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Abstract

There is increasing recognition of the relevance of integrating environmental consider-

ations within standard macroeconomic measures including GDP and national wealth and,

by extension to measures of multifactor productivity (MFP). A range of approaches to

measuring environmentally adjusted MFP (EAMFP) have been developed over the past

decade which variously adjust the measure of output or recognize explicitly natural cap-

ital inputs. This article summarizes the main approaches to EAMFP and discusses their

merits from a national accounting principles perspective, identifying some concerns on po-

tential double counting of environmental contributions and effects. It then considers the

potential of ecosystem accounting as described in the System of Environmental-Economic

Accounting (SEEA) Ecosystem Accounting to offer an alternative framing for integrating

the environment into economy-wide MFP measures.

The ongoing realities of climate change
and the increasing pressure on biodiver-
sity are significant risks to global economic
and social systems. The number of reports
highlighting the economic significance of
these changing circumstances are numer-
ous. To pick just one, in their 2020 re-
port Nature Risks Rising (WEF, 2020),

the World Economic Forum concluded that
around 50 per cent of the global economy
is moderately to highly dependent on na-
ture. This, and other reports, highlight
that ignoring the economy’s connection to
the environment or continuing to treat the
environment as able to provide an endless
supply of free environmental services is not

1 Carl Obst is the Director of the Institute for the Development of Environmental-Economic Accounting (IDEEA
Group) based in Melbourne, Australia. This article applies the conceptual framework for ecosystem account-
ing established in the United Nations System of Environmental-Economic Accounting (SEEA) Ecosystem
Accounting released in 2021. The author recognizes the significant and wide-ranging contributions from the
experts from numerous disciplines and countries involved in the ecosystem accounting discussions. Further,
the article builds on ongoing discussions led by the OECD on environmentally adjusted MFP measurement.
The author acknowledges the leadership of these experts in developing the ideas in this article and also thanks
two anonymous referees for useful comments. Email: carl.obst@ideeagroup.com
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just risky but poor economics. Develop-
ing an information set that supports more
comprehensive economic analysis must be
a core part of the collective response to our
environmental challenges.

Over the past 15 years, significant steps
have been taken in developing such an in-
formation set through the statistical stan-
dards embodied in the United Nations Sys-
tem of Environmental-Economic Account-
ing (SEEA). In 2012, the United Nations
Statistical Commission adopted the SEEA
Central Framework (UN et al.,2014) and
in 2021 they adopted the SEEA Ecosys-
tem Accounting (UN et al., 2021). To-
gether with a range of supporting mate-
rials, these statistical frameworks provide
the structure for the organization of a wide
range of environmental data that comple-
ments and extends the standard economic
data organized following the System of Na-
tional Accounts (SNA) (UN et al, 2010).

However, the development of struc-
tured environmental-economic information
frameworks and datasets does not of it-
self lead to better and more integrated eco-
nomic analysis. In the field of productiv-
ity analysis, most work remains focused on
standard labour and multifactor produc-
tivity measurement and resolving a range
of measurement challenges: some that are
long-standing such as concerning public
sector output and some emerging as the
economic system continues to evolve, such
as digitalization. A focus on incorporat-
ing environmental issues has not been cen-
tral. Indeed, in a 2019 review article of the
Oxford Handbook of Productivity Analysis
(Reinsdorf, 2019), the word “environment”
does not appear.

The explicit incorporation of environ-

mental considerations into industry and
economy wide productivity measures would
support a more complete understanding of
the factors that drive output and inputs
growth and hence support the development
of more integrated policy responses. Posi-
tively, there is an increasing number of ex-
amples of research on incorporating the en-
vironment into productivity analysis.

To further motivate this trend, Section 1
commences with a description of the main
entry points that have been investigated
in the development of environmentally ad-
justed multifactor productivity (EAMFP)
measures. Section 2 then summarizes the
key aspects of the SEEA framework that
support the organization of information for
the derivation of EAMFP. Section 3 dis-
cusses the challenges of connecting current
EAMFP approaches to standard growth
accounting theory and the national ac-
counting principles that support implemen-
tation of the theory. Section 4 offers an al-
ternative approach to economy wide MFP
measurement that takes advantage of the
extension to the SNA production bound-
ary described in the SEEA Ecosystem Ac-
counting. Section 5 demonstrates the al-
ternative ecosystem accounting based ap-
proach with a stylized example. Section 6
concludes highlighting some key areas for
future research.

Entry Points to Incorporating
the Environment in Economy-
Wide Productivity Analysis

A key driver in the development of mea-
sures of economy-wide MFP over the past
70 years has been the link between the
growth accounting approach to the mea-
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surement of MFP and the ongoing com-
pilation of the national accounts follow-
ing the SNA. In basic terms, the growth
accounting approach involves comparing
the growth of output measured in quan-
tity or volume terms to the growth of in-
puts, such as capital and labour, also mea-
sured in volume terms. To the extent that
the growth in output is greater than the
growth in combined inputs, then produc-
tivity growth, defined as MFP, is positive.

This approach relies on a number of as-
sumptions including that producers behave
efficiently (i.e. they minimize costs and/or
maximise revenues) and that markets are
competitive (see OECD, 2001 for more de-
tails). Under these assumptions, it is pos-
sible to construct an index of combined in-
puts using the factor income or cost shares
as weights. That is, the index of com-
bined inputs is calculated by weighting the
changes in quantity of each type of input
by the share of total costs for each input.

The link to national accounts emerges in
two ways. First, a standard data release
from national accounting systems are mea-
sures of volume indexes for output and in-
puts across different industries and prod-
ucts. Most commonly these volume indexes
are estimated by deflating nominal mea-
sures of gross output and input costs by
relevant price indexes. Subsequently, vol-
ume indexes of gross value added (GVA)
can be derived. Second, another standard
data release from national accounting sys-
tems are measures in nominal terms which
provide the basis for the estimation of cost
shares. Thus, the measures of gross output,
GVA, intermediate consumption, compen-
sation of employees, gross operating sur-
plus and capital stock that are provided on

an annual basis for most countries provides
a rich and coherent data set for analysis of
productivity.

Importantly, concerning measures in
nominal terms there is an underpinning ad-
ditive relationship between the inputs to
production and the outputs of production.
This allows the appropriate weighting of
the contributions from labour and capital
to GVA such that the residual, the unex-
plained growth in output that constitutes
MFP in the growth accounting approach,
to be meaningfully appraised.

Through input-output tables the na-
tional accounting system takes these ad-
ditive relationships further supporting co-
herent measurement of the links between
labour, capital and GVA and also sup-
porting the measurement of KLEMS-based
measures of MFP which do not use GVA as
the measure of output but rather explicitly
incorporate gross output and the various
intermediate inputs such as energy, mate-
rials and services (E, M, S) in addition to
inputs of capital (K) and labour (L).

In stylized terms we thus have the follow-
ing accounting relationships that underpin
the measurement of MFP. Note that, recall-
ing the discussion above, the relationships
described here (and in subsequent equa-
tions) must be measured using volume in-
dexes for each component with MFP re-
flecting the growth rate in output, either
value added or gross output, relative to the
growth rate of combined inputs on the right
hand side weighted using their cost shares.

GVA = K + L + MFP (1)
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Gross Output = K +L+E +M +S +MFP
(2)

These two equations are equivalent since
GVA is equal to gross output less interme-
diate consumption (i.e. E + M + S).

As summarized in the OECD Productiv-
ity Manual (OECD, 2001: 18):

“The economic theory of pro-
ductivity measurement goes
back to the work of Jan Tinber-
gen (1942) and independently,
to Robert Solow (1957). They
formulated productivity mea-
sures in a production function
context and linked them to the
analysis of economic growth.
The field has developed consid-
erably since, in particular fol-
lowing major contributions by
Dale Jorgenson, Zvi Griliches
and Erwin Diewert. Today,
the production theoretical ap-
proach to productivity measure-
ment offers a consistent and
well-founded approach that in-
tegrates the theory of the firm,
index number theory and na-
tional accounts.”

Unfortunately, most current practices of
productivity measurement omit the role of
natural resources and ecosystem services as
inputs into production and do not account
explicitly for the effects of environmental
pollution. By way of example, in measur-
ing the productivity of the agricultural in-
dustry, some countries recognize land as
an input but only in terms of its area;
factors such as its quality (e.g. in terms
of soil fertility) and the input of water
are not considered. The depletion of min-
eral and energy resources is similarly omit-

ted in assessing mining productivity (Syed,
Grafton, Kaliappa and Parham, 2015).

This is not to say that the relevance of
the environment in productivity analysis
has been completely overlooked. Over the
past 50 years there have been a range of ef-
forts to examine the connections. There are
four main entry points that have been used
to adjust the standard growth accounting
equations noted above.

Bad Outputs
The first entry point involves account-

ing for undesirable or bad outputs that
arise from production processes such as air
and water pollution often in the context of
joint production models (Shephard (1970)
and Färe et al. (1989)). This work has
been most extensively developed by the
OECD over the past 10 years. Brandt et
al. (2014) develop their environmentally
adjusted MFP (EAMFP) measure by de-
ducting from GVA the effects of three air
emissions sulphur oxides, nitrogen oxides
and carbon dioxide. Subsequent work by
Cardenas Rodriguez et al. (2018), Agar-
wala et al. (2022) and Cardenas Rodriguez
et al. (2023) have progressively expanded
the range of air emissions and the level of
industry detail at which calculations are
undertaken. In all of these cases the mea-
sure of an environmental bad is deducted
from GVA in the MFP equation. Thus, in
simple terms

GVA−Environmental bads = K+L+MFP
(3)

Natural Capital Inputs
The second entry point concerns recog-
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nition of natural capital inputs. This en-
try point recognizes that conceptually the
K in the MFP equation reflects the contri-
bution of both produced and natural capi-
tal. For many years a number of countries
have included land as an input to the capi-
tal contribution in agriculture but, in terms
of standard practice, this has not been ex-
tended to other industries where natural
capital is a fundamental input.

Positively, work by Brandt et al. (2013)
and Topp and Kulys (2014) explain well
the relevance and potential of adjusting
standard productivity measures for natu-
ral resource inputs. Brandt et al. focus on
the user costs of depleting mineral and en-
ergy resources in assessing productivity of
the mining industry. Topp and Kulys con-
sider also rainfall as an input to agricul-
ture and noted the shift in Australia from
using rain-fed dams to underpin water sup-
ply towards increasing use of produced cap-
ital such as via desalination and water recy-
cling. Hamilton et al. (2018) build on the
work of Brandt et al. (2013) in the con-
text of the wider work of the World Bank
in measuring national wealth.

The most recent additions to this suite of
natural capital input adjustments are in-
cluded in the latest version of the OECD
EAMFP model (Cardenas Rodriguez et al.,
2023) which includes natural capital inputs
covering land resources, non-renewable
mineral and energy resources, biological re-
sources (timber and fish), three ecosystem
services (watershed protection, non-wood
forest products and coastal flooding protec-
tion) and three renewable energy resource
inputs (hydro, wind and solar).

The resulting simple growth accounting

equation is reflected as

GVA = KP + KN + L + MFP (4)

where KP refers to produced capital and
KN refers to natural capital.

In this framing, the effect of including
KN is to more appropriately recognize the
role of natural capital recognizing that the
non-labour share is the same in both equa-
tions (1) and (4). In accounting terms this
represents the partitioning of gross operat-
ing surplus into a return to produced cap-
ital and a return to natural capital. MFP
will be affected to the extent that the vol-
ume growth rate of natural capital is differ-
ent from the growth rate of produced cap-
ital.

Since the natural capital inputs are
treated as non-produced (e.g. arising from
the discovery of a mineral deposit) there
is no associated change in GVA. However,
changes in the stock of natural capital may
have effects on the cost of natural capital
but the growth in KN , and hence MFP, is
driven primarily by rates of extraction and
use of natural capital rather than overall
changes in the size of the physical stock.

Environmental Expenditures

A third entry point to adjusting the
growth accounting equation has been in-
vestigated in Agarwala et al. (2022).
They propose a positive adjustment to
GVA by treating environmental expendi-
tures as additional output as a proxy for
the improvements in environmental out-
comes that arise from undertaking this ex-
penditure. Put differently, without recog-
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nizing an increase in gross output, expendi-
ture on the environment will reduce MFP
growth, all else being equal. The effect of
raising the measure of gross output leads to
the productivity equation shown in equa-
tion (5).

GVA + Environmental expenditures =

K + L + MFP (5)

Combinations of these three entry points
are also possible and indeed the full OECD
EAMFP model combines entry points 1
and 2 as reflected in equation (6) using the
stylized notation applied here.

GVA − Environmental bads =

KP + KN + L + MFP (6)

Conditional Measures of MFP

A fourth entry point is formulated in
Schreyer (2021). That article returns to
equations (1) and (2) and, recognizing that
the underlying relationships in growth ac-
counting are linked to production theory,
describes a cost function that is conditional
on ecosystem services. In this case there
is no necessary accounting or additive re-
lationship between the ecosystem services
and the standard combined inputs but an
alternative measure of MFP, conditional on
changes in the flows of ecosystem services,
is still derived. This entry point is not con-
sidered further in this article since it has
no direct link to the extended accounting
approaches that are the focus here, but is

recognized to highlight the range of differ-
ent approaches that might be developed.

Environmental Adjusted MFP for
Agriculture

Separately from the work on economy-
wide measures of MFP, experts in measur-
ing the agriculture industry have well es-
tablished measures of productivity. The
approaches range from farm-level analysis
to national and international level stud-
ies and encompass econometric and non-
parametric approaches to MFP measure-
ment in addition to growth accounting. In
2015, the OECD commenced a program of
work on improved measures of agricultural
MFP and papers by Hoang (2015) and Ku-
osmanen (2015) summarized the state of
play.

Generally, the focus of environmentally-
adjusted agriculture MFP measures has
been to consider adjustment of standard
MFP measures for specific environmental
factors including land, the impacts of ni-
trogen (N) and phosphorous (P), residuals
and by-products from agricultural activi-
ties, including GHG emissions, and the im-
pacts of changes in weather patterns, for
example due to climate change. This work
has generally reflected the use of the first
two entry points described above, i.e., ad-
justing for bad outputs and adjusting for
natural resource inputs, primarily land.

This article does not attempt a wider
review of these methods except to note
that there is a close conceptual link be-
tween the approaches used by agricultural
experts in, for example, the United States
(Ball et al., 2014), Canada (Cahill & Rich,
2012) and Australia (Zhao et al., 2012)
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and the economy-wide growth accounting
described above. And there is associated
work to consider environmental-adjusted
measures of agricultural productivity that
reflect the types of adjustments just de-
scribed as recently summarized by OECD
(2022). Given these links, and building on
the ideas of Obst and Eigenraam (2017)
concerning environmentally adjusted MFP
measures for agriculture, the discussion in
this article should be broadly amenable to
consideration by those industry experts.

Expanding the Information Set
to Support EAMFP

The need to better integrate measures
of the environment within the national
accounts framework was increasingly rec-
ognized through the 1970s and 1980s (
Bartelmus, 1987; Ahmad et al., 1989).
Consistent with a request from the first
United Nations Conference on Environ-
ment and Development held in Rio de
Janeiro in 1992 (United Nations, 1992),
the United Nations Statistical Division led
the drafting of the first international docu-
ment on environmental-economic account-
ing (United Nations, 1993). This docu-
ment, Handbook on National Accounting:
Integrated Environmental and Economic
Accounting, became known as the System
of Environmental-Economic Accounting or
SEEA.

Over the past 30 years there has been a
progressive broadening of focus in SEEA
related work. Through the 1980s and
early 1990s, the primary focus was on
extensions and adjustments to gross do-
mestic product (GDP), for example mea-
sures of depletion and degradation adjusted

GDP, and recording environmental expen-
ditures. Through the 1990s this focus
broadened to consider how accounting ap-
proaches can be used to organize physical
information on environmental stocks and
flows such as water, energy and waste. Also
through the 1990s, and in parallel with sim-
ilar developments in the SNA, the SEEA
delved deeper into accounting for individ-
ual natural resources including mineral and
energy resources, timber, fish and land.
This combination of topics was embodied
in the first international statistical stan-
dard for environmental-economic account-
ing adopted in 2012, the SEEA Central
Framework (UN et al., 2014).

The more recent and conceptually most
progressive development concerns ecosys-
tem accounting as a complement to
accounting for individual environmental
stocks and flows in the SEEA Central
Framework. Work on the SEEA Ecosys-
tem Accounting (UN et al., 2021) com-
menced in 2011 and took advantage of de-
velopments in the measurement of ecosys-
tem services, such as presented in the re-
port of the United Nations Millennium
Ecosystem Assessment (MA, 2005), the
original The Economics of Ecosystems and
Biodiversity (TEEB) study (TEEB, 2010)
commissioned by the German Environ-
ment Minister and the EU Environment
Commissioner, and the National Ecosys-
tem Assessment of the United Kingdom
(UK NEA, 2011). In 2021, the SEEA
Ecosystem Accounting framework (Figure
1) was adopted by the United Nations and
notwithstanding its short life, it is now rec-
ognized across the private and public sec-
tors as the leading framework for linking
the economy and the environment for the
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Figure 1: General Ecosystem Accounting Model (SEEA EA Figure 2.1)

Source: UN et al., 2021

purposes of economic and financial analy-
sis. 2

Both the SEEA Central Framework
and SEEA Ecosystem Accounting are con-
nected to the SNA through their applica-
tion and adaptation of national account-
ing principles and treatments. Indeed, the
logic driving the development of the SEEA
is (i) that the SNA’s accounting for the en-
vironment is insufficient; and (ii) that high-
lighting the significance of the environment
may be best achieved by mainstreaming en-
vironmental information via the standard
framework for economic measurement. In
the context of productivity analysis, since
it is the data from the SNA that under-
pins the standard measures of MFP, it is
equally the concepts in the SEEA that can
provide a fundamental building block to-
wards environmentally- adjusted measures

of MFP.
Ecosystem accounting is focused on ac-

counting for ecosystem assets – their extent
(or size), their condition (or health) and the
ecosystem services they supply. The full
ecosystem accounting model is described at
length in Chapter 2 of SEEA Ecosystem
Accounting and readers are referred to that
document for a detailed description.3

Five key features of the ecosystem ac-
counting model are noted:

• The delineation of spatial ar-
eas. Within a broader ecosystem account-
ing area (e.g. a country, state, water
catchment), each ecosystem asset (e.g. a
grassland, forest, coastal dune, coral reef,
cropland) is delineated as a distinct spa-
tial area. For the purposes of integrating
ecosystem information about ecosystem as-
sets with standard economic accounts and

2 For additional context on the development of the SEEA Ecosystem Accounting, see Edens et al. (2022).

3 The references section of the SEEA Ecosystem Accounting provides an extensive listing of the literature on
which the various aspects of the ecosystem accounting model have been based. This includes research in
relation to ecosystem condition, ecosystem services, ecological economics, geospatial statistics and national
accounting.
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productivity measures, it is most useful to
consider each ecosystem asset as a type of
economic unit, analogous to a single busi-
ness or household. In effect, ecosystem ac-
counting extends the set of units consid-
ered in an accounting framework beyond
the standard economic units.

• Measuring the condition of
ecosystem assets. Each ecosystem as-
set has numerous characteristics (such as
climate, soil, vegetation, species diversity,
etc.) and performs various ecosystem pro-
cesses. The integrity and functioning of the
asset is measured by its condition. It is the
decline in overall condition, in biophysical
terms, that underpins the measurement of
ecosystem degradation.

• Measuring the flow of ecosystem
services. Each ecosystem asset supplies
a basket of ecosystem services that are
consumed by different economic units in-
cluding businesses, households and govern-
ments. These flows between ecosystems
and economic units can be recorded in sup-
ply and use tables analogously to flows of
goods and services between industries. The
coverage of ecosystem services includes pro-
visioning services (e.g. food, fibre, water),
regulating and maintenance services (e.g.
air filtration, pollination, water flow regu-
lation, global climate regulation) and cul-
tural services (e.g. recreation).

• Relating ecosystem services to
standard measures of economic activ-
ity. The supply of all ecosystem services
is outside the production boundary of the
SNA as they are considered to arise from

natural processes (SNA 2008, 6.24). At the
same time, many ecosystem services con-
tribute to the production of goods and ser-
vices that are included in the SNA produc-
tion boundary, for example the contribu-
tion of water to rice production. To under-
stand the impact on measures of GDP, it
is necessary to recall that GDP is a mea-
sure of value added – i.e. gross output less
intermediate inputs. Thus, where ecosys-
tem services contribute to existing mea-
sures of gross output (e.g. to the pro-
duction of crops), the net effect on GDP
and MFP of recording both the supply and
use of ecosystem services is zero, since the
ecosystem services are considered both as
additional outputs (of the ecosystem as-
set) and additional inputs (of the farmer).4

Where ecosystem services are not an input
to the production of goods and services in-
cluded in the SNA production boundary,
the additional output that is attributable
to ecosystem assets will increase measures
of both economy-wide gross output and
value added.

• The use of exchange values. The
ecosystem accounting model reflects rela-
tionships between stocks and flows that ex-
ist without regard for the unit of measure-
ment. Thus, in concept, the accounting re-
lationships can be reported in both physi-
cal and monetary units. Measurement in
monetary terms requires the use of var-
ious valuation techniques since prices for
ecosystem services and assets are not di-
rectly observed in markets as for standard
economic products. To support connection

4 Note that it is by recognizing ecosystem services as both outputs (of ecosystem assets) and inputs (to farming
units) that double counting is avoided. The treatment is exactly analogous to the treatment of outputs and
inputs through the supply chains recorded in standard input-output tables.
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to the data in the national accounts, mea-
sures in monetary terms are recorded at
their exchange value by estimating (using
non-market valuation methods) the prices
at which a willing buyer and willing seller
would complete a transaction in a single
ecosystem service.

These five key elements of ecosystem ac-
counting provide the conceptual basis for
extending the current approaches to mea-
suring MFP.

Evaluating EAMFP Measures in Re-
lation to Accounting Data

Starting from the OECD’s EAMFP
model as expressed in equation (6), there
are direct connections that can be made
to the SEEA framework as summarized
above. Purely from the perspective of pro-
viding data inputs to the calculation of
EAMFP, the following SEEA accounts will
support the compilation of robust data that
are consistent with standard national ac-
counting treatments and with other com-
ponents of the EAMFP calculation, namely
GVA, produced capital and labour.

• SEEA Central Framework Air emis-
sions accounts
• SEEA Central Framework Land ac-
counts
• SEEA Central Framework Natural re-
source accounts for mineral and energy re-
sources, timber resources, fish resources
• SEEA Central Framework Energy ac-
counts for renewable energy resources
• SEEA Ecosystem Accounting Ecosystem

services supply and use tables.
While the SEEA framework can supply

the data ingredients, there are two sig-
nificant concerns relating to the underly-
ing relationship between the components
within equation (6). Recall from section 2
that a key feature of the application of the
growth accounting approach to the mea-
surement of MFP has been application of
the additive relationships between the out-
put and input variables that are inherent
in the national accounts system, including
the input-output tables. The concerns, one
relating to the treatment of ecosystem ser-
vices in the measurement of natural capi-
tal inputs and one related to environmen-
tal bads, arise because the underlying addi-
tive accounting relationships are not main-
tained in the EAMFP equation.5

Before discussing these concerns, note
that, the additive accounting relationship
can be maintained provided that the calcu-
lation includes only those natural capital
inputs which contribute directly to GVA
and gross output as defined in equations
(1) and (2), for example, inputs of miner-
als, timber and fish. In the context of the
OECD EAMFP model, this direct link is
evident for all inputs from non-renewable
fossil fuel and mineral resources (reflected
in output of the mining industry), for in-
puts of renewable energy resources (re-
flected in output of the electricity indus-
try), for inputs from cropland and pasture-
land, from timber resources and from ma-
rine capture fisheries (all reflected in out-
puts of the agriculture, forestry and fish-

5 Note that the discussion here does not encompass an evaluation of the fourth entry point noted in the first
section of the article from Schreyer (2021).
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eries industries). All of these natural capi-
tal resources are referred to in the SEEA
Central Framework as individual natural
resources.

The accounting relationship involving
natural capital and other inputs has been
well developed in the capital accounting lit-
erature and is evident in the work cited
above, for example, Brandt et al. (2013)
and Hamilton (2018). It reflects a much
wider literature on this topic in the con-
text of wealth accounting 6 The applica-
tion of this theory to national accounting
and the SEEA has been embodied in work
by Schreyer and Obst (2015) and research
conducted separately by Fenichel and Ab-
bot (2014) who applied the underlying Jor-
genson capital accounting framework to the
valuation of natural capital, in essence find-
ing that an analogy between accounting for
natural and produced capital can be estab-
lished.7

Evaluating the Inclusion of Ecosys-
tem Services

The first concern about additivity in
the EAMFP equation relates to the way
in which ecosystem services have been in-
cluded. Cardenas Rodriguez et al. (2023)
explain that they have included three
ecosystem services – non-wood forest prod-
ucts and watershed protection from forests
and coastal flooding protection from man-

groves – and note that they would ide-
ally have included many other ecosystem
services including recreation, habitat and
species protection and cultural and exis-
tence values but data and valuation limi-
tations prevented their inclusion.

It is certainly the case that ecosystem
services can be incorporated into the mea-
surement of natural capital following the
wealth accounting theory just referenced.
Indeed, Eigenraam and Obst (2018) ex-
plain the analogous conception of ecosys-
tem services and capital services from pro-
duced capital. However, incorporation of
ecosystem services within a wider model
must consider (a) overlap with other mea-
sures of natural capital; and (b) links to the
production boundary of the SNA.

With respect to point (a), the SEEA
makes clear that accounting for ecosystem
assets and accounting for individual nat-
ural resources are complementary areas of
measurement, not additive. Thus, for ex-
ample, the value of a forest will encompass
its supply of a range of ecosystem services
including the supply of wood. There is thus
a potential overlap that needs to be man-
aged, i.e. values of individual natural re-
sources (e.g. timber resources) and ecosys-
tem assets (e.g. forests) cannot be simply
added together. The current selection of
ecosystem services in the OECD EAMFP
appears to avoid this overlap but this issue
will need to be recognized in future work.

6 See, for example, Hamilton and Clemens (1998), Dasgupta and Maler (2000); Arrow et al. (2012), Hamilton
(2015) and Diewert and Fox (2015).

7 Strictly, ecosystem accounting does not include inputs from non-renewable resources or inputs from renewable
energy sources since these inputs are considered abiotic flows rather than ecosystem services. However, in a
wider accounting context and for the purposes of productivity analysis, abiotic flows and ecosystem services
can be aggregated within the same accounting framework and in the following discussion the two inputs are
accounted for analogously.
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A related issue is where ecosystem services
are intermediate (for example pollination
as an input to crop provisioning or nurs-
ery services as an input to fish provision-
ing) since here simple aggregation of all ser-
vices will miss the inherent ecosystem sup-
ply chain (input-output type) interactions
and hence overstate the overall ecosystem
contribution.

With respect to point (b), the OECD
EAMFP approach implicitly assumes that
the ecosystem services are contributions to
the production of goods and services that
are within the SNA production boundary.
This is appropriate in the context of non-
wood forest products (e.g. mushrooms,
berries, maple syrup, cork, bush meat), but
cannot be assumed in the case of water-
shed protection or coastal flooding protec-
tion. That is to say that these two ecosys-
tem services contribute to benefits received
by people and society that are beyond the
scope of the goods and services measured
within GDP. To the extent that this occurs,
then the natural capital inputs in equation
(6) will not be matched by a corresponding
output and, all else equal, EAMFP will be
understated.

Evaluating the Deduction of Environ-
mental Bads

The second concern relates to the deduc-
tion of environmental bads. No doubt there
is an economic argument to support the
case that measured output should be ad-
justed to take into consideration the neg-
ative externalities arising from production.
However, in accounting terms it is not a
simple matter of deducting bad outputs
from good outputs and indeed, the SNA is

quite explicit about not accounting for ex-
ternalities and GDP not being interpreted
as a measure of welfare.

The accounting challenge arises because
the additive accounting relationships de-
pend on recording transactions between
economic units. In a national accounting
sense this requires that there is both a sup-
ply and a use for each transaction. In the
case of pollution, while the flow of pollu-
tants no doubt comes from an economic
unit, there is no corresponding receiver.
In effect the question of the environmental
bad is being considered from the perspec-
tive of one unit only and national account-
ing requires a more comprehensive framing.

A particular concern in simply deducting
environmental bads from output is that it
may double count the effects. Consider the
case where air pollution by one company
leads to increased costs to nearby build-
ing owners either through higher mainte-
nance costs or lower rentals incomes. In
the economy-wide accounts these increased
costs to the building owner will be reflected
in measures of GVA – i.e. GVA will be
lower all else being equal. Additional de-
duction of bad outputs from the GVA of
the polluter would overstate some of the ef-
fect of the pollution. The extent to which
there is a double counting of the negative
effects of the air pollution (or any other en-
vironmental bad) will be dependent on a
wide range of contextual factors. Indeed,
to the extent that the pollution has no ef-
fect on other economic units, then the ques-
tion must be raised as to why the release
of the pollutant should be considered as a
negative.

The approach of Brandt et al. (2013)
addresses this issue to some degree by ap-
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plying a private valuation of the “bads” by
weighting them with the measure of “good”
output using marginal abatement costs as
seen by the producer. Inherent in this ap-
proach is the assumption that increasing
good output necessarily involves increasing
bad output. This in turn has the effect of
constraining the concerns described above
to the polluter. At the same time however,
the approach then does not reveal the wider
implications of bad outputs on the wider
economy.

The key point here is that care is needed
in using an approach that deducts bad out-
puts and, in doing so, considering the ac-
counting relationships between inputs and
outputs can be an important tool in de-
veloping and interpreting alternative ap-
proaches.

Note that this concern is not limited
to the current OECD EAMFP model, but
is relevant in considering all approaches
where GVA is adjusted by an environmen-
tal bad as part of an extended growth ac-
counting approach.

An Alternative Approach to Ex-
tending MFP Measures

A common feature of the environmentally-
adjusted measures described in Section 2 is
that all adjust GVA and hence the measure
of output in the MFP equation is equal to
value added rather gross output. This is
significant since without a full articulation
of inputs and outputs across all industries,
the connection to the environment is only
seen in terms of either (a) a natural capi-
tal input; or (b) a negative impact on the
environment. Consequently, and as intro-
duced in Section 3, connections between

industries (e.g. the effects of pollution on
other activities) or between natural inputs
and produced inputs (e.g. the trade-offs
between fertilizer and soil fertility) cannot
be examined in the richness that the under-
lying economic theory would prefer. This
section describes an approach that em-
bodies this richness and incorporates the
additive accounting relationships that are
considered essential in applying growth ac-
counting approaches. The approach builds
on initial thinking proposed by Obst and
Eigenraam (2017) in the context of agri-
cultural productivity.

At the heart of the alternative approach
is the combination of the KLEMS approach
to MFP reflected in equation (2) and the
ecosystem accounting framework depicted
in Figure 1. Recalling that the measure-
ment of MFP will require calculation of vol-
ume indexes for combined outputs and in-
puts weighted by their nominal output and
cost shares, equation (7) presents the core
Ecosystem MFP model

Gross Output (SNA)+Output (Ecosystem services) =

KP + KE + KNR + L + E + M + S+

Input (Ecosystem services) + MFP (7)

where KP refers to produced capital,
KE refers to ecosystem assets (encompass-
ing renewable resources such as timber and
fish), KNR refers to non-renewable natural
resources and L, E, M and S are as per the
standard KLEMS model.

In short, the Ecosystem MFP model ex-
tends the production boundary of the SNA
and allows explicit recognition of all ecosys-

INTERNATIONAL PRODUCTIVITY MONITOR 99



tem service contributions (via KE) and
records all flows of ecosystem services be-
tween ecosystems and economic units aris-
ing as a result of these ecosystem service
contributions (via the inclusion of outputs
and inputs of ecosystem services). While
this may appear to “over-record” the flows
associated with ecosystem assets, the ex-
ample below demonstrates the relevance of
this all-encompassing approach.

In relation to the two concerns raised
above, this approach will ensure (i) that
there is no double counting of components
of natural capital since ecosystems assets
(encompassing renewable natural resources
such as timber and fish) and non-renewable
natural resources are clearly distinguished;
(ii) that there is a balanced reflection of
ecosystem service contributions in relation
to both inputs and outputs; and (iii) sup-
ports accounting for the economy-wide ef-
fects of environmental pollution via either
reduced flows of ecosystem services (as a re-
sult of the degradation of ecosystem assets)
or through changes in measures of gross
output or intermediate consumption (i.e.
E, M and S).

The approach also has the benefit of pro-
viding a framing of connections to environ-
mental stocks and flows that is exhaustive
subject to data availability. That is to say
that conceptually the set of ecosystem as-
sets will cover an entire geographic terri-
tory in an analogous manner to a business
register providing a complete coverage of
economic units. Note that the set of eco-
nomic units that constitutes an economy is

defined by those units that are resident in a
country and the associated geographic ter-
ritory is consistent conceptually with that
used to establish the set of ecosystem as-
sets.8

Although the accounting basis for the
ecosystem MFP model can be described
clearly, it must be recalled that the growth
accounting approach relies more fundamen-
tally on production theory such that the
difference between the growth in output
and the growth in input can be legitimately
interpreted as a measure of productivity.
Of particular note is the relevance of as-
sumptions concerning producer behaviour
in terms of minimising costs or maximizing
revenues. An important concern therefore
is how the inclusion of ecosystem assets and
ecosystem services may be linked to this
production theory and associated assump-
tions.

While this issue definitively requires fur-
ther research, two points are noted. First,
a not unrelated issue arises in considering
the inclusion of non-market production, for
example of health and education services,
in measures of economy-wide productiv-
ity. The discussion of relevant assumptions
for this type of non-market activity may
be more developed in part because there
are definable economic agents involved but
challenges remain.

Second, a possible way forward with re-
spect to ecosystems is to consider that each
ecosystem asset has an associated steward
(analogous to the executive board of a com-
pany) that acts on behalf of the ecosystem

8 Accepting that in practice small differences may emerge, for example concerning territorial enclaves and em-
bassies.
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Table 1: Standard Supply and Use Table for Apple
Farmer (currency units, e.g. dollars)

Apple
farmer

Other
industries

Household
final
consumption

Total

Supply table
Apples 800 800
Apple products 2000 2000
Fertilizer 200 200
Fuel 150 150
Total output (1) 800 2350 3350

Use table
Apples 800 800
Apple products 2000 2000
Fertilizer 200 200
Fuel 150 150
Total input (2) 350 800 2000 3350

Gross
value added
(3=1-2)

450 1550 na 2000

Labour input:
Wages and
salaries (4)

150 600 750

Gross
operating
surplus
(5=3-4)

300 950 1250

Source: Author’s compilation

in making exchanges of ecosystem services
with economic units. This framing might
be considered implicit in the methods used
in environmental economics to identify the
willingness of economic units to pay for
ecosystem services, and inherent in the de-
sign of environmental markets and related
payments for ecosystem services schemes.
To the author’s knowledge these potential
connections between ecosystems and pro-
duction theory have not been developed.

Demonstrating the Ecosystem
MFP Model

To demonstrate the links between
ecosystem accounting and the Ecosystem
MFP measure, the following stylized exam-
ple is presented starting from the changes
that would be reflected in the standard

supply and use table entries for an ap-
ple farmer who utilizes pollination services.
To provide a starting point for the exam-
ple, Table 1 shows the entries in the stan-
dard supply and use table. No pollination
services are recorded and there is simply
crop outputs (in this case apples), and pur-
chased intermediate inputs of fertilizer and
fuel.

Incorporating “Direct” Ecosystem
Services into MFP Calculations

The incorporation of ecosystem services
into MFP calculations should be considered
in a number of stages where different types
of ecosystem services are progressively in-
cluded. The most straightforward inclusion
concerns ecosystem services where there is
the direct use of an ecosystem by an eco-

INTERNATIONAL PRODUCTIVITY MONITOR 101



Table 2: Extended Supply and Use Table for Apple Farmer for Direct
Ecosystem Services (currency units, e.g. dollars)

Apple
farmer

Other
industries

Ecosystem
asset: Forest

Household
final
consumption

Total

Supply table
Apples 800 800
Apple products 2000 2000
Fertilizer 200 200
Fuel 150 150
Ecosystem services: Pollination 200 200
Total output (1) 800 2350 200 3350

Use table
Apples 800 800
Apple products 2000 2000
Fertilizer 200 200
Fuel 150 150
Ecosystem services: Pollination 200 200
Total input (2) 550 800 0 2000 3350

Gross value
added
(3=1-2)

250 1550 200 na 2000

Labour input:
Wages and salaries (4) 150 600 0 750

Gross operating
surplus (5=3-4) 100 950 200 1250

Source: Author’s compilation

nomic unit. Using agriculture as a start-
ing point, examples of ecosystem use in-
clude the abstraction of water for irriga-
tion, the pollination of crops by wild pol-
linators, grass eaten by livestock and the
absorption of soil nutrients in crop growth.
For each of these types of ecosystem service
there is an associated flow that reflects the
flow of capital services that can be included
in Ecosystem MFP formula.

In the example, in Table 2, the supply
and use table is extended to record the im-
puted value of output of pollination ser-
vices supplied by the neighbouring forest
ecosystem and the use of those ecosystem
services by the apple farmer. The result
is that the value added that was previously
attributed solely to the apple farmer is now
partitioned across two producing units –
the apple farmer and the forest ecosystem

asset.
From an MFP perspective, we see that

additional inputs (i.e. the pollination ser-
vices) have been explicitly recorded in the
production function of the apple farmer
and can now be incorporated into the cal-
culations.

In this example, the use of pollination
services is recorded in a manner analogous
to the leasing of machinery from a rental
company. An alternative, but entirely con-
sistent, recording might be considered if the
ecosystem asset supplying the services was
considered to be under the control of the
apple farmer. This is implicitly the as-
sumption in the OECD’s EAMFP. In this
case the flow of ecosystem services would
not be recorded as a part of intermediate
inputs but rather as a flow of capital ser-
vices which would, in effect, be shown in a
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Table 3: Extended Supply and Use Table for Apple Farmer for Direct and Indirect Ecosystem
Services (currency units, e.g. dollars)

Apple
farmer

Other
industries

Ecosystem
asset: Forest

Household
final
consumption

Government
final
consumption

Total

Supply table
Apples 800 800
Apple products 2000 2000
Fertilizer 200 200
Fuel 150 150
Ecosystem services:
Pollination 200 200

Ecosystem services:
Global climate regulation 250 250

Total output (1) 800 2350 450 3600

Use table
Apples 800 800
Apple products 2000 2000
Fertilizer 200 200
Fuel 150 150
Ecosystem services:
Pollination 200 200

Ecosystem services: Global
climate regulation 250 250

Total input (2) 550 800 0 2000 250 3600

Gross value added
(3=1-2) 250 1550 450 na 2250

Labour input: Wages and salaries (4) 150 600 0 750

Gross operating surplus
(5=3-4) 100 950 450 1500

Source: Author’s compilation

partitioning of the apple farmer’s gross op-
erating surplus, together with the capital
services of any machinery and equipment
for example.

The benefit of partitioning the ecosys-
tem asset as a producing unit is that it fa-
cilitates both understanding inputs to the
apple farmer but also the recording of other
ecosystem services that may be supplied
by the partitioned ecosystem asset, for in-
stance global climate regulation services by
the forest (Table 3). Allowing for multiple
services and multiple beneficiaries in the
measurement of MFP is core benefit of us-
ing the Ecosystem MFP approach.

Incorporating Broader Benefits Aris-
ing from Agricultural Land

As just introduced, a third stage of po-
tential extension is recognizing that there
will be a range of positive externalities that
could be considered in understanding the
full production function and relevant trade-
offs. Thus, the incorporation of ecosystem
services can be extended to include, for ex-
ample:

• The global climate regulation services
(via carbon sequestration and retention) of
ecosystems which provide benefits globally,
• The role that ecosystems play in the reg-
ulation of water flows within a water catch-
ment and
• The cultural benefits obtained from the
good management of landscapes.

Table 3 incorporates just one additional
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ecosystem service, global climate regula-
tion services, thus adding rows to the sup-
ply and use tables and recording supply
by forest ecosystems and use by general
government (following the convention for
recording the use of these services in the
SEEA Ecosystem Accounting). Note that
total gross output and total value added
of the system as a whole are increased
through this addition since the production
and. consumption of global climate regu-
lation services concerns output that is out-
side the SNA production boundary.

From an MFP perspective, this exten-
sion has no effect on aggregate MFP since
both outputs and inputs are increased
equally. However, this extension does allow
a richer understanding of the role of natural
capital to be reflected, in this case for for-
est ecosystems. For this extension and the
previous extension concerning pollination
services, the incorporation into measures
of MFP will require estimation of volume
indexes showing the growth in ecosystem
services together with estimates in nom-
inal terms (as presented in Tables 2 and
3) to provide weights for the derivation of
combined output and combined input mea-
sures.

Incorporating the Effects of Environ-
mental “Bads”

A fourth stage in the incorporation of
ecosystem services is facilitating analysis
of the effects of environmental “bads” as
undertaken in a number of approaches to
EAMFP. Notwithstanding the accounting
concerns raised in the previous section, it
is noted that one motivation for the deduc-
tion of bads from output is that the nega-

tive effect is attributed directly to the pol-
luter – in effect it is a polluter pays fram-
ing of the analysis. From an accounting
perspective however, the effects of negative
external events are not treated in this way,
unless of course the pollution affects the
polluter. Put differently, accounts record
the first round, direct implications of ex-
ternal effects on stocks and flows across
all economic units and, in the context of
ecosystem accounting, all ecosystem assets.
What is not undertaken is any attribu-
tion of blame for those changes in stocks
and flows, i.e. accounting does not di-
rectly provide a polluter pays perspective.
When considered from the perspective of
economy-wide measures of MFP, it is likely
that in most cases of air and water pollu-
tion there will be the scope for all of the ef-
fects in terms of increased costs or reduced
revenues to be captured, even when not at-
tributed to a causing unit.

This capacity of an economy wide MFP
measure to capture a full range of nega-
tive external effects is reinforced through
the extension to record ecosystem services
since many of the effects of pollution will
relate to loss in environmental quality and
the subsequent loss of ecosystem services
contributions. For example, pollution of
water bodies may lead to water supply
companies spending more on water treat-
ment to support the water purification
services received from ecosystems. Thus,
from the perspective of economic units af-
fected by environmental bads, the Ecosys-
tem MFP will provide a direct and more en-
compassing measure of the changes in their
productivity as a result of pollution. At
the same time, since a measure of industry
productivity based on a polluter pays fram-
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ing may be relevant in some contexts, ad-
ditional analysis and reorganization of data
will be required that is beyond the Ecosys-
tem MFP framing.

Research Challenges and Future
Directions

Overall, the incorporation of ecosystem
services into the derivation of MFP should
support a more extensive analysis of econ-
omy wide productivity. In particular, it is
highlighted that there is the potential to
reflect, in the measures of MFP, the results
of investments in ecosystem management
and restoration – for example via nature-
based solutions - as part of the productivity
equation both in the context of measuring
industry outputs and in the broader ben-
efits that positive ecosystem management
can provide.

There are two key challenges in incorpo-
rating ecosystem services. First, there is
challenge of understanding and measuring
the relationship between the physical flows
of ecosystem services and the associated
outputs. Commonly, there are no simple
linear relationships involved with the sup-
ply of ecosystem services. The flows will
be dependent on a range of factors includ-
ing the relative condition of the ecosystem
asset (and neighbouring assets), and the
extent to which produced inputs are used,
for example the application of fertilizer and
pesticides or the supply of infrastructure to
support recreation in national parks. How-
ever, while the precise articulation of the
link between ecosystem services and out-
put may be difficult to measure, this chal-
lenge also arises for produced capital (al-
though perhaps to a lesser extent) whereby

assumptions about the link between assets
and capital service flows are made following
generalized models (OECD, 2001).

The second challenge lies in estimating
the cost share relevant for these inputs.
Where ecosystem services flow directly into
the production of outputs that are included
in standard measures of industry value
added, in concept the value of the ecosys-
tem service inputs should be incorporated
implicitly in estimates of gross operating
surplus, i.e. the total non-labour share is
unchanged. In these cases it is a matter
of partitioning the gross operating surplus
between the return to produced capital and
the return to ecosystem assets. This is akin
to the measurement of resource rent as ap-
plied in standard natural resource account-
ing and also to the valuation of ecosystem
services via production function methods
(Freeman et al., 2014). However, for other
ecosystem services a range of non-market
valuation techniques will likely need to be
applied as introduced in the SEEA Ecosys-
tem Accounting (Chapter 9).

Beyond these ecosystem measurement
challenges, a much more detailed math-
ematical representation of the Ecosystem
MFP model is needed building on the logic
presented in equation (7). In particular,
it will be necessary to take the ecosystem
accounting concepts and blend them with
the standard capital and growth account-
ing theory and related index number ap-
proaches. An important aspect in this work
will be understanding the alignment be-
tween ecosystem accounting and the pro-
duction and consumption theory that un-
derpins growth accounting. It is likely that
research in this area will have related ben-
efits in the ongoing research to develop
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valuation techniques for ecosystem services
that are required for national accounting
uses. Steps in this direction are evident in
the work of Fenichel et al. (forthcoming)
but more research and discussion is needed.

Also, research is needed on the appro-
priate accounting for actions taken by eco-
nomic units to restore or enhance ecosys-
tems. These actions will involve incur-
ring labour, capital and intermediate in-
put costs. But at present there is no addi-
tional output recorded in the national ac-
counts and the connections to changes in
the future flows of ecosystem services have
not been well developed. A potential ap-
proach is to consider these costs as invest-
ments and, following standard national ac-
counts practice, this would lead to increases
in produced capital albeit that these invest-
ments are embodied in ecosystem assets.
Appropriately disentangling the produced
and natural capital elements and account-
ing appropriately for renewable assets is an
important area for investigation.

In relation to implementation there are
many areas of potential work. The im-
plementation of ecosystem accounting is
progressing and there are a wide range of
landscape, national and regional projects
underway but a single database contain-
ing the relevant inputs for calculation of
the Ecosystem MFP measure has not been
established. Experience to date suggests
that progress on ecosystem accounting will
generally involve bringing together a wide
range of existing data. There would ap-
pear to be great potential to examine data
that currently underpins the variety of
environmental-economic models that have
been developed that incorporate informa-
tion on physical and ecological flows in con-

junction with economic data. Integrating
these data within an accounting framework
will be an important step.

The most challenging area of measure-
ment is likely to be the valuation of ecosys-
tem services such that relevant cost shares
within the accounting framework can be
determined. Given that ecosystem services
are not exchanged on markets, it will be im-
portant to advance the testing and imple-
mentation of appropriate non-market val-
uation techniques. One option that has
emerged in the research for this article is
the use of Malmquist indexes and distance
functions which have been considered in
EAMFP measurement but not, to the au-
thors knowledge, applied in the context of
valuing ecosystem services.

Overall, while these are challenging re-
search tasks, the broadening of the MFP
framework to incorporate environmental
adjustments using ecosystem accounting
provides an excellent platform for under-
taking an integrated research program that
can utilize findings from many different ar-
eas of work.
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