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Recognizing the value of nature for people’s wellbeing is key to ensuring
protection of the environment for current and future generations. However,
data to demonstrate the connection between nature and wellbeing, are
needed for environmental reporting, to inform policy development and
evaluate progress toward outcomes. While many indicators exist, they are
mostly derived from available data collected for other purposes and there is
limited, if any, description of how these indicators were designed. Based on a
conceptualization of nature–well-being connections, we propose a participatory
process to identify fit-for-purpose indicators linking nature to human wellbeing.
The process uses a series of targeted questions to explore how different aspects of
wellbeing rely on nature, enabling more fitting indicators to be identified by the
participatory group. The process was refined and tested in workshops with
stakeholders in a New Zealand context.
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1 Introduction

With current challenges such as the biodiversity crisis and climate change facing
humanity, it is increasingly important to recognise the value of nature for people’s
wellbeing. As described in the Millennium Ecosystem Assessment (MEA) (Millennium
Ecosystem Assessment, 2005), nature provides many benefits for a variety of wellbeing
outcomes. Conceptualizing the nature–well-being relationship is challenging as it depends
on the different worldviews and value systems that people may refer to. One
conceptualization is around the anthropocentric value of nature, or “ecosystem services”
(ES), as popularised by the MEA. Since then, many frameworks have emerged to
conceptualize the links between ecosystem services and human wellbeing (Cruz-Garcia
et al., 2017). More recently, the Intergovernmental Platform on Biodiversity and Ecosystem
Services (IPBES) has introduced the concept of Nature’s Contributions to People (NCP), to
complement the ES concept and broaden it to other worldviews of human–nature
relationships (Díaz et al., 2018). While much research has been done on the different
framing and classification of ES/NCP, the relationships between ES/NCP and human
wellbeing are usually assumed. There is a lack of specified and well-defined connectivity
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between changes in the environment and their effects on changes in
human wellbeing to enable environmental policy and decision
making.

Fit-for-purpose indicators and monitoring frameworks are
needed to report on the connections between nature and
wellbeing. In our case, we define fit-for-purpose in the context of
informing policy development and evaluating progress toward
outcomes for a lay person. We are therefore targeting
policymakers from government agencies and the public. These
indicators must adequately represent their intent, be relevant,
easy to understand yet communicate information on a large
phenomenon of interest. Many indicators have been developed to
support reporting and monitoring frameworks. At the international
level, representatives from 188 countries adopted the Kunming-
Montreal Global Biodiversity Framework in December 2022 during
the UN Biodiversity Conference (COP15), with goals and targets
related to reducing threats to biodiversity and meeting people’s
needs. Headline indicators were recommended to monitor
progress1, but most are still under development. The Sustainable
Development Goals (SDG) have also been developed to ensure that
people enjoy peace and prosperity while protecting the planet, with
nature’s role being implicitly incorporated into their indicators
(Hole et al., 2022).

The relationship between humans and nature has been
conceptualized through the ES cascade (Haines-Young and
Potschin, 2010) as a framing for using ES in decision making in
the European Union (EU) (Potschin-Young et al., 2017). The ES
cascade proposes a causal chain from process, to function, then
service, and finally benefit and value levels. It provides a structured
and logical way of describing the relationships between human
society and the environment. It can be used as the foundation for
building different assessment approaches including for reviewing
and developing indicator frameworks for ecosystem services
(Mononen et al., 2016; Potschin-Young et al., 2017; Haines-
Young et al., 2018). The EU’s Biodiversity Strategy uses this ES
cascade as a framework to identify indicators for monitoring
ecosystem services using the Common International
Classification on Ecosystem Services (CICES) (Maes et al., 2018;
Maes et al., 2016; Heink et al., 2016; McKenna et al., 2019).

Several recent studies have reviewed indicators using the ES
cascade (Boerema et al., 2017; Czúcz et al., 2018). Another review of
national ecosystem assessments showed which ES were considered
for monitoring progress towards SDG (Geijzendorffer et al., 2017),
which can be considered as compound indicators of wellbeing. That
synthesis also revealed gaps and inconsistencies in how these
assessments considered indicators of the different facets of the ES
cascade from ecosystem supply capacity to use, demand and interest.
Czúcz et al. (2020) found that most of the regulating ES were
generally measured at the functional end of the cascade, while all
cultural and some provisioning ES were more frequently measured
as actual flows or benefits, such as cultivated crops (Czúcz et al.,
2018). They also recommend that a clear spatial anchor should be
specified, as almost all mapped indicators were linked to the source

ecosystems, with rare spatial indicators assigned to beneficiaries.
Similarly, Mandle et al. (2020) revealed that only 13% of assessments
included all components of the ES chain translating ecological
conditions into ES values. Relational values and NCP associated
with some dimensions of good quality of life can be assessed and
mapped using proxy indicators, enabling reporting at large scales
such as for Europe (Schröter et al., 2020). Brauman et al. (2020)
developed proxy indicators to underpin the IPBES Global
assessment (IPBES, 2019). They used concepts of potential
contributions, realized contributions, environmental conditions,
and impact on quality of life to describe NCP and wellbeing state
and trends in wellbeing resulting from changes in the condition of
nature.

While there are many reviews of indicators (as described above)
these reviews typically do not outline or discuss how these indicators
were chosen or developed. Layke et al. (2012) noted how inadequate
some of the indicators for national to subnational ecosystem
assessment are, as they do not convey useful information, can be
of poor quality, or have significant data limitations. Credibility,
saliency, and legitimacy are key criteria that tend to be applied a
posteriori to check if the selected indicators are properly interpreted
and fit-for-purpose (Heink et al., 2015; van Oudenhoven et al.,
2018). In many instances, the indicators were based on existing data
that is routinely collected for other purposes, rather than
appropriate for the context. This often means the selected
indicators are not necessarily fit-for-purpose, as they do not
adequately reflect the relationship that is important for a decision
or important to track for a given context.

In this paper, we first review the literature on processes or
guidelines developed to identify fit-for-purpose indicators linking
nature to human wellbeing. We then propose a process to design
these indicators which is the main purpose of the paper before
applying the process to the natural hazard regulation and housing
domain relationship, as an example, in a New Zealand context.
Finally, we discuss lessons learned, limitations, improvement
opportunities and application for policy.

2 Materials and methods

2.1 Insights from a literature review

We conducted a literature review based on publications found
through Google Scholar. Google scholar was used so we could also
capture the grey literature. The keyword search terms, used in
different combinations, were “process”, “development”,
“ecosystem services” or “Nature’s contributions to people”, and
“wellbeing”. To help focus the search we stipulated that
“indicator” was part of the title of the publication: “intitle:
indicators OR intitle:indicator”.

The search returned about 3,990 articles (as of January 2023).
We focused the review on the top 100 articles. The abstracts of these
articles were scanned, and a paper was retained if the scope discussed
how indicators were designed and identified. We then removed any
publication looking at processes to select existing indicators or
design composite indicators from existing data.

Based on our selection criteria, we found 16 of the top 100 papers
were related to describing a process to define indicators (Table 1).

1 https://www.cbd.int/doc/c/3190/c3f4/1d9fe2d2dedc8c8b97023750/id-
om-2022-01-02-en.pdf
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The other publications tended to either be a data-driven selection of
existing indicators or an analytical study using ES/NCP indicators.

For all selected publications, the indicator design processes had
similar points of consideration. The first point commonly noted is
identifying the target audience (Brown et al., 2014) and key purpose
for the indicators (Brown et al., 2014; Berghöfer and Schneider,
2015), especially where indicators were context specific. Most
processes described setting principles to help guide the
conversation through a set of questions related to linkages
between environmental and social outcomes.

The second point is the choice of a conceptual framework (Boyd
et al., 2015). A conceptual framework can help identify beneficiaries
affected by changes in ecosystems and direct vs. indirect linkages to
human welfare. Conceptual frameworks mainly use ecosystem
classifications such as the MEA or the TEEB (Hattam et al.,
2015; Dale et al., 2018; Alba-Patiño et al., 2021), the cascade
model (Ringold et al., 2013; Brown et al., 2014; Atkins et al.,
2015; Berghöfer and Schneider, 2015; Boyd et al., 2015; Bryce
et al., 2016; Müller et al., 2016; Yu et al., 2017; Olander et al.,
2018; Krellenberg et al., 2021), or participatory approaches driven by
stakeholders (Ringold et al., 2009; Loomis and Paterson, 2014;
Drobnik et al., 2018; Luján Soto et al., 2020).

The third point is that processes tended to separate the supply of
ES/NCPs from the demand of ES/NCPs. Five out of the 16 papers
also started identifying indicators from a human wellbeing
perspective using stated-preference or survey techniques.

These three commonly noted points from the literature review
were embedded in the indicator design process we developed and are
proposing as an approach to define indicators that track the
relationships between nature and wellbeing.

2.2 Designing fit-for-purpose indicators

2.2.1 Participatory process
The indicator design process we propose is a participatory

approach, intending to involve a range of stakeholders and
decision-makers. While there is a range of decision-makers, for
this exercise, we targeted the main national policy agency in
New Zealand (Ministry for the Environment) but acknowledge
that the design process could be adapted to other types of
decision-makers (Table 2). This participatory and co-produced
process was aimed at enabling stakeholders to be an integral part
of the indicator design process and ensuring the indicators would
meet stakeholder needs. The three-stage indicator design process
involves: Stage 1) framing the conceptual basis of the relationship
between wellbeing and nature using ES/NCP; Stage 2) assessing the
impact of each ES/NCP on each wellbeing domain to prioritize
efforts; Stage 3) designing fit-for-purpose indicators for use in
decision making. In the framing step, systematic, easy to
communicate and/or commonly used ES/NCP and wellbeing
frameworks are chosen to ensure terminology is well understood
and all aspects of both wellbeing and ES/NCP are well represented.
The prioritization step aims to identify the most relevant ES/NCP
for each wellbeing domain for consideration in designing fit-for-
purpose indicators. Ausseil et al. (2022) described the application of
stages 1 and 2 in more detail. This paper focuses on the last stage,
stage 3, to design fit-for-purpose indicators to support decision
making processes.

The process to identify fit-for-purpose indicators for stage 3 was
formulated, tested, and refined in two workshops in May and June
2021 with nine scientists and policy advisors from New Zealand’s

TABLE 1 List of papers selected for the literature review.

1. Olander, L. P. et al. Benefit relevant indicators: Ecosystem services measures that link ecological and social outcomes. Ecol. Indic. 85, 1262–1272 (2018)

2. Bryce, R. et al. Subjective wellbeing indicators for large-scale assessment of cultural ecosystem services. Ecosyst. Serv. 21, 258–269 (2016)

3. Alba-Patiño, D. et al. Social indicators of ecosystem restoration for enhancing human wellbeing. Resour. Conserv. Recycl. 174, (2021)

4. Berghöfer, A. and Schneider, A. Indicators for managing ecosystem services—options and examples. 1–49 (2015)

5. Boyd, J. et al. Ecosystem Services Indicators: Improving the Linkage between Biophysical and Economic Analyses. Resour. Futur. 86 (2015)

6. Brown, C. et al. Measuring ecosystem services: Guidance on developing ecosystem service indicators. UNEP-WCMC (2014)

7. Dale, V. H., Kline, K. L., Richard, T. L., Karlen, D. L. and Belden, W. W. Bridging biofuel sustainability indicators and ecosystem services through stakeholder engagement.
Biomass and Bioenergy 114, 143–156 (2018)

8. Drobnik, T., Greiner, L., Keller, A. and Grêt-Regamey, A. Soil quality indicators—From soil functions to ecosystem services. Ecol. Indic. 94, 151–169 (2018)

9. Hattam, C. et al. Integrating methods for ecosystem service assessment and valuation: Mixed methods or mixed messages? Ecol. Econ. 120, 126–138 (2015)

10. Krellenberg, K., Artmann, M., Stanley, C. and Hecht, R. What to do in, and what to expect from, urban green spaces—Indicator-based approach to assess cultural ecosystem
services. Urban For. Urban Green. 59, 126986 (2021)

11. Loomis, D. K. and Paterson, S. K. Human dimensions indicators of coastal ecosystem services: A hierarchical perspective. Ecol. Indic. 44, 63–68 (2014)

12. Müller, F. et al. Chapter C. 2 Indicators for ecosystem services. Handb. Ecosyst. Serv. 1–19 (2016)

13. Ringold, P. L., Boyd, J., Landers, D. and Weber, M. Report from the Workshop on Indicators of Final Ecosystem Services for Streams. Environ. Prot. 2009, (2009)

14. Ringold, P. L., Boyd, J., Landers, D. andWeber, M.What data should we collect? A framework for identifying indicators of ecosystem contributions to human wellbeing. Front.
Ecol. Environ. 11, 98–105 (2013)

15. Luján Soto, R., Cuéllar Padilla, M. and de Vente, J. Participatory selection of soil quality indicators for monitoring the impacts of regenerative agriculture on ecosystem services.
Ecosyst. Serv. 45, (2020)

16. Yu, D., Lu, N. and Fu, B. Establishment of a comprehensive indicator system for the assessment of biodiversity and ecosystem services. Landsc. Ecol. 32, 1563–1579 (2017)
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Ministry for the Environment.2 All participants had backgrounds in
environmental management, with expertise in policy,
environmental sciences, conservation, agriculture, or economics.
We did not have any representatives from an indigenous
knowledge perspective, which is a gap that should be filled
through future research. The number and skillset of participants
reflects the restricted availability of staff, but also our focus on a
small audience of practitioners for in-depth testing. The process
could also be undertaken in workshop settings with a wider group of
stakeholders, and this would be recommended especially where
decisions are likely to be contentious with stakeholders having
different viewpoints. The research process was given Manaaki
Whenua–Landcare Research social ethics approval (Number
2122/8), which is based on the New Zealand Association of
Social Science Research code of ethics.

An initial draft indicator design process was developed based on
the authors’ past experiences, as well as past interactions with
stakeholders and insights from the literature (Section 2.1). The
process included targeted questions to help participants discuss
and deliberate the ES/NCP–well-being domain relationship. The
first workshop aimed at undertaking a preliminary testing of this
draft process flow and comprehensibility as a group. Participants
were asked to comment on the flow and if there were any missing
questions or refinements to the wording, as well as any ambiguities
in the process. The indicator design process was then revised before
the second workshop based on this feedback.

The second workshop aimed to test the refined indicator design
process. The emphasis was on the applicability and robustness of the
process to different ES/NCP–well-being domain relationships, in a

range of contexts and types of relationships between nature and
wellbeing.We regularly checked in with the participants to reflect on
the flow of the process and the questions to see if they were
generating the types of conversations and deliberation needed to
identify fit-for-purpose indicators with causal links between ES/
NCP and wellbeing.

2.2.2 Indicator design process
As noted in Section 2.1, a conceptual framework can help determine

the relationship between an indicator and its purpose. While the cascade
between state of the environment and benefit to people can be sequenced
into several categories (supply–Benefit–Value), we simplified the
indicator categories into supply and benefit, similarly to Mandle et al.
(2020). These correspond to the ‘Impact’ category from the Driver-
Pressure-State-Impact-Response framework and align well with the
notion of ES/NCP to describe nature–well-being connections
(Figure 1). We defined supply of an ES/NCP as representing the
ability of nature to contribute to wellbeing through well-functioning
ecosystems. Aspects such as accessibility (e.g., road access to a recreational
area) and anthropogenic assets (e.g., infrastructure and machinery to
harvest crops) may affect the potential supply of an ES/NCP. The benefit
reflects an explicit beneficial or detrimental change in human wellbeing
and in what people value in relation to a change in each ES/NCP. The
benefitmay be affected by anthropogenic and natural substitutes available
and the vulnerability of different groups (e.g., socio-economic sectors or
communities) to a change in an ES/NCP. To help with the design of
supply and benefit indicator(s), it is also important to reflect on the state
of the natural system (i.e., air, land, marine or freshwater) that is either a
provider or source for the ES/NCP, or a receiving environment. For
instance, air regulation is provided by vegetation through cleaning
processes, but it is the state of the air that will change because of the
provision of that service.

The indicator design process was framed around the desired
outcomes (i.e., benefits) from improving the relationship between
wellbeing and nature (Figure 2). The process takes an anthropocentric
approach that starts from a decision makers perspective on wellbeing,
where wellbeing is divided into different wellbeing domains to reflect the
multiple aspects of human wellbeing. There are different ways to describe
humanwellbeing. InNewZealand, the Treasury (2019) dividedwellbeing
into twelve domains: health, time use, safety and security, income and

TABLE 2 List of decision-makers (Razzaque et al., 2019).

Decision makers

1 Global and regional (inter-)governmental organizations (UN, MEA secretariats, etc.)

2 National, sub-national and local government

3 Private sector

4 Civil society, including:

- Citizens (households, consumers), community groups, farmers

- NGOs (e.g., environmental, human development, consumer, trade unions)

5 Indigenous Peoples and Local Communities (IPLCs)

6 Donor agencies (public and private)

7 Science and educational organizations

2 A version of the indicator design process was proposed during the first
phase of prioritization process workshops which took place in February
2020 with 20 stakeholders from New Zealand’s central government
agencies covering the environment, statistics, conservation, treasury,
and the primary production sectors. The results from that prioritization
process workshop are in described in Ausseil et al. (2022) and the
preliminary results from indicator design portion of the workshop are
described in a technical report (Ausseil et al., 2021). This paper presents the
results from the two workshops held specially on the indicator design
process in mid-2021. The nine participants were all part of the first phase
for continuity.
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consumption, jobs and earnings, environmental quality, housing,
knowledge and skills, social connection, subjective wellbeing, cultural
identity and civic engagement and governance.

We developed six steps for the design process and applied them in a
New Zealand context, with a series of questions to guide each step
(Table 3). A prioritization process outlined in Ausseil et al. (2022) was
used to identify those ES/NCPs that affect each wellbeing domain. This
is to reduce the resources required to identify a set of fit-for-purpose
indicators that reflect nature’s relationship with human wellbeing.

Using a participatory approach, the six steps for designing fit-
for-purpose indicators are:

1. Benefit indicator: Describe the context for how the ES/NCP affects
the wellbeing domain. In this step, decision makers first familiarize
themselves with the definition of the ES/NCP and the wellbeing
domain before starting to describe the relationship. This includes
notingwho is impacted by changes in the ES/NCP for that wellbeing
domain and how.Describing the relationship also means identifying
symptoms, i.e., features that demonstrate changes in the wellbeing
domain due to change(s) (both positive and negative) in the ES/
NCP. It may be helpful to narrow down the specific aspect of an ES/
NCP (e.g., flood and/or fire could be the issue for natural hazard
regulation) and the wellbeing domain focus.

2. Benefit indicator: Identify the benefit indicator(s). Benefit
indicator(s) reflect the desired outcome from improving the
relationship between the ES/NCP and wellbeing domain. The
symptoms described in Step 1 are helpful for identifying the
benefits and appropriate indicators.

3. Supply indicator: Describe the context for how the supply of the ES/
NCP affects the wellbeing domain. In preparation for selecting
supply indicators, decision makers now familiarize themselves
with what ecosystem(s) supply the ES/NCP and how the
ecosystem(s) provide the ES/NCP for the wellbeing domain.
Being explicit about the ecosystem(s) (e.g., forests) providing the
ES/NCP and whose wellbeing is being affected (e.g., population next
to forests) is needed to identify fit-for-purpose indicators.

FIGURE 1
Pressure-state-impact-response diagram and indicator design process. Drivers are the phenomena that provide context for changing pressures
(e.g., economics, population growth), pressures are the direct natural or human influences that can explain changes in the state, state is the physical,
chemical and biological characteristics of the environment and how these change over time, impacts are the consequences of changes in the state of the
environment and responses are the actions taken by institutions, government, and communities.

FIGURE 2
Outline of the indicator design process. The prioritization
process is detailed in Ausseil et al. (2022).

Frontiers in Environmental Science frontiersin.org05

Ausseil et al. 10.3389/fenvs.2023.1241128

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1241128


4. Supply indicator: Identify the supply indicator(s). Supply indicator(s)
reflect the ecosystem process (es) that drive a change in the ES/NCP
that affects the wellbeing domain. Accessibility to the ES/NCP should
also be considered. The prioritization process and the context for the
benefit indicators (Step 1) can provide insights to the ecosystem(s)
and the relationship between the ecosystem(s) and the wellbeing
domain.

5. State indicator: Identify the state indicator(s). State indicator(s)
describe the condition and extent of the ecosystem(s) providing
or supplying the ES/NCP.

6. Test the sensitivity of indicators. The benefit, supply and state
indicators identified during the process are tested for robustness
using a series of potential and plausible environmental, social, and
economic shocks or chronic changes e.g., what would happen to the

TABLE 3 Guiding questions for the indicator design.

Step 1: Describe the context

• Read the description of the [ES/NCP] and the [well-being domain] and familiarize yourself with why an [ES/NCP] and well-being domain relationship was ranked highly in the
prioritization process

• Describe the relationship between the [ES/NCP] and [well-being domain] including who is affected and how

• Identify and list the symptoms of the [well-being domain] affected by the change in the [ES/NCP]

Step 2: Identify benefit indicator(s)

• What is the desired outcome(s) from improving the relationship between the [ES/NCP] and the [well-being domain]?

• Think about: How does the [well-being domain] change if we improve or degrade the [ES/NCP]? What does success look like? What improvement in the [well-being domain]
are we trying to achieve?

• What indicator(s) best describe(s) the desired [well-being] outcome(s)? (Multiple indicator(s) may be identified based on the symptom(s) noted in the context)

Steps 3 and 4: Identify supply indicator(s)

• Which ecosystem(s) supply this [ES/NCP]? (Refer to well-being symptoms to help identify the relevant ecosystems)

• How does this ecosystem(s) provide the [ES/NCP] for the [well-being domain]?

• What aspects of the [ES/NCP] maintain the [well-being domain]?

• What change(s) to the [ES/NCP] would improve the [well-being domain]? Is accessibility a factor?

• What indicator(s) best represent(s) the supply of the [ES/NCP] to maintain and/or improve the [well-being domain]? (The flow of questions will help identify fit-for-purpose
indicators)

Step 5: Identify state indicator(s)

• What indicator(s) represent the extent and condition of the ecosystem(s) that supply the [ES/NCP]?

Step 6: Test the robustness of indicators

• Are there any additional or alternative ways to represent the relationship between the [ES/NCP] and the [well-being domain that have not already been considered?

• Using shock or chronic change cards (see examples of cards and probability of each event below) see how the benefit and supply indicator(s) change in response to these external
changes? Are there other shock(s) that should be considered?

Example shocks or chronic changes:

Anthropic shocks or chronic changes Environmental shocks or chronic changes

Global community market price shocks: e.g., dairy, timber Fluvial flooding: 50% change on 150-year flood in any given year

Media coverage of science: e.g., more positive or negative Ex-tropical cyclone: c. 1 per year

Investment in STEM education: e.g., more or less than current Forest fire: 3000 to 4000 per year

Change in government Magnitude 7 earthquake: 1 to 6% chance in any given year

Economic recession (8 to 15 month): e.g., X number within last 50 years Magnitude 5 or 6 earthquake: 40% chance within next 365 days

Oil/fuel shortage Biosecurity incursion: one every 1 to 2 years

More leisure time: e.g., from adoption of automation, change in workers’ rights/policy Prolonged drought: 6 months across several regions every 1 to 2 years

Rural-urban migration: e.g., urban drift Coastal inundation: e.g., king tides, storm surge

Demographic/culture shifts: e.g., immigration Volcanic eruption: 50% chance within 50 years

Shift in consumer diet preferences: e.g., vegetarianism Tornado
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ES/NCP–well-being domain if there was an earthquake, forest fire,
change in government, or shift in consumer preferences. For each
shock or chronic change, participants are encouraged to discuss
whether it has any relevance to the wellbeing or ES/NCP and how
effectively the identified indicators are expected to respond. If the
indicator is not responsive to changes in the ES/NCP–well-being
domain relationship, then the indicator choice should be revisited.
Theremay also be a temporal element to some indicators that should
be documented during the design process. For example, some
indicators may be more relevant in the future than in the present
as they may be responsive to emerging trends such as changes in
societal preferences.

2.3 Approach to applying the indicator
design process in New Zealand

To test the indicator design process, we used the New Zealand
Treasury’s Living Standards Framework (LSF) wellbeing domains. The
LSF was developed by the New Zealand Treasury to help inform its
advice to government (The Treasury, 2019). It is based on the OECD
wellbeing framework and reflects people’s wellbeing or the ‘capability of
people to live lives that they have reason to value.’ The twelve domains
of the LSF define current wellbeing based on broad topics around
health, security, social relations, freedom of choice, environmental
quality and material conditions.

For the workshops and this paper, we used the MEA definitions of
ecosystem services (Millennium Ecosystem Service Assessment, 2005)
as the ES/NCP classification to describe the different elements of nature.
The indicator design process was tested using a subset of ES/NCP–well-
being domain relationships from the prioritization process outlined in
Ausseil et al. (2022). We tested several ES–well-being domain
relationships. The chosen relationships tested were based on
potential interest to participants (i.e., staff from New Zealand’s
Ministry for the Environment).

Before the first workshop the draft indicator design process was
applied to the air quality regulation–health domain and ethical and
spiritual services–health domain relationships by two of this paper’s
authors to determine the practicality and feasibility of the process. In
the first workshop participants tested a refined process on:

- the natural hazard regulation–housing domain,
- water purification–health domain and,
- recreation and eco-tourism service–cultural identity domain.

In the second workshop, participants tested a further refined
process on:

- the natural hazard regulation–personal security domain,
- water purification–civic engagement and governance domain,
- food and fibre services–jobs and earnings domain, and
- wild foods–skills and knowledge domain.

We present the results from the natural hazard regulation–housing
domain relationship as an example to demonstrate the application of
the indicator design process. The eight other examples of different ES/
NCP–well-being relationships are provided in the supplementary
materials. Participant feedback was that greater specificity on the

components of either the ecosystem providing the benefit, spatial
scales, or scope of the ES/NCP (e.g., floods and fire for natural
hazard regulation) or the aspect of wellbeing domain in question
enabled more meaningful discussions. The specific component of
the ecosystem service or the wellbeing domain were selected by
participants depending on their policy focus at the time. For
instance, flood regulation and fire mitigation were the specific
components chosen as the focus for natural hazard regulation.
Housing is defined by the Treasury as “the quality, suitability, and
affordability of the homes we live in”. In our case, participants chose to
focus on housing quality, in relation to its vulnerability and resilience to
hazards. Our indicator design process (Figure 2) was then applied to this
ES–well-being domain relationship (Table 3).

3 Applying the indicator design process

3.1 Example: natural hazard regulation and
housing domain

Natural hazard regulation directly impacts housing quality and
suitability and has both localized and widespread impacts. Housing
is affected by flooding and fire, which are components of natural
hazard regulation, through losses or damage to property, and
increase in rates,3 insurance or other costs related to the need for
protection should this ES decline (Panel A in Table 4). Improved
regulation of flooding and fire benefits housing by reducing risks,
number of damaged houses or number of people exposed to these
hazards, and by greater housing affordability (Panel B in Table 4).
These benefits translate into indicators such as the number of
vulnerable houses in a flood risk zone, or number of houses
resilient to flooding in a flood-prone zone. Another indicator
relates to the change in insurance flood premium costs over time.
Underpinning these indicators is the number and size of flood-risk
zones.

Mixed-species forest, wetlands, upland forest, mangroves, coastal
vegetation, and riverine vegetation were all identified as providing
regulating services for floods and/or fire (Panel C in Table 4).
Increases in mixed-species forests and decreases in flammable
underbrush provide more resistance to fire. Forest area and diversity
can increase through anthropogenic interventions and bird-mediated
seed dispersal (Panel D in Table 4). Thus, changes in fire management
regimes and land management close to housing in a fire-risk zone
would be good indicators of the supply of the fire regulating service.
Similarly, fully functioning wetlands, upland forest/vegetation,
mangroves, coastal vegetation, and riverine vegetation have greater
capacity to slow down and retain water than most other ecosystems,
retarding and changing the hydrological response and residence time of
water at catchment scale during storm events and storm surges.
Changes in surface water flow velocity, changes in river height,
changes in hydrological residence time related to land cover change

3 Rates in New Zealand are a legislated charge against an owner’s property
and are set by local and regional government or councils. Rates are used to
pay for services used by all people in a district or regional and are assessed
for every urban household, lifestyle unit, commercial, industrial, and rural
property each year.
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TABLE 4 An example of process and indicators identified to describe and track changes in the natural hazard regulation–housing domain relationship.

A: Context Describe the relationship between natural hazard regulation and
housing quality including who is impacted and how.

Floods and fire directly impact housing quality and suitability of housing

The impact may be small depending on where people live and the type of natural
hazard, but the impact is felt countrywide

What are the symptoms of the impact of poor natural hazard
regulation on housing quality?

Fire Loss of and damage to property and housing

Increased cost of protection (e.g., sprinklers, insurance)

Change in building material suitability for an area, e.g., need different
types of building materials such as fewer flammable materials like brick

Flood Loss of habitable housing for sale or rent due to damage and decreased
quality (post-flood)

Increases in rates, insurance, and cost for private protection

Infrastructure disruption such loss of electricity, water, sewage, and
cleaning costs post-event

Compounding effects of earthquake/liquefaction

Availability of suitable and affordable hazard free land

B: Benefits What are the desired outcomes from improving the housing-
natural hazard regulation relationship?

Fire Fewer burning houses and houses in areas at high risk of fire, and
reduced-price shocks to affordability of housing stock due to fire (incl.
price, insurance, building)

Flood Fewer flooded houses, homes in flooding areas and high-risk flood zones

Improved quality of housing (due to less flood damage)

Change in house design to increase resilience to floods and affordability

Reduced vulnerability of people to housing at risk of flooding

Less fluctuation to affordability (price, insurance, building) of housing
stocks due to floods

What indicator(s) best describe these desired outcomes? Fire Number of houses in a fire-risk zone

Number of vulnerable houses in a fire-risk zone

Area of fire-risk zones

Flood Number of vulnerable houses in a flood risk zone

Number of houses resilient to flooding in a flood zone

Changing cost of flood insurance premium (not insured)

Number and area of flood-risk zones in NZ (spatial)

C: Context for
supply

Which ecosystem(s) supply natural hazard regulation and how? Fire Mixed-species forest—native species tend to be more resistant to fire

Inland waterways—rivers, lakes, streams, dams

Flood Wetlands, upland forest/vegetation, mangroves, coastal vegetation, and
riverine vegetation through water retention capacity, extent, structure
and composition of riparian vegetation and upper catchment forests

D: Supply What change(s) to natural hazard regulation would improve
housing quality?

Fire Increase in mixed native vegetation that is more fire-resistant compared
to other exotic species

More birds to act as native species seed dispersers

Change in land management to reduce vegetation fuel for fires

Flood Fully functioning coastal habitats not just mangroves to protect against
flooding from high tides and storm surges

Increase in ecosystems that retard water flows (e.g., wetlands, upland
forest)

Is accessibility a factor?

Increase in anthropogenic ways to capture rain in urban areas to reduce
runoff during heavy rainfall (rain gardens, tanks, swales, water sensitive
urban design)

(Continued on following page)
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in a catchment, and distance upstream from the coast are all supply-side
indicators that capture these relationships. Another pathway for
ecosystems to provide flood regulation is through an increase in
anthropogenic ways to capture rain in urban areas to reduce runoff
during heavy rainfall such as rain gardens, tanks, swales, and water-
sensitive urban design. While many of the other indicators also capture
the impacts of urbanization on surface water retention and residence
time, change in the spatial permeability is an additional indicator that

directly captures the supply of these types of flood regulation services in
urban areas.

Following on from supply, indicators for the state of
ecosystem(s) that support flood and fire regulation for housing
quality are discussed (Panel E in Table 4). The flow of mixed-species
forests, fire-resilient forests, water retention and water velocity are
measured through the supply indicators. However, the state of these
forests is measured by the extent and condition of flammable/

TABLE 4 (Continued) An example of process and indicators identified to describe and track changes in the natural hazard regulation–housing domain relationship.

Change land management: e.g., forestry harvest (particularly forest
waste/slash management) to improve flood management

What indicator(s) best represent(s) the supply of natural hazard
regulation to maintain and/or improve housing quality?

Fire Change in fire management regimes in fire-risk zones

Change in suffocation of fire (process/supply)

Estimated change for fire dampening

Flood Change in flow velocity/energy (e.g., storm surge)

River height

Distance upstream of brackish water

Change in function of [wetland, riverine vegetation]

Change in hydrological response and residence time of water at
catchment scale

Change in permeability of land (spatial)

E: State What indicators represent the extent and condition of the
ecosystem(s) that supply natural hazard regulation?

Fire Change in extent of flammable/inflammable vegetation close to housing
(in a fire-risk zone)

Species composition

Change in inflammable vegetation that protects houses from summer
prevailing wind

Condition of forest understory to reduce fuel for fire

Flood Water retention capacity of soils

Change in extent of coastal habitats (mangroves, sand dunes) that
mitigate coastal inundation in flood risk zones

Wetland condition index—wetland extent

Extent of intact upland forest in upstream catchment, and its structure
and composition

Extent of riparian vegetation and its structure and composition

F: Shocks or
chronic changes

Global commodity price shock: Land use change to produce commodities of more value. May lead to greater loss of forest, more pasture, and changes in
water residence time in catchments

Demographic/cultural shifts: e.g., People do not like trees and remove trees. This change in composition of trees will impact water residence time in
catchments

Biosecurity incursion: Tree health declines for some species impacting their flammability and changing fire regime

Shift in dietary preferences: Change in land use, e.g., less cattle if we move to lower meat diets. This changes the vegetation composition to more crops and
less pasture leading to changes in water cycle and runoff

Tsunami/king tide: Change in water residence time and potential damages and changes in composition of coastal vegetation

Oil shortage: Decrease in ability to undertake fire regime management

Tropical cyclone: More rain, increase in water residence time in vegetated areas

• Change in housing vulnerably. High wind may also affect housing stock and tree falls

• Resilience of housing materials and design to cyclones affects the impact(s) felt from the natural disaster
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inflammable vegetation close to housing (in a fire-risk zone), species
composition, change in inflammable vegetation that protects houses
from summer prevailing wind, and change in forest understory to
reduce fuel for fire. The state of ecosystems that support flood
regulation is measured by the extent and condition of ecosystems
that retard water flow, extent of impervious surfaces, and condition
and permeability of the catchment soils.

Finally, the responsiveness of these indicators to various external
shocks or chronic changes was discussed (Panel F in Table 4). In
general, it was found that a change in land use or land cover resulting
from a shock (e.g., shift in dietary preferences) might change the
condition, extent, supply, and benefit from natural hazard regulation
for housing.

3.2 Insights into the effective application of
the indicator design process

Several insights arose through the testing phase related to the
application of the process and engagement strategy with
stakeholders and participants:

3.2.1 Start the process with the benefits
Our draft indicator design process started with identifying

which ecosystem(s) are affected for a given ES/NCP–well-being
domain relationship, i.e., explored the state of ecosystems, then
the supply of ES/NCP from those ecosystems and then the
benefits. However, we found participants quickly fell into
focusing on familiar areas: ES/NCP supply and state
indicators, and knowledge about the availability of data.
Commencing the process with state and supply indicators did
not enable them to think about how to fill the gap in benefit
indicators and constrained their ability to focus on the causal
links for the relevant ES/NCP–well-being. We also found
participants sometimes struggled to separate supply and state
indicators. As a result, we reversed the steps to focus first on the
benefits of improving the ES/NCP and the subsequent impact on
the wellbeing domain. This focused the participant’s attention on
the relational aspect of ES/NCP–well-being and kept it for
subsequent steps. Feedbacks from participants demonstrated
that starting with symptoms not only kept the focus on the
benefits to people, but also enabled us to streamline and
shorten the question prompts, confirming the amendment to
the overall structure (benefit, supply then state). In summary, the
testing process showed that starting from the benefit indicator(s)
better maintained the focus of the discussion on the wellbeing
domain; this essentially reversed the more common flow found in
the literature review.

3.2.2 Break the wellbeing domain and ES/NCP into
different components

We started a generic discussion on the ES/NCP and the
wellbeing domain but quickly asked the group to identify key
aspects of the relationship to enable more in-depth discussions.
To facilitate the benefits discussion, we found participants were able
to better engage around benefits when asked to break down the
benefits by diverse groups of people experiencing similar effects or
impacts. The scale issue of local versus national representation was

still challenging, especially for participants with responsibilities to
guide policy development and implementation at a national level.
Identifying the “who” is affected was highlighted as an important
part of the process.

3.2.3 Note the overlaps with other ES/NCP–well-
being domain relationships

While exploring the one-to-one relationship between an ES/
NCP and a wellbeing domain is a simplification of the world’s
view and overlooks the complexities that exist, our process did
not prevent participants from recognizing and highlighting
synergies and complementarities with other ES/NCP and
wellbeing domains. These were documented but discipline was
needed through facilitation to maintain focus on the specific
relationship being discussed. In many instances, multiple
indicators were deemed important and were needed to
adequately describe the relationship between an ES/NCP and a
wellbeing domain (Table 3).

3.2.4 Diversity in participants is important
Despite the relatively small participant group, it quickly

became apparent that different ideological and disciplinary
backgrounds enabled richer yet more grounded discussions on
the ES/NCP–well-being relationships. This reinforced the value of
using inclusive processes with participants from diverse
backgrounds and knowledge sets. Indigenous knowledge, which
was not adequately represented in our selected participants, was
noted as providing another important perspective on the
relationship between an ES/NCP and a wellbeing domain,
especially for the benefit and supply indicators.

3.2.5 Use the five human senses to help describe
the benefits

We observed during our process that direct outcomes often
linked to our senses (smell, vision, audition, taste, and touch), and
this was a useful way to connect direct benefits outcomes to
wellbeing (explored further in the Supplementary Material).
Indicators based on the senses are typically easier to understand
and communicate to a lay audience (Boyd et al., 2015).

3.2.6 Use sensitivity test to check agility and
suitability of indicators

Shocks or chronic changes, based on existing and potential future
disruptors, enabled participants to test the validity of the indicators
they had identified and to ensure they were legitimate, salient, and
credible indicators for a specific ES/NCP–well-being domain
relationship (van Oudenhoven et al., 2018). Feasibility, scalability,
and monitoring over time are further considerations that would need
to be looked at, although this is not the purpose of this paper. In terms
of the shocks or chronic changes themselves, we also noted the
importance of tailoring them to the temporal context. For example,
king tides are relatively common in New Zealand, but tsunamis rarely
happen. Therefore, we used king tides rather than tsunamis as a shock
to ensure that the indicator was responsive to thosemore likely events.
We also found the shocks needed to cover the unexpected events, such
as natural disasters, and more chronic changes like technology
innovation, market changes, consumer preferences or government
policy.
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3.2.7 The process highlighted knowledge gaps
Focusing the discussion on fit-for-purpose indicators

highlighted the suitability of current information, data gaps and
data investment needs. Our participants, who had policy
backgrounds, often found themselves reverting to indicators or
data they knew already existed. However, careful facilitation
enabled the participants to identify new fit-for-purpose indicators
and created space for the participants to determine how new data
could be sourced and, more importantly, how existing data could be
used differently to provide the type of information needed to
populate an indicator.

3.3 Limitations and future improvements

While the logic chain from benefit–supply–state is useful to
help understand the connections between most aspects of nature
and wellbeing, we found during testing that there may be some
instances where the causal relationship between supply of an ES/
NCP and a wellbeing benefit may be weak (e.g., water purification
for improving civic engagement and governance). By applying
the indicator design process, we were able to identify this
inadequacy in the cascade approach from benefit to supply,
showing that some relationships may be too distant and
require further investigation. It also shows the importance of
having clear definitions of wellbeing aspects. For example, a
revised version of the Treasury’s Living Standards Framework
which we used to inform our wellbeing domains has been
released since our project’s inception (The Treasury, 2021b).
“Civic engagement and governance” is now focusing only on the
capability of individuals to have a voice on issues of the day such
as climate change. Qualities related to societal governance have
been captured in another level of the framework. Modifications
such as these could help improve the process and target
discussion towards a better pathway in identifying the indicators.

We used a uni-directional and linear approach, yet taking a
more circular approach may result in different evaluation metrics to
assess inter-relationships between human wellbeing and nature. He
Ara Waiora (The Treasury, 2021a) for example, uses a māori
worldview to conceptualise wellbeing, putting values, belief and
practices (Wairua) and nature (te Taiao) at the centre, with
measures of means (what approaches we need to achieve the
ends) and ends (what outcomes are important) for human
wellbeing in the outer circles. To implement He Ara Waiora,
McMeeking et al. (2019) suggested a suite of indicators based on
outcomes and value-based approaches, thus reflecting our logic to
start with people. Raworth (2017) has popularised the concept of
doughnut economics. It recognises that wellbeing depends on
‘enabling every person to lead a life of dignity and opportunity
while safeguarding the integrity of Earth’s life supporting systems’. It
combines two concentric radar charts to reflect social foundation
(with twelve social indicators) bounded by planetary boundaries
defined by ecological indicators. Linkages between the social and
ecological indicators are implicit rather than explicit, possibly
reflecting that a process to design indicators using circular
concepts may be harder to articulate.

The question of the ES/NCP–well-being relationship and its
currency now and into the future was also raised in the workshops.

Applying the sensitivity test showed that some relationships may
change over time, and therefore indicators may need to be adapted
in the future. Challenges for refining the indicator design process
include consideration of current versus future needs to maintain/
improve a wellbeing domain, and testing whether indicators can/
should remain the same over time, e.g., in the face of slow-onset
changes from climate change. Using a risk assessment approach with
hazard, exposure, and vulnerability characteristics (Connelly et al.,
2018) may be useful for some relationships. However, differences
between perceived and actual risk (i.e., the perception of insecurity
to flooding may increase, while the actual exposure to risk of flood
may decrease) may still be a challenge for identifying fit-for-purpose
indicators. Future improvements should therefore consider how to
include resilience to future climate change and clarify the actual vs.
perceived nature of indicators.

Another question that arose was around natural vs. anthropogenic
assets. Measuring the flow of an ES/NCP from nature and how it affects
a wellbeing domainmay be hindered by aman-made substitute for that
ES/NCP. Our participants did not resolve this issue and the decision on
how to address it may be an ideological issue that each indicator design
process should acknowledge with participants in the design process and
agree on the stance to be taken.

Boyd et al. (2015) raised the question of the value of aggregated
vs. disaggregated indicators, suggesting that disaggregated indicators
tend to be more relevant to scientific experts, compared with
aggregated indicators being more relevant to laypersons. For
instance, a well-designed index may be able to convey the
complexity of ecosystem and cultural values (Harmsworth et al.,
2011). However, while aggregations may provide a general overview,
they may not convey the outliers and extremes in the data. The
question of aggregation remains to be tested in our process, since the
ES/NCP–well-being relationship is not a one-to-one relationship
and there may be value in aggregating over multiple wellbeing
domains. Consensus is also needed on the process of aggregation
(Abenayake et al., 2018; Drobnik et al., 2018). For future
implementation, agreement should be reached on the level of
aggregation to use through wide consultation and endorsement
by government agencies on direction to take. As we acknowledge
the limitations of the one-to-one relationship, further work should
also be undertaken to map out the multiple causal links and decide
whether a level of aggregation is necessary to facilitate decision-
making and ease of communication.

The unit of measure for an indicator also requires further
investigation. For example, a relative change indicator provides a
unitless measure, but may also complicate any trend analysis as it
is sensitive to the selected reference conditions (Ausseil et al.,
2013; Boyd et al., 2015). Thresholds could be used alongside
relative change indicators to categorize and improve the
communication of the indicator. Spatial and temporal aspects
of indicators are another aspect worthy of further consideration.
For instance, during our workshop deliberations on natural
hazard regulation, it was noted that indicators that relied on
rare but extreme events may only partially capture the
relationship between the ES/NCP and the wellbeing domain.
Similarly, benefit indicators may also need to reflect specific
timings (e.g., ability to swim during summer but not during
the winter when most flood events occur) or spatial specificities
pertaining to different stakeholder groups.
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4 Implications for policy

4.1 National and international reporting

In New Zealand, the Ministry for the Environment has a legal
requirement to report on the state of the environment using pressure,
state, and impact indicators. Earlier research found there was a lack of
“impact” indicators (Ausseil et al., 2021). Our process provides a
conceptual framework and a structured approach to identify new data
needs and enable its collection. To help narrow the potentially long list
of indicators needed, prioritizing the relationships between nature and
wellbeing as described in Ausseil et al. (2022) creates a process to
identify those relationships most important for a particular decision,
and a pathway to fill gaps in priority order.

Indicators identified and developed based on our indicator design
process could also be used to provide evidence for national-level
reporting on the progress against international commitments such as
the Sustainable Development Goals (SDG). Biodiversity targets have
interdependencies, thus having relevant and linking indicators to
support both ecological and socio-economic dimensions will help
(Perrings et al., 2011). To date, New Zealand’s reports against the
SDGs (New Zealand Ministry of Foreign Affairs and Trade, 2019) or
the now superseded Aichi Targets (Department of Conservation,
2019) have largely been informed by qualitative narratives, with
few indicators. The Aotearoa New Zealand Biodiversity Strategy
(Te Mana o te Taiao, Department of Conservation, 2020) provides
an opportunity to design and implement national indicators aligned
to the Kunming-Montreal Global Biodiversity Framework that set
targets for nature’s contributions to people (target 11). The Indicators
Aotearoa New Zealand (Statistics New Zealand, 2019) from Statistics
New Zealand would also benefit from designed fit-for-purpose
indicators that could then inform what data should be collected to
productionise them.

Following a policy cycle (EU, 2021), designing a purposeful suite of
nature–well-being indicators for monitoring could be beneficial for:

4.2 Policy design

A major resource management reform aiming to prevent further
degradation of ecological integrity of the natural environment and
protect human health is currently under way in New Zealand. The
effectiveness of these new policies and their implementation will need to
be assessed and monitored. Creating fit-for-purpose indicators to track
the relationship between the state of ecological integrity and its impact on
human wellbeing including health should enable a better understanding
of the causal linkages. It can also help identify the characteristics (and
associated indicators) of the natural environment that need to be
managed through environmental limits to maintain or improve
ecological integrity and protect human health, as described in the
proposed new legislation (https://www.legislation.govt.nz/bill/
government/2022/0186/latest/LMS501892.html).

4.3 Policy delivery

A better understanding of the cascading and causal chain of
impacts of anthropogenic changes on ecosystems, ES/NCP and

wellbeing is essential to monitoring progress towards
management actions and policy objectives. For instance, those
investing in adaptation to climate change are increasingly asked
for monitoring and reporting indicators to track progress in the level
of adaptation achieved (Hammill et al., 2014). If one objective was to
link future heatwaves to a wellbeing outcome (e.g., maintain physical
health) a possible indicator following our process could include the
number of vulnerable urban people at risk of heat stress. By focusing
on risks to people, more targeted nature-based adaptation
interventions could be identified and implemented, in this case,
the extent of greenspaces or woody vegetation in urban areas, for its
ability to regulate air temperature.

4.4 Policy or programme review

Clarifying the relationship betweennature andwellbeing provides an
opportunity for transparent and informed decisions around investment
priorities and better evaluation of progress towards outcomes
(Parliamentary Commissioner for the Environment, 2021). To
support New Zealand’s economic recovery from the impacts of
COVID-19, the New Zealand Government invested in a
NZ$1.219 billion in the Jobs for Nature programme.4 The
programme aimed to create jobs, and ensure enduring benefits for
healthy waterways, biodiversity, and climate change mitigation. The
indicator design process outlined in this paper could help evaluate
progress toward programme benefits for both people and nature and
enable more targeted future investment.

5 Conclusion

As noted by New Zealand’s Parliamentary Commissioner for the
Environment (2019), the indicators and data needed to understand
the true state and value of New Zealand’s natural environment are
woefully inadequate. Our research provides a sound methodology
and process to tackle the challenge to link nature and its contribution to
people’s wellbeing. More investment and efficiency are needed to collect
data. An important next step in this journey will be to identify what new
data is needed for wellbeing (benefit), supply and state indicators. An
assessment on how existing data can be supplemented and used
differently is also needed to better track linkages on how changes in
nature are impacting on the wellbeing of our society. Moreover, data
visualisation will also be an important tool (i.e., the use of maps to reflect
spatial variability or diagrams) to help decision making in planning
interventions for increasing resilience (of ecosystems and human
societies) to abrupt and long-term changes caused by climate change
and other drivers of change.

Nations other than New Zealand might sit in a similar situation
where ill-suited data and indicators are re-used outside their primary
purposes, but do not have the ability to track actual chain of impacts that
may be occurring. This inhibits societies’ good decision-making as the
real extent of the issues may not be known or misjudged. Most

4 https://environment.govt.nz/what-government-is-doing/areas-of-work/
jobs-for-nature/#:~:text=Jobs%20for%20Nature%20is%20a,to%20run%
20for%20four%20years
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importantly, with the rate of change only increasing, fit-for-purpose
indicators are becoming crucial enablers to evaluate the effectiveness of
our interventions and adapt adequately in response to changes in our
natural world.
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