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Figure 1. State of environment 
reporting helps people manage 
the environment to maintain or 
enhance its benefits.

State of environment (SOE) reports aim to give people a summa-

ry of the environment through indicators. When an SOE report is 

associated with specific environmental goals, it is straightforward 
to develop indicators from the goals. However, it is difficult when 
there are no specific goals. We explore the use of an ecosystem 
services framework to develop a general set of indicators for the 

land/water environment by considering a full range of benefits 
humans gain from the environment. This analysis shows that 

the national SOE report, Environment Aotearoa, is missing 
many indicators required for a broader picture. Many of the 

missing impact indicators relate to human health and are highly 

relevant. Our sparse networks of data collection reflect the low 
population of New Zealand and the limited resources that can 

be reasonably applied to data collection. An encouraging area 
of improvement is the use of more targeted indicators developed 

from the ground up in collaboration with stakeholders. While 

the analysis presented here is focussed on New Zealand, other 
countries are also data-sparse and face similar issues, and would 
benefit from a gap analysis of environmental indicators based 
on ecosystem services.

Introduction 
State of environment (SOE) reports aim to give people an 
objective summary of their environment. It is implicit that 
there will be a response to SOE reports if a negative trend or a 
poor condition is reported. If not, then the reports would have 
no purpose. Therefore, SOE reports are effectively part of an 
adaptive management cycle (Environment Foundation 2019), 
where environmental goals are monitored through the report, 
and management is adapted to ensure progress towards the goals 
(Fig 1). (Adaptive management is defined in the EEZ act.) For 
example, in the New Zealand Resource Management Act 1991 
(section 35), local authorities are legally required to monitor the 

state of their environment in order to carry out effectively their 
functions of sustainably managing natural resources, which is 
the environmental goal. 

State of environment reports usually have indicators, or 
measures, of important aspects of the environment. When an 
SOE report is associated with specific environmental goals, the 
important aspects may be inferred directly from the goals and 
it is straightforward to develop indicators. However, when there 
are no specific goals, it is more difficult to develop indicators 
(Garrett et al. 2016). So how does one go about designing a 
general set of indicators for an SOE report? An anthropocentric 
view, as in Fig 1, suggests there should be indicators of those 
environmental aspects that relate to human benefits. In other 
words, the indicators should follow the benefits or those aspects 
of the environment that closely relate to or control the benefits. 
A list of the benefits would therefore suggest a list of indicators. 

The New Zealand national SOE report, Environment Aotea-
roa (Ministry for the Environment and Statistics New Zealand 
2015), recognised this partly in the pressure-state-impact (PSI) 
framework prescribed by the Environmental Reporting Act 
(2015). Since Environment Aotearoa 2015, individual domain 
reports have been produced for marine, atmosphere and climate, 
freshwater, and land (Ministry for the Environment and Statistics 
New Zealand 2016, 2017a, 2017b, 2018)), and an air domain 
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Figure 2. Relationship between pressure-state-impact and ecosystem services framework (Muller & Burkhard 2012).

report was produced prior to Environment Aotearoa 2015 
(Ministry for the Environment and Statistics New Zealand 2014). 
Environment Aotearoa 2019 has just been released (Ministry for 
the Environment and Statistics New Zealand 2019). Pressures 
explain the human activities and natural factors that influence 
the environment. State indicators describe the biophysical 
condition of the environment. The impact indicators measure 
the impact that state indicators have on environmental benefits 
to people. In this way, relative importance can be attached to 
trends detected in the state indicators, and more appropriate 
and prioritised responses made. Categories of impacts are listed 
at a high level in the Act: public health, economy, culture and 
recreation, te ao Māori, and ecological integrity. However, it is 
not clear which specific indicators would satisfy the need to 
monitor those impact categories. Currently a technical advisory 
group recommends indicators to the Government Statistician 
who assesses them for use on the basis of six criteria (Ministry for 
the Environment 2016b), however there are no explicit criteria 
for guiding choice of indicators by the technical advisory group.

Rather than listing specific indicators in the Act, a process 
for defining topics is described. The Minister of the Envi-
ronment and the Minister of Statistics set the topics through 
regulation after consultation with the Government Statistician, 
the Parliamentary Commissioner for the Environment, the 
public, iwi authorities, and local authorities. These topics need 
to satisfy several requirements, including affecting significant 
areas, resources or numbers of people, and are measurable. This 
process, while increasing buy-in from the community, through 
consultation, may be susceptible to disputes among pressure 
groups with different values.  

Is there an objective way to develop a list of indicators that 
cover all aspects of the environment and closely relate to the ben-
efits that the environment provides for people? Certainly there 
are explicit frameworks of benefits or services. The ecosystem 
services approach makes explicit the link between environment 
and human well-being (Millennium Ecosystem Assessment 

2005). It has a detailed breakdown of benefits into categories of 
“ecosystem services” from each ecosystem in the area of interest. 
The services form a hierarchy, with provisioning, regulating, 
cultural, and supporting services at the top level, and increas-
ing detail at the lower level. Dymond et al. (2015) presented a 
synopsis of New Zealand ecosystem services with analysis of 
their conditions and trends based on an extensive review from 
more than 100 New Zealand scientists (Dymond 2013), while 
Harmsworth and Awatere (2013) adapted the ecosystem services 
principles into a Māori framework. 

The more recent Intergovernmental Platform on Biodi-
versity and Ecosystem Services (Diaz et al. 2015), initiated in 
2012 to enhance global science policy, set a broader conceptual 
framework built on ecosystem services principles within di-
verse cultures. The conceptual framework included elements 
of PSI with drivers (such as population and land use), nature’s 
contributions to people, and good quality of life. Thematic as-
sessments for pollination, land degradation and restoration have 
been produced for four global regions (https://www.ipbes.net/
document-library-categories/assessment-reports-and-outputs). 
These are all broad scale assessments, although some relevant 
information for New Zealand is included in the Asia-Pacific 
regional assessment (IPBES, 2018).

In this paper, we explore the use of the ecosystem services 
framework to develop objectively environmental indicators 
for the land domain of a national SOE report. For each broad 
ecosystem, the major ecosystem services are considered, and a 
set of pressures, states, and impacts derived. From these, explicit 
indicators are derived and then compared with those reported 
in Environment Aotearoa and subsequent domain reports. We 
discuss the difference between the two, and the implied requi-
site enhancements to Environment Aotearoa, from a science 
perspective (Petrie (2018) took a policy perspective). We also 
discuss implications of this approach to other environmental 
reporting systems in New Zealand. 



New Zealand Science Review Vol 75 (2–3) 2019 45

Indicators of pressures, states, and 

impacts in ecosystems
The Driver-Pressure-State-Impact-Response (DPSIR) frame-
work has been used for environmental reporting to describe 
causal links between elements of the broad environmental sys-
tem (Müller & Burkhard 2012). The ecosystem services approach 
can easily fit into the DPSIR framework (see Fig 2). Pressure 
represents the elements (either anthropogenic or natural) that 
are affecting the state of ecosystems and can be either positive or 
negative (Ministry for the Environment 2014). State represents 
the natural capital stocks of ecosystems and biodiversity, char-
acterised by their area and condition. Impacts are then two-fold: 
on ecosystem services (regulating, provisioning and cultural), 
and on human well-being (social, economic, personal). 

The methodology we used separates major ecosystems into 
broad categories: including urban, pasture, cropping, orchard, 
exotic forest, indigenous forest, shrublands, grassland, alpine 
shrublands, rare ecosystems and wetlands (Harmsworth and 
Awatere 2013). The Ministry for the Environment (MfE) adopted 
the pressure-state-impact (PSI) framework, omitting drivers (D) 
and responses (R) on purpose to maintain political neutrality.

Table 1 tabulates the major pressures, states, and impacts 
for each ecosystem as essentially described in a national assess-
ment of ecosystem services (Dymond 2013). The ecosystem 
classification follows that of Harmsworth and Awatere (2013). 
Table 2 tabulates quantitative measures of the pressures, states, 
and impacts that could be used as indicators. The solid colour 
in Table 2 identifies where the indicator has actually been used 
in Environment Aotearoa reporting, or is readily available in a 
nationally based dataset.

Immediately obvious is the sparse population of Table 2 by 
indicators in Environment Aotearoa. There are a number of 
reasons behind the sparseness of Table 2 beyond the control 
of officials in Ministry for the Environment and Statistics New 
Zealand. The Environmental Reporting Act in section 14 stip-
ulates that the Government Statistician must follow best prac-
tice principles and protocols and be satisfied that the statistics 
accurately represent the topic they purport to measure. This 
required statistical rigor has meant that some indicators have 
not come up to expectations in the eyes of the Government 
Statistician. For example, in the SOE report, Environment New 
Zealand 2007 (Ministry for the Environment, 2007), the number 
of contaminated sites (land) was previously reported by region, 
but is not reported in Environment Aotearoa, even though an 
updated national dataset existed. This was due to the lack of 
consistency of reporting between regions as required by the 
high statistical rigor. 

High statistical rigour gives more surety about trends, and 
should reduce arguments over whether trends show improve-
ments or not (Radio New Zealand 2014). However, it also means 
that much information pertinent to understanding the full 
state of the environment is not considered.  The Parliamentary 
Commissioner for the Environment (PCE 2016), in exercising 
her discretion under section 18 of the Environmental Reporting 
Act, reviewed Environment Aotearoa 2015 and commented that 
a national SOE report should be a set of coherent “stories” about 
different issues. Stories, of course, require complete narratives, 
and the concept flies in the face of the requirement for statistical 
rigor which rejects parts of the story. Following Environment 
Aotearoa 2015 and the PCE commentary, MfE has included 

more storylines in subsequent domain reports, by using body of 
evidence and case study information from scientific literature, 
and by establishing Technical Advisory Groups to inform MfE 
of recent research findings. In doing so, the Land domain report 
2018 (Ministry for the Environment, 2018) highlighted the 
significant data gaps impeding reporting. These included gaps 
in scientific knowledge (understanding of processes and causal 
links between pressure and state), gaps in spatial coverage and 
trends over time (e.g. land use, soil health), and gaps on impacts 
on social, cultural and economic wellbeing.

Table 2 is sparse also because of the great effort required in 
gathering data. Section 11 of the Environmental Reporting Act 
relieves the Secretary for the Environment and Government 
Statistician of having to collect data where it cannot be ob-
tained by using reasonable efforts. Unfortunately, much of the 
data required to populate Table 2 would require extraordinary 
efforts. For example, the pressure indicator “Area of cultivated 
land” in the cropping ecosystem is currently determined by the 
Agricultural Production Survey that is non-spatial and con-
strained to commercial-scale farms. Some spatial information 
is available but requires licensing, which is against the principles 
of publicly publishing any reporting data. Another method for 
determining cultivated land from publicly available data sources 
could be from sequential satellite imagery (North et al. 2015). 
However, the effort required setting up new systems to auto-
matically identify the cultivated land and report at appropriate 
time and space scales is significant and currently well beyond 
that judged reasonable.

Many of the missing desired impact indicators relate to hu-
man health and are highly relevant. For example, in the urban 
ecosystem it would be desirable to know how many illnesses 
relate to freshwater contaminated by untreated sewerage. To 
capture a fuller understanding of the issue it would also be 
desirable to measure the annual volume of contaminated water 
in the district and also the toxicity of the receiving water. These 
indicators are missing because data collection is absent. Our 
sparse networks of science data collection reflect the low popu-
lation of New Zealand and the resources that can be reasonably 
applied to data collection.

Discussion
Is it likely that the missing indicators in Table 2 will be included 
in future SOE reports?  Even though data for many indicators 
already existed elsewhere in national databases, the cost of 
re-analysis and representation is high to meet statistical robust-
ness and suitability for public consumption. The exact cost is 
difficult to estimate, but is likely to be tens of millions of dollars 
and may be stretching the taxpayer’s perspective of reasonable 
effort. It looks unlikely, therefore, that many more of the missing 
indicators will appear in the near future, as it would take years to 
fill the gaps. What does that mean in the short to medium term 
if we are unable to get a comprehensive look at our environment 
and adapt our management for our own benefit? 

Let us not allow to pass unchallenged the contention that En-
vironment Aotearoa is the sole reliable source of environmental 
data. Indeed, there is much environmental monitoring in the 
land/water space at local scales (Garrett et al. 2016). There are 
many successful local projects where communities are involved 
with setting goals and indicators. In the Canterbury region, 
water zone committees, comprising sector representatives, lo-
cal body representatives, and technical staff from the regional 
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council, have been set up to develop water management plans. 
This initiative has followed the recommendations of the Land 
and Water Forum (2015), which has promoted collaborative 
processes involving community and stakeholders for managing 
water, a bottom-up approach within nationally set frameworks. 
Such initiatives are supported by monitoring information pre-
sented by Land Air Water Aotearoa (2016), which is a web site, 
organised primarily by regional and district councils, for giving 
information on land, air, and water quality.

The New Zealand Sustainability Dashboard (http://www.
nzdashboard.org.nz/) has developed processes for primary 
production sectors to assess sustainability. The process is driven 
by the producers/farmers to achieve sustainability goals both for 
individual producers and for sectors as a whole after upscaling 
to regional and national scales. Case studies involve wine, ki-
wifruit, forestry, and organic sectors. This is another example 
of a bottom-up approach to the national sector scale, which 
has strong buy-in from users because of collaborative processes 
with stakeholders. Another example is the Waikato River Re-
port Card (Waikato River Authority 2016), which summarises 
progress towards goals of Ture Whaimana o Te Awa o Waikato. 
Development of the report card engaged local community and 
provides accountability for restorative actions in the Waikato 
catchment. It synthesises complex information at local scales into 
simple key messages for the whole catchment. Further notable 
projects include the Wheel of Water Project (2016) on balancing 
water quality and quantity and the Montreal Process for the 
development of indicators for sustainable forestry (Ministry for 
Primary Industries 2015). 

There are many local body SOE reports: Environment 
Canterbury 2008; Greater Wellington Regional Council 2013; 
Waikato District Council 2013; Bay of Plenty Regional Council 
2014; Horizons Regional Council 2013. These reports are com-
prehensive, covering land, water, air, biodiversity, pests, and 
hazards. Yet much of this data does not make its way up to the 
national scale because of inconsistencies between regions. This 
has been recognised, so the Environmental Monitoring and 
Reporting project (EMaR) has been set up to provide support 
to regional councils to standardise methods and sharing of data 
collection through initiatives such as the National Environ-
mental Monitoring Standards (NEMS). The goal of EMaR is to 
ensure that the efforts in compiling regional data will inform 
national SOE reporting.

Much is indeed being done at the local scale, but not con-
sistently throughout the country. This inconsistency creates 
difficulties for Environment Aotearoa with its emphasis on 
statistical robustness rather than storyline, causing it to miss 
many important indicators in Table 2. A reporting system 
that includes all the local stories rather than excluding them is 
necessary to ensure a link between bottom–up and top–down 
approaches. Some New Zealand studies have already done 
this. The Waikato River Report Card shows how a hierarchy of 
data can be integrated up to simple scores at the top reporting 
level. Where data are missing, expert judgement is used so that 
integration may proceed. While simple scores are presented 
at the top level, the full hierarchy of data is retained and may 
be interrogated at any level.  A recent scoping study for MfE 
on Te Ao Māori environmental indicators suggested that case 
studies, narratives, and commentaries are an important part of 

environmental reporting (Scheele et al. 2016). This is also one of 
the recommendations coming from the research community. A 
think-piece commissioned by Our land and Water, the National 
Science Challenge, highlighted the benefits of co-innovation for 
development of land and water indicators (Garrett et al. 2016). 
It concluded that success of bottom–up approaches depend 
on collaboration and co-innovation. Our Land and Water has 
initiated a working group examining the development of indi-
cators, considering the history of indicator frameworks already 
developed in New Zealand in order to produce a cohesive set of 
land and water indicators for multiple stakeholders.

Environment Aotearoa is constrained by the Environmental 
Reporting Act to ensure statistical robustness. As a result, many 
indicators are not being covered and complete stories are not 
being told. Even with more comprehensive coverage of pressure, 
state, and impact indicators in Table 2, the full story may still 
not be covered. Niemeijer and de Groot (2008) advocated the 
DPSIR framework to provide a better context in which to plan 
appropriate responses. So at the national scale it appears that we 
need more and more indicators, which come at a greater cost 
than that deemed “reasonable” by the Environmental Reporting 
Act. The solution is to build indicators from the ground up in 
collaboration with stakeholders to ensure buy-in at the start 
(Garrett et al. 2016). Dymond et al. (2001) called this strategic 
monitoring, whereby environmental goals are monitored. While 
National Science Challenges are working towards this goal, 
there is a long way to go before a comprehensive picture of our 
land and water environment can be drawn. While the analysis 
presented here has focussed on New Zealand, other countries 
are also data-sparse and face similar issues (Geijzendorffer et al. 
2015; Heink et al. 2016), and would benefit from a gap analysis 
of environmental indicators based on ecosystem services.
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