCs and AIM2 projects. The case study included both biophysical and social science objectives, however this paper reports on a specific research method as used in the social science components of the inquiry, that is, the use of the systems effects mapping as a tool for further supporting dialogue and shared understandings.
An essential first step was to establish a Community Steering Group (CSG) with representation from TKAM (mana whenua/Iwi), EcoMatters (a community environmental group), and Auckland Council (local government). The purpose of the CSG was to guide a collaborative planning approach with the project researchers. As part of the researchers’ commitment to a partnership approach, the initial phase of the research focused on setting up the CSG including a Terms of Reference document, and agreements for sharing information and intellectual property. The key community and Iwi partnerships in the project were resourced for their time, expertise, expenses, and involvement. Whilst not necessarily equating to renumeration that researchers would typically receive, allocating adequate funds to support community and mana whenua partnerships over the duration of the project was essential to ensure participation could be meaningful, including signifying an intent for more equitable power dynamics in the research relationships.
The initial part of the project was to identify the community partners’ priority project aims. At several half-day face-to-face and online meetings facilitated by the researchers, soft systems tools including rich pictures (Checkland and Poulter, 2010; Bell and Morse, 2013) and collaborative planning methods were used to help the CSG develop a shared understanding of the current situation. From these meetings the name ‘Te Hau o te Whau’ was gifted by TKAM, to describe the intent for restoration and recognition of the essence and vitality of the Whau waterway and catchment. The CSG agreed the research would be conducted in ways that supported and strengthened the ‘community’s capacity to act’ to restore the health and spirit, or mauri of the Whau waterway and catchment, that made visible TKAM history in the area and supported a sense of community connection to the waterways. Thus, the research aimed to identify ways for communities to better understand and connect the sources of plastics and contaminants in their journey from land to ocean via the Whau, as well as options to better manage those contaminants. As the project progressed, regular CSG meetings enabled the scientists to learn about, connect with, and participate in local environmental activities, give updates on the wider research and co-design the research.
Systems effects mapping was one tool that was used to advance the aims of Te Hau o te Whau by gathering data and presenting in a visual form. Systems Effects Mapping had three purposes within Te Hau of te Whau: 1) support shared understanding between members of CSG and researchers; 2) help consider ‘community connection’ to urban waterways; 3) help consider community capacity to act for health of urban waterways. Overall, we attempted to show how people in the community understand the links between factors which affect the health and vitality of the river.
3 METHODS—SYSTEM EFFECTS MAPPING
System effects mapping is a method initially developed by Luke Craven (2017). The method combines soft systems approaches with social network analysis and mapping to identify and analyze influencing factors in a system. Soft systems approaches focus on making explicit people’s mental models about a system, which is useful for influencing individuals’ behaviors and practices as well as identifying opportunities for systemic action (Midgley, 2000; Moon et al., 2019; Biedenweg et al., 2020). Social network analysis allows combination of multiple individual perspectives of an issue, to consider interactions of factors across these multiple perspectives, and to reveal influence or ‘leverage’ points. Systems effects is a relatively recent method development, with application to date in areas such as public health and equity in technology. Examples are a study on how people perceive the risk of mosquito-borne disease in Vietnam (Chapot et al., 2020) or what systemic barriers create uneven access to digital finance technologies in Bangladesh (Boamah et al., 2021), or the impact of unsafe food in Cambodia (Roesel et al., 2021). An online survey was created using the system effects tool (https://www.systemeffects.com/#/). This tool provided an easy way for people to contribute to the study, and see their individual ‘map’ of influencing factors and change it in real time if they chose. Network analysis statistics were not utilized as the key intended use of the System Effects Mapping was to support dialogue on different perspectives of what supports healthy urban waterways, in order to better identify points of leverage and actions for the CSG to consider. For this reason, analysis of the System Effects survey responses was kept to a visual display of the resulting network.
A summary diagram with an outline of the research process is shown in Table 1.
TABLE 1 | Outline of Systems Effects Mapping research process.
[image: Table 1]Members of the CSG distributed a link to the online survey through their networks, including EcoMatters newsletter. The participants were therefore not geographically limited to the Whau river catchment and included responses from other catchment areas. While the Whau river was focus of the case study, pollution issues within the Whau are not unique and perspectives on urban waterways more generally were relevant to study purpose.
The central question of the Systems Effects Mapping survey was “what contributes to a thriving urban waterway”. Respondents were asked about contributing factors that they thought were important for a healthy waterway, and what other things might influence, or be influenced by, that factor. As we used the method to explore ways to enhance the ‘community capacity to act’, we deliberately asked positively framed questions and avoided asking about barriers. This decision was also to minimize triggering feelings of anxiety concerning the environment (Hayes et al., 2018). The systems effects tool drew a network map of factors and respondents were asked to make additional connections between factors which they identified. A further option was provided to ‘tell a story’ about actions they have taken to support a healthy waterway. Finally, demographic questions were asked related to waterways.
Factors identified within individual survey responses were only combined across responses where it was considered that similar factors influencing health of waterways were described using different words. Keeping a diversity of factors and representing diversity of perspectives were key considerations in combining the individual survey responses into a single dataset. Combined responses were uploaded as an adjacency matrix to the Kumu tool to produce a network diagram (https://kumu.io/). The stories were analyzed separately using manual thematic analysis, focusing on identifying community ‘capacity to act’.
An interactive presentation of the Kumu network diagram was created to explain the network diagram to the CSG for use in their decision making around future direction for the research. The presentation also included an explanation and visual summary of the themes from the stories. The presentation was discussed at a CSG meeting, and was subsequently made available on the Ecomatters webpage along with other outputs from the case study (see https://www.ecomatters.org.nz/in-nature/te-hau-o-te-whau/).
4 FINDINGS
Within the demographic section, respondents were asked about connections with their local waterway (Table 2). Fourteen of 37 respondents completing demographic questions identified their local waterway as the Whau river, estuary or tributary. Most respondents saw their local waterway often and felt a sense of connection to that waterway. Given these results, the small sample size and the way that the survey link was distributed, we acknowledge that the findings may not necessarily be representative of the views of the wider community, but instead reflect the views of individuals with a pre-existing sense of environmental connection who were motivated to complete the survey. Nevertheless, a variety of factors influencing health of waterways were identified, from individual practices through to urban planning rules and design. Given this breadth of factors, the results were helpful in supporting the study purpose of building knowledge for dialogue and shared understandings.
TABLE 2 | Demographic profile of respondents to Systems Effects Mapping survey, reported as numbers of respondents. n = 41 but note that not all respondents answered every question.
[image: Table 2]A visualization of the network diagram is presented in Figure 1. The nodes are aggregated factors proposed by respondents as being important for a healthy waterway and are connected to other factors that were thought to influence, or be influenced by, the first factor. The size of the connections is weighted according to the number of respondents who identified those connections. The shape of the nodes indicates the visible/invisible categorizations assigned by the research team. Visible elements (circles) can be seen, heard, or smelt, for example, the presence of rubbish, the clarity of the water, or impact of a sewage overflow event. Invisible elements (triangles) are less obvious, including chemical contaminants, stormwater systems, and local government resource consenting processes (rules and required conditions) for discharge and monitoring wastewater. The purpose of these categories was to stimulate discussion about relative visibility of nodes. The CSG discussion on this point was rich with varied opinions as to which elements should be considered “visible” or “invisible”. While no consensus was reached, a greater depth of understanding was generated within the group of the system that contributed to the health of the Whau.
[image: Figure 1]FIGURE 1 | Te Hau o te Whau Factors creating a thriving awa/river.
To assist with making sense of the complex diagram, color coding was used to distinguish the alternative categorization of what the factor was associated with, which we termed its ‘location’ within the system. Dark blue was for the cleanliness of the waterway itself; yellow was for factors that are controlled by local government such as water infrastructure or environmental monitoring; light blue was for the ecosystem factors that indicate a healthy waterway such as plants and marine life; and red was for factors associated with how people feel about, use, or take action on the waterway.
Twenty-six respondents provided a story of an action which they had taken to support a thriving and healthy waterway. Overall, there was a strong sense of connection with local waterways and an appreciation of the value of waterways. Comments included: ‘waterways are super important and [are] the bloodlines of our land and sea’ and ‘water is life’. The stories emphasized the extent to which respondents were committed to caring for the environment, such as being involved in environmental education or volunteering in stream clean-ups to remove visible rubbish and litter. Active connections with waterways were important for respondents for mental wellness, bringing joy, peace and relaxation, as well as fond memories of childhood play in and around the water. Connections were also important for shaping practices of using and caring for the waterways, including water skills and boat craft, and removing rubbish.
Some actions that protected and enhanced the quality of the waters were identified. These included advocating for keeping the large established trees by riversides for habitat and shade, education about habitats in parks, litter removal and tree planting. Given the size and difficulty accessing some of the streamside litter encountered, people were relieved to be able to contact the Council/local government for help. Local government was seen as a key partner in supporting ‘community capacity to act’.
When the network diagram was discussed by the CSG, there were insights into how each partner group was represented or not in the diagram. A summary of the insights from the discussion is given in Table 3. Of note were the observations that the diagrams identified a wider range of factors than any individual within the group would have identified, and that factors were both in and outside the water. Connections were considered to provide ideas about possible places to intervene to protect this natural resource. The diagram acted to challenge theories of change about specific intervention options. For example, education for households about environmentally friendly product choices is often an action that is promoted as effective. However, the system map found less connections with this node and more connections with intersecting activities relating to a well-functioning ecosystem, which was placed near the centre of the network. This suggests that householder education in the absence of other intervention may not result in system change. The network diagram supported moving dialogue from considering single interventions towards a more systemic understanding of how multiple interventions interact (Midgley, 2000). Overall, the network diagram and action-story results confirmed the importance of removing visible rubbish to create a sense of wellbeing and connection in those people who care about the river, as well as the value of concurrent streamside restoration work including pest trapping and native plantings. The affirmation of the value of the current activities being undertaken was welcomed in coalescing hope and conveying a greater sense of effectiveness in the combined range of activities already undertaken by the CSG. The use of System Effects Mapping also helped strengthen local capacities and capabilities in networked knowledge building, and in the closing phases of the project this led to the CSG establishing and formalizing a local coalition alliance to strengthen the momentum of combined community and stakeholder action.
TABLE 3 | Summary of insights identified by Community Steering Group (CSG).
[image: Table 3]5 DISCUSSION
This case study focused on one highly polluted urban river estuary and catchment. The Whau river is the subject of two scientific projects designed to understand and mitigate the environmental impacts of microplastics and chemicals of emerging concern. Strong processes for co-design and working in partnership with the community, council and mana whenua groups were key to the research approach. A Community Steering Group was established and defined a key research objective as enhancing the ‘community’s capacity to act’ and focus on restoring the mauri, or health and spirit, of the river. Further objectives were to make visible the mana whenua history in the area and strengthen the community connections to the river. Although the complexity of this undertaking meant that all the outcomes were not fully achieved, especially as this was being conducted during the COVID-19 pandemic, the framework was considered robust and has continued after the project was officially finished. The inclusion of local council decision-makers in the CSG contributed to the sense that the collaboration could have impact on future policy and continued community environmental action in the area.
System Effects Mapping study was undertaken to support a shared understanding of community perspectives on the health of the river and to guide the CSG in its decision making. We now reflect on the past and potential future use of system diagrams in this context.
The CSG considered the diagram to be useful as it provided a systemic view that is often missed when groups focus on their own specific areas of interest. The system approach can support dialogue between the different partners and assist them to understand how different perspectives interact. Having an interactive diagram available on the project website and using the software to highlight and focus in on smaller, nested dynamics within the wider map was seen as especially helpful in supporting people to navigate complex information and have deeper conversation on where efforts might be best invested to produce the desired outcomes. The network diagram could be used to test assumptions about the influence of actions when developing a theory of change for new programs and interventions. The network diagram was shared on the community hosted project website alongside other research data from the wider project including Whau catchment pollution results. For future research engagements, interactive versions of the network diagram might be able to link more directly with other forms of mapping such as pollution results and show linkages to other local environmental programs and activities.
In this current research, the goal of taking a transdisciplinary and translational ecology approach to partnership between Indigenous, wider community, local government and researchers was realized, through regular and ongoing meetings, within which tools like the System Effects Mapping were used.
Dialogue and critical systems approaches have been identified as important for action on wicked issues (Walton and Baker, 2021). As a tool for supporting transdisciplinary dialogue in support of environmental action, the system effects network diagrams appeared to be useful. Of particular note was the dialogue around what was missing from the network diagram. For example, it was noted that the perspectives of youth and less environmentally aware groups were not represented and need to be included in future research. Including diverse perspectives within system diagrams supports shared understanding across different people’s mental models (Moon et al., 2019). While the intention in this study was to use System Effects Mapping in a qualitative way by generating a visual network diagram, with a larger number of respondents there is potential to utilize network statistics in supporting identification of particular factors as potential leverage points.
The online survey was shared through local government, mana whenua and environmental networks. We had anticipated higher numbers of responses and consider the online survey format may have limited the participation. However, difficulties faced in conducting field work within communities during the ongoing COVID-19 pandemic dictated the use of online media. The System Effects Mapping as originally developed was to be used in face-to-face collaborative workshops with key local stakeholders to support deeper questioning of the data and intervention planning. This serves as a timely reminder that all tools have limitations and should not be the only inputs, nor considered to be the sole source of ‘truth’. Being aware of which perspectives are included or excluded, and the boundaries these perspectives place around what is legitimate to consider in relation to any particular issue, is an important part of boundary critique. Boundary critique is a systems method which raises awareness of worldviews and judgements made on who is inside and outside the system studied (Midgley, 2000; Foote et al., 2020).
It has been noted that in western science ‘we can only manage what we can measure’ (Boucher and Billard, 2019). Although this critique does not necessarily apply in all contexts, it is undoubtedly helpful to better see, know, anticipate and model interactions and uncertainties in the design of effective points of intervention. Liboiron (2016, pp. 16–17) describes how representations of data can help to initiate action by resonating with pre-existing values and morals, and bringing together cultural and scientific aspects in pollution studies. Similar to developments in Indigenous theories of knowledge (Parsons et al., 2016; 2017), translational ecology (Enquist et al., 2017; Safford et al., 2017) and other social theories of change, systems effects mapping is helpful in supporting deeper boundary spanning work (Wyborn, 2015; Posner and Cvitanovic, 2019) for reflective, connective and relational work to orient the co-production of knowledge toward stronger interventions in complex ecological problems. Not only does System Effects Mapping help include and make explicit local place-based and experiential knowledge, it also makes important social and ecological linkages and relationships more visible, supporting knowledge synthesis and complex problem structuring.
System Effects Mapping in this project sat alongside other geospatial science such as modelling of connected harbor hydrology and water flow (Chen et al., 2022). The logic of continuing to remove litter from the land boundary of waterways that are connected to estuaries and harbors was also supported, despite sometimes seeming like an ‘ambulance at the bottom of the cliff’ approach. In context of understanding and supporting community capacity to act, the systems effects results confirmed the importance of litter clean-up and streamside restoration activities in helping restore community connections to the waterways. This shows that such activities have a deeper significance than might otherwise be assumed.
We concluded that Systems Effects Mapping was helpful in supporting collaborative sense-making and more complex problem structuring. The approach was useful in supporting local action and planning and assisted the research within the catchment to have more meaningful impacts for the local community. Systems Effects Mapping was utilized within a context where a collaborative community steering group had been established, and where the aims for the local project were co-produced using soft systems methodology tools. This group co-designed the systems effects study and this provided an important mechanism to prepare the group to make sense of and use the results. We acknowledge that resourcing to support this type of transdisciplinary collaboration may not always be feasible in science projects. However, if science is genuinely looking for meaningful impacts, resourcing community time for co-design and sense-making is essential for systems mapping approaches to usefully support capacity to act.
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Interconnections ‘The diagrams drew attention to the interconnected nature of the situation, yet it was felt that often individual ‘experts’ focus
only on one or a few factors

‘There were as many factors out and away from the water, associated with the waters as there were in and close to the water. This
highlighted opportunities for supporting waterway health through areas of focus in what households, businesses, and
organizations do

‘The river as a living system ‘The breadth of factors, interconnections, and prominence of ecosystem-related elements supported the view of the river as a
living system

Visibility of factors Making some factors more visible, such as the ongoing improvement in stormwater management, and linking this with
pollution in the waterways, could increase public support and appreciation of the activity and spend by local government

Support for and challenge to current activities | Members of the CSG were active in activities such as stream litter clean-ups. The diagrams were seen to support these activities,
with centrality of elements related to rubbish suggesting these activities provide an opportunity to engage the public, and
through that engagement draw connections to sources of pollution and ways to support a thriving and healthy river

Challenge to existing theories of change were discussed. For example, the role of direct education about household chemical
products as a location for change was questioned as the relatively few connections to household practices suggested that
individual education may not have wider system influence

Missing factors Some clements that might be expected to be more central in the diagrams were noted, such as the role of mana whenua/
Indigenous knowledge. Such clements highlighted limitations of the data set and provided opportunity for discussion about
which perspectives might be missing or marginalized. For example, no under 20-year-olds participated so the views of youth
may be missing. These views are from older environmentally active community members
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Community steering group (CSG): Set up to guide research
direction

Online Systems Effects Mapping survey developed

Analysis using online software tool

® Terms of References, agreements regarding sharing intellectual property

 Definition of aims of the project determined using soft systems workshop approaches

® Gifting of the name “Te Hau o te Whau”

 Survey tool co-designed and pilot tested with CSG

 Survey link distributed through Ecomatters contact list and website, and through other CSG members’
networks

© Survey open for 4 months, June-September 2021

© Individual survey responses thematically aggregated

© Downloaded adjacency matrix uploaded to Kumu tool to produce network diagram

© Kumu presentation feature used to produce an online resource where people can interact with the diagram
(available https://www.ecomatters.org.nz/in-nature/te-hau-o-te-whau/)

 Narrative stories from the survey were downloaded and thematically analyzed manually

CSG discussions.

® The Kumu presentation and thematic analysis of the stories were made available to the CSG before being
discussed specifically at a meeting. The analysis was referred to as work continued on other aspects of the
case study

 The areas of action identified in the analysis confirmed the efficacy of the current priorities of the
community partners. Despite some of the further actions identified (ic., working closely with local
businesses) being curtailed by continued COVID-19 outbreaks and restrictions on community activities
within the duration of the project, the System Effects Mapping has strengthened local community
‘momentum and capacities in tactical and strategic coalition planning
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