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Summary

The SEEA EEA identifies five broad characteristics of ecosystem condition (vegetation, biodiversity, soil,
water and carbon). In the latest Technical Recommendations (TRs), another category (habitats) is
proposed, and the text goes on to suggest that pressure indicators (such as waste) might also be
included within the framework. Separately, the TRs recognise that other characteristics such as
management practices and protected area status need to be accounted for, possibly by adapting the
classification of ecosystem types to accommodate these distinctions. At the same time, work in South
Africa has identified a range of different possible indicators for terrestrial and river ecosystems, implying
that some of the categories of ecological condition for marine and other open water ecosystems might
again be different. In contrast, initial accounts for urban areas in the United Kingdom has highlighted
the need to account systematically for the condition of land which has been highly modified by humans.

Discussion papers and presentations at the Oslo meeting of the London Group in September 2016
identified two purposes of ecosystem condition accounts: i) to measure the state of the ecosystem in
terms of its capacity to continue to provide services to people and ii) to measure the state of the
ecosystem in terms of its ability to function without reference to human use. The latest draft Technical
Recommendations develops this thinking further by identifying three potential bases for the compilation
of indicators for ecosystem condition accounts:

1. Asmall number of generally applicable ecosystem characteristics across a country could be
combined to form an overall condition measure

2. Different characteristics may be developed for different ecosystem types
Indicators could be selected according to their importance in determining the supply of
ecosystem services

As a first step, this paper reviews the way ecosystem condition indicators have been applied in practice
in different countries, looking at aspects of the concept being measured as well as the metrics used. The
results are extremely varied and can only be said to throw limited light on the following five questions:

1. Should pressures on ecosystems be included as indicators of condition?
How does the concept of ecosystem condition relate to ecosystem capacity and ecosystem
capability?

3. How should reference condition be determined? By reference to naturalness, an historical
baseline, or a standard prescribed in policies?

4. How should condition metrics properties at larger scales (e.g. fragmentation and ecosystem
diversity) be recorded?

5. What indicators should be included in overall indices of condition and how should they be
constructed?
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Introduction

This paper reviews the practical examples of how ecosystem condition has been measured with the aims
of: (1) cataloguing the approaches used and (2) identifying conceptual and practical issues for resolution
so that ecosystem accounting may become an international statistical standard, like the System of
Environmental-Economic Accounting Central Framework (SEEA Central Framework, UN et al 2014a).

Since the release of the SEEA Experimental Ecosystem Accounting (SEEA-EEA, UN et al 2014b), at least
18 studies (Table 1) have been undertaken and a wide range of approaches have been used. The review,
which is a work in progress, is based on studies known to us, which is almost certainly incomplete. In
addition, some studies were not included in the review due to time constraints. The review can be
extended to accommodate additional activity, whether it be previously unknown or new. Upfront we
would like to thank our those that have shared information on the measurement of ecosystem condition
prior to its formal release.

Concurrently with the ecosystem accounting work being done around the world, the SEEA-EEA Technical
Recommendations have been in development, drawing on the new material and understanding. A Final
Draft (August 2017) of these recommendation in now available (UN 2017). Section 4.6 “Issues for
research on ecosystem condition” of the Final Draft identifies several issues. These can be summarised
through the following questions:

Should pressures on ecosystems be included as indicators of condition?
How does the concept of ecosystem condition relate to ecosystem capacity and ecosystem
capability?

3. How should reference condition be determined? By reference to naturalness, an historical
baseline, or a standard prescribed in policies?

4. How should condition metrics properties at larger scales (e.g. fragmentation and ecosystem
diversity) be recorded?

5. What indicators should be included in overall indices of condition and how should they be
constructed?

An important difference between the SEEA-EEA and the Technical Recommendations is the terminology
surrounding the units of account. Table 2 compares the terminology. It is presented here as some
definitions are presented in terms of the SEEA-EEA and much of the review preceded the switch in
terminology.



Table 1. Ecosystem accounting case studies reviewed

Case study

Notes

Australia

Accounting for Nature (Sbrocchi et al. 2015)

10 terrestrial regions of Australia, some
abutting marine areas

Environmental-Economic Accounting for ACT State of the Environment
Reporting — Proof of Concept (Smith et al. 2017)

Australian jurisdiction (ACT). No marine
area.

Experimental Ecosystem Accounts for the Central Highlands of Victoria (Keith
et al. (2017)

Terrestrial region of Victoria

Five Rivers (S. Bryant, Pers. Comm.)

Terrestrial region. Single property in
Tasmania

Great Barrier Reef (ABS 2015, 2017)

Terrestrial and marine areas of part of
Queensland

Northern Territory Rangelands (S. Ogilvy, Pers. Comm.)

Terrestrial region. Single property in
Northern Territory

Port Phillip Bay (Eigenraam et al. 2016)

Marine region of Victoria

Valuing Victoria’s Parks (Varcoe et al. 2015)

National Parks in an Australian jurisdiction
(Victoria), terrestrial and marine areas

The Netherlands

Ecosystem Accounting Limburg Province (Statistics Netherlands/Wageningen
University 2016)

Terrestrial region

South Africa

National River Ecosystem Accounts (SABI 2016)

Terrestrial region

Uganda

Experimental Ecosystem Accounts for Uganda (UNEP-WCMC 2017)

Terrestrial region

United Kingdom

Six accounts for different Broad Habitats — freshwater, woodlands, enclosed
farmland, urban, coastal margins, marine, mountains/moorlands/heaths
(ONS-Defra 2017)

Terrestrial and marine regions




Table 2. Comparison of SEEA-EEA and Technical Recommendations (Final Draft August2017)

SEEA EEA Technical Recommendations (Final Draft August 2017)

Basic spatial units (BSU) Basic spatial units (BSU)

Land cover/ecosystem functional units (LCEU) | Ecosystem assets (EA)

Ecosystem accounting unit (EAU) Ecosystem accounting area (EAA)

Background

The SEEA-EEA provides the conceptual foundation for the definition and assessment of condition used in
this review. This is outlined below but it needs to be recognised that the SEEA-EEA was not always used
as the reference for these concepts in the studies reviewed.

The SEEA-EEA definition of ecosystem condition is in Paragraph 2.35:

“Ecosystem condition reflects the overall quality of an ecosystem asset in terms of its
characteristics. The assessment of ecosystem condition involves two distinct stages of
measurement regarding both the quantity and the quality aspects of the characteristics of the
ecosystem asset. In the first stage, it is necessary to select appropriate characteristics and
associated indicators of changes in those characteristics. The selection of characteristics and
associated indicators should be carried out on a scientific basis so that there is an assessment of
the ongoing functioning, resilience and integrity of the ecosystem asset. Thus, movements of
the indicators should be responsive to changes in the functioning and integrity of the ecosystem
as a whole.”

The next paragraph goes on to say:

“....The selection of characteristics should take into account current and expected future uses of
the ecosystem (e.g., whether for agriculture, forestry, carbon sequestration, recreation), since
these uses are likely to impact most directly on certain characteristics and hence on the overall
condition and capacity of the ecosystem asset to generate alternative baskets of ecosystem
services....”

The SEEA-EEA shows two accounts:

e Table 4.3 Measures of ecosystem condition and extent at end of accounting period for an EAU
(Ecosystem accounting Unit)
e Table 4.4 Changes in ecosystem condition for a LCEU (Land cover/ecosystem functional unit)

The Technical Recommendations Table 4.1 (Initial example of an ecosystem condition account)
effectively combines Table 4.3 and Table 4.4 from the SEEA-EEA.



The set-up of the accounts highlights the need to consider four factors when assessing ecosystem
condition: (1) The boundaries of the ecosystems being measured (i.e. the LCEU or EA), (2) how the
LCEUs or EAs are classified to ecosystem type (e.g. forest, grassland or wetland) and (3) the area for
which condition is being assessed (i.e. the EAU or EEA), which may be an homogeneous and continuous
ecosystem (e.g. an island covered by forest) or heterogeneous ecosystem and non-contiguous
ecosystems (e.g. an island with several discrete patches of forests, grasslands and wetlands), and (4) the
key characteristics of ecosystem condition for each ecosystem type.

The characteristics of ecosystem condition (and examples of indicators) shown in Table 4.3 and 4.4 of
the SEEA-EEA and repeated in the Technical Recommendations Table 4.1 (with the addition of habitats)
are:

e \egetation (leaf area index, biomass, mean annual increment)

e Biodiversity (species richness, relative abundance)

e Soil (Soil organic matter content, soil carbon, groundwater table)
e  Water (river flow, water quality, fish species)

e Carbon (net carbon balance, primary productivity)

e Habitats (fragmentation)

The characteristics in the tables would tend to show most environments modified by human activity to
be in poor condition, and perhaps reflect a bias to the notion that condition is relative to “natural”
benchmarks.

The Technical Recommendations identify three approaches for the measurement of ecosystem
condition:

1. Asmall number of generally applicable ecosystem characteristics across a country could be
combined to form an overall condition measure

2. Different characteristics may be developed for different ecosystem types
Indicators could be selected according to their importance in determining the supply of
ecosystem services

Bordt (2015) provided a list of indicators for testing the component parts of ecosystem condition (i.e.
vegetation, biodiversity, water) for different ecosystem types. He separately proposed condition metrics
that would apply at the EAU or EAA level. These were mostly related to approaches 1 and 2 identified in
the Technical Recommendations.

Method of review

Published ecosystem accounts were collected and enquiries made to determine if others previously
unpublished, unknown or where in preparation and preliminary results able to be shared.

Each study was examined to determine:

1. The types of ecosystems being measured (e.g. LCEU or EA)



2. The area assessed (EAU or EAA)
3. Whether the indicators were intended
a. to measure the state of the ecosystem in terms of its capacity to continue to provide
services to people, or
b. to measure the state of the ecosystem in terms of its ability to function without
reference to human use

The review did not consider the very large number of indictors that ecologists have proposed but not
implemented in accounting or other environmental reporting formats. These proposed indictors are
probably worth exploring at a later stage.

Summary of case studies review

This section provides a short summary of the main observations obtained from the review of the
ecosystem accounting case studies. Annex 1 provides more detail on the individual case studies, and
some tabular summaries of the indicators used in Australia (Table A5) and the United Kingdom (Table
A6).

The condition of the air or atmosphere was addressed in only two studies (Smith et al 2017, Statistics
Netherlands/Wageningen University 2016). In the Australian Capital Territory study the condition of
atmosphere was assessed in two accounts, the first was a simple concentration of CO; in the
atmosphere, with increased CO; noted as a decline in condition. The second was the number of times air
quality as measured by concentrations of carbon monoxide, final particles (PM,sand PMy,), etc. had
exceeded human health. The first was a measure of the condition of a global ecosystem asset while the
second was location specific, with air quality not being recorded in the accounts outside of urban areas.
In the Limburg study the concentrations of PM,sand PMio were used as environmental condition
indicators.

Most of the studies were of condition in terrestrial areas (13/18). Only one study was specifically of a
marine area (Port Phillip Bay) and four studies covered marine and terrestrial areas (three in Australia
and one in the UK).

The changing extent of ecosystems, either by itself or as one component of composite indictor, has been
used as a measure of condition in Australia, as has the location, size and shape of ecosystems. This
approach could usefully be elaborated further and standardized approaches developed, which would
help progress the measures of condition for EAU identified by Bordt (2015) for testing.

Conclusions

The presentation of accounts for condition by ecosystem type and ecosystem components in the SEEA-
EEA and Technical Recommendations has not yet been attempted in many cases. Where it has been
attempted, a wide range of different metrics have been used to describe different ecosystem types. In
several cases, composite indicators have been developed or we already in existence and used.

Key issues are the spatial data underpinning the accounts, and its aggregation to reporting units, as well
as the aggregation of indicators to form an overall indication or index of condition. The description of



the base data and the spatial aggregations is variable as is the terminology used. It seems neither the
terminology used in the SEEA or the Draft SEEA Technical Recommendations (August 2017 version) has
been systematically adopted.

It also seems that the presentations suggested in the SEEA-EEA and Draft SEEA Technical
Recommendations have limitations, not accommodating measures of condition that emerge at high
scales (e.g. for EAU or EAA), and perhaps forcing a focus on individual characteristics (e.g. biodiversity,
soil, water, carbon) without a consideration of overall ecosystem function, whether it be from the
perspective of “naturalness” or human centred (e.g. on ecosystem services).

The accounts reviewed in this paper are for different areas of interest, covering countries, subnational
jurisdictions, particular ecosystem types (e.g. forests), particular management areas such as public
national parks, private conservation areas and, in one case, an agricultural establishment. The different
units of account and the managers of each unit are likely to be interested in different measures of
condition to suit their intended primary activity. This most obviously come through in the measure of
the agricultural establishment where the condition for cattle grazing was used.

Related to the diversity of scale (establishment to national), there is a distinction to be made between
indicators based on large scale remotely sensed data and those using site level data e.g. data collected
on water quality or species distribution and abundance.

No study has completed a comprehensive or even multifaceted assessment of ecosystem condition for
an entire country. Sub-national accounts are the norm but some sub-national studies in Australia are for
areas larger than many countries. The Uganda study has accounts for ecosystem diversity and species
richness but does not report on other characteristics of ecosystem condition.

Several studies used the changing number of endangered species as a measure of the condition of
biodiversity. This is an area where there seems to be some convergence. That said, the study in the
Central Highlights shows the differences that result from using different information sources for the
process of listing species as endangered.

Several studies aggregate several indicators to provide a single measure of condition.

A key area which needs further research is the metrics for ecosystems that are either heavily modified
by human activity (agricultural land) or largely built up (e.g. urban areas). The accounts for the ACT
appear the only ones some so far to have identified a specific urban asset (the atmosphere) and metrics
for its measurement (exceedances of human air quality standards). Other metrics, for example relating
to water quality, apply both to urban and more natural ecosystem types.



ANNEX 1. Review process and case study notes

The summary and conclusions on the measurement of ecosystem condition presented in the main
report were based on the review of range of ecosystem accounting initiatives. Additional details of the
case studies examined are provided in this annex.

Australian studies

Nine Australian studies were examined.

Australian Capital Territory

Central Highlands (Victoria)

Five Rivers Reserve (Tasmania)

Great Barrier Reef (Queensland)(ABS 2015 and 2017)
Valuing Victoria’s Parks

Victorian experimental ecosystem accounts
Wentworth Group (10 regions of Australia)
Rangelands (Northern Territory)

Port Phillip Bay (Victoria)

O 00 N OO U B WN B

A summary of the all of the indicators used in Australia is found in table x at the end of this section. The
Australia case studies are all subnational, although the one State, Victoria, (238,00 km?) and the Great
Barrier Reef region (242,000 km?) are as large or larger than many countries (e.g. Netherlands, 42,000
km? and UK 242,000 km?). Two studies, the Five Rivers Reserve and the Rangelands are for specific
properties.

Australian Capital Territory (ACT)

The government of the ACT has produced a set SEEA-based accounts for the purpose of improving State
of the Environment Reporting (Smith et al 2017). In these accounts of environmental condition are
presented. Separate accounts for the condition air, land and water bodies are presented.

For the terrestrial account indicators developed as a part of the ‘Australia’s Environment’ data and
information system were used (Van Dijk and Summers 2016). These indicated are based on remotely
sensed data and can be produced annually for all of Australian. The indicators are shown in Table Al,
with further indicators of water condition shown in Table A2. Six of these six indicators were combined
into an experimental composite indicator, called the Environmental Condition Score (ECS). It is
calculated as the average of ranking in the indicators, each scored from zero to ten. The results for the
ACT are summarised in Fig Al.

Fig Al is an aggregate score for all of the terrestrial ecosystems but the terrestrial condition indicators
are available for each ecosystem type, for each year.

In addition to these measures of terrestrial condition, accounts were prepared showing the change in
the number of endangered species over time, which was interpreted as a change in the condition of
biodiversity.



Table A1l: Terrestrial environmental condition indicators for the ACT.

Indicator Description

Tree cover*® Determined as the percent of area classified as forest at 25 metre
resolution mapping using Landsat imagery following the National
Carbon Accounting System (NCAS) classification (Furby, 2002).

Land cover Land cover classification from Geoscience Australia Dynamic Land
Cover Data (Lymburner et al., 2011).
Soil exposure* Annual mean percentage of soil that is unprotected by living

vegetation or litter. Derived from a fractional cover algorithm that
exploits MODIS satellite imagery to estimate fractions of
photosynthetic vegetation, non-photosynthetic vegetation and
exposed (Guerschman et al., 2015).

Fire intensity and occurrence Annual maximum fire intensity (°C) and average frequency,
respectively, of fire mapped at 2.5 km resolution as derived from the
Geoscience Australia Sentinel system. (Geoscience Australia, 2014).

Inundation* Percent of area covered by water at least once during the year as
mapped from MODIS satellite observations following the
methodology of Guerschman and colleagues (Guerschman et al.,

2011).

Vegetation leaf area* Annual mean leaf area index (area of leaf per area of ground) (m?m2)
as estimated from MODIS satellite imagery (Yang et al., 2006).

Carbon fire emissions Annual emission of carbon from wildfire estimated the Global Fire
Assimilation System v1.2 (Kaiser et al., 2012).

Vegetation carbon uptake* Gross primary production, the amount of carbon taken up by the

vegetation through photosynthesis, as estimated by the OzWALD
model-data fusion system (Yebra et al., 2015).

Precipitation, soil moisture, The OzZWALD model-data fusion system was used to populate
runoff and river inflow* precipitation (rainfall and snowfall), soil moisture, runoff and river
flow (van Dijk, 2010).

(*denotes indicators included in environmental condition score)

Fig Al: Environmental condition score for the Australian Capital Territory.
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The condition of water bodies was assessed from the indicators shown in Table A2. The data were

drawn from point source monitoring and reading were taken over the year. The point sources were

group to provide a metric for particular water bodies, via simple average.

Table A2. Indicators of water condition used in the ACT

(secondary contact)

Indicator Unit Guideline level Sources of water Consequences of
quality change exceeding guideline
level
Conductivity uS/cm <350 Salts in rock and Salinity or corrosion
groundwater, problems where
sewage treatment water is used
plants
pH pH units 6-9 Catchment geology Changes to
and land-use biodynamics may
disturbances release toxic metals
Dissolved oxygen mg/L >4 Normal plant Biological stress,
(including algal) with fish kills being
activity and physical | the worst outcome
exchange with
atmosphere through
wind and water
movement
Turbidity NTU <10 Soil erosion by storm | Modification of
damage or human biological light
activity regime, poor
aesthetics
Total phosphorus mg/L <0.1 Soil erosion, urban High total
run-off phosphorus,
turbidity and water
temperature, and
low flow may lead to
blue—green algae
blooms
Total nitrogen mg/L <0.25 Organic matter High total nitrogen,
breakdown, turbidity and water
biological nitrogen temperature, and
fixation, urban run- low flow may lead to
off blue—green algae
blooms
Suspended solids mg/L <25 Soil erosion by storm | Sediment slugs,
damage or human bank scouring, burial
activity of riffles or aquatic
vegetation,
increased (long-
term) turbidity
Faecal coliforms cfu/100 mL <150 cfu/mL Rural and urban Closure of
(primary contact) animal waste, recreational waters
1000 cfu/mL fertilisers, sewage because of health

risk from associated
pathogens




The condition of the air was assessed as the number of times there were exceedances of air quality
standards for levels of carbon monoxide (CO), nitrogen dioxide (NO3), Ozone (Os), particulate matter
(PM1o and PM;s). These standards are based on human health.

The measurement of water and air quality is the only example from Australia of indicators that asses the
condition of urban areas.

Central Highlands

The full report of the Experimental Ecosystem Accounts for the Central Highlands is Keith et al. (2017a)
while a summary was published separately in an academic journal (Keith et al. 2017b). In these
accounts, the condition of forest was assessed via the metric age since disturbance. The disturbance
could be natural (e.g. fire) or human (logging). Age classes were defined and were related to the flow of
ecosystem services of water provisioning, carbon sequestration and timber provisioning as well as the
provision of habitat for hollow dependent vertebrate animals. In all cases, the age since disturbance was
positively correlated with increases in the provision of ecosystem services as well the suitability of the
forest as habitat for hollow dependent vertebrate animals. The use of forest age as a metric for
condition is interesting as it supports both the notion as condition as natural as well as with the supply
of ecosystem services of human benefit.

In addition to forest age as a measures of forest condition, accounts were prepared showing the change
area in different types of forest (as a land cover account) and well the extinction risk of species over
time. Extinction risk was measured by different listings of endangered species: the international IUCN
classification; one National and; two state listing systems. The IUCN listing showed the least number of
species as endangered, followed by the national and the two state listings. The endangered species
where not exclusively forest dwelling.

The measures of condition related to the flow of ecosystems services where not presented as a
condition account, and indeed were not developed with a condition account in mind, but to assess the
trade-offs in services which might occur should there be a change in land use (in this case the cessation
of logging of native forest). A condition account could be developed from the data already in the report
as, for example, a score out of 100, with 100 being the potential maximum flow of services which was
obtained in cases from the oldest age-class of forest.



Figure A2. Spatial distribution of forest age in 2015 based on regeneration times from wildfire and
logging.
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Five Rivers Reserve

The report on the Five Rivers Reserve® was prepared according the Accounting for Nature model
(Sabrocchi et al. 2015) by the Tasmanian Land Conservancy (TLC), a non-government organisation. The
report is not yet fully public but results were presented at an environment accounting workshop in
Melbourne, Australia in 15-16 August 2017.

The Five Rivers Reserve is private land consisting of 11,000 ha, containing native forests, grasslands,
wetlands and several water courses. It is World Heritage Listed and the TLC conducts regular monitoring
of mammals, native vegetation and rivers and wetlands.

Condition in relation to mammals is determined by species richness, as well as the distribution and
relative abundance of 13 species. Native vegetation is assessed using extent, composition and
configuration metrics, while rivers and wetlands are assessed using macro-invertebrate diversity, native

3 http://tasland.org.au/reserves/five-rivers-reserve/
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fish (Galaxias), hydrology and riparian vegetation. Each is scored out of 100 relative to natural and all
measures are combined to form a composite index — the eCond.

Great Barrier Reef

Two accounts for the Great Barrier Reef have been produced (ABS 2015 and 2017). Both had condition
indicators as part of a suite of accounts prepared for the terrestrial and marine areas of Great Barrier
Reef region. This area encompassed all land draining into the Great Barrier Reef Marine Park, and the
Marine Park itself. The Great Barrier Reef World Heritage marine area is 348,000 km? and the terrestrial
area draining to the reef is in excess of 424,000 km?.

For the marine areas, indicators for inshore areas were identified as part of Reef Plan Report Cards,
compiled annually by the Queensland Government. The three marine indicators reported by the ABS
were for seagrass, water quality and coral. All were composite indictors, with contributing metrics
ranging from a percentage of area meeting guideline levels (for chlorophyll and suspended solids), to
measures of abundance and reproduction, to measures of change over time.

To extend the spatial coverage of coral condition indicators (to also include offshore areas), the
percentage of reef area covered in hard coral, collected as part of the Long Term Monitoring Program of
the Australian Institute of Marine Science, was used as a stand along, single component indicator. These
observations are geocoded with latitude-longitude co-ordinates, and were therefore able to be
allocated to a range of output regions.

Fish abundance indicators were taken from observations at reefs in inshore and offshore areas as part of
existing monitoring programs by the Australian Institute of Marine Science.

The riverine indicators are also the result of work done by the Queensland Government as part of the
Great Barrier Reef Catchment Loads Monitoring Program. Metrics selected as indicators were Total
Nitrogen, Total Phosphorous, and Total Suspended Solids.

All condition measures were indexed to 100 at the beginning of the reference period and presented
over annual time series of at least six years (financial).

For terrestrial vegetation condition the Net Primary Productivity (NPP) was chosen as the indicator. Net
primary productivity (NPP) is defined as the net flux of carbon from the atmosphere into green plants
per unit time. It is a fundamental ecological variable. It not only measures the energy input into the
biosphere and terrestrial carbon dioxide assimilation, but also indicates the condition of the land surface
area and the status of a wide range of ecological processes.

The term 'net' refers to the balance (over time) between the rate of gain of carbon in leaves, stems, and
roots by photosynthesis (known as gross primary productivity or GPP) and the rate of loss of biomass via
respiration. It is positive in cases where the photosynthetic rate exceeds the respiration rate and
negative where the respiration rate exceeds the photosynthetic rate.

NPP is also applicable to marine areas but was not used. There are a range of possible derivation
methods for estimating changes in area of seagrass, coral and mangrove but the required time series



data are not available. Chlorophyll concentration is used in some derivation methods to measure marine
NPP, and was included in the water quality indicator.

Port Phillip Bay

The accounts for the Marine and Coastal area of Port Phillip Bay. The accounts include information on
the extent of different ecosystems of the bay. Condition accounts are not presented due to data
constraints but they are considered and a range of possible metrics are discussed. These are:

Saltmarsh and mangroves: abundance, habitat hectares, shorebird habitat quality, extent and
topography of intertidal habitat

Seagrass: nil
Muddy sediments: denitrification efficiency
Species accounts associated with each ecosystem type are also proposed.

Natural Capital Accounting in the Rangelands, Northern Territory

An accounting project assessing the condition of a property owned by the Indigenous Land Corporation
and used for cattle grazing is being undertaken currently. The measure of condition being investigated is
based on the condition of grazing land for grazing purposes.

Valuing Victoria’s National Parks

The Varcoe et al (2015) study provided an assessment of the value of ecosystem services of the
protected area network in Victoria, one of the States of Australia. Parks Victoria manages this network
consisting of over 3.7 million hectares of protected areas as well as almost 206,000 hectares of non-
protected areas. The purpose of the accounting exercise was to build experience in environmental
accounting and to provide consistent and comparable information on ecosystem assets and the services
they provide, along with performance measures of resource use and emissions in the economy (e.g.
water, energy, carbon). The primary focus of the study was on ecosystem services and their valuation.
The study builds on previous work by Eigenraam et al. (2013) (see below).

While ecosystem services were the primary focus of the study, accounts of ecosystem extent and
condition were also produced for this study. The indicators of condition used were:

e Native Vegetation Condition score —a normalised value in a 100-point scale to assess the quality
of native vegetation, based on DEPI’s modelled condition (as per Eigenraam et al 2013).

e Index of wetland condition with a 10-point score scale based on six characteristics for wetland
catchment, physical form, hydrology, soils, water properties and biota

e Index of stream condition is based on a 50-point score scale made up of indicators of hydrology,
streamside zone, physical form, water quality and aquatic life

e Marine condition based on Parks Victoria’s marine monitoring program and marine report cards
which assesses condition of key habitats across multiple parks



Table A3 shows the extent and condition of the native vegetation, wetlands, rivers and marine areas.
The metric used are substantially the same as those used by Eigenraam et al (2013).
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Victorian experimental ecosystem accounts

The Ecosystem Asset Accounts for Victoria (Eigenraam et al 2013) were the first ecosystem accounts
produced in Australia. They provide a record of the extent and condition of Victoria’s ecosystem assets
that are defined by vegetation cover as defined by: Major Vegetation Groups (MVG) or the more
detailed Ecological Vegetation Classes (EVC). In this, extent the of vegetation classes in 1750 was
compared to 2005. Separate to this measure of condition, a wetland condition indicator was used. Again
the indicator of condition was in reference to 1750 and compared to 1994 and 2012.

Site level condition data was to assess condition of native vegetation. For this Eigenraam et al (2013)
used the indicator of “habitat hectare” described by Parkes et al (2003). This approach assesses
vegetation or habitat quality based on explicit comparisons between existing vegetation features and
those of ‘benchmarks’ representing the average characteristics of mature stands of native vegetation of
the same community type in a ‘natural’ or ‘undisturbed’ condition. Components of the index
incorporate vegetation physiognomy and critical aspects of viability (e.g. degree of regeneration, impact
of weeds) and spatial considerations (e.g. area, distribution and connectivity of remnant vegetation in
the broader landscape).



Table A4. Components and weightings of habitat score

Table 1. Components and weightings of the habitat score

Component Max. value (%)
Site condition Large trees 10
Tree (canopy) cover 5
Understorey (non-tree) strata 25
Lack of weeds 15
Recruitment 10
Organic litter 5
Logs 5
Landscape context Patch size* 10
Neighbourhood* 10
Distance to core area® 5
Total 100

*Components may be derived with assistance from maps and other (e.g. GIS) information sources.

Wentworth Group

The Wentworth Group of Concerned Scientists in partnership with a range of experts devised an
Accounting for Nature model that was tested in 10 Natural Resource Management Regions of Australia
(Fig A3). The accounting model is essentially the assess accounts from the SEEA - EEA.

Fig A3. Study areas in the accounting for nature trial

Figure 2: Ten NRM regions tested Accounting for Nature as part of the environmental accounts trial, but also covered some assets in
adjoining regions (light grey areas)

Four assets were identified for measurement — land, freshwater, coast and marine — and indicators
compiled to measure these assets. The assets identified broadly correspond to the characteristic



identified in the SEEA-EEA. It should be noted the Wentworth Group approach is focused solely on
assets and not on ecosystem services.

Not every region measured every asset (characteristic) class and the indicators used for each asset
(characteristic) also differed in each region Indicators were selected locally and submitted to a scientific
panel for accreditation. All indicators were indexed to obtain a number between 0 and 100, with 100
being ‘natural’ or without human degradation. For example, for native vegetation the extent in 1750,
pre-European settlement was taken as benchmark.

The characteristics of native vegetation were used in 9 of 10 regions Characters of native fauna, rivers
and wetlands were each used in 4 regions. No region measured the same suite of characteristics and the
indicators used to measure each characteristic also differed between regions.

Summary of condition metrics used in Australia

Table A5. Indicators of ecosystem condition used in Australian case studies of ecosystem accounts

Ecosystem type
Indicators Forests Agriculture | Urban | Wetlands | Lakes, | Marine
rivers
Atmosphere
CO exceedances 1
NO exceedances 1
03 exceedances 1
PM1, exceedances 1
PM, s exceedances 1
CO, PPM 1
Water
Conductivity 1
pH 1
Dissolved oxygen 1




Table A5, cont.

Ecosystem type

Indicators Forests Agriculture | Urban | Wetlands | Lakes, | Marine
rivers

Turbidity 1

Total phosphorus 1,4 4

Total nitrogen 1,4 4

Particulate nitrogen 4

Suspended solids 1,4 4

Faecal coliforms

Chlorophyll 4

River inflow 1

Inundation 1

Macro-invertebrate diversity 1,3,7

Water temperature 4

"water quality" (composite) 7 4

Pesticides 4

Index of stream condition 5

(composite)

Index of wetland condition 5

(composite)

Index of marine condition 5

(composite)

Terrestrial

Tree cover




Table A5, cont.

Ecosystem type

Indicators Forests Agriculture | Urban | Wetlands | Lakes, | Marine
rivers

Canopy cover 3

Structural complexity 3

Configuration 3,7

Riparian/coastal vegetation 1,3 1,3 7 7 7

Vegetation leaf area 1 1

Vegetation carbon uptake 1 1

"Carbon" 3 3

Net Primary productivity 4 4,8

Time since disturbance 2

Soil exposure 1 1

Tree hollows 2

Habitat ha/Native Vegetation | 5,6 5,6

Condition Score (composite)

eCond (Composite) 3,7 3,7

Species occurrence 2,3,4,7 7 2,4,7

Species status (extinction risk) | 2,4, 7 2,4

Species abundance 3

Species distribution 3

Species richness 3

"Fish" index 7




Table A5, cont. Ecosystem type

Indicators Forests Agriculture | Urban | Wetlands | Lakes, | Marine
rivers

Marine

Coral (Composite) 4

Seagrass 4,9

Species occurrence 4

Species status (extinction risk) 4

Species abundance 4

Dugong population 7

1= ACT, 2= Central Highlands, 3=Five Rivers, 4= Great Barrier Reef, 5= Valuing Victoria’s Parks, 6=
Victorian experimental ecosystem accounts, 7=Wentworth group, 8= Rangelands NT, 9=Port Phillip Bay

Netherlands - Limburg Province

The pilot study carried out by Statistics Netherlands and Wageningen University identified a range of
condition indicators. They distinguished between physical state indicators (such as soil type, slope,
altitude, climate and rainfall), environmental state indicators (such as measures of pollution, emissions
or waste), and ecosystem state indicators (such as degree of fragmentation, leaf area index, nutrient
status, biodiversity). The pilot accounts included data for two environmental state indicators: PM3 s
concentrations and PMj concentrations.

South Africa

The National River Ecosystem Accounts for South Africa include an ecosystem condition account for the
entire river network in South Africa. The account is presented in three different ways: using four
ecological condition indicators; using an aggregate ecological condition category; and using an Ecological
Condition index. The account reports on the length of rivers in four categories in terms of the degree of
modification from natural (none/small; moderate; large; serious/critical) and in terms of four
characteristics (flow, water quality, riparian habitat and instream habitat).

These four assessments were then combined into an aggregate indicator with four classes: natural or
near-natural; moderately modified, heavily modified and unacceptably modified. The results are further
summarised in an Ecological Condition Index which ranks each length of river on a score of 1 to 100
based on the degree of modification by human activity.



Uganda

Ecosystem accounts for Uganda were recently published (UNEP-WCMC and IDEEA 2017). Accounts
labelled ecosystem condition where not presented, but several accounts relating to condition were.
Firstly, there were land cover accounts spanning the year 1990 to 2015. Next, a threatened species
account was prepared and for two species, the African Elephant and the Common Chimpanzee, habitats
suitable for their conversation were identified (using the land cover categories used in the land cover
accounts). Some or all of the data on bird and large mammals used in the accounts were also presented.

Finally, and perhaps most interestingly, accounts for ecosystem richness and ecosystem diversity were
prepared. These showed the number of species the diversity of ecosystem found within particular
regions (EAU = EAA). These are along the lines of measures suggested by Bordt (2015) for the condition
of EAU (= EAA).

United Kingdom

The ecosystem accounts for the UK have been developed by a partnership between the Office for
National Statistics and the Department for Environment, Food and Rural Affairs. They are based around
accounts for eight Broad Habitats. Accounts for freshwater, enclosed farmland and woodlands are fairly
well established, supported by initial accounts for urban areas and coastal margins, and scoping studies
for marine ecosystems and mountains/moorland/heaths. For each account, condition indicators using
available data have been selected on the basis of their relevance to the capacity of the ecosystem to
continue to provide key services into the future. Table A6 provides a summary of the indicators used so
far.

Table A6. Ecosystem condition indicators in use in the UK

Woodlands Freshwater | Enclosed Urban areas Coastal Marine Mountain
farmland margins moorland
heath
Ecosystem By deciduous/ | By open By cropland/ Includes Sand dunes; | Saltmarsh, Heather,
extent coniferous water, grassland private shingle; maerl beds, heather
and by wetlands, gardens, machair; open waters | grassland,
ownership; floodplains hedges lagoons; bog, inland
area of cliffs rock
ancient
woodland
Ecosystem condition/ characteristics
Vegetation/ Biomass Hedgerow Vegetation Fish stock
biomass (standing length height, width, indicators
timber); age size
of stock
Biodiversity Specialist Wetland Farmland Species Coastal
birds birds specialist abundance wetland
abundance abundance birds (bee hives); birds
index; abundance; species abundance
woodland farmland diversity
butterflies butterflies
index index




Table A6, Woodlands Freshwater Enclosed Urban areas Coastal Marine Mountain
cont. farmland margins moorland
heath
Soil Soil carbon Organic Surface
stock farmland; permeability
area of grade
1/2
agricultural
land
Water Mean
reservoir
stock, river
flow indices
Carbon Total forest Vegetation Soil carbon Carbon Soil carbon Soil carbon
carbon carbon stock content of soil
stock
Ecological Plant/tree Ecological River/lake WFD status | WFD status | Peatland
condition health status quality (WFD (inshore (inshore condition
indicator under WFD status) water); water);
bathing bathing
water water
quality quality
Woodlands Freshwater Enclosed Urban areas Coastal Marine Mountain
farmland margins moorland
heath
Spatial Vegetation
configuration near
road/rail;
location of
blue
infrastructure
contiguous
habitats
Protected SSSlin SSSlin SSSlin Extent of Extent of Area of Extent of
area status favourable favourable favourable SSSls and SSSls and MPAs SSSls and
and condition | condition condition; condition; status; NAO status status
area of area covered Parks quality
Nitrate by agri- survey; Green
Vulnerable environment roofs/walls
Zones agreements
Management Extent of Green Flag Blue flag Blue flag Burning
practices certified status parks beaches beaches
woodland
Access Proximity to Length of Length of Accessible Scuba sites
indicators areas of national national trails; | Natural Green
population; trails; light light Space
length of pollution/ pollution/ standard;
national trails; | tranquillity tranquillity paths/
light index index bridleways;
pollution/ car parks and
tranquillity other

index

amenities
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