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Abstract

The first iteration of the SEEA EA framework has, by design, a strong theoretical foundation in its
prescribed approaches to valuing ecosystem services. Building on this foundation, a growing
number of National Statistics Offices in countries, including Australia, along with academic
researchers and the private sector, are actively testing and extending valuation techniques
across a range of ecosystem accounts. These practical applications are generating valuable
insights into how different techniques perform in operational settings, including which
approaches have proven to be robust and well aligned with the exchange value concept used to
represent ecosystem contributions.

Drawing on Australia’s recent experience compiling the National Ecosystem Accounts, this
paper highlights areas where further clarification and refinement of the valuation guidance
would support more consistent application in practice. These include challenges such as
volatile or unrepresentative estimates, distinctions between valuing ecosystem contributions
versus benefits, the treatment of human and manufactured inputs, and the influence of
physical standards on monetary outcomes. While many prescribed techniques align well with
SNA principles, others may benefit from further development to ensure conceptual consistency
and comparability across the ecosystem accounts.

An open exchange of practical valuation experiences will help practitioners focus effort on
techniques that are productive, robust, and conceptually sound. In this spirit, the paper also
presents two emerging approaches that show promise in better capturing ecosystem
contributions in line with the exchange value concept: a rent revenue share approach for valuing
wild-caught fisheries, and a market-based approach to valuing carbon retention services. The
paper also explores the usefulness of an approach that was discussed during the development
of the SEEA EA but not included in the valuation guidance.
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Questions to the London Group:

e How can the added value of a separate framework like the SEEA EA best be articulated from
a valuation perspective, given that certain valuation techniques, such as the residual value
method, draw almost exclusively on data and methodologies from the SNA?

e How can a standardised approach to valuing ecosystem services under SEEA EA be
achieved when prescribed valuation methods vary widely and produce inconsistent results
for similar ecosystems? Is consensus on valuation practicably achievable?

e Isthe SEEA EA valuation hierarchy realistic in prioritising market-based approaches, given
that markets for ecosystem services are often absent or underdeveloped? Does the
hierarchy work? What alternative approaches are practitioners using?

1. Executive Summary

The SEEA EA (United Nations et al. 2024) is increasingly used to measure nature’s contribution
to the economy, with Australia leading through national ecosystem accounting initiatives. This
paper examines ecosystem service valuation methods, focusing on exchange value concepts
and Australian examples to improve the consistency and robustness of environmental-
economic accounting compilation.

The experience to date has shown that valuation of ecosystem services can produce widely
differing results depending on the methods and assumptions used, creating challenges for
consistency within the SEEA EA framework. For instance, water and carbon values can vary
significantly across techniques, with some estimates conflicting with observed market
behaviour or diverging from the exchange value principles underpinning ecosystem accounting.
The choice of carbon price—whether based on market prices, replacement costs, social cost of
carbon, or policy targets—can substantially affect estimates, highlighting the need for careful
methodological assessment, conceptual consistency, and reliance on observable market data
where possible. Australia’s National Ecosystem Accounts address these challenges by adopting
a market-based carbon rental approach grounded in observable carbon prices.

Australia’s experience with SEEA EA highlights several conceptual challenges in ecosystem
service valuation, particularly around defining the correct accounting boundary and ensuring
that estimates reflect ecosystem contributions rather than economic activity already captured
within the System of National Accounts (SNA). Case studies of coastal protection, recreation,
and climate regulation show that commonly used techniques such as replacement cost,
avoided damage cost, consumption expenditure, and the social cost of carbon often value the
benefits received by society or protected assets rather than the ecosystem service itself. Logic-
chain analysis demonstrates that many valuation methods measure outcomes on the economy
side of the ecosystem service pathway rather than the contribution of ecosystem assets, raising
concerns about conceptual equivalence and consistency with SEEA EA exchange value
principles.

Australian experimentation has also revealed limitations in widely used approaches such as the

residual value (resource rent) method, which recent research suggests lacks a sound
theoretical basis for isolating nature’s contribution and can produce implausible results,
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including negative ecosystem service values. In response, Australia’s National Ecosystem
Accounts have increasingly adopted market-based approaches where observable prices exist,
including tradable water rights for freshwater provisioning and quota and licence values for
fisheries. New valuation methods, such as the rent-revenue share approach for multispecies
fisheries, have been developed to better reflect ecosystem contributions in complex production
systems. These examples demonstrate the importance of refining valuation techniques to
improve conceptual alignment, reliability, and consistency within accounting principles.

2. Introduction

Implementation of the internationally adopted System of Environmental-Economic Accounting
(SEEA EA) (United Nations et al. 2024) has expanded globally, helping countries show how
nature contributes to, and is affected by, the economy. Australia has been an early leader, with
the Australian Bureau of Statistics (ABS) producing environmental-economic accounts across
water, energy, waste, land, fisheries, and environmental taxes, along with experimental
ecosystem accounts since the late 1990s. Keith et al. (2017) produced a seminal piece on
ecosystem accounting showing that native forests in Victoria’s Central Highlands provide
substantial and interconnected ecosystem services including water supply, carbon storage,
biodiversity habitat, timber production and recreation. From 2020 to 2024, a series of Australian
regional ecosystem accounts were produced to inform the production of accounts at a national
scale (DCCEEW 2026). In 2025, the ABS released Australia’s first National Ecosystem Accounts
(NEA), including initial monetary estimates of selected ecosystem services, highlighting both
progress and the still-experimental nature of valuation methods (ABS 2026b).

Valuing ecosystem services within SEEA EA remains complex and contested. The Statistical
Commission recognised that the chapters on valuation describe internationally recognised
statistical principles and recommendations for the valuation of ecosystem services and assets
(United Nations et al. 2024). While the framework provides guidance based on System of
National Accounts (SNA) principles, the hierarchy of environmental economic techniques
produces a wide range of estimates. This requires practitioners to (a) assess results against
conceptual, boundary and methodological underpinnings, (b) validate results against real-world
experience and established knowledge and (c) check whether the estimates are conceptually
equivalent. Estimates are often shaped by data availability, methodological familiarity, and
policy context, raising concerns about consistency and alignment with the core exchange value
principle (Pascoe et al. 2026).

A key source of contestability in valuing ecosystem services surrounds confusion on the
conceptual foundation of ecosystem services and the production boundary. The SEEA EA
measures the contribution of ecosystem assets to society. The SNA is a broad framework that
captures the benefits derived from all goods and services and includes the contribution of other
factors of production such as labour and capital. Specifically, the SNA does not (a) separately
record the ecosystem contribution to production, or (b) does not capture the ecosystem
contribution as it is outside of the SNA production boundary. This confusion has caused some
practitioners mis-attributing economic activity from within the SNA to the environment because
it may be closely associated with nature or is seen as an appropriate proxy. Valuation
techniques such as the residual value method and avoided damages method predominantly
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capture data from within the production boundary which may provide misleading estimates of
ecosystem services and are unlikely to be conceptually consistent with the intent of the SEEA
EA in measuring the ecosystem contribution.

Given the diversity of ecosystem services and limited market data, no single valuation
technique is universally suitable. This requires ongoing experimentation and critical evaluation
to ensure robust, stable, and conceptually sound estimates. In this context, this paper
examines SEEA EA valuation guidance, explores the application of the exchange value concept
and ecosystem service valuation, and reviews applicable techniques, drawing on Australian
examples to inform further refinement of valuation practices and principles. The SNA records
the goods and services produced and consumed within the economy. The ecosystem
contribution is generally not recorded separately. Instead, what appears in the SNA is the
benefit after it has been combined with labour, produced capital, and institutional
arrangements.

3. Challenges with conflicting methods

Several academic papers provide direct comparison of the SEEA EA hierarchy of techniques for
the same ecosystem service values resulting in very different estimates (e.g. Chen et al. 2025,
Ferrini et al. 2025 and Zandebasiri et al. 2023). These experiences highlight risks in applying a
mechanical approach to the valuation of ecosystem services which may be inconsistent and
produce values that do not reflect real-world observations. While the exchange value
conceptually represents the ecosystem contribution to economic activity, estimation
techniques do not always adequately reflect this.

The availability of multiple values based on the wide choice of valuation techniques that are
available in the SEEA EA guidelines may open the door for interested parties to explore different
values that may align more closely with their perspectives or policy priorities. The range of
ecosystem service values brings into question the conceptual equivalence of the techniques
and choice of price mechanisms. They may represent different aspects of the relationship
between ecosystems and society (Oras et al. 2025).

Some examples where different methodological approaches result in substantially different
estimates of exchange values are provided in the following sections regarding water and carbon
valuation.

3.1 Different water ecosystem service values

Ferrini et al. (2025) reviewed empirical studies estimating exchange value for water ecosystem
services and found that the practice contrasted substantially with the valuation hierarchy of
techniques as set out in the SEEA EA. They found that market-based methods, while
conceptually aligned with the SNA, were rarely feasible for valuing water ecosystem services.
Instead, approaches lower in the hierarchy, such as cost-based approaches and replacement
cost approaches dominated. Value transfer approaches also were prolific.

Other studies have found that values are sensitive to the approach adopted. Chen et al. (2025)
showed that estimates of water-related ecosystem service values in the Australian Capital
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Territory can vary substantially depending on the valuation technique, the accounting treatment
(i.e. the SEEA Central Framework or the SEEA EA) and water availability (see Figure1)."
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Figure 1 Ecosystem Service (ES) price by valuation method
Source: Chen et al. (2025)

In some cases, applying the residual value method to estimate the resource rentyielded
negative estimates of water-related ecosystem services which from an accounting perspective
is problematic (Chen et al. 2025). The technique also produced low values during dry periods of
AUD$28-$31 per megalitre in 2019-20. This estimate conflicts with the well-documented
increase in water scarcity values in Australia under drought-like or dry conditions as evidenced
by water prices from similar markets (Hughes 2019, Jasper 2019 and Commonwealth of
Australia 2021). The median price of water allocations in the Murrumbidgee Regulated River was
AUD$682 per megalitre in 2019-20 which was preceded by three years (2017-19) of intense
drought conditions for large parts of Australia.

The replacement cost method of recycled water for drinking generates a much higher estimate
at AUD$2,660 per megalitre (Chen et al. 2025). This estimate largely comprises costs arising
from duplicate pipework. Incorporating replacement costs estimates of build infrastructure as a
substitute for natural capital is likely to generate estimates that are distinct from the exchange
value concept envisaged under the SEEA EA because these types of costs primarily reflect
economic or industrial activity rather than the underlying contribution of ecosystem services
themselves.

3.2 Are carbon prices equivalent?

The valuation of global climate regulation services includes a measure of carbon retention —the
safeguarding of stored carbon and the prevention of its release into the atmosphere, itself the
subject of uncertainty. Global climate regulation values are heavily influenced by the choice of
valuation technique and the choice of ‘carbon price’. Carbon prices may be sourced from

"Under the SEEA-EA treatment, the water provisioning ecosystem service may be recognised when water
enters and is stored within the reservoir ecosystem, whereas the SEEA-CF treatment records water when
itis supplied to users. SEEA-CF does not value ecosystem services.
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domestic or overseas markets or institutional arrangements such as carbon taxes or emission
permits.

The State of Victoria (2023) compared three different approaches to derive monetary values for
global climate regulation services for the city of Melbourne: the social cost of carbon (SCC),
replacement cost and market prices. The estimates comprise sequestration and carbon
retention. The report incorporates global SCC estimates of between AUD$75 to AUD$178 per
tonne of CO,-e, market prices of AUD$16 per tonne of CO,-e and a replacement cost approach
based on the marginal cost of the GHG abatement or offset measures, estimated at AUD$74 per
tonne of CO,-e. Social cost of carbon estimates can vary substantially across studies due to
differences in model specification, discount rates, climate sensitivity, damage functions, and
other key assumptions. The resulting carbon retention value for the city of Melbourne in 2019
ranges from AUD$35 million per year (using the market price/replacement cost) to AUD$106
million per year (using the SCC) based on an annuity with a 4% discount rate for 100 years (State
of Victoria 2023). The equivalent numbers for sequestration are estimated at between AUD$6 to
AUD$19 million.

Social Cost of Carbon (SCC) estimates the economic value of carbon sequestration based
on the avoided global damages from climate change. It represents the present value of
future social and economic costs avoided by preventing the emission of one additional
tonne of CO,-e. Market prices value carbon sequestration using observed market prices for
carbon credits or emissions permits. Replacement Cost Approach values carbon
sequestration based on the cost of alternative greenhouse gas abatement measures
required to achieve a specified emissions reduction target. Under this approach, the value
of carbon sequestration provided by vegetation is measured by the cost savings arising
from a reduced need for other abatement activities or projects required for Australia to
meet its emissions reduction commitments

3.2.1 The social cost of carbon
Estimates that rely on a SCC can be subject to substantive revisions. United States based
estimates of the SCC have often been relied on in worldwide applications (see Hutley 2021 and
Government of Canada 2022). Hutley (2021) used US SCC estimates as they are generally
derived using similar modelling approaches. Furthermore, many of these estimates draw on the
sophisticated and widely recognised modelling framework developed by the US Interagency
Working Group (IWG). Estimates of the SCC have evolved significantly across different US
administrations, reflecting changing policy priorities in the valuation of carbon emissions,
improvements in methodology and data. The US Government (2021) estimate of the SCC was
updated to US$51 per ton of CO,. Rennert et al. (2022) provided updated estimates of the SCC
of US$185 per ton of CO, using a 3% discount rate.

SCC estimates are also sensitive to the value of the discount rate. For instance, the US

Government (2016) central estimate of the SCC for 2020 was US$42 per ton of CO,-e using a
discount rate of 3% and US$62 per ton of CO,-e using a discount rate of 2.5%.
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Regardless, the SCC typically includes welfare values that examine the impact of damages on
consumption, health, and productivity (see Rennert et al. 2025 and Adler et al. 2017).2 The SCC
is an economic estimate that can be useful in quantifying a range of climate related flow on
impacts, but at its core it does not link to any one ecosystem or ecosystem service flow, which
is the focus of the SEEA EA framework. That is, there is a distinction between estimating the
contribution from ecosystem assets and the flow-on impact of those services.

3.2.2 Target based carbon pricing
The ABS considered several carbon prices to estimate the retention value of global climate
regulation services in Australia’s NEA. A target-based approach was one such approach
considered as an alternative to the government’s auction scheme. Infrastructure Australia
(2024) estimated that a carbon price of AUD$66 per tonne of CO,-e would be required for
Australia to meet its national net zero emission target by 2050. The target-based approach was
ultimately not adopted for Australia’s NEA because the SEEA EA framework is a positive
framework, providing information on whatis, as opposed to what might or should be.
Furthermore, a target-based approach need not represent a market clearing (exchange) price.

This distinction is important because basing accounts on a normative framework is problematic
in several ways. Firstly, a target-based approach requires estimates on what a carbon price
could be into the future such as might be the case for a net zero target. Such estimates are
highly susceptible to uncertainty and revisions both in terms of (a) the level of the emission
reduction target, (b) potential changes in government mandated trajectories on how to
transition to a target and (c) advances in technological innovations that enable firms to abate
their emissions in a cost-effective manner. These estimates typically require agreement on the
discount rate that may also have an outsized effect on the estimated ecosystem service value.

This poses challenges for practitioners as to which models to rely on and implicitly, the
assumptions underpinning those models. Different models and assumptions are likely to result
in different values, with a risk that the final models accepted may be driven by the values they
produce rather than their actual appropriateness (Iftekhar and Pannell, 2015). This may also
affect the confidence in the consistency of global climate regulation values.

3.2.3 Market based carbon prices
Australia’s NEA applies a carbon-rental approach, based on the annuity technique described in
Edens (2021), as an estimate of the rental value that ecosystem owners, such as forest
managers, could accrue for maintaining a stock of carbon. This technique links the value of
global climate regulation services to a market price for carbon sequestration.

The retention value of global climate regulation services is calculated by multiplying the carbon
stock by the relevant carbon price. To express this stock value as an annual flow, it is converted
to an annuity using an appropriate rate of return. Conceptually, the ecosystem service
associated with retaining carbon can be represented through the annualization of an asset
value, similar to the interest earned on a savings account or the return generated by an

2See section 4.1.3 - Logic Chain for more detail.
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investment. The rate of return reflects the expected yield on this asset and is estimated as the
sum of a 4% real discount rate and the relevant rate of price inflation (the Consumer Price
Index). The choice of discount rate is consistent with the rate used in the World Bank's Changing
Wealth of Nations framework. The 4% approximated the long-run (100 years or more) global real
return on financial assets and provided international comparability of wealth estimates. This
facilitates comparison with other natural capital accounts and previous estimates. The selected
rate is also considered appropriate for public ecosystem assets such as national parks and
Crown land.

The institutional settings in Australia provide the principal source for carbon prices, reflected
through (a) a fixed carbon price in 2013 and 2014 and auction prices undertaken by the Clean
Energy Regulator (CER) between 2015 and 2023. The CER ran Emissions Reduction Fund
auctions under the Australian Carbon Credit Unit (ACCU) Scheme in which registered ACCU
projects bid to sell carbon abatement to the Australian Government. As the ACCU market
continues to develop, a key concern has been whether the depth of the market is sufficient to
provide a representative price. Notwithstanding, ACCUs offer the advantage of being grounded
in observable auction prices. The auctions used a pay-as-bid reverse auction mechanism, and
the contracted projects generated abatement by either avoiding greenhouse gas emissions or
sequestering carbon (removing and storing carbon from the atmosphere).

As the fixed carbon price and ACCUs are reported in dollars per tonne of carbon dioxide
equivalent ($/t CO,-e), a conversion to carbon (C) is required when valuing carbon stocks. This
is achieved using the 44/12 conversion factor, which accounts for the difference in molecular
weight between carbon dioxide and carbon.

Using this approach, Australia’s NEA 2026 estimated climate regulation services at
$218.2 billion in 2021-22, based on 34.6 million kilotonnes of carbon stored in selected
ecosystems (ABS 2026b).

4. Conceptualissues identified through the application of SEEA EA principles: Australian
experiences
The experience to date has revealed that different valuation techniques prescribed under the
SEEA EA produce inconsistent results. The SEEA EA applies the SNA concept of exchange
values to ensure that ecosystem service values and ecosystem asset values are comparable
with the values of products and assets recorded in the national accounts. This has contributed
to a problem in identifying the correct boundary as some valuation techniques, or their
application, reflect economic activity in the SNA production boundary. This is in direct contrast
to the intent of the SEEA EA that is meant to capture the contribution of ecosystems from the
extended production boundary (United Nations et al. 2024, para 1.39).

Furthermore, it is no longer clear that certain conceptual foundations are adequate or fit for
purpose in the context of the SEEA EA. There is a spectrum of values ranging from ecosystem
functions to the flow-on benefits that society receives, which reflects direct ecosystem
contributions, societal benefits and economic values (Oras et al. 2025). For instance, the
monetary value of a fish may be captured through quota licenses (the right to capture wild fish),
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alanded price incorporates additional value that accounts for the fisher’s labour and capital
inputs, whereas the retail price also incorporates processing, storage and distribution costs.

Consequently, the desire to match concepts such as resource rent in SEEA EA with the SNA
construct of resource rent may not only be counter-productive but be counter to the intent of
measuring ecosystem and natural resource contributions to the economy because the
derivation of resource rent is typically captured within the production boundary. The raison
d'etre for creating the SEEA EA as a separate framework is the acknowledgment of
shortcomings in the SNA, but contrasts with the desire for the SEEA EA to conform to the SNA to
maintain consistency.

4.1 Boundary issues

4.1.1 Coastal protection
Australia has experimented with monetary valuation of coastal protection using both a
replacement and avoided damage cost, two of the most commonly used techniques to
estimate coastal protection services (Cannard et al. 2025). The techniques can be applied at
both the ecosystem level, such as may be drawn from the restoration of ecosystems, and the
economy in terms of construction of built capital, such as seawalls.

Australia first published experimental physical and monetary estimates of coastal protection
services in the National Ocean Account, 2022 (ABS 2022). Monetary values were derived using a
replacement-cost method, estimating the cost of maintaining built infrastructure (such as
seawalls) that would provide an equivalent level of protection. In the National Ocean Accounts
the annual service value of mangroves and saltmarsh was estimated through the capital
depreciation of seawall infrastructure (i.e. the replacement cost method). The monetary value
of coastal protection services ranged from $1.96 to $7.84 billion per year for mangroves
protecting 88,100 dwellings and from $416 to $1,664 million per year for saltmarsh protecting
85,600 dwellings, based on expected infrastructure lifespans of 25 to 100 years. The physical
scope of the coastal protection included all saltmarsh and mangroves within 200 metres of the
coastline that had a minimum belt width of 40 metres for saltmarsh and 90 metres for
mangroves. These ecosystems were assumed to provide protection to areas up to 1 kilometre
inland.

However, seawalls (a) are often not cost-effective in areas with limited dwellings (b) may cause
ecological impacts and (c) may be designed to meet engineering standards that do not reflect
the coastal protection from existing marine ecosystems such as mangroves and saltmarshes.
More concerning is that the application of replacement cost may adopt a weak substitutability
framing between natural and built capital, one of the drivers that has contributed to a decline in
the condition and extent of ecosystems.

For the National Ecosystem Account 2025 (ABS 2025), the method was reviewed and an
avoided-damage-cost approach was applied, based on average dwelling damage costs from a

1-in-15-year flood event. The annualised value of avoided damages was estimated at
$57 million per year for mangroves protecting 69,400 thousand dwellings and $8 million per year
for saltmarsh protecting 44,300 thousand dwellings, based on the highest-risk dwellings (up to
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1 m above the Highest Astronomical Tide). The physical scope of the coastal protection was
defined by identifying areas protected by mangroves and saltmarsh that met specific criteria
within the coastal inundation (coastal connectivity) layer, itself a highly uncertain measure.
Eligible vegetation required a minimum belt width of at least 100 metres for mangroves and

40 metres for saltmarsh and had to meet a connectivity threshold approximating a 1-in-100-year
coastal inundation event.

A counterfactual example serves to illustrate concerns in the application of the technique to
built capital. Imagine that a beach-side property builds a second story. The estimate of the
coastal protection service would increase under the avoided damage cost method as the house
is now worth more. Yet, the ecosystem condition and extent of an ecosystem asset such as
mangroves may not have changed. The benefit of the service has increased, but the level of
service itself has not. In this case the improved value (or part thereof) of built capital is
misattributed to ecosystems.

It may also be noted that the SNA does not generally infer changes in the value of non-market
services from changes in the number or value of beneficiaries. For example, the value of
services provided by national parks and public galleries is measured primarily using production
costs. This suggests caution in adopting valuation approaches that allow changes in the value
of beneficiaries to drive estimates of ecosystem contributions where ecosystem condition and
service supply remain unchanged.

A key insight from this experimentation is that these techniques are inconsistent with the SEEA
EA valuation guidelines (Chapters 8-10). Avoided damages value the benefits to the protected
asset rather than the contribution from the ecosystem service itself, contrary to paragraph 8.24
of the SEEA EA (United Nations et al. 2024). The application of replacement cost using industrial
based activities (i.e. economic activity within the SNA boundary) makes strong assumptions
about substitutability. Both methods draw on monetary values from built capital as a proxy but
do not necessarily produce a SEEA EA-consistent exchange value. Rather they reflect an
economic cost of an engineered, purpose-built infrastructure asset that may differ considerably
from the level of protection that ecosystems provide raising questions as to its equivalence. The
ABS is currently reviewing methods to value coastal protection ecosystem services. Possible
candidates for consideration include costs arising from repairing or maintaining marine
ecosystem such as mangroves.

4.1.2 Valuation of recreation-related services
Another area where the production boundary matters is the valuation of recreation-related
services. The two most applied valuation methods, Consumption Expenditure and Simulated
Exchange Value leave room for alternative interpretations of the accounting treatment and
require substantial assumption about market structures. This provides challenges with account
consistency more generally. These are explained in more detail below.

4.1.2.1 Consumption Expenditure

The SEEA EA does not explicitly justify its recommendation to use Consumption Expenditure
(CE) as a proxy for the exchange value of recreation-related services. However, the SEEA EA
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interim technical report on monetary valuation (NCAVES and MAIA 2022) suggests that CE
represents a minimum willingness to pay for the ecosystem service. The report recognises that
CE is already recorded within the SNA but argues that there is no need to reallocate it within the
sequence of accounts given it is used as a proxy to value complementary ecosystem services
outside the SNA production boundary.

This reasoning leaves room for alternative interpretations. One interpretation is that the
estimated exchange value of recreation-related services constitutes an addition to the CE
already recorded in the SNA. However, this would raise a double-counting concern unless CE is
reallocated. It would also imply that visitors are effectively willing to pay for the recreation-
related services (perhaps via an imposed access fee) in addition to the observed CE. Such
doubling of the implicit “price” of a recreational trip would, in most cases, reduce visitation,
unless demand was perfectly inelastic, which is unlikely.

A related justification for using CE as a proxy has been advanced by Pelletier et al. (2021), who
argue that CE would not occur in the absence of recreation-related services. While appealing,
this argument appears at odds with a core SEEA EA principle of isolating the ecosystem service
from human and produced capital, which are used jointly to enable recreational trips. Beyond
this conceptual tension, a more substantive concern is that reliance on CE based exchange
values risks generating misleading signals for decision-making. For example, an increase in
estimated exchange value may simply reflect higher CE unrelated to the ecosystem service,
such as a shift from camping to hotel use for multiday trips rather than any improvement in the
underlying ecosystem asset).

4.1.2.2 Simulated Exchange Value
The Simulated Exchange Value (SEV) method infers a ‘market’ price and quantity by simulating
what visitors would be willing to pay for recreation-related services under a hypothetical
exchange (Caparrds et al. 2003; Caparrds et al. 2017; Donnelly and Melstrom 2026; Scheufele
and Pascoe 2023 and Scheufele et al. 2026). It relies on observed or estimated willingness-to-
pay (e.g. via non-market valuation) and cost (e.g. government management cost records) to
match demand with supply. The SEV method relies on strong assumptions about supply
behaviour, cost structures, and pricing mechanisms. Under the assumption of monopolistic
competition (which are likely to characterise many recreational contexts), the resulting price
includes monopoly rents. This creates a fundamental identification problem: the SEV of
recreation-related services may inadvertently capture monopoly rents in addition to resource
rents. Whether and how these two sources of value can be disentangled warrants further
investigation. Addressing this issue would help strengthen the theoretical foundations of the
SEV method. Finally, because manufactured and human inputs must be deducted, the SEV
method effectively combines a market simulation approach with the Residual Value Method
(RVM). This raises the question of whether the concerns associated with the RVM, discussed in
Section 4.2, also apply to the SEV method.

An alternative method worth reconsidering is adapting the Marginal Value Pricing (MVP), which

was discussed during the SEEA EA development for valuing open access green space supplied
to households (Barton et al. 2019).

LG 2026 - From guidance to practice Page 11



Rather than estimating exchange value of recreational trips, this method would estimate
exchange value of ecosystem characteristics that contribute to recreational experiences, such
as forest condition, wildlife presence, or landscape amenity. The required marginal value
functions would be derived using a random utility model of recreation site choice, in which
recreationists are assumed to derive utility from the ecosystem characteristics of the sites they
visit. The estimated functions would identify the marginal values corresponding to the observed
level of each relevant ecosystem characteristic recorded during the accounting period. These
values would then be summed across all trips to derive the total exchange value. In essence,
the exchange value of the recreation-related service would reflect the value generated by the
ecosystem characteristics experienced by visitors during recreational trips.

The approach would produce revealed-preference shadow prices for ecosystem characteristics
that are consistent with observed recreational behaviour and substitution patterns. Since the
marginal value functions of the ecosystem characteristics would be estimated from a multi-site
choice model, they reflect the equilibrium value of that attribute in the presence of all
substitute recreation opportunities available during the accounting period.

To align this approach with ecosystem accounting concepts, the utility function could be
specified such that ecosystem, human, and produced capital represent the production inputs
required to generate the recreational experience. For example, a composite ecosystem-specific
condition index may represent the ecosystem contribution and iconic status, a composite
access index may represent enabling capital that facilitates the use of ecosystem services, and
a composite infrastructure index may represent produced capital. The recreational value
generated for a trip would therefore be modelled as a function of ecosystem condition and
iconic status, access, and infrastructure, with only the ecosystem component attributed to the
recreation-related service. This approach would provide a transparent basis for distinguishing
the contributions of ecosystems from those of enabling and produced capital when estimating
exchange values for recreation-related ecosystem services.

This approach bypasses the need to simulate a market equilibrium and avoids explicit
assumptions about supply functions, cost structures, and pricing rules. Importantly, the level of
ecosystem provision at which MWTP is evaluated is not arbitrary but reflects the existing (or
policy-determined) level of supply, which is itself constrained by government expenditure,
management costs, and competing land uses. In this sense, supply-side considerations are
implicitly embedded in the observed quantity of recreation-related services. If ecosystem
provision is understood to reflect decisions informed (at least indirectly) by both costs and
benefits (as estimated via a random utility model of recreation choice), then evaluating MWTP at
this level yields an exchange value of recreation-related service thatis anchored in a real-world
allocation outcome.

Under this attribute-based approach, there is no need to subtract supply costs ex post, as the
valuation targets the ecosystem input directly rather than a residual of production. The resulting
estimate reflects the value of ecosystem attributes as perceived by users at the prevailing level
of supply. While this implies a departure from a strictly production-based definition of exchange
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value, it offers a transparent and empirically tractable alternative to the original SEV method. It
avoids the need to disentangle exchange value of the ecosystem service from monopoly rents
and other artefacts of market structure, thereby reducing reliance on strong and often
unverifiable assumptions. The key remaining assumption is that the observed level of the
recreation-related service provides a meaningful anchor that reflects underlying cost
constraints. Where this holds, the approach can be interpreted as yielding a demand-
consistent valuation of ecosystem contributions that is grounded in actual behaviour and
policy-relevant supply conditions, without requiring explicit modelling of supply-side processes.

However, this approach entails substantial data and analytical requirements and may be
challenging due to high levels of complexity introduced via heterogeneity across space,
ecosystems, activity and visitors. This may represent a challenge to its implementation.
Nevertheless, this approach should be revisited by exploring its application across a range of
spatial scales, recreational activities, and ecosystem attributes.

It is acknowledged that this approach entails substantial data and analytical requirements and
may be challenging due to high levels of complexity introduced via heterogeneity across space,
ecosystems, activity and recreationists. Nevertheless, it is recommended that the MVP be
revisited by exploring its application across a range of spatial scales, recreational activities, and
ecosystem attributes.

4.1.3 Logic chains
Logic chains can be useful in clarifying boundary issues and explaining how the application of
valuation techniques can measure different aspects of an ecosystem service. Logic chains
explain how ecosystems contribute to human well-being and economic activity. Furthermore,
they help structure the causal relationships between ecological assets, the services they
provide, and the flow-on benefits that people derive (ABS 2026a).

For climate regulation services, the logic chain identifies ecosystem assets such as forests,
woodlands, shrublands, grasslands, wetlands, and marine ecosystems which support
ecological functions that absorb carbon (Figure 2). These functions generate valuable global
climate regulation services comprising carbon sequestration and retention. Valuation in the
SEEA EA framework focusses on the left-hand side of Figure 2, the ecosystem assets and the
services, whilst the right-hand side can also be valued, but these values focus on the benefit or
outcome of ecosystem services.

Intermediate benefits, while not present in the SEEA EA framework, link the ecosystem service
with the other benefits. In this case, an intermediate benefit is the reduction in atmospheric
greenhouse gas (GHG) concentrations, which helps mitigate climate change and its associated
risks. The final benefits include reduced exposure to climate-related hazards, leading to
improved public health and decreased economic disruption. In the SEEA EA framework these
benefits are collectively consumed by governments on behalf of society while individuals,
households, and businesses may benefit directly as well.
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The logic chain underscores why some valuation techniques may not reflect the exchange value
as envisaged in the SEEA EA framework. For example, the SCC measures the economic value of
damage caused by carbon emissions. Typically, this measure focusses solely on outcomes,
such as avoided impacts on infrastructure, production or health impacts (the right-hand side of
Figure 2), rather than on the contribution from ecosystems (the left-hand side of Figure 2). This
raises the question of whether the SCC is conceptually equivalent to other techniques that
measure the exchange value of the climate service ecosystem service.

A key insight from the logic chain is understanding how different practitioners approach the
valuation challenge. Estimates of the global climate regulation service will differ on whether
practitioners approach the valuation problem from the economy (as measured in the SNA) or
the ecosystem side of the logic chain, which in turn influences the choice of valuation
technique.
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Figure 2 Logic chain for global climate regulation services
Adapted from Hein et al. (2019)

4.2 Recent evidence on the use of the Residual Value Method

One of the most commonly applied methods for valuing ecosystem services is the “residual
value method”, often also referred to as the resource rent approach (Atkinson and Obst 2017).
The residual/resource rent method derives the value of the ecosystem service as the residual
after all costs, including normal returns to produced capital, are deducted from revenue, on the
assumption that what remains reflects the ecosystem contribution (United Nations et al. 2024).

Concerns regarding the use of residual method have been raised previously for a range of
reasons. For example, Obst et al. (2016) suggested that residual approaches are inappropriate
where market structures prevent observed prices from reflecting a meaningful exchange value
for ecosystem services. For example, in the case of water provisioning services, water prices are
often regulated with the aim of cost recovery rather than rent generation, resulting in negligible
or zero residual. Horlings et al. (2020) found that variation in estimated resource rents is often
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driven by factors unrelated to ecosystem service provision, resulting in unreliable valuation
outcomes. More serious, however, is the potential for the method to result in negative estimates
of the exchange values (Edens and Graveland 2014). For example, based on the residual value
approach, the Office for National Statistics (2025) estimated the value of water related
ecosystem services in the UK to be GBP£-2.5 billion.

Pascoe et al. (2026) reviewed the approach and concluded that it is not fit for purpose due both
to conceptual and practical reasons, with shortcomings of the residual method extending
beyond issues of measurement, data availability, or market imperfection. Using relatively
simple economic models, Pascoe et al. (2026) demonstrated that no theoretical relationship
exists between average residual returns and the contribution of the ecosystem input to
production. While the method can, in some cases, generate estimates that appear reasonable,
Pascoe et al. (2026) show that this occurs by coincidence rather than design. As typically
applied, the approach potentially misattributes the value of the ecosystem contribution to
produced capital and captures elements of economic activity that already lie within the
production boundary rather than isolating nature's contribution.

The widespread application of the technique and its reliance on SNA data bring into question
the value add of a separate framework, at least in terms of monetary estimates.

4.3 Joint production — accounting for multispecies wild-caught fisheries

Experimentation to date has revealed the need to develop or adapt valuation techniques that
better capture the concept of exchange value to the ecosystem contribution. One such example
is the revenue rent share approach developed for Australia’s NEA.

The SEEA EA essentially assumes that ecosystem services are separable, such that each
service can be measured and valued discretely. For activities that involve joint production,
developing appropriate exchange values is more complex. Fisheries biomass provisioning
services is one such area that provides a challenge for estimating exchange values due to the
joint nature of fisheries production. Most fisheries are characterised by joint production, with
fishers catching several different species with each unit of fishing effort. These fisheries are
generally referred to as “multispecies fisheries”. Although fishers may target a particular
species, they will also catch several other “byproduct” species that also contribute to their
revenue. In many cases, fishers depend on this mix of species to supplement their revenue.
Further, many fisheries straddle several ecosystems, and in the case of multispecies fisheries,
the combination of these species (and subsequent catch) may change across these different
ecosystems.

While the ecosystem service in quantity terms (i.e., the retained harvest) can be readily
measured, identifying the exchange value of wild-caught catch is more complex. Under the
SEEA EA valuation hierarchy, the closest applicable approaches to estimating exchange values
are those that rely on observable market prices, residual based approaches and production
function-based approaches. While market prices are observable for the final products,
allocating costs to individual species within multispecies fisheries is infeasible, resulting in
residual-based approaches to estimating exchange prices being unreliable (notwithstanding the
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other criticisms associated with the residual approach noted above). For production function-
based approaches, the marginal value product of individual species may be estimated provided
biomass information is available for each. However, such data are generally not available for all
species, especially at the ecosystem level, while the joint production nature further
complicates the relationship.

In Australia, several fisheries are managed through licences and quotas: licences grant the right
to fish under specified conditions, while quotas, often as transferable shares of the total
allowable catch (TAC), limit how much can be harvested. These individual quota shares can be
traded or leased, creating a market-based system that controls catch levels while supporting
sustainability and economic efficiency across Commonwealth and State fisheries.

In individual transferable quota (ITQ) fisheries, the exchange price of the ecosystem service is
(theoretically) directly observable via quota trading prices. In theory, quota lease prices reflect
the annual resource rent generated by an additional unit of catch, while quota sale prices
represent the discounted value of expected future rents and therefore the value of the
underlying ecosystem asset (Newell et al. 2005; Pascoe et al. 2019 and Gunnlaugsson et al.
2020). For single species fisheries, this assumption is reasonable. However, for multispecies
fisheries, several complications may distort this relationship. First, not all species are usually
included in a quota system, and the value of associated byproduct can be captured in partin
the quota price of the target species. Where quota is more limited for some species than others
(i.e., providing a “choke” on total production), the marginal value of the quota may exceed its
species-specific value as the quota price of the limited species may also capture the value of
other quota species that it enables to be caught jointly. Conversely, the quota trading value of
the other quota species may be reduced if they are not able to be caught without access to the
“choke” species quota. For other non-quota species, and for all species in non-quota fisheries,
the value of access to the resource is captured by the licence value, assuming limited entry
management is in place. This is not species specific but reflects the value of access to the
resources as a whole.

In non-quota, input-controlled fisheries, licence values similarly capture the discounted future
rents associated with operating in the fishery (Flaaten et al. 1995). These techniques rely on
situations where the price of the ecosystem service can be directly observed.

Pascoe and Scheufele (2025) devised a rent revenue share technique for estimating the
exchange value from wild caught fisheries which can be applied to multispecies fisheries
(Figure 3). This treats the value of access to the total resource as defined by the average (per
vessel) annualised value of the combined licence and quota holdings, reflecting the total
willingness to pay to access the multispecies resource. This is divided by the average revenue to
derive the rent revenue share. This share can be applied to the price of each individual species
to measure its contribution to the overall value. The distribution of catch of the species across
ecosystems can then be used to assign the proportion each ecosystem contributes to the total
exchange value. This technique was used to estimate the ecosystem service value of fisheries in
Australia’s NEA (ABS 2026b).
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Figure 3: Summary of process for estimating exchange prices for individual species
Source: Pascoe et al. (2024)

In Australia’s latest NEA, the estimated ecosystem service value of Commonwealth and State
fisheries wild caught fish was $463 million from 162 kilotonnes of catch in 2021-22 (Australian
Bureau of Statistics 2026b). In the same year, the output of Commonwealth and State fisheries
wild caught fish was valued at $1.5 billion of Gross Value Product (GVP), which includes costs
associated with harvesting fish (Tuynman et al. 2025). When those fish are processed,
packaged, and sold in supermarkets the added value of this economic activity contributes to
GDP, including the original ecosystem service value.

4.4 Water provisioning services

One example that highlights the potential for market-based estimates in estimating ecosystem
services occurs when water access rights are traded. In Australia’s NEA, water provisioning
services are valued using market prices from tradable surface-water allocations, specifically
the Murray-Darling Basin, home to one of the world’s most mature water markets. Water supply
services capture the ecosystem’s contribution to providing usable water for households,
businesses and government.

Under this approach, the value of ecosystem services is linked to prices paid for water
extraction rights, where these rights can be separately identified from land values and are
actively traded in established water markets. In theory, the value of water rights should be
closely related to the marginal value of water estimated using productivity-based valuation
methods (NCAVES and MAIA 2022). The value of water rights can be highly sensitive to changes
in water availability. For example, during periods of drought, increased scarcity of water may
significantly increase the market value of water rights. Consequently, fluctuations in water
rights prices may reflect changes in water availability and market conditions, in addition to the
underlying value of the ecosystem service.

In Australia, tradeable water rights manage access to water resources: a water access
entitlement provides a perpetual right to a share of water from a specific catchment and can be
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bought, sold or leased. These rights are recorded in the SNA as non-produced intangible assets.
Because they reflect ownership and control rather than actual water use, they are excluded
from GDP and other production measures and fall outside the SNA production boundary.

Around 1,750 GL of surface-water allocations are traded each year, about 15-20% of water used
for drinking and material purposes. About 90% of trading occurs in the states of New South
Wales and Victoria due to the maturity of Murray-Darling Basin markets. Prices respond to
rainfall, storage levels, agricultural demand, institutional settings and broader climate
conditions.

The monetary values in Australia’s NEA include only surface water supplied to the economy,
excluding groundwater. Values are calculated by applying ecosystem service prices, which are
derived from median system-level prices from the Bureau of Meteorology and aggregated to
state and national levels using volume-weighted averages, to physical water use from the
census of water utilities. The Australian total price is derived as a volume weighted median
across states and territories.

Freshwater provisioning was valued at AUD$864 million in 2022-23, down from

AUD$1.85 billion in 2015-16 (Figure 4). The 52% decline in the value of surface water used as a
material between 2015-16 and 2022-23 reflects improved water availability under wetter
climatic conditions. Dry conditions in 2015-16 reduced water storages and increased the value
of water, while sustained La Nifia rainfall in 2022-23 replenished catchments and lifted dam
storages to record levels, easing supply pressures and reducing the cost of water.
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Figure 4: Value of surface water used as a material, Australia
Source: Australian Bureau of Statistics (2026b)

5. Conclusions

Early work on developing SEEA EA based monetary accounts reveals that, at times, there is a
disconnect between the theory underpinning the valuation guidelines in the SEEA EA guidance
material and practice. The framework offers flexibility by listing several approaches without
prescribing specific techniques for different ecosystem services, allowing users to select
approaches best suited to their context and objectives. This has contributed to variation in how

LG 2026 - From guidance to practice Page 18



valuation techniques are applied, resulting in monetary estimates that are highly variable, are
not always directly comparable, limiting coherence, and at times, reflect differing
interpretations of ecosystem service value. The concern is that some techniques estimate
downstream benefits that are conceptually distinct from the ecosystem service flows that are
the focus of SEEA EA and so may not be fully consistent with the conceptual boundaries and
objectives of ecosystem accounting. Therefore, careful consideration is required to determine
precisely what is being measured and the extent of the ecosystem’s contribution to the resulting
flow-on benefits.

Statisticians around the world are grappling with these aspects, drawing on the experience of
the national accounts and a large literature on environmental economics. In doing so
practitioners are guided by the need for valuation techniques to be compatible with the national
accounts framework as well as ensuring that the values are based on robust statistical
measurement and conceptual underpinnings (Brown et al. 2021).

Three observations stand out:

e Not all valuation techniques are conceptually equivalent, nor do they produce an exchange
value of ecosystem services. Their application across different accounting boundaries
means they often measure different types of values.

e The choice of valuation technique and their application in the production boundary or the
extended production boundary implies weak or strong substitutability, which in the former
can contribute to a decline in natural capital. That is, the valuation techniques are not
neutral in their application.

e |tisimportant to establish not merely a physical link between the ecosystem and
beneficiaries, there is also the need to establish a monetary link, which forms the
foundation of the monetary supply use tables. Put another way, there needs to be a link
between the value of the ecosystem service and its underlying biophysical characteristics
(extent and condition). Not all prescribed valuation techniques in the SEEA EA (e.g. SCC)
establish this link.

As ecosystem accounts are implemented more tailored techniques are needed that better
reflect the exchange value of ecosystem services. This may require consensus on which
techniques are appropriate for each type of ecosystem services, which can usefully be informed
by the development of experimental ecosystem accounts worldwide. This would ensure that
results are more consistent, representative and clearly demonstrate that the values reflect the
ecosystem’s contribution to the economy and to society. Consequently, valuation of ecosystem
services may need a different approach to the SNA framework given that ecosystems are often
outside the SNA production boundary. The challenge will be to ensure these approaches remain
consistent with the broad principles underlying the concept of ‘exchange value’.
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