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A B S T R A C T   

Robust, regular and integrated evidence on the environment and its relationship with the economy and human 
well-being is needed to deliver effective environmental policy. This paper highlights the role the United Nations 
System of Environmental-Economic Accounting Ecosystem Accounting (SEEA EA) can play in delivering this 
‘policy-ready’ evidence. We demonstrate this using forest ecosystems as a policy theme of high international 
concern, via structured reviews of evidence needs for two case studies: the EU Green Deal; and, Liberia’s forest 
policy framework. The EU Green Deal case study highlights evidence gaps in a proposed regulation on 
environmental-economic accounting that are policy relevant and could be met using the SEEA EA. These gaps 
concern old growth forest extent, carbon storage, biodiversity, water regulation and erosion control ecosystem 
services. The Liberia case study highlights evidence needs for policy concerning the extent of natural forests 
important for biodiversity and ecosystem services of timber provisioning, global climate regulation and non- 
wood forest products, which could be met by the SEEA EA. Starting from these policy perspectives is critical 
to establishing evidence needs that the SEEA EA should be compiled to meet. This address concerns that the 
compilation of SEEA EA accounts has often been an exercise in best organising available data, rather than a 
demand driven exercise in response to policy evidence needs. We argue that addressing clear policy needs is 
essential for the SEEA EA to deliver on its potential to mainstream the many benefits from natural, as well as 
managed forests, into development planning.   

1. Introduction 

Robust scientific knowledge and data on the state and trends of the 
environment are imperative for effective policy-making (Rose et al., 

2020; OECD, 2015). The Rio+ 20 Summit highlighted this in its outcome 
document ‘The Future We Want’. Its section on institutional framework 
capacity for sustainable development aims to: “Promote the 
science-policy interface through inclusive, evidence-based and 
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transparent scientific assessments, as well as access to reliable, relevant 
and timely data in areas related to the three dimensions of sustainable 
development – economic, social and environmental” (UN, 2012). 

However, there are long-standing concerns that environmental pol-
icy has often been experience, rather than evidence, led (James et al., 
2016), which is due to several factors. First, most monitoring pro-
grammes tracking environmental trends tend to be biased spatially, 
temporally or towards easy-to-measure aspects of the environment, 
creating limitations to understanding trends over time, and their attri-
bution to causes (Scarano et al., 2018). Second, relevant environmental 
evidence may not be readily accessible or stored locally, making it 
time-consuming and expensive to understand (McKinnon et al., 2015). 
Third, the rapidly growing information flow poses challenges for 
policy-makers to select relevant evidence (Bayliss et al., 2012; open data 
movement). Fourth, as most environmental issues are interconnected to 
wider economic and social issues, policy-makers need scientifically 
grounded integrated evidence on ecosystem services and their contri-
butions to the economy and well-being. Frequently this is poorly 
captured in monitoring programmes (Rose et al., 2018; Berghöfer et al., 
2016; Scarano et al., 2018). Furthermore, the operation in silos of 
environmental agencies makes the creation of integrated environmental 
evidence a challenging process (Benson et al., 2014). Fifth, environ-
mental data is often not processed into timely evidence that 
policy-makers and decision-makers can use (Scarano et al., 2018). 
Windows where good environmental-economic evidence can influence 
‘better’ policy-making are often short, sometimes hard to anticipate, or 
linked to changing governments or crises points (Rose et al., 2020). 
Consequently, when environmental evidence is readily and routinely 
available, it is more likely to be considered in policy (Rose et al., 2020). 

The System of Environmental-Economic Accounting (SEEA) is an 
international statistical standard that has been developed to, inter alia, 
overcome these challenges. The SEEA aims to extend the System of 
National Accounts (SNA) used for producing statistics and measures of 
economic activity (UN et al., 2014) and comprises two parts. The first 
part is the SEEA Central Framework (SEEA CF 2012). This multipurpose 
statistical framework delivers consistent, regular, and harmonised data 
on environmental resources (e.g., available timber resources), inputs to 
the economy (e.g., harvested timber) and returns to the environment (e. 
g., emissions to air and water). The second part is the SEEA Ecosystem 
Accounting (SEEA EA 2021), which organises evidence on the state of 
ecosystems and the services they deliver to the economy and society (UN 
et al., 2021; Edens et al., 2022) A key advantage of the SEEA EA is that it 
can institutionalise the regular production of information on ecosystems 
and the benefits they provide with the production cycles of the SNA by 
National Statistical Offices (NSOs). This improves the availability of this 
information when decision-makers need it and supports the integration 
of economic, social (e.g., census data) and environmental information. It 
also improves the robustness of this evidence via the data quality 
assurance frameworks that underpin national statistics. 

The core accounting model of the SEEA EA is presented in Fig. 1, 
comprising ecosystem stocks and service flows in physical and monetary 
terms. The stocks of ecosystems and their changes over time are 
measured via ecosystem extent and condition accounts. The ecosystem 
services accounts organise information on the supply of ecosystem ser-
vices by different ecosystem types and their use by different users (e.g., 
businesses, government or households) as physical and monetary flows 
over a period of time (an accounting period). The monetary value of 
expected future ecosystem services flows from stocks of ecosystems in-
forms the monetary ecosystem asset accounts. The accounts are 
compiled for a defined geographical area called an Ecosystem Ac-
counting Area (EAA), such as a country, watershed or ecosystem type. 
The UN Statistical Commission has encouraged nations to implement the 
SEEA EA in their territory in the coming years (UN et al., 2021). 

This paper examines the important roles that the SEEA EA can play in 
delivering ‘policy-ready’ evidence on the environment and its connec-
tions to people and the economy across the policy cycle. The paper adds 

to the limited literature reviewing SEEA EA applications for sectoral 
policies (Grover et al., 2023), using forest ecosystems as a policy theme. 
We present two real-world policy case studies to assess how to best use 
the SEEA EA to meet the evidence needs of the policy framework for 
forests. However, we believe the insights gained from applying the SEEA 
EA to the forest policy framework can be generalised to other policy 
contexts. 

The remainder of this paper is structured as follows. Section 2 de-
scribes the role that the SEEA EA can play in the policy cycle. Section 3 
introduces forest ecosystems as a policy theme that the SEEA EA can 
inform on. Section 4 describes the evidence that the SEEA EA accounts 
can deliver on this policy theme. (Vardon et al., 2016) observe that the 
development of environmental-economic accounts has not been ‘user 
driven’. Building on this, in Section 5, we describe an approach for 
elaborating a policy framework to inform the accounts compilation 
process that may encourage greater focus on users’ needs, using the EU 
Green Deal and forest policy framework in Liberia as case studies. In 
Section 6, we discuss the case study insights, advantages of using the 
SEEA EA and the importance of starting from this policy perspective to 
deliver ‘policy-ready’ evidence. In Section 7, we conclude with recom-
mendations for implementation of the SEEA EA to deliver forest ‘poli-
cy-ready’ evidence. 

2. Policy cycles and the SEEA EA 

If evidence is to be influential for policy, it needs to be synthesised in 
a manner that best meets policy needs. (Haynes, 2006) suggests an 
evidence-base for policy should be structured as blocks that build on 
each other. For instance, using research studies and systematic reviews 
to integrate and synthesise a wide range of knowledge and evidence, and 
condensing these to synopses or summaries that can flow into 
decision-support systems. These types of decision-support systems or 
tools sum up the overall scientific evidence, integrate across various 
scales, disciplines and stakeholder interests and needs, and feed them 
into a specific decision point (Dicks et al., 2014). A common way of 
conceptualising these decision-making points is the policy cycle. 

(Vardon et al., 2016) highlighted a central role for the SEEA EA in 
organising and summarising basic data in a systematic way to produce 
key indicators and aggregates that provide evidence across all stages of 
the the policy cycle (Fig. 2). However, for the SEEA EA to deliver ‘pol-
icy-ready’ evidence, the accounts need to meet key evidence needs in a 
format appropriate to the analyses, processes and procedures that drive 
the policy cycle. Examples of these are shown around the periphery of 

Fig. 1. Core SEEA EA Accounts (UN et al., 2021).  
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the policy cycle in Fig. 2. As (Grover et al., 2023) highlight, there are still 
few systematic reviews of SEEA applications in sectoral policies to help 
understand how to improve the use of ecosystem accounting as a tool in 
this context. We add to this literature by exploring the use of the SEEA 
EA in the context of the policy cycle in general in the following 
sub-sections. In Section 5, we test this general framing against the spe-
cific framing of forest sector policy frameworks for our two case studies. 

2.1. Agenda setting (issue or problem identification) 

In the agenda setting stage, trends in environmental data, pressures 
and their implications for economic and social welfare are used to 
identify emerging, policy-relevant issues (UNEP, 2014). The SEEA EA 
can support this by providing robust, regular evidence on the trends in 
the changing extent of ecosystems and their condition, as well as the 
ecosystem services they deliver. Links can be made between ecosystem 
extent and condition, and economic and social welfare via ecosystem 
service supply and use. Other links can be made between economic and 
social drivers of ecosystem degradation and ecosystem services loss. For 
example, showing the implications of deforestation on the ecosystem 
services related to downstream water flow regulation and water secu-
rity. This evidence can inform exploratory, forward-looking scenarios 
that reveal threats and opportunities associated with ecosystems (e.g., 
expansion of agricultural land in response to increasing population de-
mand, or degradation in response to pollutants). (Sutherland and 
Woodroof, 2009) describe this systematic search for potential threats 
and opportunities that are currently poorly recognized as ‘Horizon 
Scanning’ (see Fig. 2). 

An example of using the SEEA EA accounts to set the agenda for 
government policy is demonstrated for a forest region in Australia where 
competing uses of ecosystem services causes conflict in society. The 

accounts showed that the value of provisioning services for commercial 
use was lower than the value of regulating services used by the whole of 
society. This evidence has informed debate and resulted in a government 
review of forest information systems and their management (Keith et al., 
2019). 

A key advantage of the SEEA EA is it allows for evidence on eco-
systems to be linked with evidence on the economy and human well- 
being. This type of integrated information can help articulate ‘Systems 
Thinking’ approaches, which recognise these inter-connections and the 
need to pursue an integrative approach that addresses all development 
goals (Voulvoulis et al., 2022). (Weitz et al., 2014) characterises this 
approach to cross-sectoral interactions as a nexus approach. Barber et al. 
(2020) provide an example for the water, energy and food nexus to 
illustrate the multiple benefits of nature-based solutions. Policy-makers 
are now recognising the importance of these systems or nexus ap-
proaches in setting the agenda for a more integrated policy framework 
for sustainable development (Voulvoulis et al., 2022). The SEEA EA 
aligns well with evidence needs for such emerging integrative policy 
concepts (e.g., Environmental Policy Integration (EPI) and the Water, 
Energy and Land (WEL) Nexus approach described by Venghaus et al., 
2019). 

2.2. Formulate policy response 

Policy targets are set and interventions and instruments to achieve 
them are proposed at the policy formulation stage. These targets set the 
policy objectives for interventions to address issues identified in the 
agenda setting stage. Ideally, they should be stated in a manner that is 
specific, measurable, achievable, relevant and time-bound (SMART) 
(UNEP, 2014). Policy instruments aim to change behaviours in a way 
that contributes to achieving these policy objectives. They include 

Fig. 2. Role of the SEEA EA in contributing evidence across the five stages of the policy-cycle (adapted from Vardon et al., 2016; Bass et al., 2017).  
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regulatory (or legislative), economic and voluntary instruments (ex-
amples are provided for the forest policy framework in Table 1, Section 
3.2). 

The SEEA EA can demonstrate to policy-makers the types of in-
terventions that can deliver on these and wider policy targets. For 
instance, by delivering a more systematic set of information that covers 
stocks, flows, benefits and beneficiaries, the SEEA EA allows nature- 
based solutions targeted at a particular goal, such as climate change 
mitigation, to be designed in a more integrated way that delivers addi-
tional benefits. These benefits include those linked to climate change 
adaptation, biodiversity conservation and human well-being (Keith 
et al., 2021). 

At this policy formulation stage, the SEEA EA can support ex-ante 
policy impact assessments (see Fig. 2), which evaluate potential in-
struments to achieve policy targets in terms of their economic, social and 
environmental impact and their coherence with other objectives and 
monitoring options. This can produce better designed interventions and 
instruments that deliver multiple benefits, evaluate cost effectiveness 
and avoid unintended consequences. For instance, as shown in Fig. 2, by 
supporting environmentally extended cost benefit analysis, which is 
often used in public policy appraisal (Johnston and Rosenberger, 2010). 
The European Commission have published ‘better regulation’ guidelines 
that highlight the important role that such ‘Impact Assessments’ should 
play as part of the public policy and programming cycle (EC, 2021a). 

2.3. Implement policy and policy instruments 

The SEEA EA can inform the targeted design and deployment of 
regulatory, economic and voluntary policy instruments proposed in the 
policy formulation stage (Fig. 2). For regulatory instruments, such as 
protection of ecosystems or zoning of land-use activities, the SEEA EA 
can identify trade-offs between economic, conservation and ecosystem 
services outcomes associated with different land use activities (e.g., 
Keith et al., 2017). For financial policy instruments, the SEEA EA can 
support design of eco-compensation or payment for ecosystem services 
schemes (e.g., Ouyang et al., 2020). It can be envisaged that by 
providing a robust and transparent information framework, the SEEA EA 
could support the design of voluntary agreements with respect to 
ecosystem management and benefits access. 

2.4. Monitor policy and policy instruments effectiveness 

There are two distinct forms of monitoring; environmental moni-
toring to collect data that is compiled within SEEA EA accounts as part of 
the information system, and policy monitoring as part of the policy cycle 
that is used to assess policy effectiveness. Here we are discussing the 
latter, which involves the continuous and systematic generation of evi-
dence to compare how well a policy is being implemented against ex-
pected results (EC, 2021a). 

Monitoring policy effectiveness focuses on policy outcomes (i.e., 
progress towards policy targets) rather than processes (i.e., policy 
formulation and implementation activities) (Schoenefeld et al., 2019). 
Through regular production, the SEEA EA can support policy monitoring 
by providing integrated, regular and timely indicators on progress to-
wards policy targets (Fig. 2). This can be achieved by linking ecosystem 
restoration and conservation actions to a range of economic and 
well-being outcomes and monitoring progress towards associated 
outcome targets. For instance, SEEA EA accounts of change in ecosystem 
extent and ecosystem services have been recommended within the 
monitoring framework of the Kunming-Montreal Global Biodiversity 
Framework (GBF) of the Convention on Biological Diversity, and several 
countries already implement and use accounts as a measure of biodi-
versity mainstreaming.1 

2.5. Review policy and policy instruments 

At this stage, ex-poste impact assessment of the effectiveness of 
policy instruments is undertaken to identify how they can be adapted to 
better achieve policy objectives and targets (see Fig. 2). This review of 
policy effectiveness is also referred to as policy evaluation. In the context 
of European environmental and climate policy, the EEA (2016) propose 
policy review should consider relevance (i.e., of policy targets), effec-
tiveness (e.g., to what extent did the policy deliver on objectives), effi-
ciency (e.g., returns on investment) and coherence (e.g., with other 
policy targets and instruments). 

(Vardon et al., 2023) demonstrate the potential for the SEEA EA to 
support this stage of the policy cycle, applying it for integrated moni-
toring and reporting on changes in critically endangered Box-gum grassy 
woodlands and associated drivers of change. This allowed the effec-
tiveness of biodiversity conservation laws and associated conservation 
efforts to be assessed (Vardon et al., 2023). (Ruijs et al., 2019), highlight 
the SEEA EA can support these assessments with respect to unintended 
consequences of the policies (e.g., unintended impacts on biodiversity, 
carbon storage and ecosystem services) and revealing ecological, 
well-being and economic returns on policies to invest in ecosystems. 
This can help policy analysts determine if instruments need to be 
adjusted. 

3. The policy framework for forest ecosystems 

A policy framework represents a government’s set of policy re-
sponses and instruments (as per Fig. 2) to deliver improved outcomes for 
a given theme or sector and how these should be applied. Policy 
frameworks arise because no single policy response or instrument will 
have the capacity to address, in a balanced, holistic, and mutually 
reinforcing way, all the issues relating to a particular theme or sector 
(UNSD, 2020). Here we elaborate the policy framework for forest eco-
systems and identify potential policy evidence needs that the SEEA EA 
can meet. 

3.1. International commitments to forests 

The forests of the world support approximately 80% of terrestrial 
plant, animal and invertebrate species (FAO and UNEP, 2020) and 
supply societies with provisioning, regulating and cultural services, such 
as food, wood and fibres, climate and water flow regulation and op-
portunities for recreation (UNEP, 2022; FAO, 2022). Forests have great 
significance for countries’ socioeconomic development at both local, 
regional, and national levels, with the forest sector supporting 33 
million jobs worldwide and contributing at least USD 1.5 trillion to 
global Gross Domestic Product (GDP) (FAO, 2022). In addition, forests 
provide cultural benefits and support the livelihoods of indigenous 
peoples (Dooley et al., 2022). Although all forest ecosystems provide 
multiple benefits, the magnitude, quality and diversity of benefits tends 
to be higher for natural forests, compared with intensively managed 
forests (e.g., plantations and agroforests) (UNEP and IUCN, 2021). 

Despite the importance and diverse values of forests, these ecosys-
tems continue to be converted into other land uses and degraded (Song 
et al., 2018; Winkler et al., 2021). In thirty years (from 1990 to 2020), 
420 million ha was deforested, representing 10% of the world’s forest 
coverage (4060 million ha) (FAO, 2020, 2022). Although more difficult 
to assess and monitor, degradation also has a substantial impact on the 
ability of forest ecosystems to deliver ecosystem services (Baccini et al., 
2017; Bullock et al., 2020), with a total of 20% of the Earth’s surface 
being degraded (UN, 2019). For these reasons, deforestation and forest 
degradation is a well-recognised threat to sustainable development. 

In response, multiple global policies and international commitments 
have been made to halt forest loss and degradation and to promote 
conservation and restoration of forest ecosystems. The most developed 
international policy mechanisms are those aiming at mitigating the role 1 https://www.cbd.int/doc/decisions/cop-15/cop-15-dec-05-en.pdf 
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of deforestation in climate change and greenhouse gas emissions, led by 
the UNFCCC collaborative programme on ‘Reducing emissions from 
deforestation and forest degradation and the role of conservation, sustainable 
management of forests and enhancement of forest carbon stocks in developing 
countries’ (REDD+; Nature editorial, 2009), which led to pledges to 
reduce deforestation in the Paris Agreement (UN, 2015). More recently, 
the Glasgow Leaders’ Declaration on Forests and Land Use also high-
lighted that policy-makers can see the importance of forests in climate 
change mitigation, and agreed on clear 2030 and 2050 targets for 
halting deforestation pledged by the parties (Gasser et al., 2022). 

There are also several international policy frameworks focused more 
on the preservation of forests with the aim to halt biodiversity loss and 
enable the sustainable development of communities that depend on 
forests. Pledges devoted to the conservation and restoration of forest 
habitats include the Bonn Challenge and the activities related to the 
current UN Decade on Ecosystem Restoration. Recently, the Kunming- 
Montreal Global Biodiversity Framework (GBF) was adopted at the 
Convention on Biological Diversity Conference of the Parties (CBD COP) 
15 in 2022. The GBF sets out a vision of a world living in harmony with 
nature and 23 targets for 2030 to reduce threats to biodiversity; meet 
people’s needs through sustainable use of biodiversity and for biodi-
versity mainstreaming.2 These targets include for: Forest protection and 
restoration; Sustainable management of forests; Enhancement of forest 
ecosystem services; Integrating multiple values of forests into planning; 
Engaging of local communities and indigenous peoples in decision- 
making; and, Equitable forest management. 

A broader overview of 18 of the main global policies and commit-
ments for forests is provided in the Supplementary Material (S1). S1 
provides a high-level description of the global objectives of these 
different commitments and demonstrates forests as a long-standing issue 
of high international policy importance. S1 is a representative sample of 
international forest policy commitments identified by the authors and 
from a review paper by (Sotirov et al., 2020). Whilst the set of policies 
and commitments captured in S1 is extensive, it is not intended to be 
exhaustive. 

3.2. Regional and national policy frameworks for forests 

Regions and countries have established policy frameworks to deliver 
on international targets described in Section 3.2 (e.g., the GBF), as well 
as their own objectives for forests to secure the many benefits they 
provide (as will be shown via the case studies in Section 5). According to 
the latest Global Forest Resources Assessment (FRA), most countries and 
territories assessed have specific national policies for forests (164 out of 
the 187 countries who responded to this question confirmed this) (FAO, 
2020). National forest policies establish objectives, which may be 
elucidated via national plans or strategies, and implemented via policy 
instruments. 

Table 1 provides an indicative and non-exhaustive list of potential 
policies and policy instruments that can be informed by the evidence on 
forests that is reported in SEEA EA accounts. This list was built using the 
main categories of policy instruments recognized by the Intergovern-
mental Science-Policy Platform on Biodiversity and Ecosystem Services 
(IPBES). Forests’ governance is also shared, across national (or federal), 
state (or provincial), and local levels. All these multilevel government 
bodies and their policies will impact the management of forests and the 
implementation of activities in forests. It is highlighted that using the 
SEEA EA as a common framework to organise information on forests can 
help bring coherence across these different scales of intervention. 

4. How the SEEA EA can support the evidence needs for forest 
policy 

Whilst data from the SNA has been widely used for policy analysis, it 
fails to account for all the contributions from forests to the economy in a 
properly integrated manner (Castañeda et al., 2017). This means that it 
is of limited value for decision-makers in providing the evidence they 
need to formulate and implement forest policy instruments to deliver on 
the many global, regional and national forest policy commitments that 
exist. Here, we outline the progressive contributions of the SEEA to 
‘better’, ‘policy-ready’ evidence that aligns with multiple objectives for 
forests. 

The SEEA CF extends the SNA to facilitate accounting for the stocks 
of biomass in forests for both plantation and natural forests (UN et al., 
2014). This delivers evidence on the depletion of natural forest stocks 

Table 1 
Policy responses and instruments of a regional or national policy framework for 
forests (indicative and non-exhaustive).  

Policy responses Policy instruments 

Forest-specific   

• Forest Sector Policy  
• Forest ecosystems and other native 

vegetation policy  
• National/Sub-national Forest or 

Forestry Plan 
Other (sector-specific)   

• Tourism Sector Policy  
• Agriculture Sector Policy  
• Energy Sector Policy  
• Water Sector Policy  
• National Biodiversity Strategy and 

Action Plan (NBSAP) and other 
national responses to the Global 
Biodiversity Framework (GBF)  

• Climate Change Policy  
• Environmental Crimes’ Policy 
Cross cutting   

• National Development Plan  
• Green Growth Development Strategy 

Regulatory   

• Public Forests Protected Areas  
• Environmental damage regulations  
• Forest Concessions  
• Forest Zoning  
• Regulations on the conversion of forest 

lands to non-forest lands (or Land 
Clearing Regulations)  

• Regional (EU)/National/Sub-national 
Forest Restoration Strategies, Policies 
and Plans  

• Timber Legality Regimes  
• Timber Industry Code of Practice 

(Mandatory)  
• Legislation on Threatened biodiversity 

including ecosystems  
• Forest Stewardship Plans 
Economic    

• REDD+ National and Jurisdictional 
Strategies  

• Non-Timber Forest Products Exchange 
Programmes  

• Incentives to Sustainable Forest Value- 
Chains  

• Credit Lines for Sustainable Forestry 
and Agroforestry  

• Payment for Ecosystem Services (PES)  
• Forest Stewardship Plans (with 

payments to landowners)  
• Economic incentives to wildlife- 

friendly farming practices  
• Conservation easements  
• Sustainable finance instruments  
• Green and performance bonds 
Voluntary (Social, cultural, rights- 
based and customary norms / 
educational / informational)   

• Community based forest management 
(CBFM)  

• Forest Certification Schemes  
• Timber Industry Code of Practice 

(Voluntary) 
• Voluntary zero-deforestation agree-

ments (e.g., Brazil’s Soy Moratorium – 
SoyM)  

• Access and benefit-sharing policies  
• Voluntary Forest Stewardship Plans  
• Rights of Mother Earth  
• Community-based management (land, 

fisheries, water, hunting, etc)  
• Environmental certification  

2 https://www.cbd.int/gbf/ 
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and connects it to the economic activities they support (e.g., timber and 
wood fuel production). Following the FAO Global Forest Resources 
Assessment, the SEEA CF uses physical accounts for tracking the extent 
of Primary forest; Other naturally regenerated forest; Planted forest; 
and, Other wooded land (UN et al., 2014). The SEEA CF includes the 
broader contribution of forests in terms of non-wood forest products (e. 
g., mushrooms, honey, edible fruit and insects) (see SEEA AFF in FAO 
and UNSD, 2020). The SEEA EA delivers far more detailed and ecolog-
ically meaningful evidence on forest ecosystems than the SEEA CF, via 
ecosystem extent and condition accounts. The ecosystem services ac-
counts also reveal the wide range of contributions of forest ecosystems to 
economic and social well-being. Importantly, the focus of the SNA is on 
monetary values, whereas the SEEA includes accounts in both physical 
and monetary terms. 

Table 2 provides some high-level examples of how the SEEA EA can 
meet the evidence needs of some of the policy responses and policy in-
struments identified in Table 1. Although the SEEA EA’s general appli-
cation for forest management have been described by several authors (e. 
g., Keith et al., 2017; Campos et al., 2019; Vardon et al., 2023), (Grover 
et al., 2023) highlight that the SEEA EA has not yet been widely 
implemented at statistical, governmental, or organisational levels for 
informing specific forest policy and management. In the next section, we 
explore the potential for this in practice via two case studies. 

5. Case studies: structured approach to establishing policy 
evidence needs 

The application of policy centred design to environmental account-
ing will better enable evidence from the SEEA EA to be brought into the 
mainstream decision-making processes of government (Vardon et al., 
2016). A structured approach to assessing evidence needs for given 
policy frameworks will directly support this design process. We test this 
in the following regional and national case studies for forests. 

5.1. The EU Green Deal for nature and the role of forest ecosystem 
accounts 

Forest policy in the EU is considered by many to be fragmented and 
dominated with a framing of forests as providers of wood and non-wood 
forest products (Elomina and Pülzl, 2021; Hernández-Morcillo et al., 
2022; Sorge et al., 2022). The EU Green Deal (EC, 2019) is a key policy 
response to set the agenda for better, more integrated forest policy that 
addresses pressures on forest ecosystems and secures associated 

ecological, economic and climate mitigation benefits. This redirection is 
reflected in its EU Forest Strategy to 2030, which explicitly recognises 
the central and multi-functional role of forests and aims at unlocking 
“the potential of forests for our future, in full respect for the principle of 
subsidiarity, best available scientific evidence and Better Regulation 
requirements” (EC, 2021b). 

However, information on the state of the EU’s forests, their social 
and economic value, the pressures they face and the ecosystem services 
they supply is patchy (EC, 2021b). Evidence from the SEEA EA can help 
address this by contributing integrated information that links forests and 
their ecosystem services to the multiple development objectives of the 
EU Green Deal. An EU regulation introducing new environmental economic 
accounts modules has been proposed for Member States to regularly 
compile and transmit ‘Forest accounts’ and ‘Ecosystem accounts’ to 
inform delivery of the EU Green Deal (described in EC, 2022). The scope 
of forest accounts proposed under this regulation broadly follows the 
SEEA CF. It includes accounts for the extent of wooded land that is 
available for wood supply and data on economic activity in the forestry 
and logging sector. 

The proposed ecosystem accounts follow the MAES Ecosystem Ty-
pology (Maes et al., 2013), and will include accounts of all forest and 
woodland extent, condition (with indicators of deadwood per ha and 
tree cover density) and physical ecosystem services flows (wood provi-
sioning, pollination, air filtration, global and local climate regulation, 
nature-based tourism) (EC, 2022). Ecosystem service users will be 
broken down by businesses (intermediate consumption), government, 
households, gross capital formation and exports. These build on the 
EU-level pilot ecosystem services accounts described by (La Notte et al., 
2022). These ecosystem accounts can help shift forest governance from 
models focused on timber and non-timber forest products to ones that 
recognise the additional benefits both managed and natural forests 
provide, which are often non-market in nature (Sorge et al., 2022). 

To explore the potential for these proposed ecosystem accounts to 
support the EU Green Deal, the evidence needs across this policy 
framework were reviewed. All the policies, strategies and instruments in 
the EU Green Deal that were considered to have some relevance to 
forests were identified. Then the new EU Forest Strategy was similarly 
reviewed, following the approach of (Elomina and Pülzl, 2021), given 
this strategy aims to harmonise policy interventions with respect to 
forests under the EU Green Deal (EC, 2022). 

In total 17 policy documents were identified and reviewed, and 174 
specific policy entry points identified (i.e., where evidence from the 
SEEA EA could inform decision-making). These entry-points covered all 

Table 2 
Examples of how the SEEA EA can meet the need for evidence at different stages in the policy framework for forests.  

Policy response Policy instrument Policy cycle stage How the SEEA EA aligns with evidence needs 

Forest Sector Policy / Water Sector 
Policy / Climate Change Policy 

Payment for Ecosystem Services 
(PES) (Economic) 

Implement policy and 
policy instruments 

Ecosystem services accounts reveal the wide range of contributions from 
forest ecosystems, this will inform more robust policy responses that 
promote protection and restoration of natural forests (FAO and UNEP, 
2020) and address the lack of recognition of forest ecosystem services 
(beyond timber provisioning) in policy (Hernández-Morcillo et al., 2022; 
Sorge et al., 2022). 

National/Sub-national Forest or 
Forestry Plan / Climate Change 
Policy / NBSAP 

Regulations on the conversion of 
forest lands to non-forest lands 
(Regulatory) 

Monitor policy and 
policy instruments 
effectiveness 

Ecosystem condition accounts allow integration of a far wider set of 
variables on the condition (or quality) of forests beyond timber volumes (e. 
g., biodiversity and carbon storage) and key policy concerns for natural 
forest. 

NBSAPs / Global Biodiversity 
Framework (GBF) 

Public Forests Protected Areas 
(Regulatory) 

Monitor policy and 
policy instruments 
effectiveness 

Ecosystem extent accounts show trends in the extent of ecologically 
important forests. These trends can also be aggregated and aligned with 
the IUCN Global Ecosystem Typology (GET) (Keith et al., 2022), the 
reference classification for implementing SEEA EA (UN et al., 2021), to 
enable consistent international reporting. 

Green Growth Development 
Strategy 

Incentives to Sustainable Forest 
Value-Chains (Economic) 

Formulate policy 
response 

The set of SEEA EA accounts reveal trade-offs and synergies across 
different development objectives for forests to be explored, such as 
between forest biodiversity conservation, climate change mitigation and 
timber revenues (e.g.,Keith et al., 2017). 

Sub-national Forest or Forestry Plan Forest Stewardship Plans 
(Voluntary) 

Formulate policy 
response 

The SEEA EA is a spatially explicit framework and thus can better inform 
spatial planning for forest management (UN et al., 2021).  
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stages of the policy cycle, including: Formulate policy response (41 
entry-points); Implement policy and policy instruments (43); Monitor 
policy and policy instruments effectiveness (56); and, Review policy and 
policy instruments (34). The agenda setting stage is not covered in the 
review given these documents already recognise emerging issues. The 
full review of the EU Green Deal policy framework for forests is provided 
in Supplementary Material 2 (S2) in Excel format. 

Table 3 summarises the full review. It includes forest policy evidence 
entry-points or demands that the SEEA EA can target (Column 2), at 
different stages of the policy cycle (Column 3) identified from different 
policy documents (Column 1), how the SEEA EA can meet these policy 
evidence needs (Column 4), and where the proposal under the EU 
regulation for introducing new environmental-economic accounts has 
limited coverage (Column 5). This review assists in identifying options 
for implementing more detailed ecosystem accounts (see Fig. 1) that 
could better meet the needs of the EU Green Deal for ‘policy-ready’ 
evidence on forests across the policy cycle (Fig. 2). Table 3 provides the 
following insights:  

• Adopting a more ecologically refined forest ecosystem typology for 
the ecosystem extent accounts than the single ‘Forest and woodland’ 
MAES ecosystem type would deliver evidence on the role of different 
types of natural and managed forests in delivering the EU Green Deal 
(e.g., with respect to primary and old growth forests). 

• Incorporating additional indicators in the ecosystem condition ac-
counts, including compositional indicators for biodiversity and tree 
species, structural indicators on tree cover and size distribution and 
chemical indicators for soil carbon would align the accounts with the 
evidence needs of the provisionally agreed EU Nature Restoration 
Law. This would help identify emerging issues and support policy 
impact assessment and instrument design.  

• Evidence on carbon storage in the ecosystem condition accounts by 
different forest types (including natural forest ecosystems) would 
support implementing the EU Climate Law and carbon accounting.  

• Evidence on the supply of non-wood forest products, sediment and 
erosion control, water flow regulation and water purification in the 
ecosystem service accounts would inform more integrated forest 
policy and impact assessment, as well as demonstrating the wider 
role of natural forests to delivering the EU Green Deal.  

• Monetary ecosystem services accounts would help inform policy 
impact assessments and the design of financial policy instruments, 
and support the case for better protection of natural forests.  

• More resolved ecosystem service use accounts would help monitor 
the positive and negative impacts of different economic sectors and 
activities using forests.  

• Spatially explicit accounting data would help prioritise where policy 
instruments should be applied. 

• Integrating the accounting data with information on protection sta-
tus and governance is useful for policy demands, especially with 
respect to natural forests. 

5.2. Ecosystem accounting for forest policy in Liberia 

Liberia is one of the most forested countries on the west coast of 
Africa, with an estimated forest cover of 69% or 6.69 million hectares 
(World Bank, 2020). A global biodiversity hotspot, Liberia hosts one of 
the largest populations of Western chimpanzees (Tweh et al., 2015), 
classified as “Critically Endangered” in IUCN Red List (Humle et al., 
2016). Liberia’s forests provide commercial timber products from which 
the government collects revenues (estimated forestry contribution to 
GDP of 8.8%; Central Bank of Liberia, 2021). Informal forest-economic 
activities (artisanal logging, charcoal production and non-timber forest 
product collection) also contribute significantly to employment and in-
come, estimated at 3–4% of GDP (World Bank, 2020). The contribution 
of forests to food security cannot be ignored for a country where half of 
the population lives at or below poverty level. An estimated 35% of total 

household income is dependent on forests as a source of livelihoods and 
income (World Bank, 2020). Therefore, it is imperative that the 
formulation of forest policies, and the cross-sectoral policies that affect 
forests, are grounded on scientific evidence and data. 

Liberia’s 5-year national development plan, the Pro-Poor Agenda for 
Prosperity and Development (PAPD), serves as a core cross-sectoral 
development plan under the national Vision 2030 framework (Repub-
lic of Liberia, 2018a). It lays out the goal of raising per capita income 
levels and lifting Liberia’s economic status to a middle-income country, 
while also setting ambitious goals for agriculture and fisheries, forestry, 
and service sectors. Liberia’s forestry sector is governed by the Forestry 
Reform Law of 2006 (NFRL, 2006). The NFRL is currently going through 
implementation and monitoring stages of the policy cycle. Thus far, 
evidence from the monitoring stage is scarce for supporting the review 
of the policy and its instruments. Notwithstanding, the Forestry Devel-
opment Authority recently published its approach and vision to Sus-
tainable Forest Management (SFM) in Liberia based on "4Cs” balancing 
principles: Commercialization, Conservation, Community, and Carbon 
(Agyeman et al., 2022). It again emphasizes the importance of inte-
grated evidence to appropriately balance the 4Cs outcomes. 

As Liberia looks towards a period of continued economic and social 
development as envisaged in the PAPD, there is a clear incentive to 
harvest natural resources and modify the natural environment. For 
example, by converting forested land to high-value agriculture such as 
rubber, coffee, cocoa, and palm oil. While a natural resource extraction 
pathway is a well-trodden one, Liberia is in a position to evaluate the 
longer-term implications of this development path, both in terms of 
sustainability of the management of natural resources, and in terms of 
the distribution of benefits and costs that would result from the 
increased extraction of natural resources. Considering the interlinked 
streams of benefits provided by Liberia’s forest at the global, national 
and household level, any decision to gain more of one benefit-stream 
may significantly affect others (Dade et al., 2019). For example, infra-
structure development, mining concessions and expansion of high-value 
commodity products can significantly impact the extent, condition and 
delivery of ecosystem services provided by forest ecosystems, particu-
larly at the local community level. 

In this context, the Liberia Environmental Protection Agency (EPA), 
in partnership with other government agencies, and with support from 
Conservation International (CI), began implementation of the Global 
Environment Facility funded “Conservation and Sustainable Use of Liber-
ia’s Coastal Natural Capital” project. A particular focus of the project is 
establishing the statistical infrastructure and capacity for the Liberian 
government to implement the SEEA EA as part of their national statistics 
program. 

To ensure that the accounting recommendations delivered under the 
project respond to policy evidence and user needs there has been an 
ongoing process of engagement with officials from various agencies 
within the Government of Liberia. A review of Liberian policies, stra-
tegies and instruments identified 17 policies that have relatively direct 
connections to the management of forest ecosystems, with five consid-
ered of most significance in terms of connection to forestry and forest 
ecosystems. These include: 1) the PAPD; 2) National Forest Management 
Strategy; 3) Liberia’s Nationally Determined Contributions (NDCs) 
Implementation Plan; 4) National Biodiversity Strategy and Action Plan 
II; and 5) Liberia Forest Sector Project. 

The insights from the review are summarised in relation to these five 
policy responses in Table 4. Table 4 highlights the most relevant policy 
entry points and specific evidence needs at different stages of the policy 
cycle, following the structure of Table 3. This review assists in informing 
the scope of proposed accounts (as per Fig. 1) in terms of their selection, 
design and the detail required to best inform the forest policy cycle and 
policy analysis in Liberia (as per Fig. 2). Key insights that emerge from 
Table 4 include: 
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Table 3 
How the SEEA EA can meet the need for evidence at different stages in the policy framework for forests in the EU Green Deal.  

Policy response or instrument Policy entry-point for evidence Policy cycle 
stage 

Aligning the SEEA EA to policy 
evidence needs 

Comments on scope of proposed 
regulation on new environmental- 
economic accounts 

EU Biodiversity Strategy Protect, conserve and enhance the 
EU’s natural capital and forest 
biodiversity 

Monitor policy 
and policy 
instruments 
effectiveness 

Regular monitoring of indicators to 
track trends in forest extent, 
condition, ecosystem services and 
biodiversity at European scale 

The MAES Ecosystem Typology for 
forests and woodland is very broad 
with poor ecological resolution (it 
really reflects a land cover, rather than 
ecosystem type classification). 
Condition indicators proposed are 
limited to structural indicators with no 
carbon or composition indicators. 

Climate Change Law / Regulation 
on LULUCF / CAP / EU Strategy 
on Adaptation to Climate 
Change / Farm to Fork Strategy 
2020 / EU Renewable Energy 
Strategy 2018 

Make Europe Climate Neutral by 
2050, increase supply of global 
climate regulation services (e.g., via 
carbon farming, payments for 
ecosystem services, eco-schemes), 
implement robust carbon accounting 
and ensure carbon emissions do not 
exceed carbon removals for different 
land accounting categories 

Formulate policy 
response 
Implement policy 
and policy 
instruments 

Informing targets on carbon storage, 
carbon emissions from forest 
conversion and degradation, and 
global climate regulation services 
from forested lands 

Measurement of global climate 
regulation services is covered but 
information on stocks of carbon and 
changes in stocks is not. No 
information on the monetary value of 
global climate regulation services is 
available to inform impact assessment 
or financial incentives to boost 
supplies of this ecosystem service. 

Monitor policy 
and policy 
instruments 
effectiveness 

Thematic accounting for climate 
change as described in the SEEA EA 
can help with demonstrating 
compliance with the EU Regulation 
on LULUCF. 

EU Forest Strategy / Biodiversity 
Strategy / Nature Restoration 
Law 

Protect the EU’s last remaining 
primary and old-growth forests 

Monitor policy 
and policy 
instruments 
effectiveness 

Indicators on the extent of primary 
and old growth forests protected and 
not protected 

The MAES ecosystem typology does 
not include primary and old growth 
forests. The proposed accounts do not 
stratify forests according to protection 
status. 

Increase the extent of and quality of 
Europe’s forests (including urban 
trees and agroforestry) 

Implement policy 
and policy 
instruments 

Identify which areas should be 
prioritised for afforestation or forest 
restoration based on ecosystem 
service and biodiversity benefits 
delivered 

Limited information on non-structural 
condition indicators for forests is 
included and unclear where 
agroforestry and urban forests would 
be accounted for. The proposed 
accounts do not require them to be 
spatially explicit, limiting the potential 
to identify the best areas for 
afforestation / restoration 

Inform financial instruments to 
incentivise investment in forest 
protection, restoration and 
afforestation based on ecosystem 
service and ecological returns 

No monetary ecosystem services 
accounts, which will help design 
financial instruments based on the 
value of ecosystem services returns 

Identify and map the agricultural and 
forest areas in need of restoration 

Implement policy 
and policy 
instruments 

Spatial data on forest extent, 
condition and services supply to 
prioritise restoration actions 

No requirement for spatially explicit 
accounts. This limits their potential to 
inform policy interventions. 

EU Forest Strategy / Nature 
Restoration Law 

Ensure forest restoration and improve 
the condition of forests listed under 
Annex 1 of the Habitat Directive 

Monitor policy 
and policy 
instruments 
effectiveness 

Indicators should align with those 
under the provisionally agreed EU 
Nature Restoration Law: (a) standing 
deadwood; (b) lying deadwood; (c) 
share of forests with uneven-aged 
structure;(d) forest connectivity; (e) 
common forest bird index; (f) stock of 
organic carbon, each with associated 
reference levels, to identify areas for 
protection and restoration. 

Only information on deadwood 
currently covered and no reference 
levels set out. Reference levels could 
be linked to the provisionally agreed 
EU Nature Restoration Law. 

EU Forest Strategy / EU Strategy 
on Adaptation to Climate 
Change / Circular Economy 
Action Plan / EU Strategy for a 
Bioeconomy for Europe 

Promote sustainable forest 
bioeconomy for long-lived wood 
products, wood-based resources for 
bioenergy and the non-wood forest 
bioeconomy (including ecotourism) 
Create financial incentives for forest 
owners and managers for improving 
the quantity and quality of EU forests, 
their resilience, forest biodiversity 
and the supply of regulating and 
cultural ecosystem services. 

Formulate policy 
response 

Identifying the full range of forest 
ecosystem services and their value 
that can contribute to non-wood- 
based forest economic activities 

Ecosystem services linked to non-wood 
forest products, sediment and erosion 
control, water flow regulation and 
water purification are not included. 
These represent potential economic 
opportunities, including in the context 
of nature-based solutions to climate 
change adaptation. Monetary 
ecosystem services supply and use 
accounts are not covered, these will be 
helpful to support policy appraisal (e. 
g., cost benefits analysis) and 
instrument design. 

Implement policy 
and policy 
instruments 

Inform financial instruments to 
incentivise investment in economic 
activities linked to forest ecosystem 
services 

Monetary ecosystem services accounts 
are not covered. These can help inform 
the design of financial incentives for 
private investment in forests 

Monitor policy 
and policy 
instruments 
effectiveness 

Indicators to track wood and non- 
wood-based forest economic activity 

Economic activity associated with 
wood production is accounted for in 
the forest accounts but extended 
supply and use accounts (discussed in 
the SEEA EA, Section 11) are needed to 

(continued on next page) 

S. King et al.                                                                                                                                                                                                                                     



Environmental Science and Policy 152 (2024) 103653

9

● Information needs to be organised for different forest ecosystem 
types, land uses and condition status, including forests used for 
timber production, agroforests, coastal forests / mangroves and 
other natural forests. This is relevant across the forest policy 
framework for Liberia and supports implementation and reporting 
under the CBD GBF (this will be accommodated by adopting the 
IUCN GET for different forest types).  

● Integrating information on ownership, management arrangements 
(especially community management) and protection status is useful 
across the forest policy framework.  

● Evidence on carbon storage and associated global climate regulation 
ecosystem services is important for delivering on Liberia’s Nationally 
Determined Contribution for climate change mitigation.  

● Whilst indicators on timber stocks and provisioning services are 
needed, these should be complemented with information on a 
broader range of ecosystem services, in particular those contributing 
to the market and non-market benefits received by people living in 
forests or adjacent communities.  

● Spatially explicit information will be helpful in targeting forest 
conservation and restoration interventions where they are needed 
most, improving community welfare via forest ecosystem services 
and livelihoods, protecting and conserving forests most important for 
biodiversity and climate change mitigation. 

● As Liberia’s forests are critical to supporting the economic liveli-
hoods of many people and communities, integrated evidence to 
inform holistic policy design that recognises the connections be-
tween economic, social and environmental outcomes is needed. 

6. Discussion 

If the SEEA EA is to deliver ‘policy-ready’ evidence that informs 
‘better’ policy, a structured approach to engaging with the policy com-
munity is necessary to guide the accounts compilation. This includes 
selecting and designing accounting structures (Fig. 1), aggregates, 
classifications / cross-walks and the accounts production cycle. Essential 
to this is understanding the policy processes and analyses this evidence 
will feed in to (Fig. 2). In this paper, we explored this issue using a 

structured approach to evaluating the policy framework for forest eco-
systems, a theme high on the international policy agenda (see S1), using 
the EU Green Deal (Table 3) and Liberia’s forest policy framework 
(Table 4) as case studies. 

The review of the policy framework for forests under the EU Green 
Deal identified 17 different policies where improved forest management 
can contribute to their success (Table 3 and S2). These include the EU 
forest strategy, biodiversity strategy, provisionally agreed nature 
restoration law, law on climate change, and circular economy action 
plan. Starting from this policy perspective allows a broad range of evi-
dence needs to be established, which SEEA EA accounts can be designed 
and compiled to meet. 

The EU Green Deal case study highlights key policy evidence gaps in 
the scope of ‘Forest accounts’ and ‘Ecosystem accounts’ in a proposed EU 
regulation introducing new environmental economic accounts modules (EC, 
2022). The EU Green Deal policy evidence needs will be better met if: 

• Ecosystem extent accounts differentiate natural and managed for-
ests, and especially old growth forest.  

• Condition accounts include additional indicators on tree species, 
biodiversity and carbon.  

• Physical and monetary ecosystem services supply and use accounts 
include non-wood forest products, sediment and erosion control, 
water flow regulation and water purification services. 

Without this additional evidence, the accounts will not provide the 
integrated information system needed to support the policy analyses, 
processes and procedures across the policy cycle of the EU Green Deal 
(Fig. 2). 

The Liberia case study focused on five policies of relevance to na-
tional forest management (Table 4). Analyses revealed that policy evi-
dence needs will be best met if:  

• The ecosystem extent accounts differentiate types of both managed 
and natural forests, including forest for timber production and 
agroforestry and forests important for biodiversity (e.g., mangroves). 

Table 3 (continued ) 

Policy response or instrument Policy entry-point for evidence Policy cycle 
stage 

Aligning the SEEA EA to policy 
evidence needs 

Comments on scope of proposed 
regulation on new environmental- 
economic accounts 

connect the supply and use of non- 
wood provisioning ecosystem services 
to economic activities. 

Review policy 
and policy 
instruments 

Ex-poste impact assessment to 
understand if wood and non-wood 
forest-based economic activities are 
impacting on other forest ecosystem 
services, climate change mitigation 
objectives and biodiversity 

No information on forest ecosystem 
sub-types, composition condition 
indicators relevant to biodiversity, 
carbon storage and emissions. Limited 
information on ecosystem services. 
This limits ability to understand trade- 
offs and synergies. 

EU Taxonomy for Green 
Investments 

Demonstrating which economic 
activities are contributing 
substantially to restoring 
biodiversity, enhancing ecosystem 
services and climate change 
mitigation 

Monitor policy 
and policy 
instruments 
effectiveness 
Review policy 
and policy 
instruments 

Indicators to track trends in forest 
extent, condition, biodiversity, 
ecosystem services supply (including 
global climate regulation), carbon 
storage from forest areas operated for 
different economic activities 

Limited information on non-structural 
condition indicators for forests and no 
breakdown of forest ecosystem service 
users by economic activity 

EU Renewable Energy Strategy 
2018 

Ensure biofuels, bioliquids and 
biomass fuels are not made from raw 
material obtained from land with a 
high biodiversity value or high 
carbon stocks. This includes primary 
forest and other wooded land which is 
species-rich and not degraded. It also 
includes continuously forested areas 
of > 1 ha, with trees > 5 m and 
> 10% canopy cover (subject to 
certain derogations) 

Monitor policy 
and policy 
instruments 
effectiveness 

Indicators of biomass provisioning 
ecosystem service and forest 
condition by forest sub-type (species- 
level composition, tree canopy cover, 
tree height) 

The MAES forest and woodland 
ecosystem type does not distinguish 
primary forest and the proposed 
accounts do not cover condition 
indicators for species-level 
composition, tree canopy cover, tree 
height.  
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Table 4 
How the SEEA EA can meet the need for evidence at different stages in the policy framework for forests in Liberia.  

Policy response or instrument Policy goals and entry points Policy cycle 
stage 

Aligning the SEEA EA to policy 
evidence needs 

Comments on scope of proposed 
accounts 

Pro-Poor Agenda for Prosperity 
and Development (PAPD) 

Increasing the forest contribution to 
GDP from 9% to 12% 
Increasing forest cover from 44% to 
100% in protected areas 
Reducing woody biomass use for 
energy from 95% to 80% of 
households 
Increase environmentally protected 
areas (both designated and 
proposed) to 30% of total forest area 

Formulate policy 
response 
Implement policy 
and policy 
instruments 
Monitor policy 
and policy 
instruments 
effectiveness 
Review policy and 
policy 
instruments 

Indicators of forest sector components 
of GDP (e.g., timber, firewood, 
charcoal, biomass, etc. and associated 
economic activity) not recorded in the 
SNA forestry sector 
Indicators of biomass provisioning 
ecosystem service (e.g., firewood, 
charcoal) and condition indicators on 
biomass and standing timber 
Identifying the full range of forest 
ecosystem services and their value that 
can contribute to non-timber-based 
forest economic activities 
Indicators on the extent of different 
forest ecosystem types that are 
protected and not protected 

Initial focus should be placed on 
ensuring robust measures of the area 
of forest and associated timber 
resources, with additional data, such 
as protected areas, species and timber 
production incorporated over time. In 
the medium to longer term, 
information on other ecosystem 
services can be added 

National Forest Management 
Strategy 

Allocating up to approximately 2.0 
million hectares of forest into timber 
sales contracts, forest management 
contracts, and private use contracts 
Managing existing protected areas 
(Nimba Nature Reserve and Sapo 
National Park) in accordance with 
the National Forest Reform Law and 
FDA regulations 
Defining new protected areas and 
allocating up to 950,000 ha to the 
National Protected Area Network. 

Implement policy 
and policy 
instruments 
Monitor policy 
and policy 
instruments 
effectiveness 
Review policy and 
policy 
instruments 

Indicators to spatially track timber 
provisioning ecosystem services, 
timber-based forest economic activity 
and ownership 
Indicators on the extent of different 
forest ecosystem types that are 
protected and not protected, their 
condition (including connectivity), the 
species they support and the ecosystem 
services they supply to different users 
Indicators on environmental 
expenditure 
Ex-poste impact assessment on impact 
of timber exploitation on other forest 
ecosystem services, climate change 
mitigation objectives and biodiversity 

The key focus here should be on 
ensuring the area of forests and the 
stock of timber are well accounted for. 
Focus is needed on spatial mapping 
given the need to allocate individual 
areas of forest to specific contracts 
and purposes 

Liberia’s Nationally Determined 
Contributions (NDCs) 
Implementation Plan 
(Prioritized Projects) 

Reducing the national deforestation 
rate by 50% by 2030 
Reducing GHG emissions from forest 
conversion by 40% below BAU levels 
by 2030 
Reforesting an average of 12,285 ha 
per year to enhance forest carbon 
stocks 
Restoring 25% of priority degraded 
forests by 2030 
Improving protection and 
conservation measures in 30% of 
mangrove ecosystems 
Enhancing coastal carbon stocks by 
restoring 35% of degraded coastal 
wetlands and mangrove ecosystems 
by 2030 
Increasing the number of equitably 
governed community forests 

Implement policy 
and policy 
instruments 
Monitor policy 
and policy 
instruments 
effectiveness 

Indicators on the extent and condition 
of different forest ecosystem types 
(including coastal forests and 
mangroves) and the species they 
support that are protected, not 
protected or under community 
management 
Indicators on biomass, standing 
timber, carbon storage, carbon 
emissions from forest conversion and 
degradation, and flows of global 
climate regulation services from 
forested lands 
Ex-ante impact assessment to identify 
priority areas for forest restoration- 
based biodiversity conservation, 
carbon mitigation, social welfare and 
poverty alleviation benefits 

Beyond the robust measurement of 
forest area and timber stocks, the core 
focus for NDC related measurement is 
accurate assessment of carbon stocks 
and changes in stocks, and identifying 
the causes of these changes such as 
deforestation and degradation. A 
combination of on ground data 
collection (as conducted through the 
National Forest Inventory) and 
remote sensing is needed. The 
extension to incorporate data on 
mangroves is also needed. This has 
been a particular focus of one part of 
the GEF funded project in developing 
initial accounts for Liberia’s coastal 
ecosystems 

National Biodiversity Strategy 
and Action Plan II (will be 
reviewed and updated in light 
of the recent adoption of the 
CBD’s GBF in 2022). 

Ensuring at least 35% of mangrove 
forest of global importance is 
protected 
Increasing the number of PAs 
gazetted 
Restoring forests through 
afforestation and reforestation 
Establishing areas of woodland 
Placing areas of forest under 
conservation through the 
REDD+ project 

Implement policy 
and policy 
instruments 
Monitor policy 
and policy 
instruments 
effectiveness 

Indicators on the extent of different 
forest ecosystem types that are 
protected and not protected, their 
condition and the ecosystem services 
they supply to different users. 
Indicators on forest species and 
biodiversity that are protected and not 
protected 
Indicators on biomass, carbon storage, 
and flows of global climate regulation 
services from forested lands that are 
protected and not protected 
Indicators to inform monitoring for the 
CBD Global Biodiversity Framework 
for Goal A (integrity, connectivity and 
resilience of all ecosystems), Goal B 
(ecosystem services), Goal C 
(monetary and non-monetary 
benefits), D (funding of conservation 
and sustainable use of biodiversity and 
ecosystems) 

Core to building these accounts will 
be the integration of data on 
ecosystem extent and the boundaries 
of protected areas. These data can be 
well supported by data on ecosystem 
condition, including on species, to 
provide performance measures of the 
effectiveness of the PA system in 
securing positive biodiversity 
outcomes. 

(continued on next page) 
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• The ecosystem condition accounts include indicators on timber re-
sources, carbon and ideally biodiversity composition.  

• Physical and monetary ecosystem services supply and use accounts 
include both nationally important ecosystem services, such as com-
mercial timber provisioning and global climate regulation, and 
locally important ecosystem services, such as community wood 
provisioning, non-wood forest products including food, fibre, me-
dicinal plants and other ecosystem services important to local live-
lihoods and welfare. 

For both EU Green Deal and Liberia case studies, there is a need for 
ecosystem accounts to be spatially explicit and integrated with spatial 
data on land use, especially protection status. Without the spatial detail, 
it will be extremely challenging to deliver effective interventions that 
benefit biodiversity and communities local to forests. 

Both case studies illustrate forests are important across a range of 
policies, highlighting how the governance of forest resources is a com-
plex endeavour because of interdependence with cross-sectoral policies 
such as biodiversity, climate change, agriculture, and national devel-
opment plans. Consequently, achieving successful policy outcomes for 
forests will require substantial levels of co-ordination and balancing of 
interventions in different locations across a range of institutions, donors 
and initiatives to support policy design and implementation. To achieve 
appropriate levels of co-ordination, stakeholders have a significant 
advantage by working from a commonly agreed set of baseline infor-
mation and a common language for describing the state, changes in state 
and services provided by forest ecosystems. This rationale for the use of 
the SEEA EA is supported by the reality that inconsistencies in infor-
mation and language among different agencies can lead to significant 
confusion and increased costs in implementation. 

Reflecting on the above, the policy review process itself is a step-
pingstone for engaging with stakeholders to raise awareness of the 
relevance of coherent and consistent evidence for ‘better’ decision- 
making. For instance, the application of the SEEA EA at national 
levels can generate the economic arguments needed to channel funds to 
nature-based solutions. A specific example is the UNFCCC Paris Agree-
ment, where carbon markets (as a regulated and voluntary economic 
policy instrument), can contribute substantially to meet targets for Na-
tionally Determined Contributions and the funds needed for forest-based 
mitigation (UNEP, 2022; UNEP and IUCN, 2021). At the same time, 
carbon finance supporting conservation, restoration or sustainable 
management of forests can help countries to fulfil socioeconomic needs, 
such as job creation through ecotourism or the sustainable exploitation 
of non-timber forest products and the conservation of forest-dependent 
species and ecosystems. Through the SEEA EA, countries have the 
appropriate tool to monitor if the investments supported by climate 
finance are leading to such expected environmental and socioeconomic 
benefits (Vardon et al., 2022). 

Whilst the SEEA EA holds promise for delivering ‘policy-ready’ evi-
dence for multiple forest and other ecosystem needs, it sits within a 
larger landscape of policy instruments and internationally agreed 
frameworks for structured data collation and synthesis. Biodiversity- 
focussed examples include the IUCN Red List of Ecosystems, the global 
standard for ecosystem risk assessment, which is applied by environ-
mental agencies in many governments, research and NGO communities 
and has been proposed as one of the metrics to monitor progress against 
one of the goals agreed under the GBF (CBD/COP/15/2).3 The FAO 
regularly collect, analyse and disseminate information on the status of 
and trends in the world’s forests through the Global Forest Resources 
Assessments (FAO, 2020). As part of countries commitments towards 
meeting the Paris Agreement (UNFCCC 2015), Parties to the Convention 
provide data on their national greenhouse gas emissions from all sour-
ces, including land use, land-use change and forestry (LULUCF) to a 
Global Stocktake. Further research and investigation are needed about 
the complementarities and potential alignment between these existing 
frameworks for different objectives and the SEEA EA statistical standard, 
especially for capturing opportunities to improve the data bases serving 
the SEEA EA. 

Co-design of environmental monitoring and reporting systems with 
the SEEA EA accounting format will clearly enhance alignment (Ruijs 
et al., 2019). For instance, the new EU framework for forest monitoring 
and strategic plans can deliver detailed, accurate, regular and timely 
information on the condition and management of EU forests, and on the 
products and ecosystem services that forests provide. This monitoring 
data is a critical part of the information system required to support forest 
ecosystem accounting in Europe. Developing this monitoring framework 
with the SEEA EA accounting classifications and structures in mind will 
greatly enhance the potential for mainstreaming information on forests 
across environmental, economic and social planning processes and 
policies. 

7. Conclusion 

This paper highlights the role the SEEA EA can play in contributing 
to evidence-led, integrated policy action by delivering robust ‘policy- 
ready’ evidence when it is needed across the policy cycle. Using case 
studies for the EU Green Deal and Liberia, we demonstrate how the SEEA 
EA can support policy evidence needs, using forests as a policy theme. 
The case studies highlight the benefits of undertaking structured reviews 
of forest policy entry-points and evidence needs at the outset of 
embarking on the compilation of the SEEA EA accounts described in 
Fig. 1. They demonstrate how SEEA EA accounts can be designed and 

Table 4 (continued ) 

Policy response or instrument Policy goals and entry points Policy cycle 
stage 

Aligning the SEEA EA to policy 
evidence needs 

Comments on scope of proposed 
accounts 

Liberia Forest Sector Project The Liberian Forest Sector Project 
operating within the World Bank’s 
Country Partnership Framework 
focuses on the management of 
forests including:  
● Agroforestry  
● Natural resource management 

through Authorised Forest 
Communities  

● Protected areas  
● Benefits for people living in 

forests or adjacent communities 

Formulate policy 
response 
Implement policy 
and policy 
instruments 
Monitor policy 
and policy 
instruments 
effectiveness 

Indicators on the extent and condition 
of different forest ecosystem types 
(including agroforests) that are 
protected, not protected or under 
community management 
Indicators on the ecosystem services 
supplied by protected and not 
protected forests (particularly 
firewood, charcoal, fruits, nuts, 
firewood, honey, and medicinal 
products) and the location of 
associated users (especially nearby 
communities) and aggregate national 
use 

The additional focus for this project 
concerns measuring a broader range 
of ecosystem services, in particular 
those contributing to the market and 
non-market benefits received by 
people living in forests or adjacent 
communities  

3 https://www.cbd.int/doc/c/179e/aecb/592f67904bf07dca7d0971da/cop- 
15-l-26-en.pdf 
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compiled to inform on all stages of the policy cycle, and support asso-
ciated analyses, processes and procedures (see Fig. 2). The EU case study 
identified some important evidence gaps the proposed EU regulation on 
environmental-economic accounts should address that are relevant 
across the policy cycle. It describes how ecosystem accounts can be best 
compiled to fill these. The Liberia case study identified evidence needs 
across the policy cycle for five national policy responses that ecosystem 
accounts can be compiled to meet. We believe the structured reviews for 
each case study can be replicated for policy themes and frameworks 
beyond forests. 

These structured reviews provide a foundation for active engage-
ment with the policy community on the EU Green Deal and on Liberia’s 
policy framework for forests. Further engagement with these potential 
account users is needed to understand in detail what evidence they need, 
in what format and how it can be delivered to support the specific an-
alyses, processes and procedures that will drive the policy cycle around 
these two forest policy frameworks. Institutionalising the SEEA EA into 
the policy-making processes in this way will greatly enhance the ability 
of governments to deliver better, more coherent and integrated policy 
responses that recognise the multiple benefits of forests. This can 
encourage transition from sector-by-sector responses to comprehensive 
policies that recognise the trade-offs between intensive management of 
forests for provisioning services and more sustainable management of all 
forests to achieve a range of environmental, economic and social 
objectives. 
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Castañeda, J.P., Obst, C., Varela, E., Barrios, J.M., & Narloch, U. (2017). Forest 
Accounting Sourcebook. Policy applications and basic compilation. https://www. 
wavespartnership.org/sites/waves/files/kc/forest_resourcesbook.pdf. 

Central Bank of Liberia (2021). Central Bank of Liberia Annual Report 2021. Republic of 
Liberia, Monrovia. https://public.cbl.org.lr/doc/2021annualreport.pdf. 

Dade, M.C., Mitchell, M.G., McAlpine, C.A., Rhodes, J.R., 2019. Assessing ecosystem 
service trade-offs and synergies: the need for a more mechanistic approach. Ambio 
48, 1116–1128. 

Dicks, L.V., Walsh, J.C., Sutherland, W.J., 2014. Organising evidence for environmental 
management decisions: a ‘4S’ hierarchy. Trends Ecol. Evol. 29 (11), 607–613. 
https://doi.org/10.1016/j.tree.2014.09.004. 

Dooley, K., Keith, H., Larson, A., Catacora-Vargas, G., Carton., W., Christiansen, K.L., 
Baa, O.E., Frechette, A., Hugh, S., Ivetic, N., Lim, L.C., Lund, J.F., Luqman, M., 
Mackey, B., Monterroso, I., Ojha, H., Perfecto, I., … Young, V. (2022). The Land Gap 
Report 2022. https://www.landgap.org/. 

EC. (2019). The European Green Deal (COM(2019) 640 final; COMMUNICATION FROM 
THE COMMISSION TO THE EUROPEAN PARLIAMENT, THE EUROPEAN COUNCIL, 
THE COUNCIL, THE EUROPEAN ECONOMIC AND SOCIAL COMMITTEE AND THE 
COMMITTEE OF THE REGIONS). https://eur-lex.europa.eu/resource.html? 
uri=cellar:b828d165–1c22–11ea-8c1f-01aa75ed71a1.0002.02/DOC_ 
1&format=PDF. 

EC. (2021a). Better Regulation Guidelines (SWD(2021) 305 final; COMMISSION STAFF 
WORKING DOCUMENT). https://ec.europa.eu/info/sites/default/files/swd2021_ 
305_en.pdf. 

EC. (2021b). New EU Forest Strategy for 2030 (COM(2021) 572 final; COMMUNICATION 
FROM THE COMMISSION TO THE EUROPEAN PARLIAMENT, THE COUNCIL, THE 
EUROPEAN ECONOMIC AND SOCIAL COMMITTEE AND THE COMMITTEE OF THE 
REGIONS). https://eur-lex.europa.eu/resource.html?uri=cellar:0d918e07- 
e610–11eb-a1a5–01aa75ed71a1.0001.02/DOC_1&format=PDF. 

EC. (2022). Proposal for a Regulation of the European Parliament and of the Council 
amending Regulation (EU) No 691/2011 as regards introducing new environmental 
economic accounts modules (COM(2022) 329 final). https://eur-lex.europa.eu/legal- 
content/EN/TXT/PDF/?uri=CELEX:52022PC0329&from=EN. 

Edens, B., Maes, J., Hein, L., Obst, C., Siikamaki, J., Schenau, S., Javorsek, M., Chow, J., 
Chan, J.Y., Steurer, A., Alfieri, A., 2022. Establishing the SEEA Ecosystem 
Accounting as a global standard. Ecosyst. Serv. 54, 101413 https://doi.org/10.1016/ 
j.ecoser.2022.101413. 

EEA. (2016). Environment and climate policy evaluation (EEA Report No 18/2016). https:// 
www.eea.europa.eu/publications/environment-and-climate-policy-evaluation. 

Elomina, J., Pülzl, H., 2021. How are forests framed? An analysis of EU forest policy. For. 
Policy Econ. 127, 102448 https://doi.org/10.1016/j.forpol.2021.102448. 

S. King et al.                                                                                                                                                                                                                                     

https://doi.org/10.1016/j.envsci.2023.103653
https://doi.org/10.1126/science.aam5962
https://doi.org/10.1126/science.aam5962
https://www.wavespartnership.org/sites/waves/files/kc/WAVESreportfinalversion%281%29.pdf
https://www.wavespartnership.org/sites/waves/files/kc/WAVESreportfinalversion%281%29.pdf
https://doi.org/10.1332/174426412X620128
https://doi.org/10.1080/09614524.2014.911819
https://doi.org/10.1111/gcb.15029
http://refhub.elsevier.com/S1462-9011(23)00302-7/sbref6
http://refhub.elsevier.com/S1462-9011(23)00302-7/sbref6
http://refhub.elsevier.com/S1462-9011(23)00302-7/sbref6
http://refhub.elsevier.com/S1462-9011(23)00302-7/sbref6
http://refhub.elsevier.com/S1462-9011(23)00302-7/sbref7
http://refhub.elsevier.com/S1462-9011(23)00302-7/sbref7
http://refhub.elsevier.com/S1462-9011(23)00302-7/sbref7
https://doi.org/10.1016/j.tree.2014.09.004
https://doi.org/10.1016/j.ecoser.2022.101413
https://doi.org/10.1016/j.ecoser.2022.101413
https://doi.org/10.1016/j.forpol.2021.102448


Environmental Science and Policy 152 (2024) 103653

13

FAO. (2020). Global Forest Resources Assessment 2020: Main report. https://doi.org/ 
10.4060/ca9825en. 

FAO. (2022). The State of the World’s Forests 2022. Forest pathways for green recovery and 
building inclusive, resilient and sustainable economies. 〈https://www.fao.org/3/cb936 
0en/cb9360en.pdf〉. 

FAO & UNEP. (2020). The State of the World’s Forests 2020. Forests, biodiversity and 
people. In The State of the World’s Forests 2020. FAO. https://doi.org/10.4060/ 
ca8642en. 

FAO & UNSD. (2020). System of Environmental-Economic Accounting for Agriculture, 
Forestry and Fisheries (SEEA AFF). https://doi.org/https://doi.org/10.4060/ 
ca7735en. 

Gasser, T., Ciais, P., Lewis, S.L., 2022. How the glasgow declaration on forests can help 
keep alive the 1.5◦ C target. Proc. Natl. Acad. Sci. 119 (23) e2200519119.  

Grover, I., O’Reilly-Wapstra, J., Suitor, S., MacDonald, D.H., 2023. Not seeing the 
accounts for the forest: a systematic literature review of ecosystem accounting for 
forest resource management purposes. Ecol. Econ. 212, 107922. 

Haynes, R.B., 2006. Of studies, syntheses, synopses, summaries, and systems: the “5S” 
evolution of information services for evidence-based healthcare decisions. BMJ Evid. 
-Based Med. 11 (6), 162–164. https://doi.org/10.1136/ebm.11.6.162-a. 

Hernández-Morcillo, M., Torralba, M., Baiges, T., Bernasconi, A., Bottaro, G., 
Brogaard, S., Bussola, F., Díaz-Varela, E., Geneletti, D., Grossmann, C.M., Kister, J., 
Klingler, M., Loft, L., Lovric, M., Mann, C., Pipart, N., Roces-Díaz, J.V., Plieninger, T., 
2022. Scanning the solutions for the sustainable supply of forest ecosystem services 
in Europe. Sustain. Sci. 17 (5), 2013–2029. https://doi.org/10.1007/s11625-022- 
01111-4. 

Humle, T., Maisels, F., Oates, J.F., Plumptre, A., & Williamson, E.A. (2016). Pan 
troglodytes. International Union for Conservation of Nature (IUCN). 

James, K.L., Randall, N.P., Haddaway, N.R., 2016. A methodology for systematic 
mapping in environmental sciences. Environ. Evid. 5 (1), 7 https://doi.org/10.1186/ 
s13750-016-0059-6. 

Johnston, R.J., Rosenberger, R.S., 2010. Methods, trends and controversies in 
contemporary benefits transfer. J. Econ. Surv. 24 (3), 479–510. https://doi.org/ 
10.1111/j.1467-6419.2009.00592.x. 

Keith, D.A., Ferrer-Paris, J.R., Nicholson, E., Bishop, M.J., Polidoro, B.A., Ramirez- 
Llodra, E., Tozer, M.G., Nel, J.L., Mac Nally, R., Gregr, E.J., Watermeyer, K.E., 
Essl, F., Faber-Langendoen, D., Franklin, J., Lehmann, C.E.R., Etter, A., Roux, D.J., 
Kingsford, R.T., 2022. A function-based typology for Earth’s ecosystems. Nature 610 
(7932), 513–518. https://doi.org/10.1038/s41586-022-05318-4. 

Keith, H., Vardon, M., Stein, J.A., Lindenmayer, D., 2019. Contribution of native forests 
to climate change mitigation – a common approach to carbon accounting that aligns 
results from environmental-economic accounting with rules for emissions reduction. 
Environ. Sci. Policy 93 (November 2018), 189–199. https://doi.org/10.1016/j. 
envsci.2018.11.001. 

Keith, Heather, Vardon, M., Stein, J.A., Stein, J.L., Lindenmayer, D., 2017. Ecosystem 
accounts define explicit and spatial trade-offs for managing natural resources. Nat. 
Ecol. Evol. 1 (11), 1683–1692. https://doi.org/10.1038/s41559-017-0309-1. 

Keith, Heather, Vardon, M., Obst, C., Young, V., Houghton, R.A., Mackey, B., 2021. 
Evaluating nature-based solutions for climate mitigation and conservation requires 
comprehensive carbon accounting. Sci. Total Environ. 769, 144341 https://doi.org/ 
10.1016/j.scitotenv.2020.144341. 

La Notte, A., Vallecillo, S., Grammatikopoulou, I., Polce, C., Rega, C., Zulian, G., 
Kakoulaki, G., Grizzetti, B., Ferrini, S., Zurbaran-Nucci, M., Bendito, E.G., 2022. The 
Integrated system for Natural Capital Accounting (INCA) in Europe: twelve lessons 
learned from empirical ecosystem service accounting. One Ecosyst. 7, e84925. 

Maes, J., Teller, A., Erhard, M., (eds) 2013. Mapping and Assessment of Ecosystems and 
their Services – An analytical framework for ecosystem assessments under Action 5 
of the EU Biodiversity Strategy to 2020. EUR KH-32–13-185-EN-N. Luxembourg 
(Luxembourg): Publications Office of the European Union. JRC81328MAES. htt 
p://ec.europa.eu/environment/nature/knowledge/ecosystem_assessment/pdf/ 
MAESWorkingPaper2013.pdf. 

McKinnon, M.C., Cheng, S.H., Garside, R., Masuda, Y.J., Miller, D.C., 2015. 
Sustainability: Map the evidence. Nature 528 (7581), 185–187. https://doi.org/ 
10.1038/528185a. 

Nature editorial, 2009. On the road to REDD. Nature 462 (7269), 11. https://doi.org/ 
10.1038/462011a. 

NFRL (2006). An Act Adopting The National Forestry Reform Law of 2006. https://faolex. 
fao.org/docs/pdf/lbr67626.pdf. 

OECD. (2015). Scientific advice for policy making: The role and responsibility of expert bodies 
and individual scientists. OECD Publishing. 

Ouyang, Z., Song, C., Zheng, H., Polasky, S., Xiao, Y., Bateman, I.J., Liu, J., 
Ruckelshaus, M., Shi, F., Xiao, Y., Xu, W., Zou, Z., Daily, G.C., 2020. Using gross 
ecosystem product (GEP) to value nature in decision making, 201911439 Proc. Natl. 
Acad. Sci.. https://doi.org/10.1073/pnas.1911439117. 

Republic of Liberia. 2018a. Pro-Poor Agenda for Prosperity and Development (PAPD), July 
2018 – June 2023. Available at https://ekmsliberia.info/wp-content/uploads/2019/ 
11/PAPD-pro-poor-agenda-for-prosperity-and-development.pdf (accessed 17 
February, 2023). 

Rose, D.C., Brotherton, P.N.M., Owens, S., Pryke, T., 2018. Honest advocacy for nature: 
presenting a persuasive narrative for conservation. Biodivers. Conserv. 27 (7), 
1703–1723. https://doi.org/10.1007/s10531-016-1163-1. 

Rose, D.C., Mukherjee, N., Simmons, B.I., Tew, E.R., Robertson, R.J., Vadrot, A.B.M., 
Doubleday, R., Sutherland, W.J., 2020. Policy windows for the environment: Tips for 
improving the uptake of scientific knowledge. Environ. Sci. Policy 113, 47–54. 
https://doi.org/10.1016/j.envsci.2017.07.013. 

Ruijs, A., Vardon, M., Bass, S., Ahlroth, S., 2019. Natural capital accounting for better 
policy. Ambio 48 (7), 714–725. https://doi.org/10.1007/s13280-018-1107-y. 

Scarano, F.R., Garcia, K., Diaz-de-Leon, A., Queiroz., H.L., Rodríguez Osuna, V., Silvestri, 
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