
 
 

  

  

ECOSYSTEMS ACCOUNTING: 
EXISTING CLASSIFICATION 
SYSTEMS, CASE STUDIES, AND 
THE PORTUGUESE CONTEXT 
 

AUTHORED BY  

AFONSO COSTA 
JOÃO GOMES 

LUCA GAMBELLI 
 

In partnership with: 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nova Economics Club is the Economics club at Nova School of 
Business and Economics. Since 2012, its focus is to create a 
bridge between the theory learnt in classes with the work 
performed by economists daily. 
 
e-mail: novaeconomicsclub@novasbe.pt 
website: www.novaeconomicsclub.pt 
 
 
Title: Ecosystems Accounting: Existing Classification Systems, Case 
Studies and the Portuguese Context 
Authors: Afonso Costa, João Gomes, Luca Gambelli 
Partner: Nova SBE Environmental Economics Knowledge Center 
Advisor: Antonieta Cunha e Sá, Carina Silva, Margarida Ortigão 
Date: February 2022 
 
Cover photo by iStock 

Copyright © 2022 Nova Economics Club. All rights reserved 

 

 

 

 

 

 

 

 



Ecosystems Accounting: Existing Classification Systems, 

Case Studies and the Portuguese Context 

 

 

 

Afonso Costa 

Nova Economics Club 

Nova School of Business and Economics 

46809@novasbe.pt 

 

 [Insert author name] 

Nova Economics Club 

Nova School of Business and Economics 

[Insert author name] 

 

 

João Gomes 

Nova Economics Club 

Nova School of Business and Economics 

46877@novasbe.pt 

 

[Insert author name] 

Nova Economics Club 

Nova School of Business and Economics 

[Insert author name] 

 

 

Acknowledgements 

The elaboration of this report would not be possible without the guidance, commitment 

and advice from Professor Antonieta Cunha e Sá, Carina Silva and Margarida Ortigão, to 

whom we would like to express our gratitude and academic appreciation. 

 

Disclosure statement 

No potential conflict of interest was reported by the authors.  

 

 

 

Lucas Gambelli 

Nova Economics Club 

Nova School of Business and Economics 

50518@novasbe.pt 

 



1 
 

Ecosystems Accounting: Existing Classification Systems, 

Case Studies and the Portuguese Context 

Abstract  
Along History, humans have treated natural resources as being endless and free, which 

led to their degradation and overexploitation. Today we are suffering the consequences, 

with loss of biodiversity and increasing environmental challenges. With ecosystem 

accounting, we have now the opportunity to incorporate the value of biodiversity in 

policy and decision-making. This paper aims to provide to the national authorities 

responsible for it a brief overview of existing classification systems and frameworks of 

assessment for ecosystems accounting. This information will identify the most suitable 

frameworks to use in the Portuguese context, the most important steps and the 

limitations of the accounting process. In Portugal, we concluded that the CICES 

classification system seems to be the most adequate, since it presents the advantage of 

presenting alongside biotic and abiotic outputs, a hierarchical structure that split main 

sections into subsections permitting the analysis and classification of individual entities, 

and only three sections that exclude supporting services and avoid the problem of double 

counting. We also recommend that more funds are invested in environmental institutions 

to provide them the necessary instruments to assess in detailed information regarding 

the state of ecosystem services, as some of them only collect general information 

regarding this, presenting them in databases that are difficult to work with. In the last 

section, this report focuses on the state of marine ecosystems, motivated by their 

degradation and the weight they have in Portugal, presenting different case studies in 

which economic valuation of ecosystem services was essential to make informed 

decisions. 
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1. Introduction 

Throughout history, the environment has been under pressure and humans have treated 

natural resources and biodiversity as being endless and free, leading to their degradation 

and overexploitation. In the present, the world is faced with the price of not considering 

the value of biodiversity in decision-making, with increasingly declining rates of 

biodiversity and increasing environmental challenges. Although in the past we have been 

measuring our growth and development according to socio-economic indicators, 

ecosystems accounting allows us to change our path and incorporate biodiversity and 

ecosystems’ value in policy and decision-making (UN et al, 2021). Recently, the European 

Union has decided that EUROSTAT has also to include natural ecosystems accounting in 

national statistics, requiring every European Union country to develop and include this 

type of data in each national accounting system (Ysna, V. et al, 2021). At this moment, 

these goods and services are not included in the Gross Domestic Product (GDP) 

calculation, being necessary to adopt an integrated and comprehensive statistical 

framework for organizing data, measure the ecosystems services, track changes in 

ecosystems, and link this information to economic and other human activity. 

This report is part of a wider initiative that has the objective to aid national authorities 

with information about the available ecosystem services classification systems and to 

present a recommendation of the best classification to use to incorporate this data on 

national accounting systems. 

In order to ensure a better understanding of the topic, the report starts with an initial 

section encompassing the main definitions and concepts that are important to domain in 

ecosystems accounting, and examples of economic valuation methods, empathizing the 

importance and constraints of this process.  Then, it presents the framework and concept 

background of different ecosystem services classification systems that are available to be 

adopted by national authorities, while highlighting the respective advantages and 

disadvantages of the classification presented by each one of them. 

The next section presents the arguments for the choice of the best classification system 

to be adopted by Portuguese national authorities and other recommendation regarding 

the investment in the assessment and collection of environmental data. It follows by a list 

of Portuguese institutions and databases that currently collect and report data on this 

field. 

This report concludes with the presentation of existing frameworks and case studies on 

the marine and coastal ecosystems services, which are the ecosystems in a greater state 
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of deterioration (MA, 2005) and comprise a big share of biodiversity in Portugal, and how 

the economic valuation of ecosystem services helped to fundament management 

decisions. 

 

2. Concepts regarding Ecosystems Accounting 

In this section, the objective is to introduce the reader to basic concepts regarding 

ecosystems accounting. To do so, we analysed four different ecosystem classification 

systems: the classification systems resulting from the Millennium Ecosystem Assessment 

(MA), The Economics of Ecosystems and Biodiversity (TEEB) initiatives, the Common 

International Classification of Ecosystem Services (CICES) and the Intergovernmental 

Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES). This section also 

presents the importance of valuing ecosystem services, its constraints and the different 

valuation methods.  

 

2.1 Ecosystem Services (ES) 

Before understanding what an ES is, it is important to define what is an ecosystem. 

According to MA (2005), an ecosystem is a dynamic complex of plant, animal, and 

microorganism communities and the non-living environment interacting as a functional 

unit. 

The definition of ES is similar in the reports of MA, TEEB and CICES, presenting a more 

utilitarian perspective that defines ES as the contributions or benefits that people obtain 

from ecosystems (MA, 2005). On the other hand, the report from IPBES (2019) presents 

a more relational and fundamental perspective, defining ES as the equivalent to the 

concept of nature’s contribution to people (NCP), which are all the contributions, both 

negative and positive, of living nature to people’s quality of life.  

 

2.2 Natural Capital and Natural Capital Accounting 

The concept of natural capital has different interpretations depending on the context in 

which it is used. For example, in an integrated environmental-economic accounting 

system, natural capital would be the extension of the economic notion of capital to the 

natural environment. Most times, natural capital is used to refer to all types of 
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environmental assets, incorporating broad notions of a range of assets that supply a broad 

set of services, including ES (London Group, 2018). 

In the TEEB (2010) initiative, natural capital is defined as an economic metaphor for the 

limited stocks of physical and biological resources found on earth, and of the limited 

capacity of ecosystems to produce ES. Maintaining stocks of natural capital allow the 

sustained provision of future flows of ES, ensuring human well-being. 

 

2.3 Ecosystem Services Valuation 

Ecosystem goods and services are generally associated with market failures and from this 

it comes the importance of the valuation of ES. Most of these goods and services present 

characteristics of public goods that do not permit the assessment of their value on 

existing markets. Public goods are non-rival and non-excludable, meaning that the 

consumption of that good by a consumer does not affect the possibility of another 

consumer doing the same, and that it is impossible to prevent or exclude someone from 

consuming that good. There is no incentive to pay to maintain the good, being required 

collective action to produce the most beneficial quantity. Externalities are positive or 

negative effects of production and consumption, or other economic decisions on another 

person or people that are not specified as a benefit or liability in a contract. Regarding 

property rights on natural resources, when they are not clearly defined, they may be 

overused since there is no control and so open access to it, which can affect its availability 

in the future. Due to these market failures, it is difficult to observe the true value of ES in 

existing markets, and that is why we need to apply methods that can assess their value. 

ES valuation can be used to: i) understand the contribution that an ecosystem has to an 

area and the dependencies between the different ES arising from it, ii) determine whether 

a policy intervention is justified and any losses or gains in ES benefits, iii) assess the cost 

and benefits for different stakeholders from how an ecosystem is managed and iv) justify 

the need for financial resources to sustain, restore or enhance ES (Wentworth, J., 2011). 

 

2.3.1 Economic Valuation 

According to TEEB (2010), economic valuation refers to the process of estimating a value 

for a particular good or service in a certain context in monetary terms. The economic 

approach has three tiers: recognizing value, demonstrating value, and capturing value. 

Recognizing the value in ecosystems is a feature of all societies and communities and is 
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sometimes sufficient to ensure conservation and sustainable use. Secondly, 

demonstrating value in economic terms considers the full costs and benefits of the 

proposed use of an ecosystem, rather than just those costs or values considered in 

existing markets. Finally, capturing values introduces mechanisms that incorporate the 

values of ecosystems into decision-making through incentives and price signals, for 

example, payments for ecosystems services, reforming environmentally harmful 

subsidies, tax breaks for conservation, or creating new markets for sustainably produced 

goods and ES. This economic approach must be used when we are assessing the 

consequences of changes resulting from alternative management options, rather than for 

attempting to estimate the total value of ecosystems 

 

2.3.1.1 Revealed Preference Valuation 

Revealed preference valuation methods involve determining the value that consumers 

hold for an environmental good by observing their behaviour regarding related marketed 

goods. By using this method, it is possible to estimate the consumer surplus and thus the 

value of changes on environmental quality such as clean air and water (Brown, J., 2018). 

From several types of revealed preference methods, hedonic pricing, travel cost and 

averting behaviour are some of the examples of methods that can be applied (OECD, 

2006). The revealed preference methods are an alternative approach of economic 

valuation that can be applied when there is no market for the good or service being 

valued. 

 

2.3.1.2 Stated Preference Valuation 

Stated preference valuation uses individual respondents’ statements about their 

preferences to estimate the change in utility associated with a proposed increase (or 

decrease) in quality or quantity of an ES. Stated preferences are often collected through 

surveys in which respondents are presented with one or more hypothetical cases where 

a policy or a project leads to a specified environmental change of an initial situation. The 

answers are presented in the form of monetary amounts, ratings, or other indicators of 

preference. These values are often monetarily expressed as people’s willingness to pay 

(WTP). The method of stated preference valuation is well suited for inclusion in benefit-

cost analysis and decision-support for priority-setting, as well as an instrument design, 

such as assessing willingness-to-pay for user-financed public utilities, which may be co-
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produced by ecosystem functions (Barton, D. N. et al., 2017). As for the revealed 

preference methods, the stated preference valuation is one of the methods that can be 

applied as an alternative approach of economic valuation when there is no market to 

assess the value of the good or service that is being valued. 

 

2.3.2 Constraints and Challenges of ES Valuation 

One of the main constraints regarding ES valuation is related to intangible ES, that makes 

the assessment of their value more difficult. 

Regarding the stated preference valuation, it presents challenges related to: information 

problems, since respondents may be unwilling to accept trade-offs between ES and 

money; individual values, ethics and social choice since the WTP measures assume that 

respondents don’t hold rights to the status quo in terms of environmental quality and 

ignores the fact that respondents may hold norms and moral commitment to their 

environment that they are not willing to trade against prices in monetary exchange; 

rational choice assumptions and biases, since the sum of WTP of parts of ecosystems 

typically exceeds WTP for the system as a whole, stated preference surveys often 

overestimate WTP relative to what respondents would pay in revealed preference 

situations and respondents will not have pre-formed monetary preferences for ES 

(Barton, D. N. et al., 2017). 

Related to revelated preference methods, the main constraints by applying one of them 

is the inability to estimate non-use values - i.e., a value associated that does not concern 

our use, either direct or indirect, of the environment, its resources or services, and the 

dependence of estimated values on technical assumptions made on the relationship 

between the non-market good or service to be valued and the surrogate market good. 
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3. Ecosystem Services Classification Systems: Detailed Analysis, Strengths and 

Weaknesses 

In this section of the report, we analysed the framework of four different ecosystem 

classification systems: MA, TEEB, CICES, IPBES. After a detailed analysis of these four 

classification systems, the report identifies the strengths and weaknesses of each one of 

them. 

 

3.1 Millennium Ecosystem Assessment (MA) 

The MA was an initiative created in 2005 representing the first attempt to provide a clear 

classification system of ES. The objective of the MA is to assess the consequences of 

ecosystem changes for human well-being and to establish the scientific basis for actions 

needed to enhance the conservation and sustainable use of ecosystems and their 

contributions to human well-being. 

The MA is an instrument to identify priorities for action. It provides tools for planning, 

management and foresight concerning the consequences of decisions affecting 

ecosystems. It helps identify response options to achieve human development and 

sustainability goals and has helped build individual and institutional capacity to undertake 

integrated ecosystem assessments and to act on their findings. 

 

3.3.1 Ecosystem Approach 

The concept of an ecosystem provides a valuable framework for analysing and acting on 

the linkages between people and the environment, being the basis for the creation of the 

classification systems. The MA conceptual framework is entirely consistent with the 

‘ecosystem approach’ endorsed by the Convention on Biological Diversity.  

This approach is a strategy for the integrated management of land, water, and living 

resources that promotes conservation and sustainable use in an equitable way.  In order 

to implement the ecosystem approach, decision-makers need to understand the multiple 

effects on an ecosystem brought by any management or policy change.  

In order to analyse and assess, it is necessary to adopt ecosystem boundaries. A well-

defined ecosystem has strong interactions among its components and weak interactions 

across its boundaries. 
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The MA assessment is reported on marine, coastal, inland water, forest, dryland, island, 

mountain, polar, cultivated, and urban regions. These regions are not ecosystems 

themselves, but each contains several ecosystems. 

 

3.3.2 Link between Ecosystem Services and Human Well-Being 

The MA defines four categories of ES: provisioning services (for example, food, water, 

timber, and fibre), regulating services (for example, services that affect climate, floods, 

disease, wastes, and water quality), cultural services (for example, services that provide 

recreational, aesthetic, and spiritual benefits) and supporting services (for example, soil 

formation, photosynthesis, and nutrient cycling).  

This classification system examines the effects of changes in ES and in human well-being. 

Human well-being is assumed as the sum of characteristics such as basic material for a 

good life, health, good social relations, security and freedom of choice and action. 

The conceptual framework for the MA affirms that people are integral parts of 

ecosystems and that a dynamic interaction exists between them and other parts of 

ecosystems, with the changing human condition driving, both directly and indirectly, 

changes in ecosystems and thereby causing changes in human well-being. 

The MA also highlights that the actions taken by people and that influence ecosystems 

result not just from concern about human well-being but also from considerations about 

the intrinsic value of species and ecosystems, which is the value of something in and for 

itself, irrespective of its utility for someone else. 

 

 

 

 

 

 

 

 

Figure 1- Links between ecosystem services and human well-being described in MA classification system 

(Ruskule, A. et al, 2018) 
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3.3.2 Conceptual Framework of interactions between Biodiversity, Ecosystem 

Services, Human Well-Being, and Drivers of Change 

The conceptual framework assumes that people make decisions concerning ecosystems 

based on considerations about well-being as well as intrinsic value. 

Changes in drivers that indirectly affect biodiversity (globalization, governance, 

consumption choices, etc.) can lead to changes in drivers directly affecting biodiversity 

(fertilizer use, changes in local land use and cover, etc.). These changes will affect 

ecosystems and their services, which will finally affect human well-being. 

All these interactions can happen on more than one scale and across scales (local, regional 

and global), as well as both in the short-term and long term. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2- MA conceptual framework of interactions between biodiversity, ecosystem services, human well-

being, and drivers of change (MA, 2005) 
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3.2 The Economics of Ecosystems & Biodiversity (TEEB) 

The TEEB (2010) initiative aims to show how economic concepts and tools can help equip 

society with the means to incorporate the values of nature into decision-making at all 

levels. It aims to provide a bridge between the multi-disciplinary science of biodiversity 

and the arena of international and national policy as well as local government and 

business practices, acting as a catalyst to help the development of a new economy that 

fully reflects the values of natural capital and ES. 

 

3.2.1 Classification of Ecosystem Services 

The TEEB classification system is similar to the one presented by the MA, identifying four 

categories of ES: ‘provisioning’, ‘regulating’, ‘cultural services’ and ‘habitat or supporting 

services’. 

 

3.2.2 Tiered Approach 

TEEB sees valuation as a tool to help recalibrate the faulty economic compass that has 

led us to decisions prejudicial to both current well-being and that of future generations. 

The invisibility of biodiversity values has often encouraged inefficient use or even 

destruction of the natural capital. According to TEEB (2010), because every decision 

context is different there’s no single valuation process that can be prescribed for every 

situation. This approach can be adapted to fit individual needs and circumstances using 

three steps as a guideline (steps 2 and 3 will not be appropriated in all contexts). 

Step 1: For each decision IDENTIFY and ASSESS the full range of ecosystem services 

affected and the implications for different groups in society. Consider and take steps to 

involve the full range of stakeholders influencing and/or benefiting from the affected 

ecosystem services and biodiversity.  

Step 2: ESTIMATE and DEMONSTRATE the value of ecosystem services, using 

appropriate methods. Analyse the linkages over scale and time that affect when and 

where the costs and benefits of particular users of biodiversity and ecosystems are 

realized (e.g., local to global, current use versus future resilience, ‘upstream to 

downstream’, urban to rural), to help frame the distributive impacts of decisions.  
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Step 3: CAPTURE the value of ecosystem services and seek SOLUTIONS to overcome 

their undervaluation, using economically informed policy instruments. Tools may include 

changes in subsidies and fiscal incentives, charging for access and use, payments for 

ecosystem services, targeting biodiversity in poverty reduction and climate 

adaptation/mitigation strategies, creation and strengthening of property rights and 

liability, voluntary eco-labelling and certification. The choice of tools will depend on 

context and must take into account the costs of implementation.  

 

3.3 Common International Classification of Ecosystem Services (CICES) 

The CICES (Haines-Young, R. et al., 2018) was developed to help measure, account, and 

assess ES. It has been widely used in ES research for designing indicators, mapping and 

for valuation. 

Besides the classification of ecosystems services, CICES was also designed to be a 

reference classification that allows translation between different ecosystem services 

classification systems, such as the MA and TEEB. 

 

3.3.1 Conceptual Background 

The conceptual framework in which CICES is set is the cascade model, based on the one 

presented in TEEB. CICES seeks to classify final ecosystem services, which are 

contributions that ecosystems make to human well-being. The ecosystem services are 

final when the outputs provided by ecosystems directly affect the well-being of people. 

 

 

 

 

 

 

 

 

 

 
Figure 3- Cascade Model (Haines-Young, R. et al, 2018) 
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One of the characteristics of final services is that they retain a connection to the 

underlying ecosystem functions, processes and structures that generate them. In this 

model, the concept of ´function´ is used to emphasize the characteristic of the living 

system that come together to make something a service. 

In the cascade, services generate goods and benefits which are essentially regarded as 

the same kind of thing in the cascade model. These goods and benefits are one-step 

removed from the ecosystem, they are what has value for people and can also be 

classified as more tangible or less tangible (Haines-Young, R. et al, 2018). 

 

3.3.2 Abiotic and Biotic Ecosystem Outputs 

CICES’s main focus when defining final ecosystem services are services based on living 

systems (biotic). Although it does not mean that abiotic outputs are not important, but 

rather to highlight the fundamental contribution that biodiversity makes to human well-

being. 

Although ecosystem services arise fundamentally from living structures and processes, 

the problem with excluding abiotic ecosystem outputs from CICES is mainly a practical 

one, since the distinction between abiotic and biotic outputs is arbitrary for non-experts 

(Haines-Young, R. et al, 2018). 

 

3.3.3 Classification Structure 

As observed in Figure 4, CICES distinguishes between ecosystem capital and abiotic 

resources, which helps to identify and classify different types of natural capital, important 

to develop a system of natural capital accounting. 

 

 

 

 

 

 

Figure 4- Components of Natural Capital (Haines-Young, R. et al, 2018) 
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The classification structure of CICES (Haines-Young, R. et al, 2018) has been designed 

around the idea of hierarchy, so that people from different fields and thematic could easily 

work with this classification system. 

At the highest level of the structure, CICES present three categories (Sections). Below 

these ´Sections´, we find ´Divisions´, ´Groups´, ‘Classes´ and ‘Class type’, with each level 

being progressively more detailed and specific. Following common usage, CICES 

recognises the main categories output to be provisioning, regulating and maintenance, 

and cultural services. However, it does not cover the ‘supporting services’ defined by the 

MA and adopted in TEEB. These supporting services are treated as part of the underlying 

structures, processes and functions that characterise ecosystems. Since they are only 

indirectly consumed or used, and may simultaneously facilitate many ‘final outputs’, it is 

considered that they are best dealt with in environmental accounts and mapping in other 

ways. 

1) Provisioning: This section covers all nutritional, non-nutritional material and energetic 

outputs from living systems as well as abiotic outputs (including water). 

2) Regulation and Maintenance: All the ways in which living organisms can mediate or 

moderate the ambient environment that affects human health, safety or comfort, 

together with abiotic equivalents. 

3) Cultural: All the non-material, and normally non-rival and non-consumptive, outputs of 

ecosystems (biotic and abiotic) that affect the physical and mental states of people. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5- Hierarchical Structure of CICES  (Ruskule, A. et al, 2018) 
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3.3.4 Aggregation of CICES classes 

The ability to aggregate at the Class, or indeed the Group and Division levels, has the 

objective of shaping the information for reporting purposes, making it easier for 

interpretation and analysis of the information and data. 

 

3.4 Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem 

Services (IPBES) 

The IPBES Global Assessment (GA) is the first independent comprehensive global 

assessment of biodiversity, ecosystems and their contributions to people following an 

intergovernmental process from start to end. Framed around major international 

agreements such as the post-2020 biodiversity framework of the UN Convention on 

Biological Diversity and the Paris Agreement on Climate Change and the UN 2030 

Agenda for Sustainable Development – the global assessment aims to be far-reaching and 

to inform decision-makers and end-users at all scales and sectors. 

 

3.4.1 Classification of Ecosystem Services 

IPBES provides a typology of values related to nature and quality of life, intended to guide 

the assessment of values according to the IPBES classification system. This typology 

presents values that arise from very different worldviews and is organized in three broad 

categories: ‘intrinsic value of nature’, ‘nature’s benefits to people’ and ‘good quality of 

life’. 

The intrinsic value of nature includes individual organisms, biophysical assemblages, 

biophysical processes and biodiversity. Nature’s benefits to people include the 

biosphere’s ability to enable human endeavours, nature’s ability to supply benefits, and 

nature’s gifts, goods and services. The good quality of life includes security and 

livelihoods, sustainability and resilience, diversity and options, living well and in harmony 

with nature, health and well-being, education and knowledge, identity and autonomy, 

good social relations, art and cultural heritage, spirituality and religions, and governance 

and justice. 
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3.4.2 Conceptual Framework 

IPBES's global assessment is based on the IPBES conceptual framework (CF), which is 

intended to facilitate interdisciplinary collaboration and science-policy dialogues. The CF 

includes six primary interlinked elements that operate at various scales in time and space: 

nature; nature's contributions to people (NCP); anthropogenic assets; institutions and 

governance systems; direct drivers of change; and good quality of life. It considers that 

formal and informal institutions mediate human-nature interactions, facilitating or 

hindering the co-production of NCP and the distribution of benefits to different social 

groups (the scientific community, governments, international organizations, civil society 

at different levels, with Indigenous Peoples and Local Communities sometimes being part 

of each of these groups). 

Particularly relevant features of the CF are: 

- Institutions and governance: In a shift of focus concerning most previous initiatives, the 

CF highlights the central role of institutions (in the broadest sense) as key indirect drivers 

of change and more generally as fundamental mediators of the perceptions and values 

about nature and NCP as well as the relationships between humans and all other forms 

of life on Earth. 

-Explicit consideration of different knowledge systems: The different knowledge 

systems from which each of the major elements can be approached are graphically 

distinguished using different fonts and colours for the boxes representing the main 

elements in Figure 6. The headlines in larger black bold font indicate the broad, highly 

inclusive categories nature, NCP, good quality of life (GQL), indirect drivers, direct drivers 

and anthropogenic assets. The green and blue fonts indicate the more specific categories 

used by different disciplines and knowledge systems to refer to them. In green are some 

examples of common natural and economic sciences categories, and in blue, some from 

indigenous knowledge systems. It is important to stress that these are simply illustrations 

of the many categories that could be used, and that between the green and blue 

categories there is a wide gradient of perspectives rather than a sharp distinction. 

Therefore, the clear-cut distinction between the blue and green ‘circuits’ in the diagram 

is nothing more than a mean to highlight the importance of incorporating diverse 

perspectives into the CF. 
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-Co-production of nature’s contributions to people: highlights the role of human 

societies as co-producers of NCP through anthropogenic assets (e.g., labour, knowledge, 

financial and built assets). This is a change in emphasis with respect to some conservation 

approaches that tended to see humans almost exclusively as external drivers negatively 

impacting nature. From a cultural perspective, the co-production of NCP also provides 

shared meaning in the society of the way interactions with nature contribute towards a 

good quality of life. 

-Plurality of values and interests: The explicit recognition that there are no uniform needs 

(beyond those involved in physical survival), aspirations, perceptions, or preferences 

towards nature and NCP across the whole humankind, but rather a highly uneven, 

complex, constantly evolving mosaic of views, interests, and stakes across and within 

societies. 

 

 

 

 

 

Figure 6- Conceptual framework of IPBES  (IPBES, 2019) 
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IPBES identifies 18 such categories for reporting NCP within the generalizing perspective, 

organized in three partially overlapping groups, defined according to the type of 

contribution they make to people’s quality of life: regulating, material and non-material 

NCP. 

• Nature’s material contributions to people refers to substances, objects or other 

material elements from nature that sustain people’s physical existence and the 

infrastructure (i.e., the basic physical and organizational structures and facilities, such 

as buildings, roads, power supplies) needed for the operation of a society or 

enterprise. They are typically physically consumed in the process of being 

experienced, such as when plants or animals are transformed into food, energy, or 

materials for clothing, shelter or ornamental purposes. 

• Non-material contributions are nature’s effects on subjective or psychological 

aspects underpinning people’s quality of life, both individually and collectively. The 

entities that provide these intangible contributions can be physically consumed in the 

process (e.g., animals in recreational purposes, ritual fishing or hunting) or not (e.g., 

individual trees or ecosystems as sources of inspiration). Examples include forests and 

coral reefs providing opportunities for recreation and inspiration, as well as a variety 

of organisms (animals, plants, fungi) or habitats (mountains, lakes) being the basis of 

spiritual or social- cohesion experiences. 

• Nature’s regulating contributions to people refers to functional and structural 

aspects of organisms and ecosystems that modify the environmental conditions 

experienced by people, sustaining and/or regulating the generation of material and 

non-material contributions. For example, these contributions include water 

purification, climate regulation and the regulation of soil erosion. 

 

3.4.3 Analytical Framework 

The analytical framework used in the global assessment places types of values along a 

gradient of anthropocentric to non-anthropocentric values, including instrumental, 

relational, and intrinsic values on nature, nature’s contributions to people and good 

quality of life. The color gradient indicates that both instrumental and relational values 

(anthropocentric values) can be ascribed to nature’s contribution to people, and highlights 

examples of sources of value based on what people may seek in the pursuit of a good 

quality of life through interaction with nature; it also explicitly includes perceived intrinsic 

worth (non-anthropocentric value). 
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The three major types of values considered in IPBES are: 

• Intrinsic values refer to the value of an entity (e.g., an organism, an ecological 

process) independent of how it relates to humans. 

• Instrumental values are associated with an entity that serves to achieve a human 

end, interest or preference. Instrumental value includes economic values, 

regardless of whether the entity is directly or indirectly used, or not used 

(existence and bequest values). 

• Relational values are associated with the meaningfulness of relationships, 

including the relationships among humans and nature and among humans, 

including across generations, via nature. These values are attached to the entity 

itself in ways that make it not substitutable, hence not serving an instrumental or 

utilitarian perspective, and represent what people consider meaningful about 

nature (e.g., attachment, responsibility, commitment). Relational values can also 

be associated with relationships with nature towards achieving a good life, e.g., 

when choosing “the right thing to do” or in the context of a “meaningful life.” 

 

 

 
Figure 7- Types of values considered in IPBES  (IPBES, 2019) 
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3.5 Strengths and Weaknesses 

The intention of CICES (Haines-Young, R. et al, 2018) since its creation has been to be a 

reference classification system that allows a cross-reading between different ecosystem 

service classification systems, for example from MA to CICES. The current version of 

CICES retains the ability to support cross-referencing to facilitate international 

comparison, being one of its main advantages. Besides that, when defining the 

terminology for ecosystem service terms used in CICES, this classification system 

suggests simpler descriptors that can be used as a shorthand for each service for non-

expert audiences, but that also contains the necessary complexity for technical clarity. 

Regarding the use of a hierarchical structure in CICES, it allows its users to go to the most 

appropriate level of detail required by their application as well as to be able to group or 

combine results when making comparisons or more generalized reports. This hierarchical 

structure has advantages such as the possibility to present abiotic and biotic structures 

alongside (although it must be acknowledged that the boundary between biotic and 

abiotic ES is difficult to define in practice since it is fairly arbitrary.) In addition, the 

aggregation system proposed by CICES makes it possible to aggregate classes for 

reporting purposes, allowing to make reports more efficiently. 

The main advantage of this system when compared to the classification purposed by the 

MA and TEEB, is the fact that CICES focuses on final services and excludes the section 

of supporting services, which are intermediate services, that is purposed by the other 

initiatives. With only three sections, CICES is able to avoid the problem of double 

counting and accurately assess the value of these services. Although, the definition of 

final ES is context-dependent, since when it is considered as a final service, it is subjected 

to subjectivity in different contexts. 

The advantage of TEEB (2010) is that the approach presented by the initiative is a useful 

tool on how to analyse and structure the valuation of ES. Besides that, TEEB presents the 

tiered approach as a practical guideline of a broad framework to assess solutions to 

overcome the undervaluation of ES, which can be used as a base for other classification 

systems, for example, the cascade model. 

Regarding the Global Assessment addressed in IPBES (2019), one of the main advantages 

presented by the classification system of this initiative is the advance regarding the 

impact of humans on nature. The conceptual framework that is adopted highlights the 

role of human societies as co-producers of NCP through anthropogenic assets such as 

labour, knowledge, and financial and built assets. This represents a great advance since 
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more conservation approaches tend to see humans only as external drivers that 

negatively impact nature. Another advantage of IPBES is the recognition of the plurality 

of values and interests, considering that there are no uniform needs, aspirations, 

perceptions, or preferences towards nature and NCP, existing a complex and constantly 

evolving mosaic of views, interests and stakes. 

Although, the main disadvantage of IPBES compared to the other classification systems 

is that it is not yet clear how to operationalize them, that is, assess them. Although the 

system defines the different types of values of ES, it is not presented a clear valuation 

method that is able to assess these values. 

 

4. Recommendation of the Ecosystems Services classification system to apply in 

Portugal 

Portugal possesses a very diverse natural heritage thanks to its geographical location and 

geophysical conditions. On the mainland, the dunes habitats, the rocky cliffs, the marshes 

in the estuary and lagoon systems are all very important as well. About 3 600 species of 

plants occur in Portugal, there are 69 taxa of terrestrial mammals, a total of 313 bird 

species, of which 35% are threatened in some ways, and 17 amphibian and 34 reptile 

species that occur in Portugal (CBD, 2018). This biodiversity implies an accurate 

assessment of the value of ES so that it can be used as feedback to decision-makers in 

order to change the path of degradation and overexploitation of these services. 

From the classification systems that were presented in this report, the one that better 

applies to the context of the ecosystems in Portugal is CICES. 

The CICES is a comprehensive classification system that facilitates appropriate 

measurement, basing itself on classification systems presented in the initiatives of the 

MA and TEEB, while focusing on the ES dimension (Cunha e Sá, M. A et al., 2016). 

One of the main advantages related to CICES is the possibility, in its most recent version 

(CICES V5.1), to present abiotic ecosystem outputs alongside those arising from living 

systems, so that users can display the full listing by selecting ‘CICES’ and ‘CICES extended’ 

using the filter provided to include in the list of ES only those the user requires. 

The hierarchy structure adopted in CICES has the possibility to slit the main ‘Sections’ 

(Provisioning Services, Regulating and Maintenance, and Cultural Services) into sub-

sections that permits the analysis and classification of individual entities. The main 

advantage of choosing the CICES system is related to its hierarchy structure, which 
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focuses on final services by eliminating the category of supporting services present in the 

MA (2005) and TEEB (2010). By focusing on final services, the reference list included in 

CICES presents a clear description, labelling and measurement of each ES, ensuring that 

they do not overlap with other services included in the reference list. This avoids the 

problem of double-counting of ES, i.e. counting the value of the same ES more than once 

leading to the overestimation of the value of the ES, and facilitates comparisons between 

accounts (UN et al., 2021). 

Besides that, CICES classification system presents a useful tool to classify diverse 

ecosystems outputs, arising from living systems (biotic), such as plants, animals or fungi, 

or non-living systems (abiotic), such as water, wind or soil. Portugal territory is composed 

of several types of ecosystems such as forests (46%), agroecosystems (37.7%) and 

heathlands (9.53%) (BISE, 2015), and a classification system like CICES is useful to 

guarantee a uniform criterium on the classification of these ES. 

Finally, CICES is designed to allow translation between different ES classification systems, 

facilitating comparisons between measurements of different classification systems. 

Another recommendation is that more public funds be invested in order to provide the 

necessary tools and resources to the institutions that collect data regarding the 

environment. In this way, these institutions are equipped with the necessary instruments 

to collect more detailed information about environmental resources in national territory, 

and to organize that information in databases that are easy to assess and to navigate 

through the information, either by individual entities or other national authorities. Besides 

that, it must be guaranteed that any information regarding national territory is publicly 

available so that economists, ecologists, researchers, etc. are able to use the data to assist 

in the policy-making process. 

 

5. Portuguese institutions and available databases 

This section wants to provide a list of Portuguese institutions and available databases to 

feed in ecosystem change matrices. It is important to identify this type of information so 

that national authorities and decision-makers can consult this data in order to develop, 

fundament and apply policies regarding the environment. These institutions provide 

several types of information, from marine environments to air quality and water 

resources. By mapping these sources, it is possible to identify a limitation regarding the 

lack of detailed information about environmental conditions. This lack of detailed 
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information makes it difficult for national authorities to make informed decisions, as the 

real value of ES may not be accurate with reality. Besides that, these institutions present 

a lack of interactive tools that facilitate the consultation of data, or, when it is available, 

they do not work properly.  

 

5.1 General Directorate for Territory Development (DGT) 

The General Directorate for Territory Development (DGT, 2021) is a Portuguese 

institution with the objective of promoting territorial development, with work on the 

domains of territorial enhancement, geographical information and land registry. It also 

works on investigation and experimentation for innovation. Finally, it has available three 

databases: SNIG, SNIT and SNIC. SNIG provides geographical data that public and private 

entities produce or maintain in Portugal. SNIT is an official information system, of national 

scope shared in a network by the public entities responsible for territorial management. 

It provides public information about the national territory and the state of its planning, 

having the purpose of monitoring and evaluating the territory and urban planning policy. 

SNIC provides information about the land structure of the territory covered with 

registered buildings and land ownership. 

One of the sources of SNIG is SNIMar (2014). The SNIMar project aims to create a marine 

spatial data infrastructure that addresses issues such as the difficulty to assess data on 

the marine environment. The project gathered information on the marine environment 

that was scattered over several public entities. This information was then standardized 

and displayed through an accessible and user-friendly technological platform, that 

displays information on the Portuguese marine environment.   

All the information provided by DGT is accessible by the general public. 

 

5.2 Institute for Nature Conservations and Forests (ICNF) 

The purpose of the ICNF (2017) is to propose, follow and ensure the execution of 

conservation policies of nature and forests, to ensure the conservation, sustainable use, 

valorisation and public knowledge of natural patrimony. The database provided by ICNF, 

IDE (Infraestrutura de Dados Espaciais), provides information regarding: the location of 

the limits and planning of the areas officially recognized and classified as relevant for the 

conservation of the environment and forests; the location and conservation and 

protection state of different species, natural habitats and ecosystems; the planning, 
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occupation, management, production and protection of forests; hunt, fishing, 

aquaculture, and utilization of other wild resources; the prevention and management of 

natural and artificial risks to the environment; the structures and activities related to the 

knowledge and use of natural spaces and elements.  

All the information provided by IDE is available to the general public. 

 

5.3 Portuguese Environment Agency (APA) 

The Portuguese Environment Agency is a public institute, within the scope of the 

Portuguese Environment and Climate Action Ministry. Its mission is to propose, develop 

and monitor public policies for the environment and sustainable development, in an 

integrated and participating manner, and close cooperation with other sectoral policies 

and public and private entities. 

This institution operates in different areas such as climate, water, air and noise, waste, 

environmental valuation and management, prevention and management of risk. 

APA also possesses some national infrastructures such as the National Air Quality 

Reference Laboratory, the Environmental Reference Laboratory, the Water Resources 

Monitoring Networks, the Air Quality Network and the National Radiological Early 

Warning Network. 

Regarding the existence of databases, APA developed initiatives regarding the creation 

of systems that allows the collection of information about the ecosystems: SNIAMB 

which is an information system that comprises several data from other databases 

regarding several environmental areas; SILIAMB which is a platform where citizens and 

firms present their required environmental data; SNIRH which is a monitoring system of 

water resources supported by a database prepared to store and publicly disclose hydro-

meteorological and water quality data (surface and underground), collected in the water 

resources monitoring network of the Ministry of the Environment; QUALAR which 

provides publicly information about air quality; SIAIA which provides information 

regarding projects subject to the environmental impact assessment regime; COSMO 

which consists on an information system that collects, processes and analyses 

information on the evolution of beaches, dunes, nearby seabeds and cliffs along the 

coastline of Portugal.; SILOGR which is an information system that gives access to citizens 

and waste producers to relevant information on the entities that carry out waste 

management operations, their correct disposal of waste and proper treatment. 
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Finally, APA presents every year the Environmental Status Report (REA), which is a 

fundamental instrument in supporting the definition, execution, and assessment of 

environmental policy, allowing for the monitoring of the development of policies and 

strategies, and the integration of the environment into sectoral activities. 

 

5.4 Statistics Portugal (INE) 

The Statistics Portugal (INE, 2021) is the official Portuguese institution responsible for 

producing and announcing statistical data, promoting the coordination, development and 

disclosure of national statistics. 

Every year, INE presents a report about Environmental Statistics where it is related to the 

main statistics that involves the environment, such as energy and transportation, 

environmental economic and finance, air and climate, water, soil, biodiversity and 

landscape, etc. In this report it is also analysed the tendency of each parameter over the 

years (INE, 2021). 

The data provided by INE is available for the general public. 

 

5.5 Portuguese Institute for Sea and Atmosphere (IPMA) 

The Portuguese Institute for Sea and Atmosphere (IPMA, 2022) is a public institution, 

part of the indirect administration of State, endowed with administrative and financial 

autonomy and its own assets. IPMA has responsibilities at the national territory level in 

the areas of the sea and atmosphere, focusing its research efforts on projects that accrue 

to direct applications for use in operating activities.  

IPMA presents data regarding climatology, seismology, weather condition forecasts, 

analyses of water, fish, sediment, and fish pathology. 

The data provided by IPMA is available for the general public. 

 

5.6 Interdisciplinary Centre of Marine and Environmental Research (CIIMAR) 

CIIMAR (2022) is a leading research and advanced training institution of the University 

of Porto, working at the frontier of Ocean Knowledge and Innovation. CIIMAR fosters an 

integrated approach to ocean and coastal areas promoting the understanding and 

knowledge of biological, physical and chemical dynamics of these environments and the 
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impact of natural and human activities. CIIMAR uses knowledge-based approaches to 

promote the natural capital and the sustained management of marine resources through 

monitoring of ecosystems health, optimization of aquaculture, and biotechnological 

exploitation of the resources for environmental and human health applications. 

 

6. Existing frameworks and case studies on marine ecosystems 

In this section, we focus on the marine and coastal ES since, during the last decade, the 

environmental crisis affecting the planet led to a severe deterioration of the oceans in 

particular, alongside a great loss of biodiversity. Coastal-marine areas are one of the 

environmental zones most vulnerable to this deterioration, since human activity is 

essentially concentrated on the coast, exercising more pressure on these ecosystems. As 

a response to this situation, the quantity and extension of Marine Protected Areas (MPAs) 

has increased, emphasizing protection of the sea as one of the main tools to conserve 

biodiversity and its resources, as well as reducing the human impact (Maestro, M. et al, 

2019).  

According to the Evaluation of Millennium Ecosystems (MA, 2005), the coastal-marine 

ecosystems are the ones in the worst condition. The degradation of coastal and marine 

areas mainly produces effects on three critical ecosystem services (MA, 2005): the 

number of viable fisheries, the provision of nursery habitats and filtering and 

detoxification services provided by suspension feeders, submerged vegetation and 

wetlands. 

In Portugal, it is important to assess the value of maritime ES since Portugal is an oceanic 

country, with a coastline of approximately 2500 km, with the largest Exclusive Economic 

Zone (EEZ) worldwide. Besides that, one of the goals defined by the National Ocean 

Strategy 2021-2030 is to classify 30% of national maritime areas as Marine Protected 

Area by 2030 (DGPM, 2021). In order to protect biodiversity and accomplish the goal 

established, it is essential to have a brief overview of existing frameworks and case 

studies of assessment for maritime ecosystems accounting so that national authorities 

responsible for marine satellite accounts can choose the best framework of analysis for 

their national context. 

According to Barbier (2012), there are three principal challenges when trying to assess 

the value of marine and coastal ecosystems services: i) the value of many services 

provided by these ecosystems is not marketed, meaning that if the aggregate WTP for 
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these services is not reflected in the market, then it is necessary to apply certain methods 

to measure the social value; ii) the beneficial flows are threatened by the degradation of 

these ecosystems, that when combining with the failure to measure the WTP of their 

services, make the benefits of these services ‘under-priced’ in decisions that affect the 

use, exploitation, and conversion; iii) the uncertainty about the future values of the 

services provided by these ecosystems, that may increase due to growth scientific 

information and continued growth in coastal populations. In another paper from the same 

author, Pricing Nature (Barbier, 2011), the author defines the three steps to assess the 

value of ecosystem services. The first step is to determine the best possible way to define 

the change in ecosystem structure, functions, and processes that may lead to a variation 

in the ecosystem service. For example, in a mangrove ecosystem, such change might be 

represented by the variation in the population of fish or a variation in the flow of water. 

The second step is related to defining how these changes in ecosystem structure, 

functions, and processes alter the quantity and quality of ecosystem services’ flow to 

people. Finally, the third step is to provide an explicit description and adequate 

assessment of the links between the structure and functions of natural systems, the 

benefits, and their subsequent values. In order to illustrate the valuation process, Barbier 

(2011) explains the example of wetland ecosystems, defining it according to the 

Convention on Wetlands of International Importance as areas of marsh, fen, peatland, or 

water, whether natural or artificial, permanent or temporary, with water that is static or 

flowing, fresh, brackish or salt, including areas of marine water, the depth of which at low 

tide does not exceed six meters. Regarding the classification of ecosystem services, it is 

presented for each ecosystem structure and function and associated ecosystem service, 

such as coastal protection, erosion control, flood protection, water supply, water 

purification, carbon sequestration, maintenance of temperature and precipitation, raw 

materials and food, maintenance of fishing, hunting and foraging activities, tourism, 

recreation, education and research and culture, spiritual, and religious benefits and 

bequest values (Barbier, 2011). The example of wetland ecosystems shows that it is 

necessary to integrate the ecological production of ecosystem goods and services with 

the economic valuation of these benefits. 

The first case presented in the first paper (Barbier, 2012), is the aquaculture expansion in 

Thailand, which is associated with the mangrove ecosystems destruction. The mangrove 

ecosystem presents two principal services: nursery and breeding habitats for offshore 

fisheries and natural barriers to periodic coastal storm events. Various studies have 

suggested that in Thailand the value of these benefits from mangroves is significant. For 
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example, Barbier (2012) presents a previous study in which the commercial profitability 

of shrimp aquaculture in Thailand provides an incentive for private landowners to invest 

in this activity, although many of these shrimp pond operations are subsidized and, when 

removing these subsidies, the discounted net economic returns to shrimp farming over a 

five-year production period goes from $1 078 to $1 220 per hectare. After these five 

years, those areas are abandoned and the soil becomes very acidic, requiring 

rehabilitation costs around $8 812 to $9 318 per hectare. However, the combining value 

for the mangrove ecosystem services ranges between $10 158 and $12 392 per hectare, 

with the protection service of mangroves being the most valuable ($8 966 to $10 821 

per hectare). The Thailand case study shows the importance of valuing ecological services 

in coastal land-use decisions, since the irreversible conversion of mangroves into 

aquaculture results in the loss of ecological services that generate larger economic 

benefits. On the opposite, a study presented in this paper found that, in North Carolina 

(US), the loss of normal quality wetlands reduced shrimp fishery values by $277 per 

square km, but the protection of these wetlands could not be justified on this value, since 

the economic value of increased shrimp production would be less than the value of 

coastal agricultural development. 

Ojea, E. et al. (2010) present another empirical case study focusing on the Southwestern 

European collapsed stocks in Galicia (Spain). The marine stocks in Galicia were a cause 

for concern since, considering local fish species, five species were near extinction, four 

more were over-fished and a further three were in an unknown situation but showed 

signs of overexploitation. Stocks of lobster and hake declined 85% and 60% respectively 

over the last two decades. Due to this decline, a European regulation had been placed to 

recover the level of stocks to safe biological limits in 10 years. Through a method of stated 

preference valuation, using in-person interviews, it was possible to understand that the 

WP for the recovery programme of lobster is valued at €15.83, while for hake at €24.57. 

With this valuation, it was possible to conclude that the identification of the survival level 

allows individuals to choose between reaching that level or attaining a higher population 

level. The present results also provide insights for the evaluation of fishery regulations 

and are the first step towards conducting future cost-benefit analyses of such policy 

actions. The median WTP for the EU Recovery programme is €17.73, which can be 

interpreted as a welfare gain for society. 

All things considered, determining the value of ecosystems services is essential to 

guarantee equilibrium between conservation and decision-making regarding the 

environment. Although, this process can be difficult since most of the ecosystem services 
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are not marketed, such as coastal protection, nutrient cycling, erosion control, water 

purification, and carbon sequestration (Barbier, 2011). The collaboration between 

ecologists and economists is essential to guarantee the use of the best possible method 

to assess the economic value of ecosystem services, permitting not only the preservation 

of ecosystems but also to provide the necessary data to national authorities.  

 

7. Conclusion 

The objective of this report has been to develop a recommendation to national 

authorities, providing information regarding the available ES classification systems that 

are able to collect and organize data related to the environment, so that national 

accounting systems may include this type of information. 

Since the beginning of the century, it is possible to observe progress in this field. The MA 

provided a first perspective on the degradation state of ecosystems and presented a 

classification system of ES in four categories, that was based on the framework of TEEB. 

From these two initiatives, other classification systems were created to assess the issue 

of ecosystems accounting, such as CICES and IPBES.  

When comparing the relative advantages of the classification systems, we concluded that 

in Portugal, the best system to be adopted would be CICES. The main advantage 

presented by CICES when comparing to the other classification systems is that, given that 

it only considers three types of ES, excluding the category of supporting services, it avoids 

the problem of double counting, since it is only taking into consideration final services, 

i.e., services that directly affect the human well-being. Another recommendation made is 

that more funding is needed to resolve the issue of lack of detailed information regarding 

ecosystems. Although Portugal already presents institutions and databases that collect 

and organize these types of data, they do not contain detailed information to fundament 

in the best way possible managed decisions regarding the environment, therefore, more 

investment in this area would aim these institutions with better instruments to assess ES 

in Portugal. 

In the last section of the report, by presenting case studies of the assessment of the value 

of ES, it was possible to empathize the importance of internalizing the value of ecosystem 

services in the decision-making process, since ecosystems are currently over pressured 

with human activity, degrading the biodiversity that exists in those ecosystems, being 
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important to change our path and incorporate biodiversity and ecosystems’ value in policy 

and decision-making. 

All in all, it is urgent to create awareness regarding the current state of ecosystems, and 

ecosystem accounting is a powerful tool for feedback that can assist in making better 

decisions regarding its utilization, not only to guarantee the sustainable development of 

future generations but also as a tribute to the treasure that allowed us to prosper over 

the centuries. 
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