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1 Introduction

The SEEA EEA has strong accounting foundations but lacks focus on ecological principles. Therefore
when attempting to marry the needs of ecology with accounting the compromise currently rests with
ecology. The challenge is recognising the work that has been undertaken in ecology and reframing the
ideas in context of accounting without compromising ecology, or minimising the compromise. The
aim of this paper is to take ecological methods and approaches and apply them in an accounting
context based on ideas in both the SEEA CF and EEA.

In order to achieve this aim a number of extensions and additions to SEEA EEA are proposed. The
central accounting logic of SEEA EEA remains unchanged including the focus on clearly specifying
units for accounting and linking them to the supply of ecosystem services.

One of the key challenges acknowledged in the SEEA EEA and built upon in this paper is the need to
bring together ecological principles and accounting methods. Ecological principles require a clear link
to the classification and function of ecosystems and methods to report on their condition and ability to
provide ecosystem services. Accounting principles require classifications are ontological in nature and
they balance their presentation of extent and condition but clearly link to changes in ecosystem
services as a result of human interventions. This paper will focus on building from ecosystem function
propose the Functional Ecosystem Unit (FEU) and a way to delineate and account for ecosystem
assets and ecosystem services. The FEU does not depart from the fundamental logic of SEEA EEA
but views that logic through an ecological lens.

There have been a number of other approaches proposed that aim to deal with the question of
delineating the ecosystem accounting units problem including Canada’s Measuring Ecosystem goods
and Services (MEGS) project which builds on the LCEU presented in SEEA EEA, the Government of
Victoria ecosystem accounts which focused on the use of BSU for reporting and accounting;
Australian Bureau of Statistics Land Accounts which looked at links between land cover and
statistical reporting areas and cadastral property valuation data; Sumarga and Hein (2014) used BSU
level data to report ecosystem services and delineate the landscape based on topological and
hydrographic data and the Secretariat of the Convention on Biological Diversity Quick Start Package
(Weber 2014) which worked with the LCEU proposed in SEEA EEA and also proposed an SELU,
MCU, RSU and HRSUs.

Key will examine FEUs in the context of: units and aggregation, linking land cover classifications to
ecosystem classifications based on ecological concepts and finally linking ecological function to the
classification of ecosystem services as discussed briefly in SEEA EEA. Further, to support the
demonstration of these concepts examples are provided for each of the main accounts using data from
the Avon Richardson region in Victoria which is an area we have a lot of data for and can demonstrate
accounts with relative ease. The paper will focus on terrestrial-based FEUs to demonstrate the
principles of an FEU whilst acknowledging more work needs to be done for rivers, coastal, inshore
and others areas.



2 Background

Ecological systems (ecosystems) are areas containing a dynamic complex of biotic communities (e.g.,
plants, animals and microorganisms) and their non-living environment interacting as a functional unit
to provide environmental structures, processes and functions (SEEA CF 2.21). A key feature of the
definition provided in SEEA CF and commonly provided in ecological literature is the recognition of
an interacting functional unit. The SEEA CF does not attempt to provide advice on how to account
for ecosystems or the services they may provide — this is explored in the SEEA EEA.

The SEEA EEA defines an ecosystem asset as a spatial area containing a combination of biotic and
abiotic components and other characteristics that function together (2.31, 4.1) which also recognises
the functional characteristics of an ecosystem. The SEEA EEA goes a step further suggesting
ecosystem asset accounts can be produced for carbon, water and biodiversity to help understand
ecosystem condition.

While ecosystem asset accounts for carbon, water and biodiversity may contribute to the assessment
of ecosystem condition they do not link very well with the ecological literature. Clearly understanding
the stocks and flows of land, carbon and water across different spatial areas can provide significant
insights into changes in ecosystem assets, but for accounting they need to link explicitly to the
condition of an ecosystem. Changes in carbon and water stocks and flows are clearly linked but are a
result of changes in the condition of an ecosystem as a result of natural or human induced changes.

We proposed starting from ecological principles and moving towards accounting whilst preserving the
principles of ecology as an alternative approach to delineating ecosystem units that can be used for
accounting. The concept of ecological function is very important and acknowledged in the SEEA
however it does not provide guidance no how to incorporate it in an accounting sense. Further the
fundamental aim of SEEA is to account for ecosystem services and how they contribute to benefits
enjoyed by society both directly and indirectly. Ecosystem services are a direct result of ecosystem
function so starting with the concept of function will provide insights into how to classify and account
for ecosystem services based on ecological principles.

2.1 Ecosystem accounting units

The statistical units of ecosystem accounting are spatial areas about which information is collected
and statistics are compiled. Such information is collected at a variety of scales using a number of
different methods. Examples of methods include remote sensing, on-ground assessment, surveys of
land owners and administrative data.

To accommodate the different scales and methods used to collect, integrate and analyse data three
different, but related, types of units are defined in SEEA Experimental Ecosystem Accounting. They
are: basic spatial units (BSU), land cover/ecosystem functional units (LCEU) and ecosystem
accounting units (EAU).

A basic spatial unit (BSU) is a small spatial area. The BSU should be formed by delineating a “regular
grid” (small areas e.g. 100m to 1 km). The grid needs to remain stable (lower left and lower right
coordinates do not change) and must be nested so all grid sizes fit within one another. Ideally the grid
should be specified at the lowest possible resolution (say 0.5 metre) and this be used as the “master”
grid for all other girds to be built from. For instance a 100m BSU is a 200 by 200 version of a 0.5m
master grid. Typically the BSU grid is then overlaid on other layers to attribute each BSU grid cell.
From a GIS perspective this would involve converting vector data to a grid whilst ensuring the
conversion process always uses the mater grid during the conversion to ensure consistency in
attribution of cells.



The delineation of an EAU is based on the purpose of analysis or reporting that may be based on
administrative boundaries, environmental management areas, large scale natural features (e.g. river
basins) and other factors relevant for reporting purposes (e.g. national parks or other protected areas,
statistical areas). An EAU can be any size as long as it is linked to the purpose for analysis and
reporting and remains relatively stable over time.

The SEEA EEA states the EAU may be considered ecosystem asset. In this paper we consider the
EAU to be an aggregation of ecosystem assets based on an area of interest for analytical or reporting
purposes.

For most terrestrial areas an LCEU is defined by areas satisfying a pre-determined set of factors
relating to the characteristics of an ecosystem. Examples of these factors include land cover type,
water resources, climate, altitude, and soil type. A particular feature is that an LCEU should be able to
be consistently differentiated from a neighbouring LCEU based on differences in their ecosystem
characteristics (SEEA EEA ###).

The Land Cover Ecosystem Functional Unit (LCEU) is an aggregation of contiguous BSUs with
homogenous characteristics (such as land cover, elevation, drainage area and soil type). The SEEA
EEA suggests an LCEU can be classified into one of the 16 classes in the provisional land cover
classification. Many of the tables in the SEEA-EEA are based on aggregating other characteristics
(such as extent, condition, service flows) over LCEUs of similar class. Further the SEEA EEA states:
“While not strictly delineating an ecosystem, the LCEU can be considered an operational definition
for the purposes of ecosystem accounting”. As an accounting aggregate an LCEU is operational
however from an ecological point of view an LCEU does not necessarily define an ecosystem by its
function.

For instance the selection of factors relating the characteristics of ecosystems to create an LCEU is
broad ranging and will depend on the users specific needs for reporting. Additional characteristics
include: rain fall zones (0-100, 101-300, 301-600, 600 an above), water sheds, soil classes — alone not
mixed as suggested above, altitude and slope.

Figure 1 below shows the spatial configuration of LCEUs combining land cover, soil, slope, mean
annual rainfall, mean annual temperature, elevation in steps going from left to right. For instance the
first image in Figure 1 is a combination of land cover and soil. Working from left to right the number
of unique LCEUs is 59, 246, 621, 4145, 4337, 18554. By combing different factors alternative sets of
LCEUs can be created and if chosen differently by each country the LCEUs as reporting units would
not be comparable.

Whichever set of factors are chosen they do not define a functional ecosystem — the LCEUs can be
used as areas for accounting purposes based on factors relating to the characteristics of an ecosystem
— they are statistical aggregates similar to establishments, enterprises, government and household
entities in the SNA.

Figure 1 LCEU spatial configuration examples
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Table 1 below shows the suggested accounting classifications from SEEA EEA for the LCEU. It is
not clear how the text in EEA (Examples of these factors include land cover type, water resources,
climate, altitude, and soil type.) or any other combination could result in the table below. It appears to
be an amalgam of use, cover and assets.

Table 1 Provisional Land Cover/Ecosystem Functional Unit Classes (LCEU) — SEEA EEA

Description of classes

Urban and associated developed areas Cover / Use

Medium to large fields rain-fed herbaceous cropland | Use

Medium to large fields irrigated herbaceous cropland | Use

Permanent crops, agriculture plantations Cover or use

Agriculture associations and mosaics Use or cover

Pastures and natural grassland Cover

Forest tree cover Cover

Shrubland, bushland, heathland Cover

Sparsely vegetated areas Cover

Natural vegetation associations and mosaics Cover, Use

Barren land Cover

Permanent snow and glaciers Cover

Open wetlands Asset (not cover — water, or use)
Inland water bodies Asset(not cover — water, or use)
Coastal water bodies Asset(not cover — water, or use)
Sea Asset(not cover — water, or use)

It is conceivable that a specific set of factors may be created to define an LCEU to represent a
functional unit. However, it is clearer to maintain the LCEUs as accounting aggregates based on their
current definition and look to other avenues to account for ecosystem function and classification.

The ecological equivalent is something far more specific and detailed and relating to concrete
ecological functions and consequently services, for example plant communities in a given biotope.
The primary focus of ecosystem accounting is to quantify how ecological functions and properties
respond to human use (all ecosystem components can be improved or degraded). The main measures
of ecosystem accounting should therefore stem from ecological function and enable reporting of area
(extent, stock), condition (of the stock), ecosystem services being provided and other properties (for
example the number of species).



Building on the SEEA EEA definition of an ecosystem (assets) — the spatial areas containing a
combination of biotic and abiotic components that function together — we propose decomposing the
components into their elements including biotic — producers, consumers and decomposers; abiotic —
inorganic substances (C, N, CO2, Water, air, substrate environment — bedrock); and other linking
organic compounds (proteins, humic substances — soil, fossil fuels).

Based on this decomposition of we propose a new unit, the Functional Ecosystem Unit (FEU) is
defined as an ecosystem asset and used to estimate the provision of ecosystem services for accounting
purposes. It is characterised by using the main structural elements which define plant and animal
communities.

Table 2 Ecosystem Accounting Units

Unit

Use

Description

EAU - Ecosystem accounting
unit

Aggregate for reporting and analysis

Generally linked to FEUs for analysis
of ecosystem assets in bioregions,
biomes etc.

Based on natural features — ecological

An aggregate reporting unit generally based
on land characteristics such as such as land
cover, elevation, drainage areas and soil types
and geographic characteristics. Examples
include bioregions, water sheds, biomes etc

AAU - Administrative

accounting unit

Aggregate for reporting and analysis

Generally linked to FEUs for analysis
of ecosystem services and attributed to
a group of beneficiaries. ie an region
that relies on ecosystem assets for
tourism and food production.

Based on administrative features

An aggregate reporting unit based on land
administration  such  as  environmental
management areas and statistical areas (SAL,
NUTS, NCCI), council areas, suburbs, tenure.

FEU - Functional Ecosystem
Unit

Ecosystem Asset for accounting and
estimating ecosystem services

Is an ecosystem asset and defined as a
homogenous unit using the elements of an
ecosystem to define it — with a focus on
producers.

An FEU can be a single BSU or a contiguous
group of BSUs that are homogenous

BSU - basic spatial unit

Raster cell or grid for spatial analysis

Is the basic spatial unit that underpins all
spatial analysis and is used to create
contiguous FEUs and contains groups of
BSUs for each LCEU and EAU

Further, an additional unit — the Administrative Accounting Unit (AAU) is proposed and used for
aggregation, reporting and analysis of administrative areas which include statistical enumeration
areas, regions, councils, suburbs etc. The AAU is different from the EUA which is based on
ecological areas for aggregation, reporting and analysis.

The AAU and the EAU complement one another. Both are used to aggregate FEUs for analysis and
reporting — the AAU is used to understand the relationship between ecosystem assets (FEUs) and the
economic performance of administrative areas and the EAU is used to understand the composition of
FEUs and the links to the performance of ecological zones. There are time when the EAU and AAU
may be the same area — for instance it is common for larger watersheds to be managed as an
administrative unit and also as an ecological (watershed) unit. The BSU remains as the fundamental
cell, grid or raster that is used for all spatial analysis and aggregation.

For the remainder of the paper the ecosystem accounting units will follow those listed in Table 2
above.



2.2 Linking FEUs to national and international EAUs

Land cover will often be the only feasible data set to start ecosystem accounting experimentation
activities. For such purposes, the SEEA-CF land accounting categories offer a suitable classification
framework to develop preliminary (proxy) accounts and analyse areas of intensive changes, hotspots
etc. When such focal areas are identified for advanced pilot accounting, then more data-intensive
activities will be undertaken, to define and map functional ecosystem units (FEUS).

FEUs are defined on the basis of main structural ecosystem characteristics e.g. plant community
associations on land, given that these characteristics drive the main ecosystem functions, such as
productivity, species diversity, energy flows, nutrient cycles etc (See Functional Ecosystem Units
(FEU) below for further detail).

In Victoria, Australia FEUs is built by combining information of Ecosystem Vegetation Classes
(EVCs?) and sub bio-regions. In this way a vegetation type, like dry woodland, can be differentiated
into areas of varying productivity and species composition. See an example of EVC (55) “Plains
grassy woodland” in Appendix V — EVC 55 Plains Grassy Woodland — Composition (with 21 grass
species in Wimmera and 14 — in Goldfields). The tag ‘land cover’, labelled as ‘Tree-cover areas’ is
retained and allows for higher level aggregations and comparability across different EAUs, for
example catchments or administrative areas. Land cover is also linked with economic sectors, e.g.
agriculture, forestry etc.

On the right hand side in Figure 2 below shows the FEUs are nested within a hierarchy of ecological
or bio-region classifications. The Australian IBRA bioregions are developed from WWF global
ecoregions (which include 16 classes, 14 terrestrial and 2 aquatic). For Australia this has been broken
down at two levels, including 89 bioregions, and 419 sub-regions. The above mentioned “Plains
grassy woodland” in Goldfields (code Gold0803, dominated by the association Eucalyptus spp. +
Allocasuarina luehmannii) fits within VIMO1 Sub-region “Goldfields” (which groups Box Ironbark
Forest, Heathy Dry Forest and Grassy Dry Forest); VIMOI is part of the “Victorian Midlands”
bioregion, and it is part of the WWEFE’s “Temperate broadleaf and mixed forest” biome.

On the left had side in Figure 2 shows the AAU aggregation of economic data. The principles are the
same for both — they are nested in an ontological manner and can be disaggregated into basic data —
the economic unit or the FEU. Both the AAU and the EAU remain relatively stable through time
supporting temporal comparisons of data. Further, there is a clear link between the economic
performance of and AAU and changes in the composition and condition of ecosystem assets (FEUS).

2 Department of Sustainability and Environment (2007). Ecological Vegetation Classes (EVC). State of Victoria. Retrieved
February 2015, from http://www.depi.vic.gov.au/environment-and-wildlife/biodiversity/evc-benchmarks
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Figure 2 Hierarchy of SEEA CF and SEEA EEA FEU accounting units
Hierarchy of ecological units for ecosystem accounting

1. Ecosphere

2. Global bioregions or Biomes (within continental divisions)

3. National bioregions (within country divisions following the biomes)

4. Broad ecosystems (State sub-bioregions, more detailed within ecoregions or landscapes, e.g.
woodland or grassland)

5. Plant community associations (within ecosystem, e.g. birch-spruce association)

Highest level unit is the global ecosystem of the planet itself, this level is termed ‘ecosphere’.

Global bioregions or Global biomes are terrestrial freshwater and marine ecosystems and are defined
on the basis of macro-factors including climate, geography, soil, potential vegetation. The temperate
deciduous forest of East USA is an example of such a biome. Common references to global biomes
include WWE’s Major Biomes3.

A National bioregion (eco-region ) is defined as a unit on the basis of topography (mountain,
lowlands, coast), human modifications (metropolitan, agricultural-rural, natural, semi-natural) and
geographic reference (e.g. New England or Quebec etc). Reference examples include: Classification
and mapping of the ecoregions of Italy* (Blasi et al. 2014); United States NatureServe’s ecological
divisions® (Comer and others, 2003); and Australia’s Bioregions (IBRA)®

® http://wwf.panda.org/about_our_earth/teacher_resources/webfieldtrips/major_biomes/

“c. Blasi, G. Capotorti, R. Copiz, D. Guida, B. Mollo, D. Smiraglia & L. Zavattero (2014) Classification and mapping of the
ecoregions of Italy, Plant Biosystems - An International Journal Dealing with all Aspects of Plant Biology: Official Journal of
the Societa Botanica Italiana, 148:6, 1255-1345, DOI: 10.1080/11263504.2014.985756

5 Comer, Patrick, Faber-Langendoen, Don, Evans, Rob, Gawler, Sue, Josse, Carmen, Kittel, Gwen, Menard, Shannon, Pyne,
Milo, Reid, Marion, Schulz, Keith, Snow, Kristin, and Teague, Judy, 2003, Ecological systems of the United States, A working
classification of U.S. terrestrial systems: Arlington, Va., NatureServe, 75 p. (Also available online at
http://www.natureserve.org/publications/usEcologicalsystems.jsp.)
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The highest spatial detail can be distinguished at the level of an FEU, an ecological community
(biotope or habitat). Such community is defined by a specific combination of canopy trees, understory
(shrubs, grass, mosses) and also specific animal communities, for example birds, mammals (See
Functional Ecosystem Units (FEU) below for detail).

3 Functional Ecosystem Units (FEU)

The classical view of an ecosystem structure (Odum & Odum, 1971; Odum & Barret 2005) includes
six components as shown in Table 3 below, which interact with one another and define a functional
ecosystem unit. Column one contains the high level ecosystem characteristics, column two the
components contained in each characteristic and finally the last column lists the high level functions
of an FEU.

Table 3 FUE characteristics and components

Ecosystem characteristics Ecosystem Components Ecosystem Functions
Biotic
Producers (1) Autotrophs: Plants (trees,

shrubs, herbs, grasses), that
convert the energy [from
photosynthesis (the transfer of
sunlight, water, and carbon dioxide
into energy), or other sources such
as hydrothermal vents] into food.

Energetic Cycles — regulation

Consumers (2) Heterotrophs: e.g. animals,
they depend upon producers
(occasionally other consumers) for
food.

Biogeochemical Cycles— regulation

Decomposers (3) Saprotrophs : e.g. fungi and
bacteria, they break down
chemicals from producers and
consumers (usually dead) into
simpler form which can be reused

Evolution — Information,
Abiotic (4) Inorganic Substances (C, N, | development, behavior, integration,
CO2, Water), air, water, diversity

(5) Environment: substrate
(bedrock), climate regime,
hydrological regime

Other linking compounds (6) Organic Compounds -
proteins, humic substances (soil),
fossil fuels

In order to delineate each FEU uniquely the set of components needs to be described. A very common
approach is to describe the autotrophs more commonly known and plant community associations for
each FEU.

The taxonomy and physiognomy of autotrophs (component 1 above), or plant communities, (or
vegetation cover) is what forms the main structural elements of terrestrial ecosystems, often organized
in several floristic layers e.g. forest-trees, understory-shrubs, grasses and herbs, mosses and lichens.

® http://www.environment.gov.au/land/nrs/science/ibra
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Phytosociology is the branch of science which deals with plant communities, their composition and
development, and the relationships between the species within them. A phytosociological system is a
system for classifying these communities. The aim of phytosociology is to achieve a sufficient
empirical model of vegetation using plant taxa combinations that characterize vegetation units
uniquely. Subtle differences in species composition and structure may point to differing abiotic
conditions such as soil moisture, light availability, temperature, exposure to prevailing wind, etc.
When tracked over time, species and individual dynamics can reveal patterns of response to
disturbance and how the plant community changes over time.

Originally, such vegetation inventories, classification and mapping were carried out using transect
methods, where species occurrence were recorded along with their abundance, edaphic (soil),
hydrological and other environmental factors (slope, aspect etc). However with the increased
availability of satellite and aerial data in the 70s and 80s there was a substantial reduction in on-
ground work classifying vegetation. Instead it was thought that satellite and aerial data could be a
substitute for on ground work. In the 90s and onwards more work has been looking at linking on-
ground observations to validate or calibrate satellite and aerial data.

Brown-Blanquet (xxxxx) developed a classical, widely applied model for identifying and naming
plant associations to describe vegetation complexes. This method has been very were widely applied
over the past several decades (insert references)

More recent examples included: Plant communities of Italy’ (Biondi et al. 2014), contains 75 classes,
2 subclasses, 175 orders, 6 suborders and 393 alliances; Plant communities of the Carson Desert,
Nevada (Peinado et al. 2014)8; List some more — SA, Chile, Mexico.

Studies and inventories of plant community associations are widely applied for habitat (biotope)
mapping of protected areas. Detailed association inventories and consequent mapping on national or
regional level are rather labour intensive and various ways for mapping such wider areas and
countries exist. For example: Vegetation belts of Chile® (Luebert and Pliscoff, 2006) is the most
detailed vegetation classification system covering mainland Chile (1: 100 000 scale). This system
describes 127 vegetation types, defined by the authors using the ‘vegetation belts’ concept (van der
Maarel 2005), within 17 vegetation formations; Ecological Vegetation Classes (EVC) of Victoria
(Australia)'®; and EU’s Habitat directive inventories by countries™ (e.g. Greek Biotope Project; ...)

The following sections provide detail on each of the accounts and examples to demonstrate their use.

"E. Biondi, C. BLASI, M. Allegrezza, I. Anzellotti, M. M. Azzella, E. Carli, S. Casavecchia, R. Copiz, E. Del Vico, L. Facioni, D.
Galdenzi, R. Gasparri, C. Lasen, S. Pesaresi, L. Poldini, G. Sburlino, F. Taffetani, |. Vagge, S. Zitti & L. Zivkovic (2014) Plant
communities of Italy: The Vegetation Prodrome, Plant Biosystems - An International Journal Dealing with all Aspects of
Plant Biology: Official Journal of the Societa Botanica Italiana, 148:4, 728-814, DOI: 10.1080/11263504.2014.948527

8 M. Peinado, J. Delgadillo, A. Aparicio, J. L. Aguirre & M. A. Macias (2014) Major plant communities of the Carson Desert
(Nevada), North America's coldest and driest desert, Plant Biosystems - An International Journal Dealing with all Aspects of
Plant Biology: Official Journal of the Societa Botanica Italiana, 148:5, 945-955, DOI: 10.1080/11263504.2013.845267

® Luebert, F. & Pliscoff, P. (2006) Sinopsis bioclimatica y vegetacional de Chile. Santiago, Chile: Editorial Universitaria.

10 Department of Sustainability and Environment (2007). Ecological Vegetation Classes (EVC). State of Victoria. Retrieved
February 2015, from http://www.depi.vic.gov.au/environment-and-wildlife/biodiversity/evc-benchmarks

n http://ec.europa.eu/environment/nature/legislation/habitatsdirective/index_en.htm



4 Linking Land Cover to FEUs

Figure 3 below shows the links between the SEEA CF asset account, land cover and the FEU. The
SEEA CF Land cover is a proxy for an FEU. For each FEU a series of accounts can be created from
data at the BSU level which include an extent account, condition account, ecosystem services account
and finally a number of component accounts.

Figure 3 Linking FEU to SEEA CF and SEEA EEA
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At the highest level land cover is an FEU. Landover is based on compositional characteristics (see
Appendix IV — Land Cover Classes SEEA CF). Adopting an ontological approach to the classification
of FEUs relies upon building from the land cover classes.

The degree and detail in which FEUs 