

  sustainability-12-07719




sustainability-12-07719







Sustainability 2020, 12(18), 7719; doi:10.3390/su12187719




Discussion



A Well-Being Approach to Soil Health—Insights from Aotearoa New Zealand



Dean C. Stronge 1,*, Bryan A. Stevenson 1, Garth R. Harmsworth 2 and Robyn L. Kannemeyer 3[image: Orcid]





1



Manaaki Whenua—Landcare Research, Hamilton 3240, New Zealand






2



Manaaki Whenua—Landcare Research, Palmerston North 4442, New Zealand






3



Manaaki Whenua—Landcare Research, Auckland 1142, New Zealand









*



Correspondence: StrongeD@landcareresearch.co.nz







Received: 26 August 2020 / Accepted: 15 September 2020 / Published: 18 September 2020



Abstract

:

This paper explores the concept of soil health from a human well-being perspective in Aotearoa New Zealand. Globally, soils play an integral role in wider society and the environment by maintaining a large range of ecosystem services and benefits. As populations and resource constraints increase and food production and food security become growing issues globally, there is a recognition of the importance of defining soil condition or soil health for sustaining all ecosystems, including services and benefits to humans, plants, animals, and micro-organisms. While the ecosystem services approach has helped to illuminate the varied services soils provide, an understanding of the complex human–soil relationships and values has been missing. Those seeking to understand and form concepts about soil health have concentrated on the more inherent biochemical, physical and economic (e.g., productivity) aspects of soils, but not on the human, social or cultural dimensions. It is argued in this paper that soils form an integral part of our social and cultural fabric and are fundamentally important to human and societal well-being. The way humans interact with, value and use soil is a critical part of determining the health and sustainability of soil ecosystems. We discuss how a well-being approach can improve understanding of soil health with respect to societal goals and needs. We believe this type of approach, which includes social and cultural dimensions, provides a more diverse and inclusive knowledge base and perspective to better inform the development of integrative policy. This would lead to improved management and decision-making of land resources and soils in Aotearoa New Zealand and globally.
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1. Introduction


Soils provide critical functions for society [1,2,3], and throughout history they have been an integral resource base for human survival and advancement. Arguably, “for most of history, few things have mattered more to human communities than their relations with soil” [4] (p. 1627). Despite its critical role in sustaining civilisation [5], the importance of soil–human relations largely goes unrecognised [5,6,7,8].



The ecological function of soils and the degradation they suffer have increasingly become the focus of soil science [4,9,10], and more recently soil health has gained prominence as a way to frame this issue. There have been several recent reviews of soil quality and soil health that discuss its evolution (see for example [11,12]). Kibblewhite [12] discusses soil health from a “utilitarian” perspective, which has grown out of the fitness for agricultural production, stating that “Therefore, at least from a utilitarian perspective, soil health indicates how close the condition of a soil is to its optimal one for supporting specified services, that is, those that define its inherent quality. It focuses assessment towards the quantity and quality of specified services that the soil is able to support; for example, if the specified service is to support agricultural production then the assessment of soil health will be directed towards measurement of agricultural yields and the soil properties that control these outputs” [12] (p. 2).



Bünemann et al. [11] consider soil quality and soil health to be equivalent, asserting that soil quality (and therefore soil health) is typically “considered to transcend the productivity of soils to explicitly include the interactions between humans and soil, and to encompass ecosystem sustainability as the basis for the benefits that humans derive from soils as well as the intrinsic values of soil as being irreplaceable and unique” [11] (p. 107).



These definitions frame soil health within the ecosystem services approach, which is widely advanced as a decision-making framework for identifying the benefits ecosystems provide to people [10,13,14,15,16,17,18,19]. Provisioning and regulating services are the primary focus of many ecosystem services research [15], and this is true of soils where the ecosystem services approach has largely focused on biochemical and physical aspects of the system, such as carbon sequestration and buffering and the filtering capacity of soils [20]. Consideration of social values and perspectives is largely lacking.



In general, soil health is still largely considered in the context of crop yield and food nutrition [12,21,22]. Aotearoa New Zealand has been monitoring soil health since the late 1990s. The origins of the programme were influenced by early work, such as the publication by the Soil Science Society of America (SSSA) Defining Soil Quality for a Sustainable Environment [23]. This document illustrated that the state of dynamic soil properties could be quantitatively described, thereby providing a foundation for land assessment where the quality or health of the soil system could be monitored. In Aotearoa New Zealand, there was a concerted effort to balance production versus environmental needs of the indicators selected (total C, total N, pH, Olsen P, mineralisable N, bulk density, and macroporosity) using target ranges that considered both [24]. Although the system attempts to balance agronomic and environmental concerns, the emphasis (as elsewhere in the world) is on the biochemical and physical aspects of soil [25,26] over the social dimensions.



However, the diversity and variability in soil types, properties and qualities (both spatially and temporally, see [27]) means that finding biochemical and physical indicators that can be used practically to provide meaningful information to support soil management decisions is difficult [12,28,29]. Current understanding of the soil system “is not sufficiently complete to confirm which components and processes are most critical to its functions and inform an unequivocal choice of biological parameters that are indicative of soil health status” [12] (p. 11). In fact, as Baveye et al. [30] (p. 37) point out, despite 50 years of research interest, there are, to date, “no direct quantitative measurements of the functions/services of soils”.



There is a growing recognition in Aotearoa New Zealand that a broader approach is necessary to address the question of how to increase productivity and improve the sustainability of soils [25,26]. There is also increasing recognition of the importance of indigenous Māori perspectives on soil health [31] and the diversity of stakeholders who have an interest in soil. Further, it is realised that trade-offs will be required between interest groups, and that there needs to be an increased awareness by society in general of the importance of soils [25,26]. Soil is part of our social fabric [25], and at a recent workshop on soil management and policy in Aotearoa New Zealand involving representatives from regional and central government, science organisations and the agricultural sector, participants identified a need for a value shift in soil due to its fundamental importance to societal well-being [32]. People and nature are intimately connected, and the human dimensions that shape the ways ecosystem services are valued and used [33,34] are just as critical to the sustainability of soils as the services themselves. Reframing soil health to focus on the well-being benefits people obtain from nature rather than the ecosystem processes that give rise to them [15] could better inform soil health decision-making.



Soil policy and decision-making have shifted towards the sustainable use of soils [2], resulting in “the need for a broadening of the focus from natural science towards societal insights and a long-term vision of durable land use” [2] (p. 2). This, they argue, means that the value of ecosystem services provided by soils can be assessed by the gain in well-being of a population or society [2]. While the ecosystem services concept “explicitly links ecosystems and well-being” [18] (p. 205), and the intangible values people derive from human–ecological relations are acknowledged as important in the ecosystem services approach [35], their incorporation into decision-making processes is often lacking [15].



In this paper we explore the concept of well-being as a means of informing soil health decision-making. Well-being, as Weeratunge et al. [36] (p. 257) note, “provides a comprehensive frame for understanding what is important to people, communities and society”. It is more than just a broad-based outcome; it is an analytical lens that can enhance policy development and improve the understanding and governance of issues [36]. The following section provides an overview of the well-being concept and its use as an analytical lens through which to view soil health. In Section 3, we use examples from Aotearoa New Zealand to demonstrate how soil health is being valued more holistically and finally we discuss how a well-being approach can better capture and express these diverse views than the current production-focused perspectives.




2. The Well-Being Concept


There is a long and rich history of well-being research within the social science disciplines [36,37]. Measuring well-being to improve decision-making has been developed by governments across the world [38,39], and societal well-being (i.e., living well together) is increasingly being used to define social progress [39]. This perspective defines well-being as “A state of being with others, where human needs are met, where one can act meaningfully to pursue one’s goals and where one enjoys a satisfactory quality of life” [40] (p. 1).



This definition incorporates three key dimensions: the material (objective), the relational, and the subjective [36,41,42]. These dimensions take account of the objective circumstances of the person, their own subjective evaluation, and “the ways in which both the objective and subjective dimensions of wellbeing are socially and culturally constructed through relationships in particular societal contexts” [41] (p. 5). This relational dimension acknowledges that people become who and what they are through their relations with others and the environment [15,42]. While well-being is a state that people experience, a well-being approach focuses on the conditions that have to be in place for people to achieve well-being [41].



From a decision-making perspective, Coulthard et al. [41] note four key observations arising from the well-being literature that are applicable to decisions concerning soil health. The first observation highlights the social and cultural aspects within which people’s lives are embedded. For example, in Aotearoa New Zealand, “soil has a strong ancestry for Māori connecting to Polynesian migration, knowledge, history, settlement, and gardening… Belief systems and values provide a basis for explaining soil health from a traditional and historical perspective. These values still resonate strongly today, and Māori position themselves as being part of the soil ecosystem with strong links between soil health, human well-being, and healthy foods” [32].



A fundamental concept of indigenous knowledge systems is that people are an intrinsic part of the natural environment [43]. There is also the understanding that the benefits and values people derive from nature are blended and interwoven across all ecosystem services and are not confined to just the cultural ecosystem services category [43,44]. In Aotearoa New Zealand, the indigenous Māori perspective of soil ecosystems and soil health is derived largely from Te Ao Māori (the Māori world view). This includes traditional beliefs, values, and concepts, based on mātauranga Māori (ancient/traditional, historical, and contemporary Māori knowledge), elucidating the values, uses, and aspirations that Māori have regarding soils, and the practices they wish to follow aligned to their values (e.g., kaitiakitanga—guardianship of the natural environment; tikanga—values and customs) [45]. This Te Ao Māori perspective also encompasses the interests, particularly in modern society, that Māori have in the environment based on their values, indigenous rights and existing property rights. A Te Ao Māori view does not fit well within the western anthropocentric paradigm or economic production model, where nature is treated as just a resource or commodity to service humans. Rather it exists in parallel as a co-existing framework [44], where natural ecosystems are integral and inter-related to human health and well-being. From a Māori perspective, the health and well-being of the environment equates to the health and well-being of people. Māori principles focus on environmental, social and cultural values, in addition to financial outcomes—and their long-term commitment is intergenerational [46]. Māori models of well-being emphasise that “wellbeing is affected not just by access to or quantity of natural resources but also by their state or condition” [44] (p. 278). A well-being perspective on soil health that focuses on the benefits people derive from nature rather than the ecosystem processes that give rise to them would be more inclusive of indigenous views [15,47].



The second key observation from Coulthard et al. [41] is that people are heterogeneous. Different people have diverse ideas about what is more or less important when it comes to their well-being [16,42,48]. Breure et al. [2], for example, describe how stakeholders rate the services provided by soils differently. What was considered important by some stakeholders was deemed unimportant by others, and vice versa. Furthermore, “gender, class, age and ethnicity systematically shape access to resources, rewards and life chances” [49] (p. 4) and inequalities within these categories are associated with reported subjective well-being [49]. As such, “wellbeing and contributors to wellbeing vary across the country, among individuals, [groups], and communities” [50] (p. 10) and well-being approaches need to appreciate these layers of diversity and inequality if they are to improve decision-making processes [50].



Thirdly, because societies are heterogeneous, conflicts can arise between individuals or groups who may have contrasting well-being goals [48]. This is evidenced in Aotearoa New Zealand (and globally) with the increasingly contested use of highly productive soil between urban expansion and rural lifestyle development and primary production [51,52]. In Aotearoa New Zealand, priority has been placed on issues such as urban expansion over production [51], resulting in unconsidered trade-offs in how high functioning soil resources are managed [52]. The social complexity surrounding soils and their health is politically charged and as a result could lead to one group or view benefiting more than another [53]. As Dawson and Martin [54] (p. 70) note, “differences in power relations between stakeholder groups influence which values are recognised in policies governing natural resources, in the negotiation of trade-offs and consequently in the contribution of ecosystem services and disservices to the wellbeing of local people”. A well-being approach would help to provide decisionmakers with an understanding of these conflicts and an insight into who wins and who loses when it comes to soil health policy implementation.



Finally, a well-being approach is important for policy analysis because people’s decisions and behaviours are driven by what they think well-being is and how they aspire to achieve it [41]. This approach elevates the importance of human agency in determining the benefits people derive from ecosystem services [48,55]. Having a more holistic understanding of the benefits people value from soil, who benefits and how, would help develop more equitable soil health policies and support better decision-making.



Using a Well-Being Approach to Inform Soil Health Policy


Globally, well-being is increasingly being viewed as an approach to measure social progress and address sustainability issues across nations [39]. However, well-being can equally be applied to obtain a better understanding of a particular sector or issue, and for the development of appropriate decisions and policies relating to that issue [36]. Applying a well-being lens to soil health (Figure 1) provides new ways of thinking about this issue, and how to bring it into the policy domain.



The top half of the framework presented in Figure 1 is drawn from the Aotearoa New Zealand Treasury’s Living Standards Framework [56] and positions soil health within the well-being approach. This part of the framework recognises the interconnectedness and importance of all the capital assets in shaping the way ecosystem services are valued and used, reemphasising why a holistic approach to soil health is necessary. Furthermore, it acknowledges the heterogeneity of views people have with regard to soil and soil health, the need to address soil sustainability (i.e., that capital assets are not eroded by current generations at the expense of future generations), and the importance of taking a place-based approach to accommodate the wide variety and variability in soil types, properties and qualities (both spatially and temporally). The framework is outcome-focused, with the outcomes framed in terms of the well-being benefits that people derive from soils.



The bottom part of the framework draws on Holloway [57] and provides a strong intervention logic on which to make good policy and management decisions. Foremost, is the need to understand the core values people hold about soil and soil health (i.e., what benefit are you trying to protect/promote). Second, is the need to understand the threat(s) to that value/benefit. Third, what tools are available to manage the threat (tools can include the spectrum from national policy to on-farm management interventions), and finally, what monitoring (or indicators) will be put in place to show that the tools are managing the threat, and achieving or enhancing the core values/benefits.



Public policy is ultimately about helping people live better lives. Good policy achieves this by ensuring that the well-being generating capacity of capital assets (such as soil) is managed and maintained in a way that is:




	
Sustainable—that capital assets are not eroded by current generations at the expense of future generations.



	
Equitable—that access to capital assets is shared across all groups in society.



	
Socially cohesive—that no particular social group(s) impose their concepts of well-being on others.



	
Resilient—that capital assets are protected against major systematic risks.



	
Supportive of economic growth—that the material well-being generating potential of capital assets is enhanced [59].








Reframing soil health to focus on the well-being benefits that people derive from soil could provide the needed value shift to conceptualise and articulate to a wider audience the requirements needed to ensure its sustainable use [32].





3. More than Just Production


As a multifunctional living system, soils support the interests, values and priorities of many different actors in society [12,21]. In Aotearoa New Zealand, there is a growing articulation of the value and benefits of soil beyond the production benefits and a more holistic view of soil health is warranted, as evidenced from the following examples.



3.1. Cultivate


Cultivate is a social enterprise operating two urban farms in the Aotearoa New Zealand city of Christchurch. The farms grow vegetables which are sold to local businesses. The land the farms occupy is leased by Cultivate on a 30-day rolling cycle and comprises vacant urban land cleared following the Christchurch earthquake. Cultivate works with at-risk youth who work on the farms as interns [60]. Ethnographic research conducted by Dombroski et al. [60] indicates that while the farms produce a significant amount of food, the benefits extend beyond urban food security to improved well-being of youth interns through the development of their capacity to care, work and maintain focus. Their research also highlights the challenges faced by Cultivate in their attempts to foster more holistic benefits. These include balancing care for farm production with the complex care needs of youth and volunteers and incorporating uncertain land tenure into planning processes [60]. Under current soil health indicators these challenges would largely go unrecognised.




3.2. Papatūānuku Kōkiri Marae


Papatūānuku Kōkiri Marae is an urban marae (Māori cultural and social centre) and whare wānanga (learning centre) in Auckland, Aotearoa New Zealand. The marae is the site of an extensive community garden that has been running for almost 30 years. The marae runs education programmes to teach organic food production (Kai Oranga) using traditional Māori values and ethics. In addition to learning how to produce healthy food, the programme has led to wider benefits beyond the classes. Participants are adopting and promoting healthier lifestyles and are participating in, and contributing to, marae community activities. Further outcomes of the programme have been the demand for te reo (Māori language) programmes to run alongside Kai Oranga and a strengthening of cultural capability. These additional benefits are significant as many who participate have become disconnected from their culture and ancestral lands [61]. Recovering those connections is a major additional outcome of the food production programme—one that would not be captured using contemporary soil health indicators.




3.3. Fit for a Better World


In July 2020, the Aotearoa New Zealand Prime Minister launched the Primary Sector Council’s roadmap Fit for a Better World [62]. The roadmap outlines the Government’s plan for accelerating the productivity, sustainability, and inclusiveness of the Aotearoa New Zealand’s primary sector. A key underpinning principle of the roadmap is the concept of Te Taiao [63]. As outlined by Howard et al. [64] (p. 5), “Te Taiao is the natural world that contains and surrounds humanity in an interconnected relationship of respect”. It has, at its heart, the health and well-being of the natural world and people [63,64,65]. Practices including “enriching soil health, holistic management, balance, diversity, respect and connection with past and future generations” are at the centre of the Te Taiao approach [65] (p. 8). It is recognised that successful rollout and delivery of the roadmap will require the development of well-being outcome statements and indicators [64]. As such, a more holistic view of soil health than that which is currently held will be required.





4. Discussion


Considering the diverse interests, values and priorities of all the different actors is critical for the effective governance and management of soil. Tadaki et al. [66] (p. 1) argue that “human and ecological ‘values’ have become powerful concepts in environmental management”, and that the incorporation of these into decision-making processes has become quintessential for achieving environmental outcomes [66,67].



Soil is part of the natural capital that underpins food, feed, fibre and fuel production [68], and is important to Aotearoa New Zealand’s environment, economy, and well-being [69]. However, in Aotearoa New Zealand, the human perspectives of soil are largely lacking along with understanding, appreciation, and respect for soils [68]. There is a strong need for a wider perspective on the value of soil health to be investigated and to understand how people appreciate and care for soil. Understanding what value or values are important to society is a prerequisite for making sound policy and management decisions, and for developing appropriate indictors.



Current biochemical and physical soil health indicators only represent a portion of the full range of services and experiences provided by soils; subsequently, they do not address the needs and world views of all the different sectors and stakeholders. Therefore, relying solely on biochemical and physical soil health indicators disempowers collective action on soil health as some perspectives are marginalised. As Duncan et al. [70] (p. 11) illustrate using water quality as an example, “conversations about how “we used to fish here, versus this is the nitrate level” (or we want to fish here or see others fish here, versus you need to get to this nitrate level) can instigate quite different conversations and actions that are likely to deliver quite different outcomes”.



And the same is true for soil. Conversations around the societal well-being benefits arising from urban farms, community gardens, or even the primary sector (as outlined in Section 3), encompass much broader issues of social cohesion, cultural identity, land availability and mental health, for example, than does the conversation solely on the biochemical and physical conditions needed to grow healthy produce.



The soil system, as with water, has “interconnecting ecological, social, cultural, economic, historical, institutional and political dimensions” [70] (p. 11). Reframing soil health to how it is enacted and experienced would better accommodate these various dimensions and improve the management and sustainable use of soil [45]. There are many diverse actors and stakeholders with a range of perspectives and experiences who hold an interest in soil and soil health (e.g., indigenous groups, private landowners, community groups, sector organisations, scientists, policy makers, etc.). People value soil for many different reasons. For some, it will be “motivated by economic concerns, but others are rooted in tradition or emotion, some reflect individual needs while others reflect collective needs and social relations, and arguably, many preferences are a complex combination of all of these” [67] (p. 367).



A well-being approach provides a way of navigating these diverse values by framing them in terms of the well-being benefits people derive from soil. Reframing the discussion in this way would create new policy approaches, decision-making, and management actions that may be more productive, and resonate with a much wider audience than is currently the case [47]. Additionally, conversations about well-being benefits would help to identify and develop appropriate indicators or measures that are based on the core soil health values and meet achievable and sustainable goals and objectives.



Soil health issues largely boil down to “societal negotiation in the face of unavoidable trade-offs between various soil uses” [11] (p. 120). There are synergies and tensions between people’s values and perspectives regarding soil and its use. Policy development is about managing these tensions and the resulting trade-offs [71]. A well-being approach does not eliminate these trade-offs [47,71], but it does provide a safe and structured approach for people to engage in meaningful conversations about the issue, articulate their values, allow a discussion/translation between different interest groups, and space to facilitate arbitration [53]. These conversations can then be transparently operationalised as policy and management interventions using the intervention logic process shown in Figure 1.



Understanding the well-being benefits society obtains from soil is therefore a key starting point for these negotiations. Aotearoa New Zealand has made a significant start in determining what the core soil values and principles are with respect to indigenous Māori [31,32,45] and for some sector groups [25]. However, further work is required to collate and weight the full range of values people derive from and place on soils to better inform and continue the discussion that has commenced. Au and Karacaoglu [72] (p. 7) note that “the current [Aotearoa New Zealand] government has clearly signalled that it wants to frame, design and implement public policy with an objective of increasing overall wellbeing”. Reframing soil health as a well-being issue would meet this objective.




5. Conclusions


This paper argues that soils form an integral part of our social and cultural fabric and are intrinsically important to human survival and well-being. The ways humans interact, value and use soil are critical factors in determining the health and sustainability of soil ecosystems. People value soils for many different reasons. This diversity of values from distinct social groupings (e.g., country, urban, rural, ethnicity, religion, sector) can help shape overall societal views and perspectives and subsequently improve our understanding of natural ecosystems and their importance in our everyday lives.



We have used a well-being approach from Aotearoa New Zealand to demonstrate a more holistic way of determining and understanding soil health, reflecting diverse societal and cultural values and framing these in terms of the well-being benefits people derive from soil ecosystems. This approach can improve our understanding of soil health with respect to greater societal needs and goals and inform soil health policy. Current soil policy and decision-making frameworks, such as the dominant ecosystems services approach, do not adequately account for this social dimension. The well-being approach to soil health would help create a more meaningful interpretation of soil [21] and enable soil to be managed in a more holistic and sustainable way.







Author Contributions


Conceptualisation, D.C.S.; writing—original draft preparation, D.C.S.; writing—review and editing, B.A.S., G.R.H., R.L.K.; funding acquisition, B.A.S., G.R.H. All authors have read and agreed to the published version of the manuscript.




Funding


This work was supported by the New Zealand Ministry of Business, Innovation and Employment Endeavour Fund (contract number C09X1613). The funder had no role in the development of this paper.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Blum, W.E. Functions of soil for society and the environment. Rev. Environ. Sci. Bio/Technol. 2005, 4, 75–79. [Google Scholar] [CrossRef]

	



Breure, A.; De Deyn, G.; Dominati, E.; Eglin, T.; Hedlund, K.; Van Orshoven, J.; Posthuma, L. Ecosystem services: A useful concept for soil policy making! Curr. Opin. Environ. Sustain. 2012, 4, 578–585. [Google Scholar] [CrossRef]

	



Brevik, E.C.; Pereg, L.; Steffan, J.J.; Burgess, L.C. Soil ecosystem services and human health. Curr. Opin. Environ. Sci. Health 2018, 5, 87–92. [Google Scholar] [CrossRef]

	



McNeill, J.R.; Winiwarter, V. Breaking the sod: Humankind, history, and soil. Science. 2004, 304, 1627–1629. [Google Scholar] [CrossRef] [PubMed]

	



Richter, D.D.; Bacon, A.R.; Megan, L.M.; Richardson, C.J.; Andrews, S.S.; West, L.; Wills, S.; Billings, S.; Cambardella, C.A.; Cavallaro, N. Human–soil relations are changing rapidly: Proposals from SSSA’s cross-divisional soil change working group. Soil Sci. Soc. Am. J. 2011, 75, 2079–2084. [Google Scholar] [CrossRef]

	



Montanarella, L. Translating Soil Science Knowledge to Public Policy. In Global Soil Security; Field, D.J., Morgan, C.L.S., McBratney, A.B., Eds.; Springer: Berlin, Germany, 2017; pp. 451–456. [Google Scholar]

	



Pereira, P.; Bogunovic, I.; Muñoz-Rojas, M.; Brevik, E.C. Soil ecosystem services, sustainability, valuation and management. Curr. Opin. Environ. Sci. Health 2018, 5, 7–13. [Google Scholar] [CrossRef]

	



Schwilch, G.; Bernet, L.; Fleskens, L.; Giannakis, E.; Leventon, J.; Maranon, T.; Mills, J.; Short, C.; Stolte, J.; Van Delden, H. Operationalizing ecosystem services for the mitigation of soil threats: A proposed framework. Ecol. Indic. 2016, 67, 586–597. [Google Scholar] [CrossRef]

	



Haygarth, P.M.; Ritz, K. The future of soils and land use in the UK: Soil systems for the provision of land-based ecosystem services. Land Use Policy. 2009, 26, S187–S197. [Google Scholar] [CrossRef]

	



Robinson, D.; Hockley, N.; Dominati, E.; Lebron, I.; Scow, K.; Reynolds, B.; Emmett, B.; Keith, A.; de Jonge, L.W.; Schjønning, P.; et al. Natural capital, ecosystem services, and soil change: Why soil science must embrace an ecosystems approach. Vadose Zone J. 2012, 11, 1. [Google Scholar] [CrossRef]

	



Bünemann, E.K.; Bongiorno, G.; Bai, Z.; Creamer, R.E.; De Deyn, G.; de Goede, R.; Fleskens, L.; Geissen, V.; Kuyper, T.W.; Mäder, P. Soil quality—A critical review. Soil Biol. Biochem. 2018, 120, 105–125. [Google Scholar] [CrossRef]

	



Kibblewhite, M.G. Soil and soil health: An overview. In Managing Soil Health for Sustainable Agriculture Volume 1: Fundamentals; Reicosky, D., Ed.; Burleigh Dodds Science Publishing: Cambridge, UK, 2018; pp. 1–13. [Google Scholar]

	



Chaigneau, T.; Brown, K.; Coulthard, S.; Daw, T.M.; Szaboova, L. Money, use and experience: Identifying the mechanisms through which ecosystem services contribute to wellbeing in coastal Kenya and Mozambique. Ecosyst. Serv. 2019, 38, 1–12. [Google Scholar] [CrossRef]

	



Chan, C.; Armitage, D.; Alexander, S.M.; Campbell, D. Examining linkages between ecosystem services and social wellbeing to improve governance for coastal conservation in Jamaica. Ecosyst. Serv. 2019, 39, 1–12. [Google Scholar] [CrossRef]

	



Chan, K.M.A.; Guerry, A.D.; Balvanera, P.; Klain, S.; Satterfield, T.; Basurto, X.; Bostrom, A.; Chuenpagdee, R.; Gould, R.; Halpern, B.S. Where are cultural and social in ecosystem services? A framework for constructive engagement. BioScience 2012, 62, 744–756. [Google Scholar] [CrossRef]

	



Daw, T.; Brown, K.; Rosendo, S.; Pomeroy, R. Applying the ecosystem services concept to poverty alleviation: The need to disaggregate human well-being. Environ. Conserv. 2011, 38, 370–379. [Google Scholar] [CrossRef]

	



Daw, T.; Hicks, C.C.; Brown, K.; Chaigneau, T.; Januchowski-Hartley, F.A.; Cheung, W.W.; Rosendo, S.; Crona, B.; Coulthard, S.; Sandbrook, C. Elasticity in ecosystem services: Exploring the variable relationship between ecosystems and human well-being. Ecol. Soc. 2016, 21, 11. [Google Scholar] [CrossRef]

	



Greenhalgh, S.; Hart, G. Mainstreaming ecosystem services into policy and decision-making: Lessons from New Zealand’s journey. Int. J. Biodivers. Sci. Ecosyst. Serv. Manag. 2015, 11, 205–215. [Google Scholar] [CrossRef]

	



Liu, J.; Opdam, P. Valuing ecosystem services in community-based landscape planning: Introducing a wellbeing-based approach. Landsc. Ecol. 2014, 29, 1347–1360. [Google Scholar] [CrossRef]

	



Adhikari, K.; Hartemink, A.E. Linking soils to ecosystem services—A global review. Geoderma 2016, 262, 101–111. [Google Scholar] [CrossRef]

	



Ng, E.L.; Zhang, J. The Search for the Meaning of Soil Health: Lessons from Human Health and Ecosystem Health. Sustainability 2019, 11, 3697. [Google Scholar] [CrossRef]

	



Rinot, O.; Levy, G.J.; Steinberger, Y.; Svoray, T.; Eshel, G. Soil health assessment: A critical review of current methodologies and a proposed new approach. Sci. Total Environ. 2019, 648, 1484–1491. [Google Scholar] [CrossRef]

	



Doran, J.W. Defining Soil Quality for Sustainable Environment; Soil Science Society of America: Madison, WI, USA, 1994. [Google Scholar]

	



Sparling, G.P.; Lilburne, L.; Vojvodic-Vukovic, M. Provisional Targets for Soil Quality Indicators in New Zealand; Manaaki Whenua Press: Lincoln, New Zealand, 2008. [Google Scholar]

	



Booth, P.; Kalaugher, E.; Stevenson, B.; Harmsworth, G.; Kannemeyer, R. Soil Health and Resilience: Oneone Ora, Tangata Ora—Stakeholder Survey Report. Contract Report LC3334; Manaaki Whenua—Landcare Research: Lincoln, New Zealand, 2019. [Google Scholar]

	



Lauder, G.; Barker, P.; Kalaugher, E.; Harmsworth, G.; Stevenson, B. Towards an Integrated Framework for Soil Health and Resilience, Oneone Ora, Tangata Ora; Building from Stakeholder Perspectives. Unpublished work.

	



Stockdale, E.A.; Griffiths, B.S.; Hargreaves, P.R.; Bhogal, A.; Crotty, F.V.; Watson, C.A. Conceptual framework underpinning management of soil health—Supporting site-specific delivery of sustainable agro-ecosystems. Food Energy Secur. 2019, 8, 1–18. [Google Scholar] [CrossRef]

	



Lehman, R.; Cambardella, C.; Stott, D.; Acosta-Martinez, V.; Manter, D.; Buyer, J.; Maul, J.; Smith, J.; Collins, H.; Halvorson, J.; et al. Understanding and enhancing soil biological health: The solution for reversing soil degradation. Sustainability 2015, 7, 988–1027. [Google Scholar] [CrossRef]

	



Slater, B. Soil health assessment and inventory: Indices and databases. In Managing Soil Health for Sustainable Agriculture Volume 2: Monitoring and Management; Reicosky, D., Ed.; Burleigh Dodds Science Publishing: Cambridge, UK, 2018. [Google Scholar]

	



Baveye, P.C.; Baveye, J.; Gowdy, J. Soil “ecosystem” services and natural capital: Critical appraisal of research on uncertain ground. Front. Environ. Sci. 2016, 4, 41. [Google Scholar] [CrossRef]

	



Hutchings, J.; Smith, J. Te Mahi Oneone Hua Parakore: A Māori Soil Sovereignty and Wellbeing Handbook; Free Range Press: Christchurch, New Zealand, 2020; p. 187. [Google Scholar]

	



Kannemeyer, R. Soil Matters: Whakahirahira te mana o te oneone. An integrated approach to soil health and resilience. In Soil Horizons Newsletter; Manaaki Whenua—Landcare Research: Lincoln, New Zealand, 2019. [Google Scholar]

	



Cinner, J.E.; Barnes, M.L. Social Dimensions of Resilience in Social-Ecological Systems. One Earth. 2019, 1, 51–56. [Google Scholar] [CrossRef]

	



Pascual, U.; Howe, C. Seeing the wood for the trees. Exploring the evolution of frameworks of ecosystem services for human wellbeing. In Ecosystem Services and Poverty Alleviation. Trade-Offs and Governance; Schreckenberg, K., Mace, G., Poudyal, M., Eds.; Routledge: Abington, UK, 2018. [Google Scholar]

	



Millennium Ecosystem Assessment. Ecosystems and Human Well-Being: Synthesis; Island Press: Washington, DC, USA, 2005. [Google Scholar]

	



Weeratunge, N.; Béné, C.; Siriwardane, R.; Charles, A.; Johnson, D.; Allison, E.H.; Nayak, P.K.; Badjeck, M.C. Small-scale fisheries through the wellbeing lens. Fish. Fish. 2014, 15, 255–279. [Google Scholar] [CrossRef]

	



Breslow, S.J.; Sojka, B.; Barnea, R.; Basurto, X.; Carothers, C.; Charnley, S.; Coulthard, S.; Dolšak, N.; Donatuto, J.; García-Quijano, C. Conceptualizing and operationalizing human wellbeing for ecosystem assessment and management. Environ. Sci. Policy. 2016, 66, 250–259. [Google Scholar] [CrossRef]

	



Dolan, P.; Metcalfe, R. Measuring subjective wellbeing: Recommendations on measures for use by national governments. J. Soc. Policy. 2012, 41, 409–427. [Google Scholar] [CrossRef]

	



Wallace, J. Introduction. In Wellbeing and Devolution. Reframing the Role of Government in Scotland, Wales and Northern Ireland; Springer: Berlin, Germany, 2019; pp. 1–31. [Google Scholar]

	



McGregor, A. Well-Being, Poverty and Conflict; University of Bath: Bath, UK, 2008. [Google Scholar]

	



Coulthard, S.; Johnson, D.; McGregor, J.A. Poverty, sustainability and human wellbeing: A social wellbeing approach to the global fisheries crisis. Glob. Environ. Chang. 2011, 21, 453–463. [Google Scholar] [CrossRef]

	



White, S.C. Analysing wellbeing: A framework for development practice. Dev. Pract. 2010, 20, 158–172. [Google Scholar] [CrossRef]

	



Díaz, S.; Pascual, U.; Stenseke, M.; Martín-López, B.; Watson, R.T.; Molnár, Z.; Hill, R.; Chan, K.M.; Baste, I.A.; Brauman, K.A. Assessing nature’s contributions to people. Science 2018, 359, 270–272. [Google Scholar] [CrossRef]

	



Harmsworth, G.R.; Awatere, S. Indigenous Māori knowledge and perspectives of ecosystems. In Ecosystem Services in New Zealand—Conditions Trends; Dymond, J., Ed.; Manaaki Whenua Press: Lincoln, New Zealand, 2013; pp. 274–286. [Google Scholar]

	



Hutchings, J.; Smith, J.; Harmsworth, G. Elevating the mana of soil through the Hua Parakore Framework. Mai. J. 2018, 7, 92–102. [Google Scholar] [CrossRef]

	



Office of the Minister of Energy and Resources. Just Transition to a Low Emissions Economy: Strategic Discussion; Ministry of Energy and Resources: Wellington, New Zealand, 2018. [Google Scholar]

	



Chan, K.M.A.; Balvanera, P.; Benessaiah, K.; Chapman, M.; Díaz, S.; Gómez-Baggethun, E.; Gould, R.; Hannahs, N.; Jax, K.; Klain, S. Opinion: Why protect nature? Rethinking values and the environment. Proc. Natl. Acad. Sci. USA 2016, 113, 1462–1465. [Google Scholar] [CrossRef] [PubMed]

	



Coulthard, S.; McGregor, J.A.; White, C. Multiple dimensions of wellbeing in practice. In Ecosystem Services and Poverty Alleviation. Trade-Offs and Governance; Schreckenberg, K., Mace, G., Poudyal, M., Eds.; Routledge: Abington, UK, 2018. [Google Scholar]

	



Western, M.; Tomaszewski, W. Subjective wellbeing, objective wellbeing and inequality in Australia. PLoS ONE 2016, 11, e0163345. [Google Scholar] [CrossRef]

	



Weijers, D.M.; Morrison, P.S. Wellbeing and public policy: Can New Zealand be a leading light for the ‘Wellbeing Approach’? Policy Q. 2018, 14, 3–12. [Google Scholar] [CrossRef]

	



Curran-Cournane, F.; Golubiewski, N.; Buckthought, L. The odds appear stacked against versatile land: Can we change them? N. Z. J. Agric. Res. 2018, 61, 315–326. [Google Scholar] [CrossRef]

	



Ministry for Primary Industries. Valuing Highly Productive Land: A Discussion Document on a Proposed National Policy Statement for Highly Productive Land; Ministry for Primary Industries: Wellington, New Zealand, 2019; p. 69. [Google Scholar]

	



Kull, C.A.; de Sartre, X.A.; Castro-Larrañaga, M. The political ecology of ecosystem services. Geoforum 2015, 61, 122–134. [Google Scholar] [CrossRef]

	



Dawson, N.; Martin, A. Assessing the contribution of ecosystem services to human wellbeing: A disaggregated study in western Rwanda. Ecol. Econ. 2015, 117, 62–72. [Google Scholar] [CrossRef]

	



Dalziel, P. Wellbeing economics in public policy: A distinctive Australasian contribution? Econ. Labour Relat. Rev. 2019, 30, 478–497. [Google Scholar] [CrossRef]

	



Treasury, [NZ] Our Living Standards Framework. Available online: https://treasury.govt.nz/information-and-services/nz-economy/higher-living-standards/our-living-standards-framework (accessed on 23 July 2020).

	



Holloway, J. Conservation pests: How can national values and objectives be quantified? N. Z. J. Zool. 1993, 20, 285–293. [Google Scholar] [CrossRef]

	



United States Department of Agriculture Natural Resources Conservation Service Soil Health. Available online: https://www.nrcs.usda.gov/wps/portal/nrcs/main/soils/health/ (accessed on 11 October 2019).

	



Karacaoglu, G. The New Zealand Treasury’s Living Standards Framework–Exploring a Stylised Model (WP 15/12); New Zealand Treasury: Wellington, New Zealand, 2015. [Google Scholar]

	



Dombroski, K.; Diprose, G.; Conradson, D.; Healy, S.; Watkins, A. Delivering Urban Wellbeing through Transformative Community Enterprise Final Report (2019). Available online: https://ir.canterbury.ac.nz/handle/10092/100656 (accessed on 26 August 2020).

	



Te Whare Wānanga o Awanuiārangi Papatūānuku Kōkiri Marae. A Pounamu among the Rocks. Available online: https://www.wananga.ac.nz/experience/our-students/papatuanuku-kokiri-marae/ (accessed on 1 July 2020).

	



New Zealand Government Govt Launches Bold Primary Sector Plan to Boost Economic Recovery. Available online: https://www.beehive.govt.nz/release/govt-launches-bold-primary-sector-plan-boost-economic-recovery (accessed on 20 July 2020).

	



Ministry for Primary Industries. Fit for a Better World–Accelerating Our Economic Potential. Available online: https://www.mpi.govt.nz/about-us/our-work/fit-for-a-better-world-accelerating-our-economic-potential/ (accessed on 12 September 2020).

	



Howard, S.; Stephens, M.; Rodwell, J. Taiao Ora Tangata Ora. The Natural World and Our People Are Healthy; Ministry for Primary Industries: Wellington, New Zealand, 2020; p. 69. [Google Scholar]

	



Agriculture, Food & Fibres Sector Vision and Strategic Direction Towards 2030. Available online: https://fitforabetterworld.org.nz/assets/Uploads/PSC-Report_11June2020-WEB.pdf (accessed on 26 August 2020).

	



Tadaki, M.; Sinner, J.; Chan, K.M.A. Making sense of environmental values: A typology of concepts. Ecol. Soc. 2017, 22, 1. [Google Scholar] [CrossRef]

	



Loring, P.A.; Hinzman, M.S. “They’re All Really Important, But…”: Unpacking How People Prioritize Values for the Marine Environment in Haida Gwaii, British Columbia. Ecol. Econ. 2018, 152, 367–377. [Google Scholar] [CrossRef]

	



Collins, A.; Mackay, A.; Basher, L.; Schipper, L.; Carrick, S.; Manderson, A.; Cavanagh, J.; Clothier, B.; Weeks, E.; Newton, P. Phase 1: Looking back. Future requirements for Soil Management in New Zealand; National Land Resource Centre: Palmerston North, New Zealand, 2014. [Google Scholar]

	



Ministry for Primary Industries. Future Requirements for Soil Management in New Zealand—A Summary; Ministry for Primary Industries: Wellington, New Zealand, 2015; p. 69. [Google Scholar]

	



Duncan, R.; Robson-Williams, M.; Nicholas, G.; Turner, J.; Smith, R.; Diprose, D. Transformation Is ‘Experienced, Not Delivered’: Insights from Grounding the Discourse in Practice to Inform Policy and Theory. Sustainability 2018, 10, 3177. [Google Scholar] [CrossRef]

	



Treasury, [NZ] Intergenerational Wellbeing: Weaving the Living Standards Framework into Public Policy. Available online: https://treasury.govt.nz/publications/speech/intergenerational-wellbeing-weaving-living-standards-framework-public-policy (accessed on 25 August 2020).

	



Au, J.; Karacaoglu, G. Beyond GDP Measuring New Zealands Wellbeing Progress. Available online: https://www2.deloitte.com/content/dam/Deloitte/nz/Documents/public-sector/Deloitte-NZ-SotS-2018-Article-2.pdf (accessed on 25 August 2020).








[image: Sustainability 12 07719 g001 550] 





Figure 1. A well-being approach to soil health (adapted from [56,57]) (The soil health definition cited in the framework is from [58]. Kaitiakitanga is defined as guardianship of the natural environment.). 
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