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A B S T R A C T

The System of National Accounts (SNA) and the System of Environmental Economic Accounting Ecosystem 
Accounting (SEEA EA) frameworks have advanced efforts to integrate environmental information into economic 
measurement. Yet both remain limited by the principle that all measures must be expressed in monetary ex
change (market) value terms, thereby overlooking other forms of values (e.g. ecological, socio-cultural, welfare). 
To address this gap, we operationalise the Complementary Accounting Network (CAN) framework as a parallel 
system that combines economic, ecological, and socio-cultural indicators over a common timescale. We illustrate 
the CAN using marine natural capital data at national (Italy) and regional (Sardinia) scales, including the marine 
habitat of Posidonia oceanica meadows. The illustration highlights CAN’s strengths in accommodating non- 
monetary values and complementing SEEA EA, while also identifying limitations related to data availability 
and indicator harmonisation. Overall, CAN promises a more inclusive approach to capturing nature–economy 
interactions.

1. Introduction

In their historical evolution, national accounts have always reflected 
a degree of pragmatism, and scholars have argued that this implies that 
what is included or excluded from the accounts remains open to debate 
(Lepenies, 2016). Recent developments have sought to extend the Sys
tem of National Accounts (SNA) to encompass natural capital, most 
notably through the System of Environmental-Economic Accounting 
Ecosystem Accounting (SEEA EA, United Nations et al., 2024). The SEEA 
EA provides a comprehensive set of ecosystem accounts, which are 
divided into stock and flow accounts. While stock accounts record 
ecosystem assets’ extent (quantity) and condition (quality) and track 
their changes over time, flow accounts measure the flow of ecosystem 
services (ES) in both physical and monetary terms. Finally, the monetary 
ecosystem asset account records the net present value of each ecosystem 
asset (United Nations et al., 2024).

While the SEEA EA represents a powerful tool for integrating nature 
into accounting systems, further improvements are still needed, partic
ularly in refining monetary valuation methods for ES (Fenichel et al., 
2024; Markandya et al., 2022; UNCEEA, 2024) and strengthening the 

links between SEEA accounts and policy or management processes 
(Vardon et al., 2025). Building on this reasoning, we argue that ongoing 
development of the SEEA EA should continue in the medium to long 
term to further refine methodologies, improve data availability, and 
ensure broader adoption across different national contexts. At the same 
time, we reflect on the limitations imposed by the requirements to just 
use exchange prices in reporting ecosystem assets and flow of services in 
monetary terms. This requirement practically excludes the full value of 
some ES, failing to capture ecological and welfare dimensions, as well as 
the holistic role played by biodiversity in sustaining these services. 
Given the increasing pressures on the natural environment and the 
commitments outlined in the Global Biodiversity Framework (CBD, 
1992; CBD, 2022) and the need for nations to move beyond GDP (Stiglitz 
et al., 2018; UN Statistics Division, 2026), we argue for the urgent 
development of a more comprehensive set of indicators to track eco
systems and biodiversity changes. Rather than pursuing only the inte
gration of environmental data into the SNA, we operationalise a more 
pragmatic approach, i.e., the establishment of protocols such as a 
Complementary Accounting Network (CAN) (Turner et al., 2019), 
designed to operate alongside the economic accounts and on 
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comparable timescales.
Fig. 1 illustrates the complementary roles of the CAN framework for 

the SEEA EA. The CAN needs to be populated by a broad set of infor
mation, building on SNA and SEEA EA accounts (extent, condition, ES in 
physical and monetary terms, and monetary stock accounts). While the 
monetary SEEA EA accounts are fully aligned with the SNA (as they both 
adopt the exchange value), the CAN offers a pragmatic way forward, 
avoiding adjustments to core SNA measures of production, consump
tion, income, and asset values. To accomplish this, the CAN includes a 
more comprehensive set of indicators, based on welfare, ecological, and 
socio-cultural dimensions (e.g., bequest, altruistic or existence value, 
mental well-being, landscape/scenic, sense of community), thereby 
capturing and plural values that are still missing from the SNA/SEEA EA 
but considered essential by the IPBES (Diaz et al., 2015). All measures 
should be consistent in spatial and temporal scale, ideally with time 
series for each selected indicator.

While Turner et al. (2019) introduced the CAN framework concep
tually, our paper presents its first empirical application at both national 
and regional scales. We provide an illustration of the CAN framework 
applied to a marine ecosystem (including Posidonia oceanica meadows) 
in Italy and Sardinia and widen our understanding of using comple
mentary reporting system to United Nations Sustainable Development 
frameworks.

Our illustration includes SNA-compliant indicators, such as GDP, 
monetary SEEA ecosystem accounts alongside cultural and ecological 
indicators. We also include methods for valuing multiple ecosystem 
services, including recreation, tourism, fisheries provisioning, and car
bon sequestration. Finally, we demonstrate how CAN can complement 
existing SEEA Ecosystem Accounts by offering practical guidance for 
integrating monetary (e.g. welfare value) and non-monetary indicators 
(e.g. ecological and socio-cultural), which are currently not fully 
accounted for in existing SEEA EA. In doing so, we show how CAN offers 
the prospect of an operational indicator dashboard tool for policy- 
relevant decision making.

A number of established frameworks propose indicators and dash
boards to measure the three pillars of sustainability (economy, society 
and environment), each grounded in different conceptual background. 
For example, target-based framework such as the United Nations’ Sus
tainable Development Goals (UN DESA, 2016; UN DESA, 2025), struc
tured around 17 goals, 169 targets and a large set of indicators (e.g. Goal 
14 Life Below Water tracks marine pollution and protected areas), and 
the Planetary Boundaries framework (Rockström et al., 2009; PBS, 

2025), focused on nine ecosystem processes (e.g. ocean acidification), 
define environmental targets or limits to be pursued. Another important 
framework is the Environmental Sustainability Gap (ESGAP), a strong- 
sustainability based framework to measure the distance between the 
actual status of natural resources and its scientific reference standard 
(Usubiaga-Liaño and Ekins, 2021). However, these are largely non- 
monetary and rely on predefined goals, targets, and indicators.

From an accounting perspective, the System of Environmental- 
Economic Accounting Central Framework (SEEA CF, UN et al., 2014) 
and the System of Environmental-Economic Accounting Ecosystem Ac
counting (SEEA EA, UN et al., 2024) extend the System of National 
Accounts by integrating natural capital into national accounts. They 
provide stock and flow reported in both physical and monetary terms, 
but their monetary valuation is restricted to exchange values. In the 
marine domain, Ocean Accounts (Barzuna et al., 2025) builds on SEEA 
EA principles, proposing ecological, social, and economic indicators for 
ocean systems; however, it inherits the same constraint of limiting 
monetary valuation to exchange values.

The CAN framework offers a more explicit and comprehensive con
ceptual structure for valuation and indicator selection. Unlike previous 
frameworks, it clearly distinguishes between multiple value 
domains—exchange, welfare, ecological, and socio-cultural—and pro
vides transparency on which type of value is being estimated. The CAN is 
positioned as an umbrella framework designed for usability: it does not 
prescribe the use of one value concept but instead allows policymakers 
to select the proxy-value indicators according to their context, priorities 
and ethics. In other words, the CAN framework can be understood as an 
overarching “container” that integrates and organises insights from 
existing sustainability frameworks into a coherent structure for assess
ment and decision-making.

Frameworks such as the SDGs, the Planetary Boundaries, and the 
ESGAP can feed into CAN by providing science-driven indicators, while 
accounting-based systems like the SEEA CF, the SEEA EA, and Ocean 
Accounts contribute structured physical and monetary data. Rather than 
replacing these approaches, CAN acts as a unifying/networking archi
tecture that absorbs their respective indicators and outputs, aligns them 
within a transparent valuation logic (exchange, welfare, ecological, and 
socio-cultural), and translates them into an integrated dashboard. This 
allows diverse evidence streams to be combined consistently, while 
leaving room for policymakers to determine priorities and weights, ul
timately enhancing both interpretability and policy relevance.

Fig. 1. Complementary Accounting Network setting.
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2. The Complementary Accounting network (CAN)

The CAN is fundamentally a network framework, conceptualised as a 
set of interconnected accounting components (nodes) that link eco
nomic, ecological, and socio-cultural dimensions, as illustrated in Fig. 2. 
It should consist of a network of relevant nodes, each encompassing a set 
of indicators and metrics, but all consistently measured over a same 
temporal and spatial period/area. The green node, representing 
ecosystem health, forms the foundation for all other nodes, as the status 
of an ecosystem underpins its capacity to provide a sustainable flow of 
ES (La Notte et al., 2022). Ecosystem health is described by measurable 
ecological indicators, such as biodiversity or resilience. Other nodes may 
contain standard SNA or SEEA EA accounts (based on the exchange 
value concept), shown in dark blue and dark orange, respectively. Here, 
we find standard economic indicators such as the gross or net domestic 
product (GDP/NDP), gross value added (GVA), savings, and the mone
tary SEEA ecosystem accounts. Additional nodes may include welfare 
indicators (pink), such as ES monetary indicators based on willingness to 
pay (WTP) estimates, and ecological indicators (blue) such as SEEA 
extent and condition accounts as well as socio-cultural indicators (yel
low) that are not fully captured by the recreation costs data in the SEEA 
EA cultural ecosystem services (Shellock et al., 2025). We use the blue 
flag status award information as an example of a cultural indicator. 
While the SEEA EA provides a comprehensive list of cultural ecosystem 
services to be evaluated, the exchange value only prevents the incor
poration of related non-use and welfare values. These are particularly 
important for non-marketed services such as regulating services or open- 
access recreation (Fenichel et al., 2020), for which welfare-based values 
can be substantial (e.g., Christie et al., 2015; Fezzi et al., 2023).

The interconnections between nodes, indicated by the dashed circle 
that unifies all the nodes, highlights: (i) the diverse information required 
to compile a comprehensive CAN, (ii) the complementarity of different 
valuation frameworks, and (iii) the CAN’s ability to systematise re
lationships among them. Such relationships are sometimes more direct, 
as in the case of ecological indicators directly informing the SEEA EA 
extent and condition accounts (represented by the dashed arrow). 
Finally, all accounts, indicators, and metrics within each node should be 
standardised in terms of temporal coverage. Stock metrics, such as 
extent and condition accounts, should report both opening and closing 
values, while flow-related measures should be reported annually as time 
series data.

The CAN aims to set up the dashboard and network, which are the 
operational and visual tools, respectively, used to present the indicators 
corresponding to the different components. Such a structure could serve 
to organise indicators in a systematic and policy-relevant manner. The 
establishment of robust baselines for the monitoring of environmental 
change and its consequences can also encourage greater stakeholder 
engagement in contexts where competing interests often emerge 
(Admiraal et al., 2013; Turner 2016).

3. A preliminary approach to CAN

We use Italy and Sardinia as national and regional case studies, 
providing a simplified arrangement of CAN indicators using a four-cell 
matrix, shown in Fig. 3. We present a categorisation of the indicator 
groups in Fig. 1, in terms of the different dimensions of nature’s plural 
values. Each dimension (matrix cell) encapsulates different types of 
value and related valuation methodologies.

In the first cell (upper left), we report an SNA-compliant indicator: 
the GDP over time. In the second cell (upper right), we present monetary 
SEEA Ecosystem Accounts, showing ecosystem contributions to the 
economy. In our example, we focus on Posidonia oceanica, an endemic 
seagrass of the Mediterranean Sea, which provides key ecosystem ser
vices and is crucial for marine biodiversity conservation (Addamo et al., 
2025; Bartolini et al., 2024; Leduc et al., 2023). However, increasing 
anthropogenic pressures are causing its decline (Hinz et al., 2024), 

highlighting the importance of continuous monitoring and assessment to 
maintain the stability of Mediterranean ecosystems. Following Addamo 
et al. (2025), we consider four marine ES provided by P. Oceanica, 
namely fish provisioning, carbon sequestration, daily recreation and 
marine-based tourism, which were monetised and included as SEEA-EA 
initial ES measures. The third cell (bottom right) contains biophysical 
change indicators (non-monetary) capturing variations in both the 
extent and quality of a range of marine ecosystems. As an illustrative 
example, findings on P. oceanica shoot density (shoots/m2) derived by 
Bartolini et al. (2024) were employed as indicators. Meadow density 
serves as a measure of the condition and ecological health of this key 
habitat (Romero et al., 2007). The fourth cell (bottom left) contains 
cultural indicators (non-monetary). The number Blue Flag certification1

was used as it is an internationally recognised eco-label awarded to 
beaches and marinas that meet stringent environmental, educational, 
safety, and accessibility criteria.

4. Results

This section feeds each of the CAN matrix four cells (Fig. 3) with our 
empirical results. Results provide one indicator for each of the matrix 
cell, each reported for the same time period (2014–2020). Fig. 4 displays 
cell 1 (financial-monetary SNA INDICATORS) of the CAN matrix, 
showing GDP for Italy and Sardinia from 2014 to 2020. The trend over 
time highlights a similar pathway for both regional and national 
economies.

Moving to cell 2 (monetary EXTENDED SNA/SEEA-EA) of the CAN 
matrix, Fig. 5 shows a series of line graphs illustrating the economic 
value of selected ecosystem services (recreation, tourism, fisheries pro
visioning, and carbon sequestration). In the ES accounts, while the value 
of daily recreation remains relatively flat, fish provisioning and tourism 
recreation show a decline from 2014 to 2020, a trend seen in both Italy 
and Sardinia. This aligns with the decreasing condition trend of 
P. oceanica observed in the same period of time, which is linked with ES 
supplied.

Fig. 6 presents cell 3 (non-monetary – ECOLOGICAL INDICATORS) 
of the CAN matrix. It shows ecological data through two-line graphs, 
focusing on a key indicator of a good health status of the ecosystems for 
Italy and Sardinia: Posidonia oceanica density. We build on findings from 
Bartolini et al. (2024) who report a decline in Posidonia oceanica density, 
from around 150 shoots/m2 in 2014 to below 100 shoots/m2 in 2020 in 
Italy, and an even steeper drop in Sardinia, from approximately 240 
shoots/m2 to about 140 shoots/m2. This decline is ecologically signifi
cant, as Posidonia oceanica plays a vital role in stabilizing the seabed, 
sequestering carbon, and supporting biodiversity. The sharper drop in 
Sardinia may reflect stronger localised environmental pressures.

Lastly, cell 4 (non-monetary – SOCIO-CULTURAL INDICATORS) is 
showed in Fig. 7. It presents two-line graphs tracking the number of Blue 
Flag certifications from 2014 to 2020 in Italy and Sardinia. One of the 
key criteria for obtaining a Blue Flag is the active engagement of local 
communities and their efforts to manage coastal and marine environ
ments. Additionally, the Blue Flag program encourages respect for and 
learning about valuable cultural sites and local communities through 

1 Administered by the Foundation for Environmental Education (FEE), the 
program seeks to promote a balance between tourism development and the 
preservation of coastal and marine ecosystems, which are increasingly vulner
able to pollution, overexploitation, and climate change. By incentivizing local 
authorities and stakeholders to adopt best practices, the Blue Flag certification 
not only enhances environmental quality and resilience but also contributes to 
the economic and social sustainability of coastal communities through the 
promotion of eco-conscious tourism. Data available from the Italian Institute for 
Environmental Protection and Research at https://indicatoriambientali. 
isprambiente.it/it/turismo/bandiere-blu-spiagge-e-approdi-turistici [last ac
cess 18/09/2025].
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information displays and environmental-cultural education initiatives 
targeted at diverse user groups. Italy shows a consistent increase in Blue 
Flag certifications, rising from approximately 140 in 2014 to over 195 
by 2020. This upward trend indicates an expanding national commit
ment to maintaining high standards in coastal and marine 

environmental management, safety, water quality, and public environ
mental education. Sardinia also experiences growth, although on a 
smaller scale. The number of certifications increases from around 6 in 
2014 to 14 by 2020 The progression is not as linear as in the national 
trend, with plateaus observed around 2019 and 2020, suggesting 

Fig. 2. Complementary Accounting Network (CAN) and information nodes The network structure shows that certain indicators provide inputs to multiple infor
mation nodes, thereby creating interconnections between them (for example, ecological indicators supplying information for the extent and condition components of 
SEEA EA).

Fig. 3. CAN matrix.
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periods of consolidation or challenges in meeting criteria. Overall, the 
data suggests that national and regional efforts to improve coastal and 
marine environmental standards have been broadly successful.

Finally, Fig. 8 presents the output of CAN in the form of a dashboard 
designed to provide key decision-makers with essential information for 
further analysis and decision making. The dashboard serves to 

Fig. 4. CAN matrix – cell 1.

Fig. 5. CAN matrix – cell 2.

Fig. 6. CAN matrix – cell 3.
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communicate complex concepts in a clear and visually accessible 
format, thereby facilitating more informed decision-making processes. A 
key strength of the CAN lies in its inherent flexibility, as it can accom
modate indicators from diverse frameworks in order to align with 
varying policy demands. In the example presented, one indicator for 
each dimension of the matrix—namely, SNA, monetary, ecological, and 
cultural—is included; however, the CAN framework readily allows for 
the integration of additional indicators.

5. Concluding remarks

This paper shows that the Complementary Accounting Network 
(CAN) could represent a comprehensive framework for reporting the 
diverse values derived from the environment by moving toward a 
pluralistic approach while building on SEEA EA accounts. Beyond the 
SEEA EA, CAN also accounts for socio-cultural values, capturing the non- 
financial benefits people derive from natural capital.

When the CAN is implemented empirically, the network framework 
presented in Section 2 (Fig. 1) is operationalized as a matrix, in which 
each cell comprises a set of indicators (Fig. 3), with the resulting output 
presented in the form of a dashboard (Fig. 8).

The CAN framework further enhances its policy relevance by 
enabling the integration of diverse international frameworks, including 
the Global Biodiversity Framework (CBD, 2022), IPBES (Diaz et al., 
2015), and the SEEA CF (United Nations et al., 2024) and EA (United 
Nations et al., 2024). This capacity ensures that the dashboard can 
respond in a unified and coherent manner to a wide range of policy 
needs, thereby providing decision-makers with a versatile tool that 
aligns with multiple governance contexts. CAN provides the basis for 
systematically organizing and reporting data, thereby transforming 
different data into meaningful information.

In practice, compiling a comprehensive, meaningful, and reliable set 
of nodes to populate a CAN requires both biophysical and economic data 
consistent over time and space. However, the pilot application on ma
rine and coastal resources revealed that data availability remains a 
critical challenge, as integrating biophysical and economic dimensions 
is often constrained by gaps and inconsistencies. In particular, the 
framework depends on time series data with a consistent temporal 
coverage, yet such data are frequently incomplete or incompatible 
across sources.

As data availability improves, the CAN may be further expanded to 
incorporate additional dimensions, such as extended genuine savings 

Fig. 7. CAN matrix – cell 4.

Fig. 8. CAN dashboard – full matrix.
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proposed by Di Gennaro et al. (2025), which integrates environmental, 
social, and inequality aspects, or ecological indicators derived from the 
ES GAP framework (Usubiaga-Liaño & Ekins, 2024). The inclusion of 
such indicators would enhance both the analytical scope and policy 
relevance of the dashboard, while addressing existing gaps in the SNA 
and SEEA EA concerning the interconnections between natural capital, 
inequality, and well-being.

Another aspect of potential expansion relates to the biodiversity, 
which represent a key node in the CAN, as it underpins the resilience of 
ecosystem service delivery at larger scales health and ability to deliver 
services and preserve natural functioning (Folke et al., 2004; Oliver 
et al., 2015). At the same time, developing biodiversity indicators can be 
particularly challenging due to the extensive biophysical data required 
on species (Ferrier, 2011), and further research is needed to explore 
links between biodiversity and ecosystem services (King et al., 2021).

Expanding the CAN framework to integrate the above-mentioned 
dimensions would not only enrich its analytical capacity but also align 
it more closely with global priorities for inclusive and sustainable 
development.
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