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Summary  

 
The recent global ecological crises (i.e., climate, biodiversity, plastic, resources, pollution, land 
use, etc.) have led the world towards a more and more urgent need for the sustainable use of 
natural resources. While ceasing the use of some resources seems unfeasible, the responsible 
use and management of social and natural assets portray an opportunity to contribute to building a 
more resilient, equitable, and endurable future to embrace the foreseen consequences of these 
global crises. As for biodiversity, the current crisis has gained much attention in the last decades. 
Several sectors such as academia, non-profit organizations, the financial and private sector, public 
bodies, and organizations have placed multiple efforts to assemble a solution that meets the 
critical demands at several scales of the biodiversity crisis. Nonetheless, biodiversity is context-
dependent, multi-scale, complex, and underpins multiple dimensions. This study pretended to, first 
through experts’ consultation, identify and build a meta-standard containing key criteria and 
indicators focused on biodiversity maintenance, protection, enhancement, and conservation. 
Second, from the reference standard, develop a comparative assessment of the extent to which 
selected forest certification standards address the multiple aspects related to biodiversity and 
third, to provide lessons learned and inputs on the least covered topics with the aim to contribute 
to future development and improvement of forest certification schemes. The results show that 
most of the standards had a strong focus on protecting threatened and endangered species, high 
conservation value areas, and water bodies. Moreover, the prioritization of connectivity and 
complexity of the forest addressed landscape biodiversity issues stressed in previous studies to be 
lacking in forest certification standards, seems to be a widely covered topic in the assessed 
standards. In contrast, while many biological and ecosystemic problems are widely discussed, 
critical aspects intrinsically connected to biodiversity are still overlooked. Climate change 
mitigation, adaptation, and resilience development, research, education, and capacity-building 
programs oriented to strengthen the acknowledgement, governance, and sensitivity toward 
biodiversity are poorly addressed topics in most of the standards. 
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1. Introduction 
 
Human Development in the last decades has led to alarming biodiversity loss rates (IPBES 2019a; 
Sun et al. 2022). Biodiversity loss has been linked to the reduced provision in quality and quantity 
of essential resources, such as net primary production and carbon sequestration; instability of 
ecosystem functions, like water filtration or soil formation, and decreased delivery of provisioning 
and regulating ecosystem services, like climate regulation and pollination (Cardinale et al. 2012; 
IPBES 2019a; Korn et al. 2019; Pörtner et al. 2021), ultimately affecting human welfare.  
 
Biodiversity has been widely defined in papers and grey literature from a biological perspective 
(UNEP and CBD 1994; Putz et al. 2000; Magurran 2004; CBD 2013; WWF 2018; TNC 2022). The 
social, cultural, and economic intrinsic value of biodiversity besides the biological denotation has 
been more marginally addressed, though in the last 15 years it has started to be broadly 
recognised in several contexts (MEA 2005; UNESCO and CBD 2010; Schneiders et al. 2012; 
Gregory et al. 2013; Laurila-Pant et al. 2015). 
 
Biodiversity collapse has been classified as a top risk in terms of impact and likelihood of 
happening in the next five to ten years (World Economic Forum 2021) and shall not be overlooked; 
stopping it is a significant concern among governments, the private sector, non-governmental 
organisations, and civil society at large. Biodiversity-associated issues are now starting to be 
considered also from social, cultural and economic perspectives (IPBES 2019a; Pörtner et al. 
2021; FC4S and UNDP 2022). As a result, many regulations, approaches, and tools to reconcile 
human development and the environment have arisen.  
 
Among the formers, market-based instruments (MBIs) have been booming in the past few years to 
promote sustainable management of resources through incentives to profitable businesses 
(Lapeyre and Pirard 2013). MBIs function as a comprehensive set of tools with a price component 
and a place in the market (Pirard 2012). Among the assemble of instruments comprised by MBIs, 
“voluntary price signals” emerge in the form of certifications, standards, and guidelines where 
producers, through the completion of specific benchmarks, claim particular impacts on the 
environment to obtain a price premium for their products (Pirard 2012; Thorsen et al. 2014).  
 
Several certification systems dealing with biodiversity can be found in the market. Some of them 
are designed to operate in multiple sectors, while others are designed for specific sectors. These 
address biodiversity aspects concerning a single economic sector, such as fisheries and 
aquaculture, agriculture and food, finance, mining, carbon offsets, tourism, and others (UNEP-
WCMC 2011). With specific reference to the forest sector, there are certification schemes, 
standards and guidelines that promote sustainable forest management (even though some of 
them do not deliver a certification label), such as the Forest Stewardship Council® (FSC®), the 
umbrella scheme of the Programme for the Endorsement of Forest Certification (PEFC), the 
International Tropical Timber Organization (ITTO), among others. In 2004, Holvoet and Muys 
(2004) identified nearly 164 sustainable forest management (SFM) standards. However, a 
common understanding of how criteria and indicators from different standards interact was still 
unexplored. Masiero et al. (2015) provided a complete analysis of how sustainability standards 
and guidelines follow reference principles and their relationship with the criteria and indicators, 
specifically for forest plantations. As for biodiversity issues, the authors found both profound gaps 
and overlapping in the certification criteria across different standards and guidelines.  
 
Similarly to the purpose of this thesis, Englund and Berndes (2015) explored to which extent 
sustainable standards considered biodiversity aspects within their criteria and indicators. Existing 
literature focused on biodiversity assessment within existing sustainability standards and, 
particularly in forest certification schemes, poorly covers biodiversity's social, cultural, and 
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economic aspects. This might be linked to the fact that solid empirical evidence of social and 
institutional impacts of certification is still missing and existing literature still shows conflicting 
results (Doremus 2003; Blackman et al. 2017; Cerutti et al. 2017). In other terms, the 
environmental impacts of forest certification are more studied than social, cultural, and economic 
ones.  
 
Henceforth, to establish a comprehensive understanding of the more meaningful criteria and 
indicators regarding biodiversity from a holistic perspective and therefore address the current 
biodiversity issues, a critical review and comparison of standards and guidelines for forest 
certification against a reference standard portray an opportunity for further research.  
 
Even though previous studies have been conducted on guidelines and standards overall, this 
thesis will specifically focus on the standards that lead to a certification in the forestry sector. This 
is linked to two main objectives: first, to provide an insight into the extent biodiversity is addressed 
in the current certification schemes within the forest sector; and second, to contribute to the 
continuous enhancement of forest certification standards, particularly concerning a more holistic 
definition of biodiversity aspects.  
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2. Theoretical background  
 
The theoretical background section will address the relevant contextual helpful information to 
understand the concepts within the thesis. First, it is presented an overview of the comprehensive 
definition of biodiversity (2.1). This is followed by sub-section 2.2, which addresses key aspects for 
preservation, conservation, enhancement, and valuing biodiversity, the ecosystem services 
cascade approach, and the main drivers of biodiversity loss. Sub-sections 2.3 and 2.4 address 
policy tools, market-based instruments, and certification systems. In 2.3, is presented of a 
summary containing the definition of policy tools, their causes, and their uses. Whereas sub-
section 2.4 gets deeper into the policy tool, this thesis will focus on market-based instruments and 
certification systems. Sub-section 2.5 narrows the narrative into the certification in the forestry 
sector and presents the central structure of certification systems —finally, provision of previous 
studies and similar comparative assessments in the matter. 
 
 

2.1. What is biodiversity  

 
Several definitions of biodiversity have been discussed over time. WWF (2018) defined it as “all 
the varieties of life that can be found on Earth and their relationships to each other” (p. 110). The 
Nature Conservancy (2022) described it as “essentially, everything that makes Earth inhabitable”. 
In Measuring Biological Diversity, Magurran (2004) defined it as “The variety and abundance of 
species in a designated unit of study" (p. 6). 
 
However, the most widely accepted and comprehensive definition according to the Convention on 
Biological Diversity (CBD), biodiversity is conceived as “the variability among living organisms 
from all sources including, inter alia, terrestrial, marine, and other aquatic ecosystems and the 
ecological complexes of which they are part; this includes diversity within species, between 
species and of ecosystems” (UNEP and CBD 1994). Biodiversity is then defined in three principal 
dimensions: ecosystems, species, and genes. The variations within these dimensions are 
described by specific concepts such as species richness, abundance, and function (CBD 2013; 
Englund and Berndes 2015).  
 
Biodiversity loss, on the other hand, is not explicitly defined. However, it is interpreted as a 
“concept that reaches beyond extinction, with spatial and temporal dimensions, covering, inter alia: 

a. The decline in extent, condition, or sustainable productivity of ecosystems. 
b. The decline in abundance, distribution or sustainable use of populations, and species 

extinctions. 
c. Genetic erosion.” (CBD 2013) 

 
For a better understanding of the biodiversity concept as reported by the CBD, Table 1 presents 
the disaggregation of biodiversity into several components, according to Putz et al. (2000). 
Although the landscape is not explicitly named as a component in the CBD definition, the 
interaction among ecosystems and ecological fluxes can be understood as such. Landscape and 
ecosystems’ biophysical features and functionality are essential to species permanence and 
adaptability (Schmitz et al. 2015) and therefore they need to be considered. 
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Table 1. Components and attributes of biodiversity according to Putz et al. (2000) 

 Attributes 

Components Structure Composition Function 

Landscape 

Size and spatial 

distribution of habitat 

patches (e.g., seral stage 

diversity and area); 

physiognomy; perimeter 

area relations; patch 

juxtaposition and 

connectivity; 

fragmentation 

Identity, distribution and 

proportion of habitat 

types and multi-habitat 

landscape types; 

collective pattern of 

Species distributions. 

Habitat patch 

persistence and 

turnover rates; energy 

flow rates; disturbance 

processes (e.g., extent, 

frequency, and 

intensity of fires); 

human land use trends; 

erosion rates; 

geomorphic and 

hydrologic processes 

Ecosystem 

Soil (substrate) 

characteristics; vegetation 

biomass; basal area and 

vertical complexity; density 

and distribution of snags 

and fallen logs 

Biogeochemical stocks; 

lifeform proportions 

Biogeochemical and 

hydrological cycling; energy 

flux; productivity; flows of 

species between patches; 

local climate impacts 

Community 

Foliage density and 

layering; canopy openness 

and gap proportions; trophic 

and food web structures 

Relative abundance of 

species and guilds; richness 

and diversity indices; 

proportions of endemic, 

exotic, threatened, and 

endangered species; 

proportions of specialists’ vs 

generalists 

Patch dynamics and other 

successional processes; 

colonization and extinction 

rates; pollination, herbivory, 

parasitism, seed dispersal, 

and predation rates; 

phenology 

Species/ 

population 

Sex and age/size ratios; 

range and dispersion 

Species abundance 

distributions, biomass, or 

density; frequency; 

importance or cover value 

Demographic processes 

(e.g., survivorship, fertility, 

recruitment, and dispersal); 

growth rates; phenology 

Genetic 

Effective population size; 

depression; heterozygosity; 

polymorphisms; generation 

overlap; heritability 

Allelic diversity; presence of 

rare alleles; frequency of 

deleterious alleles 

Gene flow; inbreeding 

depression; rates of 

outbreeding; genetic drift and 

mutation; selection intensity; 

dysgenic selection 

 
 
So far, the CBD has defined biodiversity and its loss as a mere biological definition setting aside 
the interactions and the stretch relationship between biodiversity and the socio-economic aspects. 
The Millennium Ecosystem Assessment (MEA 2005) and several other studies (UNESCO and 
CBD 2010; Schneiders et al. 2012; Gregory et al. 2013; Laurila-Pant et al. 2015) have recognised 
the social and cultural, and economic intrinsic value of biodiversity besides the biological 
denotation. Indeed, a more comprehensive description of biodiversity recognizes the multi-scale 
and multi-dimensional interactions of the social, cultural, and economic elements that directly or 
indirectly affect the variability of the biodiversity (Schneiders et al. 2012; Laurila-Pant et al. 2015). 
Yet, in 2010 the CBD released the Aichi Biodiversity Targets, whose main purpose is to set 
measurable objectives to save biodiversity and enhance its benefits for people (CBD 2010). The 
targets are composed of five strategic goals and twenty targets, including the “Strategic Goal B: 
Reduce the direct pressures on biodiversity and promote sustainable use”. Hence, biodiversity-
associated aspects represent both an ecological and a social and economic issue (IPBES 2019a; 
Pörtner et al. 2021; FC4S and UNDP 2022).  
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Sustainable development has been defined as the development that meets present needs without 
compromising future generations' resources (UN 2015). The CBD stated that a practical way to 
make progress toward the Aichi Biodiversity Targets (CBD 2016) is “promoting the use and 
development of scenarios that integrate biodiversity considerations with other societal and cultural 
objectives… which consider multiple direct and indirect drivers of biodiversity loss and better 
reflect ecosystem functions and services” (CBD 2019). The sustainable use of biodiversity can be 
considered a strategy to avoid and reduce the impacts on biological resources (CBD 2004; Paluš 
et al. 2021). To this aim, the CBD developed the Addis Ababa Principles and Guidelines for the 
Sustainable Use of Biodiversity. These assume that biological diversity resources can be used 
sustainably, and that sustainable development requires the responsible use of biological resources 
going beyond mere preservation. To this aim, 14 principles are recommended for any use of 
biological diversity. These principles are formulated to be implemented by different types of actors, 
including forest managers, governments, and policymakers. This means that some of the 
principles might be out of influence or decision-making capacity by the forest managers. Table 2 
displays the 14 Addis Ababa Principles and Guidelines for the Sustainable Use of Biodiversity 
(CBD 2004).  
 
Table 2. Addis Ababa Principles for the Sustainable Use of Biodiversity 

 Description 

Practical 

principle 1 

Supportive policies, laws, and institutions are in place at all levels of 

governance, and there are effective linkages between these levels. 

Practical 

principle 2 

Recognizing the need for a governing framework consistent with 

international, national laws, local users of biodiversity components should 

be sufficiently empowered and supported by rights to be responsible and 

accountable for the use of the resources concerned. 

Practical 

principle 3 

International, national policies, laws and regulations that distort markets 

which contribute to habitat degradation or otherwise generate perverse 

incentives that undermine conservation and sustainable use of 

biodiversity should be identified and removed or mitigated. 

Practical 

principle 4 

Adaptive management should be practiced based on science and 

traditional and local knowledge; iterative, timely and transparent feedback 

derived from monitoring the use, environmental, socio-economic impacts, 

and the status of the resource being used; and adjusting management 

based on timely feedback from the monitoring procedures. 

Practical 

principle 5 

Sustainable use management goals and practices should avoid or 

minimize adverse impacts on ecosystem services, structure, and functions 

as well as other components of ecosystems. 

Practical 

principle 6 

Interdisciplinary research into all aspects of the use and conservation of 

biological diversity should be promoted and supported. 

Practical 

principle 7 

The spatial and temporal scale of management should be compatible with 

the ecological and socio-economic scales of the use and its impact. 

Practical 

principle 8 

There should be arrangements for international cooperation where 

multinational decision-making and coordination are needed. 

Practical 

principle 9 

An interdisciplinary, participatory approach should be applied at the 

appropriate levels of management and governance related to the use. 

Practical 

principle 10 

International, national policies should consider current and potential 

values derived from the use of biological diversity, intrinsic and other non-

economic values of biological diversity and market forces affecting the 

values and use. 
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Practical 

principle 11 

Users of biodiversity components should seek to minimize waste and 

adverse environmental impact and optimize benefits from uses. 

Practical 

principle 12 

The needs of indigenous and local communities who live with and are 

affected by the use and conservation of biological diversity, along with 

their contributions to its conservation and sustainable use, should be 

reflected in the equitable distribution of the benefits from using those 

resources. 

Practical 

principle 13 

The costs of management and conservation of biological diversity should 

be internalized within the management area and reflected in the 

distribution of the benefits from the use. 

Practical 

principle 14 

Education and public awareness programs on conservation and 

sustainable use should be implemented, and more effective methods of 

communication should be developed between and among stakeholders 

and managers. 

 
 
In this thesis, biodiversity will be defined using the biological components suggested by the CBD 
and Englund and Berndes (2015): species diversity, ecosystem diversity, genetic diversity, and 
functional diversity. Additionally, it will consider social, cultural, and economic aspects suggested 
by the Addis Ababa Principles and Guidelines for the Sustainable Use of Biodiversity reachable 
under forest managers' influence and appropriate for the scope of the objectives. The criteria and 
indicators will be selected to develop the study following these definitions.  
 

2.2. Key aspects for preservation, conservation, enhancement, and valuing of biodiversity 

 
To first understand the importance and critical aspects of preserving, enhancing, and valuing 
biodiversity, it is fundamental to comprehend that biodiversity is not an ecosystem service (ES) per 
se, but rather the presence of living organisms on the planet, and the ES are a consequence of 
their existence, structures, and interactions with abiotic components (Haines-Young and Potschin 
2010). Henceforth, ES depend essentially on biodiversity as a key contribution to ecosystem 
structures and processes. The latter can be considered as underlying functions of ecological 
systems which are prior to functions and ES. Turner (2010) calls them ‘primary values’: they are 
essentially the system characteristics upon which all ecological functions are contingent. In this 
perspective, biodiversity is regarded as a glue holding ecosystem functions and ES together 
(Pearce and Moran 1994). Haines-Young and Potschin (2010) proposed the first ES cascade to 
explain the relationship between the components of ES with human-wellbeing (Haines-Young and 
Potschin 2010; Zhang et al. 2022). The cascade (Figure 1) differentiates on the one hand the 
ecosystem structures, processes, and functions, generating supporting intermediate ES (e.g., 
habitat provision, biomass production, water cycling etc.), and on the other hand, the final services 
and, in connection to them, the benefits people will derive from ES. In this sense, ES can only be 
considered as such when they represent a benefit to society. This view implies an anthropocentric 
perspective to ES and their value, and a utilitarian approach to them, as opposed to more 
biocentric positions (Goulder and Kennedy 1997).  
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Figure 1. Ecosystem services cascade. Adapted from Haines-Young and Potschin (2010) 

 
Once the importance of biodiversity has been understood to guarantee the benefits provided by 
the ES, the drivers threatening biodiversity are to be explored. According to the MEA (2003) and 
IPBES (2019), the drivers threatening biological diversity can be divided into two categories: direct 
and indirect (Figure 2). Direct (or proximate) drivers directly impact biodiversity and cause 
biodiversity losses. They include (1) overexploitation of resources (e.g. massive and intense 
aquaculture, agriculture, forestry, harvest, hunting, mining, intense tourism, illegal activities, etc.); 
(2) habitat, landscape/seascape destruction, fragmentation and degradation (e.g. urban and 
agricultural expansion, management intensification, land degradation, etc.); (3) pollution 
(atmosphere emissions, water contaminants, solids disposal); (4) introduction of invasive alien 
species; and (5) climate change (sea-level rise, ocean acidification, biogeochemical cycle 
alteration). Indirect (or underlying) drivers are complex interactions of different processes (social, 
economic, political, cultural, and technological ones) that affect the proximate drivers and their 
capacity to impact biodiversity. They include (1) values assigned by people (related to the 
attributes of environmental resources, such as the public good nature, externalities and ultimately, 
market failure); (2) demographic changes (population growth, migrations, urbanization, changes in 
human capital); (3) technological changes (indigenous and local knowledge loss, technification of 
primary sectors); (4) economic aspects (structural transition, concentrated production and financial 
flows); and (5) governance and market interactions, local community, states and global 
coordination.  
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Figure 2. Drivers threatening biological diversity. Adapted from (IPBES 2019a). 
 

Considering the diversity of drivers presented above and their interactions, biodiversity 
conservation requires a series of actions to mitigate the threats. The Society for Conservation 
Biology (Trombulak et al. 2004) suggested approaching them based on protecting and restoring 
biological diversity, ecological integrity, and ecological health. Nine principles should guide the 
efforts to: “(1) protect species at risk of extinction; (2) designate ecological reserves; (3) lessen the 
human impact on natural systems; (4) restore ecosystems that have been degraded; (5) augment 
populations with individuals raised in cultivation or captivity; (6) control the number of individuals 
harvested in nature; (7) prevent the establishment of non-native species and eliminate non-native 
species that have become established; (8) understand and participate in the policy-making 
process; and (9) educate others about the importance of conservation”.  
 
Moreover, as explained above, biodiversity underpins several ES. The loss of biodiversity carries 
ecosystem consequences such as a reduction in the number and diversity of species, loss of 
ecosystem structure and complexity, resilience, ecosystem function, and habitat suitability, among 
others (Cardinale et al. 2012; IPBES 2019a, b; Korn et al. 2019; Pörtner et al. 2021). Table 3 
shows the relationship between biodiversity and several ES. 
 
 
Table 3. Ecosystem services and biodiversity provider. Adapted from Haines-Young and Potschin 
(2011) 

Ecosystem service Ecosystem service provider  

Aesthetic, cultural All biodiversity 

Religious and spiritual experiences All biodiversity 

Healing, recreational and relaxation activities All biodiversity 

Ecosystem goods Diverse species 

UV protection Biogeochemical cycles, micro-organisms, plants 

Purification of air Micro-organisms, plants 

Flood mitigation Vegetation 

Drought mitigation Vegetation 

Climate stability Vegetation 
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Ecosystem service Ecosystem service provider  

Pollination Insects, birds, mammals 

Pest control 
Invertebrate parasitoids and predators and 
vertebrate predators 

Purification of water 
Vegetation, soil micro-organisms, aquatic micro-
organisms, aquatic invertebrates 

Detoxification and decomposition of wastes 
Leaf litter and soil vertebrates, soil micro-organisms, 
aquatic micro-organisms 

Soil generation and soil fertility 
Leaf litter and soil invertebrates, soil micro-
organisms, nitrogen-fixing plants, fungi, plant, and 
animal production of waste products 

Seed dispersal Ants, birds, mammals 

Medicinal compounds All biodiversity 

Net primary production 
Vegetation, algae and aquatic plants and micro-
organisms 

Carbon storage Vegetation 

Raw material  Plants, vegetation, fungi 

 
 

2.3. Policy tools 

 
According to environmental economics, market failure is defined as the failure of the market when 
avoiding free-riding of resources and inefficient allocation of themselves (Randall 1983; 
Bougherara and Grolleau 2005). Authors argue that market failure is mainly caused by 
externalities, public good attributes of nature, and the tragedy of commons (Randall 1983; Thorsen 
et al. 2014). When valuing nature, ES are commonly referred to since, as explained above, they 
represent the tangible or intangible outcome humans can benefit from. Thereafter, when assigning 
a value to ecological resources, including biodiversity, in the past decades the market has 
developed some strategies to “correct” the failures, internalize externalities, and protect the 
resources.  
 
From “stick” tools, i.e., command and control regulations, “carrots”, mainly in the form of Market 
Based Instruments (MBIs), and “sermons”, a growing set of alternatives is now setting a direction 
to correct market failures associated with the delivery of ecosystem services (ES), thus trying to 
secure ES without sacrificing economic development. Differences among the “stick” tools or 
command and control, “carrots” or economic instruments and “sermons” or information and 
education vary according to the state control they exert, direct and transaction costs, and the 
actors involved (Thorsen et al. 2014).  
 
Command and control tools include direct regulation or state control, meaning these instruments 
are usually compulsory or imposed by the state or other public entity (Thorsen et al. 2014; Morgan 
et al. 2022). However, command and control tools have been argued to be insufficient, primarily 
due to the lack of improvement and long-term permanence conditions once the regulatory 
requirements are met ( Greenlaw et al. 2017 in Makrickiene et al. 2019). In forest policy, the 
primary duty of these tools is related to the enforcement of legal and compulsory frameworks 
(Brukas and Sallnäs 2012). 
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Carrots, i.e. incentives, which include (but are not limited to) MBIs, are part of a set of policy 
measures and tools to correct the market failure (Thorsen et al. 2014), which is caused mainly by 
externalities, asymmetric information, non-exclusion and the non-rivalry nature of some forest-
based ES (Sterner and Coria 2013). MBIs work by inciting and supporting a wanted behavior 
towards a good while avoiding the coercion of direct regulation (Thorsen et al. 2014). They 
encourage and reward a change of behavior (Rissman et al. 2017) and allow governance to some 
degree to the subjects to take action or not (Bemelmans-Videc et al. 1998). Within MBIs, 
certification systems are found to be voluntary instruments and are characterized by offering a 
price premium for differentiated products that meet specific production processes and impact 
standards (Bemelmans-Videc et al. 1998; Pirard 2012; Thorsen et al. 2014); these processes and 
standards are then assessed by a third party who gives an assurance of compliance (Villalobos et 
al. 2018).  
 
The last policy/instrument category, “sermons”, or information and education, attempts to influence 
behavior change through persuasion and knowledge transfer. This tool provides information on the 
issues, how to handle them, measures and reasons for the steps to be adopted (Bemelmans-
Videc et al. 1998). This category includes several strategies, i.e., communication campaigns, 
advertising, training programs, educational efforts and capacity building (Bemelmans-Videc et al. 
1998; Thorsen et al. 2014). The main difference between carrots and sermons is that sermons do 
not provide economic benefits, such as premium prices, subsidies, or tax exemptions. Sermons 
aim to induce the execution of an activity or divert the user from performing it (Bemelmans-Videc 
et al. 1998). 
 
 
 

2.4. Market-based instruments and certification systems  

 
Certification systems are part of the MBI tools to address sustainability gaps that regulatory 
processes have not been (entirely) able to tackle (Tröster and Hiete 2018). As a result, voluntary 
and independent certification systems emerged as the result of international/national, private, and 
non-governmental organizations’ efforts to standardize and stress sustainable practices of 
corporations besides or in addition to the mandatory legal requirements (Holvoet and Muys 2004; 
Mena and Palazzo 2012; Tröster and Hiete 2018).  
 
Many economic sectors have now adopted a wide range of standards to improve their 
sustainability performances in environmental and/or socio-economic terms (UNEP-WCMC 2011). 
Standards also require standardization to measure progress towards goals (Linser et al. 2018) 
regardless of their economic sector. 
 
The most popular certification schemes operating in the market are organized according to a 
hierarchical structure and developed following the logic proposed in the Tropenbos Hierarchical 
Framework, which was initially designed to promote, monitor, and report Sustainable Forest 
Management (SFM). This framework has encouraged the development of other private sector and 
private-public initiatives within the framework of the MBIs (Linser et al. 2018). The framework 
consists of three pillars, i.e., principles, criteria, and indicators (PC&I) which are then integrated by 
additional components such as norms and verifiers (figure 3) (Lammerts van Bueren and Blom 
1997). The framework is designed to guide inputs, e.g., intention, object, and capacity, 
management process and outcomes, e.g., performance or outputs. The expected result from 
these is often used as a reference for defining the standards (Kuijk et al. 2009; Morgan et al. 
2022). For example, the inputs will guide the principles at the top of the hierarchy, the 
management process will guide the criteria, and the outcomes will guide the indicators.  
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Figure 3. Tropenbos Hierarchical Framework. Source: (Lammerts van Bueren and Blom 1997) 

 

To start with, the framework pursues one goal, for example, in this case: to promote SFM. 
Principles disaggregate from the goal, e.g., in the case of FSC (2015), as “essential rules or 
elements of environmentally appropriate, socially beneficial and economically viable forest 
management”. The principles are theoretical and non-measurable statements that intend to justify 
the actions to achieve a certain goal (in our case, SFM) as described by the criteria and indicators 
(Morgan et al. 2022). Principles are connected to a particular forest ecosystem function or a social 
feature that interacts with the ecosystem; they describe specific elements the goal aspires to 
achieve (Lammerts van Bueren and Blom 1997). 

 
Criteria are next in the hierarchical framework; they aim to outline the state or the aspects of a 
dynamic forest ecosystem process without explaining how to achieve the state or implying the 
achievement of it (Lammerts van Bueren and Blom 1997). Criteria are non-measurable, yet they 
can be considered as a set of parameters that, when met, can demonstrate some degree of 
compliance with the principle they belong to. Criteria should not add requirements outside the 
principles’ scope and should be aligned and consequent within them (Lammerts van Bueren and 
Blom 1997; FSC 2015; Morgan et al. 2022). 
 
Indicators are a practical resource used to monitor and report the fulfilment of the principles and 
criteria. They establish the requirements and conditions to meet either in qualitative or quantitative 
terms. Indicators should objectively and unambiguously describe the features of the ecosystem 
and social system that principles and criteria could not measure by themselves. The results from 
the indicators should simplify the communication of the information to the involved parties 
(Lammerts van Bueren and Blom 1997; Morgan et al. 2022).  
 
According to Lammerts van Bueren and Blom (1997), indicators can be divided into two categories 
according to their type: (i) quantitative/qualitative or (ii) input/process/outcome. As for the first type, 
quantitative Indicators allow quantitative measures of something being expressed as an amount, 
numbers, volume, etc., whereas the qualitative ones describe situations, objects, or processes 
without strictly involving enumeration and measurement. The second type of Indicator reports an 
actual condition or state of an aspect of an ecosystem or social system.  
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Indicators are the measurable step to allow checking the compliance with the corresponding 
criteria, and ultimately, principles. Given this, in their formulation Indicators must be consistent with 
the principles and criteria they are linked to.  
 
The Tropenbos Hierarchical Framework has been considered an essential handbook for the 
development of SFM standards because it shifted the sustainable yield vision of SFM to a more 
comprehensive and complete picture of SFM, including broader ecosystem, social and financial 
aspects that are incorporated by most of the existing SFM certification systems and their 
standards (Lammerts van Bueren and Blom 1997; Holvoet and Muys 2004; Linser et al. 2018).  
 
 
 

2.5. Certification in the forestry sector 

 
In the forestry sector, certification systems originally arose intending to address deforestation in 
tropical countries by promoting SFM practices (Paluš et al. 2019). Forest certification systems 
have been developed in two main categories: (i) international (or supranational) and (ii) national 
schemes. In some cases, national schemes are endorsed by international bodies. These systems 
share the same general goal: the sustainable management of forest resources by complying with 
ecological, social, and economic values and principles. Nonetheless, the main difference lays in 
the vision of each certification scheme of these values and regulations and the capacity to adapt 
and comply with them according to their diverse socioeconomic settings and ecosystems 
(Angelstam et al. 2004; Paluš et al. 2021). 
 
Nowadays, certification is considered a valuable method for implementing SFM (Masiero et al., 
2015) because it addresses social, environmental and economic issues linked to forest 
management (Paluš et al. 2019; Garzon et al. 2020). Forest certification has become a powerful 
tool also to manage risks, enhance the public image and access to markets, showing signals of 
pro-environmental, ethical and moral behavior, which leads to providing enough incentives for 
suppliers to bear the costs of certification for companies (Owari et al. 2006; Galati et al. 2017; 
Paluš et al. 2019; Garzon et al. 2020). Although forest certification is classified as a carrot tool, 
authors have described certification practices also as a “sermon” by providing guidance and 
inciting other forest managers to become certified as a desirable behavior (Brukas and Sallnäs 
2012).  
 
Several studies across the world have had tried to assess the impact of certification practices on 
biodiversity (Owari et al. 2006; Kuijk et al. 2009; Kukkonen and Hohnwald 2009; Rayamajhi et al. 
2012; Elbakidze et al. 2016, 2022; Kalonga et al. 2016; Galati et al. 2017; Di Girolami and Arts 
2018; Campos-Cerqueira et al. 2020; Lehtonen et al. 2021). A number of studies show that SFM 
practices and certification can significantly contribute to biodiversity conservation (Kuijk et al. 
2009; Oettel and Lapin 2021). Positive biodiversity impacts reported for certified forests include 
higher tree species richness, diversity, and density in Tanzania (Kalonga et al. 2016), reduced 
forest loss compared to non-certified forests in Bolivia (Sheil et al. 2010), improvement of 
community forest structure, composition and diversity after including forest certification practices in 
Indonesia (Arbainsyah et al. 2014). A case in Peru shows that certified forests have a higher 
richness of acoustically active bird species (Campos-Cerqueira et al. 2020). In temperate forest 
ecosystems, certified forests positively impact the fauna, flora, and ecosystem services (Di 
Girolami and Arts 2018; Lehtonen et al. 2021). As an example, Dias et al. (2013) found that the 
relative richness of species of birds, reptiles and amphibians is higher in certified forest areas than 
in non-certified ones.  
 
Nevertheless, forest certification systems have also been found to “fall short” of including 
necessary actions to assess biodiversity (Elbakidze et al. 2022). In some cases, certification 
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systems include vague requirements regarding biodiversity, leading to confusion in the 
implementation and evaluation of their impacts (Lehtonen et al. 2021). Similarly, it has been 
identified that the indicators evaluating biodiversity conservation are merely indirect 
measurements (Kuijk et al. 2009; Campos-Cerqueira et al. 2020). Elbakidze et al. (2016) found 
that certified forests in Lithuania had several benefits for the ecosystems. Still, they could not 
always maintain structural and functional connectivity for forest species at a landscape level, as 
was identified in a comparison study between certified and non-certified forests in Honduras 
(Kukkonen and Hohnwald 2009).  
 
Regarding social and cultural issues, studies have found that, in some cases, certified forests 
have positively impacted the relationships between the forest companies and the local 
communities (Dare et al. 2011; Tsanga et al. 2014). Even though direct evidence could not be 
assessed in some cases, some studies report that current practices create a cumulative effect and 
move towards a change in how communities engage with the companies and plantations 
managers (Dare et al. 2011). One of the main reasons why certified forests offer this opportunity is 
the continual improvement results and audits by the certification schemes and bodies (Dare et al. 
2011). Another study found that, particularly in FSC certified forests, the requirements for 
stakeholders’ involvement lead to an enhanced social exchange and thus contributed to reducing 
conflicting relationships between the local communities and forest managers (Tsanga et al. 2014). 
The same study found that the benefit-sharing was more transparent, accountable, and equitable 
in certified forests.  
 
On the other hand, a review made by Blackman et al. (2017) found that most of the complaints 
and corrective action requests made by certification bodies in Latin America were related to social 
and cultural issues related to forest management. In the Congo Basin, a study carried out by 
Cerutti et al. (2017) identified that in some cases, the principles of certification schemes might be 
discordant when enforced in culture-rich countries with diverse indigenous and native 
communities. For example, the hunting and customary uses of forest resources and non-timber 
forest products (NTFP) for cultural and traditional reasons, even though they may be illegal, make 
part of the livelihoods and subsistence means of indigenous and native communities present in the 
certified forests units.  
 
Hence, while law enforcement is usually a certification requirement, enforcing the law should not, 
thereby it can create a situation that may lead to conflicts with local communities making use of 
local resources and depending on them for their livelihoods. Nonetheless, when conflicts arise, 
they shall be properly identified, reported, and managed by the companies. Consequently, social 
acceptance of the company and its practices might be triggered among the forest managers and 
the local communities (Cerutti et al. 2017). This might be perceived as a violation of their 
traditional rights. Cerutti et al. (2017) also found that opportunistic hunters might find the 
harvesting periods an opportunity to hunt bushmeat, jeopardizing the biodiversity efforts made by 
the forest managers.  
 
 

2.6. Previous comparative studies on certification standards 

 
A few studies have been carried out with a focus and a scope similar to those addressed in this 
thesis. Overall, studies have been mainly conducted to confront sustainability standards in specific 
productive sectors or across multiple sectors involved with the use of biodiversity (Holvoet and 
Muys 2004; Hennenberg et al. 2010; Doswald et al. 2012; Englund and Berndes 2015; Masiero et 
al. 2015; Tayleur et al. 2017; Fransen et al. 2018; Tröster and Hiete 2018; Garzon et al. 2020; 
Elbakidze et al. 2022). 
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The agricultural sector is one of the most investigated. In particular, it has been explored by 
comparing voluntary and compulsory standards against a series of indicators or exploring the 
extent to which these standards include actions to protect biodiversity (Tayleur et al. 2017; 
Fransen et al. 2018). In contrast, other sectors like bioenergy and finance have been somewhat 
less studied and only a few papers can be found. For example, Hennenberg et al. (2010) 
compared bioenergy standards to a reference standard based on European legislation to protect 
biodiversity, while Doswald et al. (2012) reviewed the compulsory and voluntary standards for 
financial institutions with a biodiversity outlook.  
 
Other initiatives and authors have explored the extent to which biodiversity is being addressed in 
guidelines, standards, and certification schemes across several sectors. The UNEP-WCMC (2011) 
developed a review on how specific certification standards in several sectors cover selected 
biodiversity components, address the threats to biodiversity, and whether they are aligned to 
international environmental policies and commitments like the Kyoto Protocol, the Paris 
Agreement etc. Similarly, Englund and Berndes (2015) developed a benchmark set of principles 
and criteria based on the CBD definition of biodiversity. They conducted a study to assess several 
standards (not only intended for certification) against this benchmark and verify the extent to which 
these standards cover the biodiversity concept.  
 
Specifically for the forest sector, Holvoet and Muys (2004) undertook the most extensive and 
general review, reviewing 164 SFM standards against a reference standard and comparing the 
most common aspects of forest standards and guidelines. The main differences found by the 
authors consist in the fact that the global South-oriented standards have more emphasis and focus 
on social and economic aspects rather than ecological and research-based ones. Similarly, 
Masiero et al. (2015) developed their study on evaluating the extent to which forest standards and 
guidelines cover forest plantation-related issues and the possible improvement areas against a 
reference standard built and enriched from the one developed by Holvoet and Muys (2004). 
 
More detailed studies have analyzed specific certification schemes, such as the Forest 
Stewardship Council (FSC), and their possible divergences across different countries. For 
instance, Elbakidze et al. (2022) assessed how FSC standards contribute to biodiversity 
conservation in selected countries hosting some of the most extensive certified forests, such as 
Sweden, Russia, and Canada. The main findings point out the need for continuous improvement 
and update of the agreements related to biodiversity conservation, as the endogenous and 
exogenous factors affecting it change over time and space. Likewise, Garzon et al. (2020) 
compared three certification standards and two independent national countries’ certification 
standards regarding forest health and socio-economic viability.  
 
The studies mentioned above did not consider a holistic and broader definition of biodiversity in 
forest certification standards, not linking the ecological dimension of biodiversity with the socio-
economic one. This study aims to contribute to filling this gap by analyzing the extent to which 
biodiversity - in a broad understanding - is addressed in forest certification schemes and 
identifying existing gaps and opportunities, and areas for improvement.  
 

3. Problem statement 
 
In recent years biodiversity has been gaining much attention in the international policy arena as 
well as in the private and financial sectors. As for the latter, the 2022 report by the Financial 
Centre for Sustainability (FC4S and UNDP 2022) urged businesses to address biodiversity-related 
risks. Similarly, FAO and UNEP (2020) reported that to achieve the global biodiversity goals, 
technically, economically, and socially viable criteria and indicators for SFM must be defined at 
several scales. An international comparative study carried out by Masiero et al. (2015) found that, 
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even though SFM standard principles regarding biodiversity have a higher number of criteria and 
indicators compared to other domains, they also show the highest number of gaps compared to 
reference standards.  
 
Certification systems can cover many biodiversity issues at the forest management unit level; 
however, biodiversity is still falling short at a landscape level and at defining proper measurement 
indicators mainly due to some difficulties in defining and scoping biodiversity within the framework 
of forest certification systems (Elbakidze et al. 2022). Moreover, other authors have pointed out 
the urgency that certification schemes promote the management of diverse and mixed landscapes 
that supports and encourage the co-benefits of conserving biodiversity (Englund and Berndes 
2015). These remarks stress the importance of considering biodiversity in a holistic and more 
comprehensive understanding than the ones considered so far by existing certification initiatives. 
 
The interest in biodiversity is indirectly confirmed by the fact that well-known national and 
international standard-setting bodies, like the British Standards Institution (BSI) and the 
International Organization for Standardization ISO, have started developing specific standards to 
address biodiversity issues. In this sense, the development of this thesis is propitious to provide 
insights on the topic. Biodiversity conservation and management underpin solutions to other 
complex targets, like climate change; thus, tackling biodiversity issues can support environmental 
goals like carbon neutrality and support a broad range of forest-based ecosystem services, 
ultimately contributing to people’s wellbeing and health.  
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4. Objectives  
 
The overall objective is this thesis is to contribute to comparing how biodiversity is addressed in 
international and national forest certification standards.  
 
 

4.1. Specific objectives 

 
1. Identify and collect from international and national (internationally endorsed) forest 

certification standards criteria and indicators focused on biodiversity maintenance, 
protection, enhancement, and conservation.  

2. Describe and frame the most relevant principles, criteria, and indicators through a reference 
meta-standard.  

3. Produce a comparative assessment of the most and the least covered criteria and 
indicators regarding biodiversity within the selected standards.  

4. Provide lessons learned and inputs for future developments in forest certification schemes 
concerning biodiversity. 
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5. Research methodology 
 
This section addresses the research approach and methodology to accomplish each specific 
objective as well as the criteria adopted for their selection. The first part introduces the research 
approach, methods used, the steps taken and their development. It also includes the criteria used 
for data collection. Sub-section 5.2 contains the data collection methods and sources and explains 
the statistical analysis. This section also covers the constraints and limitations of this study (5.3). 
Supplementary information about methodological aspects is provided within the annexes.  
 

5.1. Research approach 

 
The methodologies used to accomplish the objectives of this thesis build on qualitative data using 
several sources of information and techniques.  
 

1. To address specific objective one – i.e., (1) Identify and collect from international and 
national (internationally endorsed) forest certification standards criteria and indicators 
focused on biodiversity maintenance, protection, enhancement, and conservation – the 
following methodologies have been used:  

 
- Developing an extensive review of scientific and grey literature, databases, websites, 

reports, and official sources regarding sustainability certification standards.  
- Developing a consistency assessment of the current and outdated certification schemes 

based on literature sources and data available.  
- Selecting from the assessed certification schemes the principles, criteria, and indicators 

aligned with the CBD definition, IPBES’s main drivers of biodiversity loss (IPBES 2019a) 
and relevant literature.  

 
Due to the high volume of certification standards (Annex 3), some criteria are applied to select the 
standards to be compared. The criteria are: 
 

- Standards applicable at a global geographical scale, either internationally or nationally 
applicable but internationally endorsed. 

 
- Among the standards identified via the last criterion are those with the largest certified area 

(number of hectares) per continent or region (namely: Africa, Asia – Pacific, Europe, North 
America, South America, Central America, and West Europe). This is to create a 
representative sample of the various regions worldwide. The European region has been 
split into East Europe and Central–Western Europe due to the large extension of the 
certified area in these two sub-regions. In contrast, the Asia-Pacific region has been kept as 
one due to the limited areas and countries participating in these schemes. The countries 
considered as East Europe are Russia, Turkey, Poland, Ukraine, Romania, Bulgaria, 
Croatia, Bosnia and Herzegovina, Austria, Lithuania, Estonia, Latvia, Serbia, Hungary, 
Slovakia, Slovenia, Czech Republic, Romania, and Belarus. On the other hand, the 
countries considered Central–Western Europe are Sweden, Finland, United Kingdom, 
Germany, Norway, Switzerland, Portugal, Ireland, Spain, Denmark, Netherlands, France, 
Italy, Belgium, and Luxembourg. 

 
5. Regarding specific objective two – i.e., (2) Describe and frame the most relevant principles, 

criteria, and indicators through a reference meta-standard – a Delphi survey has been 
carried out. The Delphi method selects a panel of experts to express their opinion on a pre-
defined reference standard to enable the convergence of views.  
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To achieve specific objectives three and four – i.e., (3) Produce a comparative assessment of the 
most and the least covered criteria and indicators regarding biodiversity within the selected 
standards and (4) Provide lessons learned and inputs for future developments in forest 
certification schemes concerning biodiversity– First, a comparison and a gap analysis were carried 
out. With the results from the gap analysis, descriptive statistics to measure the frequency and 
extent of the selected forest standards, as well as radar charts, were used.  
 
The results from the statistical analysis allow identifying key aspects regarding biodiversity most 
covered or left behind in forest certification standards. A diagnosis and classification of these 
aspects compared to relevant literature and studies on biodiversity allowed fulfilling specific 
objective three.  
 

5.2. Data sources and methodologies 

 

5.2.1. Literature review and certification standards selection 

 
A comprehensive literature review was carried out at the beginning of the thesis. The review 
included scientific papers, grey literature, databases from certification standards, websites, official 
reports, and sources to collect as many certification standards in the market as possible. To carry 
out the literature review, Google scholar search engine, Web of Science, Scopus, ResearchGate, 
and the online university library of the University of Copenhagen and the University of Padova. 
Boolean operators to carry out the review included: “biodiversity AND certification* AND forest”, 
“standard* OR certification* AND biodiversity”, “biodiversity AND forest certification”, and 
“comparison OR assessment AND biodiversity AND certification”.  
 
Following the literature search, a consistency review was carried out to obtain the certification 
standards still in place and their latest versions, remove those outdated and differentiate the scale 
(global or national-international endorsed) from the initial list.  
 
To establish a baseline for the reference standard, the PC&I from the selected standards and lists 
of PC&I used in previous studies were collected and organized in a survey questionnaire. The 
PC&I chosen were those aligned with the CBD definition, IPBES’s main drivers of biodiversity loss 
(IPBES 2019a) and relevant literature in biodiversity conservation, preservation, enhancement, 
and valuation. 

5.2.2. Delphi survey questionnaire 

 
The Delphi survey method is a widely known research technique used in the social sciences 
(Landeta and Barrutia 2011). It is an iterative process to collect judgement of experts about a topic 
in situations with incomplete or controverted information (Skulmoski et al. 2007). This technique 
has proved useful when the information intended to collect can benefit from collective subjective 
judgements or when the context dynamics entangle an active communication, e.g., distance, time 
differences, movement capacity (Grime and Wright 2016). The method consists of one or more 
rounds of experts’ consultation through feedback-controlled questionnaires. The first round is 
carried out individually with a panel of experts on the research topic. The answers are collected 
and summarized, and – if more rounds are carried out – to build the second-round questionnaire. 
The latter is shared once again for feedback. The researcher uses the results to form conclusions, 
trying to enable the convergence of experts’ opinions.  
 
For this thesis, the survey was conducted considering a panel of nine experts operating in different 
fields, all with a robust professional background in biodiversity and forest certification. The Delphi 
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method survey consisted of two rounds. The first round was carried out from the 23rd of May to the 
17th of June 2022. It aimed to collect experts’ opinions, integrative comments, and suggestions on 
a pre-defined reference standard consisting of nine Principles, 39 Criteria and 78 Indicators (See 
Annex 1 and 2 for the Delphi survey questionnaire and the list of experts consulted).  The 
feedback was collected and organized for the second round that was carried out from the 29 th of 
June to the 10th of July. The collected information could be ranked in this round, prioritizing the 
experts’ suggestions. Results from the second round were analyzed, producing the final reference 
standard used to compare the certification standards (see section 6.1). 
 

5.2.3. Gap, statistical analysis, and data visualization  

 
A gap analysis was conducted to determine the differences and similarities between the selected 
standards and the reference standard agreed as a result of the Delphi survey applied in the initial 
stages of the study. For each forest certification standard, the sets of PC&I were compared 
against the reference standard.  
 
Three matrices were developed containing the PC&I from the reference standard on the X-axis, 
one for each hierarchical level. The Y-axis included the name of the certification standards to be 
compared. The matrices were filled out with qualitative data according to the level of coverage 
each forest certification standard had regarding each PC&I from the reference standard. Once 
qualitative data was organized, in order to visualize the data, it had to be converted into 
quantitative categories. Table 4 clarifies the categorization used for the results:  
 
Table 4. Categorization of the gap analysis. 

Qualitative Quantitative Meaning 

Yes 3 
The forest certification standard fully covers 

the assessed P, C, or I. 

Partially 2 

The forest certification standard partially 
covers the assessed P, C, or I. This means 

the assessed standard covered somewhat the 
reference standard, but specific aspects were 

missing. 

No 1 
The forest certification standard did not 

mention, cover, or include the assessed P, C, 
or I. 

 
 
To obtain a graphical visualization of the correlation between the assessed certification standards 
and the reference standard, statistical analysis of frequency, radar charts, and bar plots were used 
to map the results of the comparative assessment.  
 
Microsoft Excel® was used to organize and classify the data in the first part of the analysis. Later, 
the software XLSTAT® free version was used to conduct the statistical analysis of frequency, 
radar charts, and bar plots. XLSTAT is an Excel data analysis add-on used to analyze, customize, 
and share results within Microsoft Excel (Addinsoft 2022).  
 

5.3. Limitations and recommendations for further studies 

 
The present study has some limitations, mainly related to the range of the forest certification 
standards. In this study, 160 forest certification standards were identified at several scales. The 
decision on which standards were selected in the study is referenced in section 6.1. The large 
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volume of standards and the limited time to develop this study reduced the number of chosen 
standards to 13. Although the standards on a global scale were prioritized, most of the selected 
standards are national (international endorsed standards) due to the lack of global scale forest 
certifications standards. As explained in the discussion of the results (section 7.1), the biophysical, 
social, cultural, and economic contexts shape the national standards even though these follow an 
international reference standard. The selection of particular national standards endorsed 
internationally might have influenced more / less compliant results according to the country's 
specific characteristics. For further studies, it is recommended to cluster the compared standards 
according to biodiversity social and economic indexes in order to have insights with 
commensurate contexts.  
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6. Results 
 

In this chapter, the results of the data analysis are presented. Section 6.1 presents the selected 
standards for the gap analysis of the study. Section 6.2 presents a brief version of the reference 
standard resulting from the Delphi method. The complete reference standard, however, is found in 
annex 4. Section 6.3 presents the gap and statistical analysis, first a summary of the compliance 
extent for each of the standards, second for each principle overall, and third for each of the 
reference principles (sections 6.3.1 to 6.3.9), with its corresponding criteria and indicators. For 
Section 6.3, the P, C&I are presented in a table, followed by bar charts displaying the percentage 
of compliance of each reference C&I.  

6.1. Selected standards 

 
The selection of standards produced a list of 160 forest standards. The ones selected to carry out 
this thesis are presented in table 5. A total of 13 standards were selected, of which three are 
applicable on a global scale, and ten at a national scale, namely two each for North America, Asia-
Pacific, South America, and Africa, and one each for Western Europe and Eastern Europe.  
 
Table 5. Selected standards to carry out the gap analysis. 

Scale Forest certification standard 

Global Forest Stewardship Council (FSC) International Generic Indicators (IGIs) 

Global Program for the Endorsement of Forest Certification (PEFC) International Standard 

Global Sustainable Forestry Initiative (SFI) 

North America PEFC Canada 

Western Europe PEFC Finland 

Asia-Pacific PEFC Australia 

South America PEFC Brazil 

Africa PEFC Gabon 

Eastern Europe FSC Russia 

North America FSC Canada 

South America FSC Brazil 

Asia-Pacific FSC Indonesia 

Africa FSC Republic of Congo 

 
 

6.2. Reference standard 

 
The reference standard developed through expert’s opinions collected via the Delphi survey 
(annex 1) contains nine principles, 41 criteria and 78 indicators and includes information related to 
different dimensions, such as:  
 

1. Endangered species 
2. Habitat destruction, fragmentation, and other forms of degradation 
3. Habitat degradation, modification, and pollution 
4. Overexploitation of resources 
5. Invasive species and genetically modified organisms (GMO) 
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6. Climate change adaptation, resistance, and resilience 
7. Research, awareness, education, and capacity building 
8. Social and cultural dimensions of biodiversity  
9. Economic sustainability of biodiversity. 

 
 

6.3. Gap and statistical analysis 

 
The gap analysis developed for the PC&I produced three matrixes analyzing the level of 
compliance as explained in section 5.2.3. The results allow identifying how forest certification 
standards address biodiversity issues and their dimensions to a broader extent. The results 
presented below are aggregated at a principle level, including the corresponding criteria and 
indicators.  
 
Figures 4 presents an overview of the level of compliance of each selected forest certification 
standard against each principle of the reference standard. They show the extent to which the 
selected forest standards comply with the nine reference principles. Some standards like FSC 
IGIs, PEFC Australia, FSC Indonesia and FSC Canada cover most of the reference standard 
principles, while others, like PEFC Finland and PEFC Canada, cover the least the reference 
standard principles. Although figures 4 and 5 provide an overview of the analyses performed, the 
results presented below are focused on the general gaps and strengths of the standards against 
the reference standard instead of per each forest certification standard. 
 
Figure 5 presents a summary of the total statistical frequencies for all selected standards against 
each reference principle. In general terms, the standards addressed most of the reference 
principles (please refer to annex 5 for details). Nevertheless, most standards show partial 
compliance or non-compliance with principle seven (Research, awareness, education, and 
capacity building). Similar situations are observed for principles three (Habitat degradation, 
modification and pollution are assessed, avoided, mitigated, and compensated) and six (Climate 
change adaptation, resistance, resilience, and mitigation measures are taken around biodiversity 
potential threats and synergies with other change drivers) where close to 50% of the standards are 
found to be partly compliant or non-compliant. Conversely, principles eight (Social and cultural 
dimensions of biodiversity are valued, respected, protected, maintained, and enhanced) and nine 
(Use of biodiversity shall be economically sustainable, improve conditions of local communities 
and economies and equitably distributed among local stakeholders) are widely covered by most of 
the standards. More details on compliance with each principle as well as with its criteria and 
indicators are presented below.  
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Figure 4. Extent to which the selected forest certification standards cover the reference standard principles 
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Figure 5. Extent to which each principle is covered by the selected standards 

6.3.1. Reference principle 1: Endangered species are identified, monitored, 
and protected  

PC&I 1 are reported in detail in Table 6. On average, the selected standards cover 
58% of the criteria and 56% of the indicators relating to Principle 1 (Figures 6 and 7). 
More in detail, criteria 1,2 and 1,4, are 69% not covered within the standards being 
evaluated. The former is addressed by 31% of the standards, whereas the latter is 
partially considered by 15% of the standards and fully considered by another 15%. 
This reflects a gap in the species considered outside or near the production area. 
Indicators 1f and 1e are the less addressed by the standards. Indicator 1f, related to 
the number and list of species per area, is not addressed by 85% of the standards 
and partially addressed by 15% of them: as a consequence, none of the standards 
fully addresses this indicator. Indicator 1e, related to the number of functional role 
species, emphasizing specialist species and low population rate species, is 
thoroughly addressed by only 8% of the standards.  
The rest of the indicators are addressed in more than 50% of the standards. More 
detailed information is available in annex 6. 
 
Table 6. Reference principle one and associated criteria and indicators 
Principle 1 Endangered species are identified, monitored, and protected. 

Criteria 

1,1 Endangered species within the production area protected 

1,2 Endangered species around the production area considered 

1,3 Endemic and rare species at risk within the production area are protected 

1,4 Endangered, threatened, or vulnerable species within relevant proximal zone are identified and 
monitored 

Indicators 

1a Existence of procedures for the determination of terrestrial biological diversity in several aspects 
(taxonomic, functional, and genetic) and its changes inside the production area 

1b Percentage of land surface with protected status 

1c Total number of red list species per surface area 

1d Number of threatened species per surface area 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

 Endangered species are identified, monitored, and protected.

Ecosystems and habitat destruction, fragmentation and other forms
degradation are avoided, mitigated and compensated

Habitat degradation, modification and pollution are assessed,
avoided, mitigated and compensated

Overexploitation of forest resources is avoided and mitigated

Invasive species and GMOs are restricted, regulated, managed and
if necessary, avoided

Climate change adaptation, resistance, resilience and mitigation
measures are taken around biodiversity potential threats and…

Research, awareness, education and capacity building around
biodiversity aspects is promoted and budgeted

Social and cultural dimensions of biodiversity are valued, respected,
protected, maintained and enhanced

Use of biodiversity shall be economically sustainable, improve
conditions of local communities and economies and equitably…

Non-covered Partially covered Fully covered
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1e Number of functional role of species per surface area, it should emphasize in specialist species 
and low population rate species 

1f Number and list of species per surface area 

1g Existence of procedures for monitoring of damage to species caused by unsustainable harvesting 
practices and illegal extraction of individuals (e.g., harvest rates, heavy machinery, skid trails, 
forest roads, light and noise pollution, soil compaction and erosion, over selection of particular 
species or structures) 

1h Protective measures in place for the controlling and/or prevention of forest damage caused by 
unsustainable harvesting practices and illegal extraction of individuals (e.g., harvest rates, heavy 
machinery, skid trails, forest roads, light and noise pollution, soil compaction and erosion, over 
selection of particular species or structures) 

1i Existence and implementation of measures for the protection of endangered, sensitive species 
(core forest species, habitat specialist species), endemic species 

1j Preservation measures of remnant natural forest core habitat and ecological restoration of edges to 
buffer edge effects 

 
Figure 6. Overall compliance of selected standards with criteria associated with principle one. 
For details about criteria see Table 6 
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Figure 7. Overall compliance of selected standards with indicators associated with principle 
one. For details about criteria see Table 6 

 

6.3.2. Reference principle 2: Ecosystems and habitat destruction, 
fragmentation and other forms degradation are avoided, mitigated, and 
compensated 

 
Regarding PC&I 2 (table 7), related to ecosystems and habitat destruction, 
fragmentation, and other forms of degradation, most of the criteria and indicators are 
addressed by at least 50% of the standards. On average, the assessed standards 
covered 60% and 68% of the criteria and indicators respectively (figures 8 and 9). 
The least covered criterion in the standards is criterion 2,4 related to potential 
leakage effects that is not covered by any of the assessed standards. This suggests 
a clear gap in assessing the displacement of potential threats to areas adjacent to 
the production forest units. The least considered indicators are 2b, 2c, 2f and 2i: 54% 
of the standards thoroughly considered them, between 15 and 23% partially 
considered them and between 23 and 30% did not consider them. More detailed 
information is available in annex 7. 
 
Table 7. Reference principle two and associated criteria and indicators 

Principle 2: 
Ecosystems and habitat destruction, fragmentation and other forms degradation are avoided, 
mitigated, and compensated 

Criteria 

2,1 Ecosystems and habitat loss and fragmentation is avoided, minimized, or mitigated 

2,2 High Conservation Value areas identified and protected 

2,3 
Rehabilitation and restoration actions are implemented where destruction or fragmentation have 
occurred 

2,4 Potential leakage effects of restoration assessed 
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Indicators 

2a 
Existence and implementation of measures for the protection of specific ecosystems and habitat with 
high biodiversity value 

2b 
Existence of procedures for monitoring of damage to forest resources caused by encroachment (illegal 
settlements, illegal agricultural expansion), resource extraction and use 

2c 
Protective measures in place for the controlling and/or prevention of forest damage caused by 
encroachment (illegal settlements, illegal agricultural expansion), resource extraction and use 

2d 
Existence and implementation of measures for the conservation or improvement of ecosystems and 
habitat diversity 

2e 
Existence and implementation of measures for the conservation or restoration of natural ecosystem 
complexity 

2f Existence of data about occurring ecosystem types within the production area 

2g Harvesting limited to periods and areas with little impact on fauna, flora, and soil 

2h 
Degree of structural fragmentation or connectivity (corridor function) measured between habitat 
fragments 

2i 
Existence and implementing programs for maintenance, conservation or preservation of keystone 
species and functional groups 

2k 
Existence and implementation of programs for maintain key structural diversity at both landscape and 
stand levels 

 
 

 
 
Figure 8. Overall compliance of selected standards with criteria associated with principle two. 
For details about criteria see Table 7 
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Figure 9. Overall compliance of selected standards with indicators associated with principle 
two. For details about criteria see Table 7 

 

6.3.3. Reference principle 3: Habitat degradation, modification and pollution 
are assessed, avoided, mitigated, and compensated  

 
For PC&I 3 (table 8), related to habitat degradation, modification, and pollution, the 
standards cover 59% of the criteria. Criteria 3,6 related to soil erosion prevention is 
addressed by all (100%) of the selected standards. Other criteria such as 3,1 
associated with pesticide use are covered by 85% of the standards; 3,5 related to 
the protection of water bodies is considered by 77% of the standards, and criteria 3,8 
about waste management is covered by 62% of the standards. The indicators with 
the highest coverage by the standards are indicators 3b (minimization of negative 
impacts on biodiversity caused by forest management activities), 3f (measures to 
increase the structural complexity of the forest), 3h (regulations on the use of 
pesticides and biocides) and 3m (soil fertility), with 85%, 77%, and 92% for the last 
two respectively.   
 
On the opposite, indicators like 3g related to the methods to remove non-indigenous 
harmful species are not considered in any of the standards assessed. Likewise, 
indicators 3c and 3k associated with the monitoring of illegal waste disposal and 
specificity on the amount and types of biocides and pesticides are considered partly 
in 15% and 38% of the standards, respectively. 54% of the standards for each 
criterion, did not consider these aspects. More detailed information is available in 
annex 8. 
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Table 8. Reference principle three and associated criteria and indicators 
Principle 3 Habitat degradation, modification and pollution are assessed, avoided, mitigated, and compensated 

Criteria 

3,1 Pesticide use restricted to irreplaceable management activities that require it 

3,2 Guidance for pesticide application provided 

3,3 Guidance for fertilization provided to avoid nutrient leaching 

3,4 Buffer zones required if adjacent to sensitive areas like core forest areas, water bodies, etc. 

3,5 Water resources like springs, water bodies or wetland, are protected 

3,6 Soil erosion prevented and mitigated 

3,7 
Soil quality maintained through actions like avoiding soil compaction, maintaining canopy cover, ground 
vegetation, the layer of soil organic matter, etc. 

3,8 Waste management required 

3,9 Management activities are designed in alignment with natural disturbance regimes with justification 

3,1 Maintenance of decomposition and nutrient cycling 

Indicators 

3a Existence and implementation of measures for the conservation of existing genetic diversity 

3b 
Existence and implementation of measures for the minimization of negative impacts of forest 
management on biological diversity in several aspects (taxonomic, functional, and genetic) 

3c 
Existence of procedures for monitoring of damage to forest resources caused by infringements (illegal 
waste disposal) 

3d 
Protective measures for the controlling and/or prevention of forest damage caused by infringements 
(illegal waste disposal) 

3e Existence and implementation of measures for the conservation of the litter layer 

3f 
Existence and implementation of measures that guarantee the presence of sufficient amounts of dead 
wood, standing as well as lying on the forest floor according to the structural and functional 
characteristics of the forest 

3g Preference for mechanical techniques for the removal of non-indigenous harmful species 

3h Existence and implementation of regulations for the use of biocides and pesticides 

3i Amounts and/or types of used biocides and pesticides 

3j Existence and implementation of regulations for the use of fertilizers 

3k Amounts and/or types of used fertilizers 

3l Degree of use of environmentally friendly control agents 

3m Existence of measures to maintain soil fertility and site productivity 

 
 
Figure 10. Overall compliance of selected standards with criteria associated with principle 
three. For details about criteria see Table 8. 
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Figure 11. Overall compliance of selected standards with indicators associated with principle 
two. For details about criteria see Table 8. 
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6.3.4. Reference principle 4: Overexploitation of forest resources is avoided 
and mitigated 

 
The PC&I 4 (table 9) are oriented to assess the measures taken to avoid 
overexploitation of resources. For this set of PC&I, 92% of the standards covered the 
criteria, and 76% the proposed indicators. In particular, 100% of the standards cover 
criterion 4,1 and 85% cover criterion 4,2. All indicators except indicator 4f are 
covered by the standards in a range between 77 and 92%. Indicator 4f related to the 
incentives for using lesser-known woody species is covered by only 23% of the 
standards, while 77% do not include this topic within their requirements. 
More detailed information is available in annex 9. 
 
 
Table 9. Reference principle four and associated criteria and indicators 
Principle 4: Overexploitation of forest resources is avoided and mitigated 

Criteria   

4,1 
Approach for long-term sustainability in functional and structural ecosystem processes and socio-
economic aspects. 

4,2 
Sustainable harvest rates and measures identified and applied according to the status of the 
extracted species 

Indicators   

4a 
Existence of procedures for monitoring of damage to forest resources caused by harvesting 
practices and illegal extraction of individuals 

4b 
Protective measures for the controlling and/or prevention of forest damage caused by harvesting 
practices and illegal extraction of individuals 

4c Monitoring mechanisms for changes in growing stock by species and age class 

4d Harvested volume by species 

4e Existence and adoption of product-specific sustainable harvest levels 

4f Incentives for the use of lesser-known woody forest species 

4g 
Measures for rehabilitation or restoration and for targeted and controlled reintroductions of extracted 
individuals are present 

4h 
Forest is managed using close-to-nature principles that prioritizes maintaining site conditions to 
allow natural regeneration over artificial planting 
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Figure 12. Overall compliance of selected standards with criteria associated with principle four. For 
details about criteria see Table 9 
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6.3.5. Reference principle 5: Invasive species and GMOs are restricted, 
regulated, managed and if necessary, avoided 

 
The set of PC&I 5 (shown in table 10) concerning the restriction, regulation and 
management of invasive species and GMOs do not show a high coverage among 
the standards evaluated. On average, only 41% of the standards covered the criteria 
and 56% covered the indicators (figures 14 and 15). Criteria 5,3 related to systems 
that allow identifying invasive species sites prone is not covered by 85% of the 
standards. Similarly, for criteria 5,2, around 53% of the standards only partially 
included or did not include measures to prevent the introduction and spread of 
invasive species. These results also reflect on the indicators: indicators 5h and 5i are 
not addressed by 69% and 100% of the standards, respectively. These results 
evidence a gap in the control and monitoring of invasive species.  
 
In contrast, the indicator 5c oriented to strengthening indigenous biodiversity is 
considered by 85% of the standards. Similarly, indicator 5d related to limitations on 
the use of exotic tree species for regeneration activities, is addressed by 77% of the 
standards. More detailed information is available in annex 10. 
 
Table 10. Reference principle five and associated criteria and indicators 
Principle 5: Invasive species and GMOs are restricted, regulated, managed and if necessary, avoided 

Criteria   

5,1 Native species preferred over exotic 

5,2 Measures taken to prevent introduction of invasive species 
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Figure 13. Overall compliance of selected standards with indicators associated with 
principle four. For details about criteria see Table 9 
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5,3 
Generation of early warnings (spatially explicit) to identify sites vulnerable to invasion and constant 
monitoring for the presence of invasive species at that site. 

Indicators   

5a 
Existence of procedures for monitoring of damage to forest resources caused by invasive alien 
species 

5b 
Protective measures for the controlling and prevention of forest damage caused by invasive alien 
species 

5c 
Existence and implementation of measures which protect, support, or strengthen indigenous 
biodiversity 

5d Existence of regulations and limitations for the use of exotic tree species in regeneration activities 

5e 
Monitoring of the use of exotic tree species and their impacts on the environment such as use, 
geographic distribution, competition with native species, functional degradation, and ecosystem 
services 

5f The use of biological control agents is strictly regulated 

5g Existence of regulations which prevent the introduction and spreading of non-indigenous species 

5h Existence of procedures for monitoring the presence of invasive alien species 

5i Total number of invasive species per area in the production area 
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Figure 14. Overall compliance of selected standards with indicators associated with principle five. For details 
about criteria see Table 10. 
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6.3.6. Reference principle 6: Climate change adaptation, resistance, resilience, 
and mitigation measures are taken around biodiversity potential threats 
and synergies with other change drivers 

 
PC&I 6 (table 11) correspond to climate change adaptation and mitigation 
procedures. This principle is one of the less addressed by the standards (figure 5). 
On average less than 50% of the standards cover criteria and indicators. More in 
detail, 42% of the standards addressed the criteria proposed and 49% of the 
indicators (figures 16 and 17). Criteria 6,1 and 6,2 are poorly covered; 77% of the 
standards do not consider measures for reducing greenhouse gasses (GHG) release 
and replacing fossil energy sources. Indicator 6e shows the same results, with 77% 
of the standards not addressing it. Factors like monitoring damage to the forest 
resources caused by extreme climate events are considered or not considered in 
equal proportions by 38% of the standards.  
 
Conversely, criteria 6,3 related to carbon stock maintained or enhanced is handled 
by 69% of the standards. This is reflected in indicator 6d: 69% of the standards 
require considering the diameter for each species in the harvesting activities. Still, 
the assessment of climate change aspects needs to be addressed from sources 
such as GHG emissions and fossil fuel use. More detailed information is available in 
annex 11. 
 
 

Figure 15. Overall compliance of selected standards with criteria associated with principle five. For details 
about criteria see Table 10. 
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Table 11. Reference principle six and associated criteria and indicators 

Principle 6: 
Climate change adaptation, resistance, resilience, and mitigation measures are taken around 
biodiversity potential threats and synergies with other change drivers. 

Criteria   

6,1 Measures to reduce the release of GHG 

6,2 Fossil energy and GHG avoided to the extent that there are suitable available alternatives 

6,3 Carbon stock maintained or enhanced 

6,4 Resilience, response of forest resources assessed and, mitigation measures are addressed 

Indicators   

6a Existence of procedures for monitoring of damage to forest resources caused by climate extreme 
events 

6b Protective measures for the controlling and/or prevention of forest damage caused by climate 
extreme events 

6c Climate-smart forest management practices are adopted, e.g.: preference for long rotations 

6d Protected and/or trees above a certain diameter for each species are identified and are not felled 
during harvesting 

6e Existence of procedures for reducing greenhouse gas emissions from operational activities in forest 
management 

6f Selection of durable and adapted native species resistant to drought, flooding, heat, etc. according to 
various climate change scenarios (e.g., high water use efficiency, toleration of anerobic conditions, 
etc.) 
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Figure 16. Overall compliance of selected standards with criteria associated with principle six. For 
details about criteria see Table 11. 
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6.3.7. Reference principle 7: Research, awareness, education, and capacity 
building around biodiversity aspects is promoted and budgeted 

 
The set of PC&I (shown in table 12) corresponding to research, awareness, 
education, and capacity building around biodiversity is one of the less covered 
among the PC&I sets considered for this thesis. On average only 56% of selected 
standards cover criteria under Principle seven and 36% cover indicators. For 
instance, criteria 7,1 ad 7,2 are mentioned only in 8% of the standards. These two 
criteria are connected to research support, awareness spread and biodiversity 
appropriation. The low coverage of these topics in the standards is reflected also in 
the indicators, where indicators 7c, 7d and 7f are included only in 15%, 23% and 8% 
of the standards, respectively. A gap in research investment to improve the 
stakeholders' knowledge, recognition, and appreciation of the local biodiversity are 
outlined.  
 
On the other hand, criteria 7,4 and 7,5 are widely included in no less than 92% of the 
standards. These two criteria are related to the involvement of stakeholders in the 
management plan and strategies to help improve local livelihoods, demonstrating an 
interest in local communities and stakeholders' participation. More detailed 
information is available in annex 12. 
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Figure 17. Overall compliance of selected standards with indicators associated with principle six. 
For details about criteria see Table 11. 
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Table 12. Reference principle seven and associated criteria and indicators 

Principle 7: 
Research, awareness, education, and capacity building around biodiversity aspects is promoted and 
budgeted 

Criteria   

7,1 Research supported to all stakeholders 

7,2 Awareness spread and social appropriation of biodiversity to all stakeholder 

7,3 Education and capacity building to all stakeholders provided 

7,4 Stakeholders’ involvement in planning process is adopted 

7,5 Strategies to help improve local livelihoods are adopted 

Indicators   

7a Existing education, training, and capacity-building programs on biodiversity management 

7b Encourage the use, if sustainable, of non-wood forest species. 

7c 
Research activities supported related to pressures caused by humans’ actions (land use change, 
overexploitation, etc.) on biodiversity 

7d Research for possible consequences of unwanted introduction or spreading of invasive alien species 

7e Availability and update of maps of the protected forest area 

7f Amounts of investments in research, development and education in the topics prioritized before. 
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Figure 18. Overall compliance of selected standards with criteria associated with principle 
seven. For details about criteria see Table 12 
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Figure 19. Overall compliance of selected standards with indicators associated with principle 
seven. For details about criteria see Table 12 

 
 

6.3.8. Reference principle 8: Social and cultural dimensions of biodiversity are 
valued, respected, protected, maintained, and enhanced 

 
PC&I 8 (table 13) are the set more widely covered by the selected standards. Criteria 
from 8,1 to 8,5 are 100% covered by the standards, in the same manner as 
indicators 8a to 8d (figures 20 and 21). Other indicators such as 8e and 8i are also 
widely covered by 85% of the standards. Nevertheless, some gaps in regulating the 
disturbance in some areas (criteria 8,6) are covered only by 15% of the standards. 
Other aspects that seem less relevant for the standards to consider are measures to 
avoid damage or degradation of recreational and cultural places by the presence of 
tourism in the management activities, corresponding to indicators 8j and 8k, 
respectively, with only 8% of the standards addressing these aspects. More detailed 
information is available in annex 13. 
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Table 13. Reference principle eight and associated criteria and indicators 

Principle 8: 
Social and cultural dimensions of biodiversity are valued, respected, protected, maintained, and 
enhanced 

Criteria   

8,1 Clear established indigenous and local communities’ rights in the production area where relevant 

8,2 
Forest management plan engage indigenous communities traditional land use and forest-based 
ecological knowledge, where relevant 

8,3 
Forest community level of well-being and resilience derived from forest resources are valued, 
maintained, and enhanced 

8,4 
Forest management consider, values and protect cultural, recreational, spiritual, and archeological 
values 

8,5 Clear and unambiguous land tenure, access, and use rights including customary rights 

8,6 Disturbances are limited to a minimum and are restricted by regulations 

Indicators   

8a Recognize and implement indigenous and local communities’ rights where relevant 

8b 
Areas of importance to indigenous and local communities are mapped (such as hunting and trap- ping, 
sacred areas, medicinal plant areas, and others). 

8c Areas of importance to indigenous and local communities are safeguarded 

8d 
Indigenous and local communities have secure access rights to areas for which they hold customary 
access rights 

8e 
Forest management engages indigenous and local communities in decisions about use of forest 
resources from the areas but ensuring sustainability of natural capital stocks 

8f 
Recognition and valuation of species with some degree of importance for indigenous and local 
communities 

8g Existence and implementation of measures for the conservation of relevant human made ecosystems 

8h 
Percentage of the whole forest reserved for recreation and tourism in consultation with indigenous 
communities 

8i 
Number and/or area from the whole forests managed for the protection of cultural, archeological, social, 
and spiritual values in consultation with indigenous communities 

8j Measures to avoid damage by recreation and tourism are in place 

8k Monitoring system in place to check for signs of cultural degradation 
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Figure 20. Overall compliance of selected standards with criteria associated with principle 
eight. For details about criteria see Table 13. 
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6.3.9. Reference principle 9: Use of biodiversity shall be economically 
sustainable, improve conditions of local communities and economies 
and equitably distributed among local stakeholders 

 
The last set of PC&I deals with economic sustainability associated to forest 
management, to improve the conditions of local communities and their economies 
(table 14). On average, 72% of the standards cover the criteria within this set and 
62% the indicators (figures 22 and 23). The economic benefits seem to be a relevant 
matter among the standards. As a result, the criteria, including locally sourced 
products and sustainability in the long term, are considered between 92% to 100% of 
the standards assessed. In contrast, topics like equal distribution among diverse 
demographics are considered only in 23% of the standards, and partially covered in 
31% of them.  
 
Regarding the indicators, those related to benefits to female employees and the 
identification of non-wood forest products, and their potential uses are addressed by 
39% of the standards. Whereas the requirement to employ local people and fair 
wages according to the local context are the most widely covered, being covered by 
85% of the standards. More detailed information is available in annex 14. 
 
 
Table 14. Reference principle nine and associated criteria and indicators 

Principle 9: 
Use of biodiversity shall be economically sustainable, improve conditions of local communities and 
economies and equitably distributed among local stakeholders 

Criteria   

9,1 Economic benefits derived from the use of biodiversity are produced locally and the reporting should 
be timely, transparent, and easily accessible 

0% 20% 40% 60% 80% 100%
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No Partially Yes

Figure 21. Overall compliance of selected standards with indicators associated with principle eight. For 
details about criteria see Table 13. 
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9,2 Distribution of benefits derived from the use of biodiversity are equitably distributed across gender, 
and social groups within local communities 

9,3 Benefits derived from the use of the biodiversity shall not produce any long-term impact on the 
resource base to guarantee sustainability 

Indicators   

9a The forest management must recruit a minimum percentage from local and/or indigenous population 

9b Identification of non-wood forest products and their potential uses 

9c 
Gender and other demographics balance in employment rate, in forest-related activities and in 
management/decision-making positions. 

9d The wages are fair in comparison to local context average 

9e Benefits in place for female employees 
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Figure 22. Overall compliance of selected standards with criteria associated with principle 
nine. For details about criteria see Table 14. 
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Figure 23. Overall compliance of selected standards with indicators associated with principle 
nine. For details about criteria see Table 14. 
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7. Discussion  

This chapter discusses the implications of the study’s findings in comparison with 
previous studies on the topic while also addressing the impact on management and 
decision-making.  

7.1. Discussion of the results 

 
The results from this study are aligned with previous studies on the same matter or 
correlated to the topics exposed before. Although not many studies have developed 
a reference standard to compare with the existing standards, the main gaps 
identified in this study are mentioned in similar papers. Englund and Berndes (2015) 
developed a similar methodology as this study, highlighting common gaps and 
affinities between a range of different standards. The authors found gaps in 
research, awareness, education, climate change adaptation – concerning energy 
use and GHG emissions – and habitat degradation related to pesticides, fertilizers, 
and waste management. Similar outcomes were found in Masiero et al. (2015) as 
well, regarding the first topic: research, awareness, and education, where according 
to the results of the present study, more than half of the standards partially 
addressed the issues proposed by the reference standard in this matter. Although 
anthropogenic action is widely distributed across the world with several impacts, rich 
biodiversity ecosystems such as forests are more exposed to suffering the 
consequences of it. Studies have demonstrated that research support, public 
awareness raising, education, and capacity-building campaigns can help people of 
diverse ages and social standing to sensitize and change their perception of the 
resources related to the biodiversity (Macharia et al. 2010; Morar and Peterlicean 
2012), thus reducing the pressures and minimizing the threats over the biodiversity 
resources.  
 
An interesting point is that even though the latest versions of the standards selected 
for this study were included, climate change adaptation seems to be a common 
issue missing in the standards evaluated not only in this study but in similar studies 
carried out in diverse countries like Turkey, Bulgaria, and United States (Englund 
and Berndes 2015b; Garzon et al. 2020). However, in studies on biofuel and 
agricultural sustainability standards, climate change and energy use are generally 
included (Hennenberg et al. 2010; Tayleur et al. 2017). Energy use and GHG 
emissions resemble overlooked issues in forestry standards. While it is true that the 
carbon sequestration provided by forests addresses climate change, focusing 
uniquely on carbon can unintendedly create a carbon tunnel vision that gives 
selective attention to climate change solutions (Savasta-Kennedy 2014) and ignores 
multiple co-benefits forests can provide to society, including biodiversity. 
Nonetheless, it must be highlighted that some of the standards assessed in this 
study are already working with certifications of these forests’ co-benefits through 
ecosystem services certification (i.e., FSC Ecosystem Services Procedure, PEFC 
Ecosystem Services in Italy). These co-benefits are certified as an extra step that 
forest managers take to validate and verify the provision of these services derived 
from their regular forest management.  
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Moreover, forest certification standards are also partnering with other types of 
certification focused on carbon standards. The SFM certification, along with carbon 
and/or ecosystem services certifications, portrays an appealing approach for forest 
standards to address climate change gaps, avoid the carbon vision tunnel and enter 
the market with higher performance by managing externalities, reducing risk, and 
fostering diverse financial sources. Lastly, the ongoing development of initiatives like 
the regulatory framework for certifying carbon removals based on robust and 
transparent carbon accounting within the framework of the EU Carbon Farming 
Initiative may have delayed initiatives in this field since standard-setting bodies might 
be waiting to see developments and, in case, align their standards to the coming 
soon regulation. 
 
Regarding habitat degradation, this study found that the reference principle is fully 
covered by 62% of the standards; however, similar gaps in the regulation of 
fertilizers and soil management were identified in similar studies (Englund and 
Berndes 2015b; Masiero et al. 2015). This study also found there is room for 
improving the regulations related to soil fertility, as seen in Masiero et al. (2015). 
Overall, soil fertility in the standards is generally addressed without going into details, 
regardless of the knowledge of forest management activities that can affect soil 
quality and fertility, such as regulating fertilizers and limiting activities such as 
trimming.  
 
On the other hand, pesticides and waste management seem like topics that have 
been further addressed, either because of the selected standards in this study or 
because of updates that the standards might have carried out since previous studies 
were conducted. Regarding the use of invasive species and GMOs, which were 
topics poorly covered by the standards assessed in the studies carried out by 
Englund and Berndes (2015), Masiero et al. (2015), and Tayleur et al. (2017), we 
found that 69% of the standards included several criteria and indicators covering to 
these topics. The high coverage found in this thesis is mainly related to measures to 
strengthen indigenous biodiversity or limit the use of exotic species, which seems to 
be strictly regulated by most standards. While this is of significant importance, 
monitoring the presence and consequences of invasive species is overlooked by the 
standards. This was also identified as a gap in the above-mentioned literature. Early 
warnings to detect the presence and monitoring potential damage of invasive 
species are the most cost-effective procedures (Poland et al. 2022). The likelihood of 
modification of the ecosystem dynamics, composition, structure, function, and, 
consequently, local economies can be reduced through practical approaches 
including, but not limited to, identifying, monitoring, and managing invasive species. 
 
Another aspect found poorly covered by Masiero et al. (2015) is natural 
regeneration; contrarily to this study, it has been found that 77% of the standards 
considered the preference of natural regeneration over artificial planting in the 
management. Nonetheless, it is essential to mention that Masiero’s study was 
focused on forest plantations rather than overall forests. Moreover, other studies 
carried out by Hennenberg et al. (2010) and Tayleur et al. (2017), where the 
standards from different sectors (biofuel and agriculture) were assessed in terms of 
biodiversity, found that the standards for these sectors, as well as the forest sector, 
widely cover other issues such as endangered species protection and habitat 
destruction – related to high conservation value (HCV) areas and water bodies 
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protection – (Englund and Berndes 2015b). From a conservation point of view, the 
importance that standards are giving to protecting species, HCV areas, and other 
ecosystems can represent a significant progress in protecting biodiversity. Often, 
defining the species' habitat niches is difficult and costly. Prioritizing areas for 
conservation with high value due to the resources available, the habitat quality and 
suitability, landscape connectivity, and the habitat features (e.g., core forest areas), 
among other attributes, can be a cost-effective management solution to contribute to 
biodiversity protection and conservation (Wilson et al. 2011).   
 
Finally, most standards had considerable gaps in some cultural dimensions of 
biodiversity. Most of the gaps are related to recreational aspects and the implications 
that establishing tourism and recreational sites might have on local and indigenous 
communities and their cultures. Nonetheless, it is clear that forest certification 
standards are oriented to forest operations and management. Hence, the gaps found 
in this study regarding the topics abovementioned in this paragraph can be covered 
by complementary standards specifically operating in the field of sustainable tourism. 
For instance, the case of the Global Sustainable Tourism Certification (GSTC) 
initiative – in particular their standards for tourism destinations –has been quickly 
growing in the last few years. Equivalent to FSC, the GSTC is a member of the 
International Alliance for Social and Environmental Standard Setting (ISEAL) and 
relies on Assurance Service International (ASI) for the international accreditation of 
certification bodies. These connections and complementarity might suggest 
synergies among different initiatives and, therefore, their capacity to complement 
each other, filling gaps (Masiero, M. personal communication, August 4, 2022).  
 
Moreover, factors such as demographic balance in employment and benefits for 
female workers are lacking in more than half of the standards, as Masiero et al. 
(2015) also found in their study. Economic aspects of biodiversity, such as 
supporting and favoring local suppliers and workforce to strengthen the local 
economies and long-term sustainability, are widely addressed in the standards.  
 
Furthermore, although this thesis's main objective is not to compare standards, the 
results stress particular issues regarding the coverage of standards over specific 
biodiversity issues addressed in the reference standard as well as consistency of 
standards developed under the same umbrella scheme (e.g., PEFC or FSC). At the 
same time, it is interesting to assess if differences among national standards reflect 
country-specific features in terms of biodiversity, e.g., with more biodiversity-rich 
countries showing more robust and complete standards with reference to 
biodiversity. 
 
In addressing these aspects, first, in a general context, crucial concepts will be 
explained. In 2001, the CBD calculated the National Biodiversity Index (NBI) for all 
the countries with a land area larger than 5000 km2. The index values range 
between 1 and 0, where 1 indicates a country is highly biodiverse according to 
species richness and endemism estimates in vertebrate and vascular plants, and 0 
stands for very poor biodiversity-related performances (CBD 2001). On the other 
hand, as for social conflicts associated with the environment, the Environmental 
Justice Atlas (EJ Atlas), a widely used and accepted platform that projects maps of 
environmental conflicts along the supply chain, provides an updated overview of the 
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challenges and commodities leading to socio-ecological conflicts (Temper et al. 
2015). 
 
As an example of the remarks found when assessing national certification standards 
belonging to the same umbrella scheme, we might consider a comparison between 
PEFC Canada and PEFC Australia. The differences in the level of compliance is 
noticeable (67% of covered standards vs. 96% respectively). Even though both 
national standards are formulated under the same baseline (the PEFC Sustainable 
Forest Management standard - ST 1003, dating back to 2018), a 29% gap in 
compliance against the reference standard is observed among them. It might be 
conceivable that the divergence in the strictness of the standards for each country is 
given due to the stark contrast of NBI among countries where Australia is ranked as 
number six on the top of the most biodiverse countries with 0,59 on the index scale, 
whereas Canada in position number 152 with 0,20 (CBD 2001). As an additional 
example, a similar comparison can also be made for the national PEFC standards 
for Finland and Gabon. The former is ranked in position 154 regarding world 
biodiversity, while the latter ranks 48th. The difference in compliance with the 
reference standard, though not large – 75% for PEFC Finland vs. 85% for PEFC 
Gabon, still opens the discussion to evaluate if there is any relationship between the 
biodiversity rate and the stringency that national standards are formulated. 
Unfortunately, few studies, besides the one by Englund and Berndes (2014), have 
addressed this topic.  
 
However, opposite situations can be observed for other certification standards. So is 
the case for FSC Brazil and FSC Canada. As discussed in this thesis and previously 
explored, biodiversity is strongly linked to cultural, social, and economic dimensions. 
The fact that some countries have more complex cultural and socio-environmental 
circumstances might affect the stringency under the emerging standards. FSC Brazil 
complied with 78% of the reference standard, while FSC Canada with 96%. 
 
Nonetheless, according to the portal EJ Atlas, Canada has 81 cases reported of 
environmental conflicts. In contrast, Brazil has 174, of which around 65 are related to 
land use, namely forests, agriculture, fisheries, livestock, and biodiversity 
conservation (Temper et al. 2015). Similarly, the Environmental Performance Index 
ranked Canada in position number 25 while Brazil in number 46 (YCELP and World 
Economic Forum 2016). However, even though the number of conflicts related to 
land use might not be significant, land tenure and property rights in the global south 
countries are diffused and likely to originate other environmental conflicts (Overbeek 
et al. 2012). Hence, this might induce a shift in how forest certification standards are 
developed in these regions. 
 
Although few studies have explored how standards are shaped according to the 
social-economical context of the countries, there is evidence that forest certification 
has led the nations to make changes in governance, participation, rights, 
responsibilities, regulation, and monitoring policies (Meidinger et al. 2003). Similar 
studies have found that these differences can be shaped by factors such as 
biogeographical features, legal contexts, land ownership, enforcement capacity, and 
national conservation targets, among others (Englund and Berndes 2015b; Garzon 
et al. 2020). Hence, a bidirectional relationship between national standards and the 
context, policies, and regulations where these have been developed can be 
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suggested. Nonetheless, this is a topic worth exploring and analyzing in future 
studies.  
 
The growing interest in biodiversity is not limited to forest managers, customers, and 
private companies. Indeed, public bodies' interest has been rapidly growing in the 
last decade, as confirmed by the development of a large body of policies, 
regulations, and initiatives such as for example (with reference to the EU context), 
the EU biodiversity strategy for 2030, the EU taxonomy for investments, the 
expected EU Deforestation Regulation, and the EU Close-to-Nature forest 
management standard). This interest has been shaping new outlines on how existing 
standards should address this topic. The outcomes from this thesis, similar studies, 
guidelines, and regulations provided by public bodies can guide the current 
standards toward understanding their weak points and improving their performance 
to remain competitive and appeal against more complete standards in the market. 
 
Finally, the outcomes of this thesis aim to be merely constructive. It is well known 
that certificate holders and forest managers are making significant efforts to certify 
their forests and improve their practices. Forest certification standards mustn’t 
become a certificate that only companies with high sustainability performance or with 
large financial, human, and technical capacity to make management decisions can 
achieve. The management decisions that can be enhanced from these results 
should not represent a burden and should avoid unnecessary requirements that 
might cause the opposite effect on biodiversity sustainable use by slowing the 
implementation or preventing forest managers from moving toward more sustainable 
paths in forestry. The reference standard produced in this thesis is not intended for 
being implemented as such in the field, rather it should provide a baseline on the 
relevant aspects that forest certification standards might lack attention or 
improvement. However, as explained before, biodiversity specificity and context-
dependency require standards adapted to the features where these are expected to 
be implemented.  
 

8. Conclusions 
 
The recent global ecological crises (i.e., climate, biodiversity, plastic, resources, 
pollution, land use, etc.) have led the world towards a more and more urgent need 
for the sustainable use of natural resources. While ceasing the use of some 
resources seems unfeasible, the responsible use and management of social and 
natural assets portray an opportunity to contribute to building a more resilient, 
equitable, and endurable future to embrace the foreseen consequences of these 
global crises. As for biodiversity, the current crisis has gained much attention in the 
last decades. Several sectors, such as academia, non-profit organizations, the 
financial and private sector, public bodies, and organizations, have placed multiple 
efforts to assemble a solution that meets the critical demands at several scales of 
the biodiversity crisis. Nonetheless, biodiversity is context-dependent, multi-scale, 
complex, and underpins multiple dimensions.  
 
Through experts’ consultation, this study identified and built a meta-standard (or 
reference standard) containing key criteria and indicators focused on biodiversity 
maintenance, protection, enhancement, and conservation. A comparative 
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assessment of the extent to which selected forest certification standards address the 
multiple aspects of biodiversity included within the reference standard was then 
performed. As a final step, the study aimed to provide lessons learned and inputs on 
the least covered topics to contribute to future development and improvement of 
forest certification schemes.  
 
Henceforth, according to the results presented and discussed, forest certification 
standards cover relevant biological aspects of biodiversity. Most of the standards 
strongly focused on protecting threatened and endangered species, high 
conservation value areas, and water bodies. Moreover, the prioritization of 
connectivity and complexity of the forest addressed landscape biodiversity issues 
stressed in previous studies to be lacking in forest certification standards, seems to 
be a widely covered topic in the assessed standards. In contrast, while many 
biological and ecosystemic problems are widely discussed, critical aspects 
intrinsically connected to biodiversity are still overlooked. Climate change mitigation, 
adaptation, and resilience building are poorly addressed in most standards. Similarly, 
most standards do not consider aspects related to research, education, and 
capacity-building programs oriented to strengthen the acknowledgment, governance, 
and sensitivity toward biodiversity.  
 
Despite the limitations highlighted in section 5.3, the results of this study can not only 
guide future improvements of forest certification schemes but also can help 
customers and private companies choose the most suitable certification standard 
according to the particular interest they might have regarding specific aspects of 
biodiversity. This is of particular importance when considering that certification 
schemes ultimately are management and marketing tools, therefore companies 
investing in them or investors investing in certified companies are expected to be 
interested in finding the best, i.e., the most suitable, reliable, and consistent, solution 
among the multiple alternatives. In addition to this, better knowledge about the 
features, gaps, and limitations of standards provides transparent feedback and 
information to consumers (e.g., buyers of certified forest products) and public opinion 
in general, informing their consumer and procurement choices. Last but not least, 
given the existence of multiple certification initiatives, comparative and monitoring 
assessments could encourage their improvement over time, pushing towards more 
robust certification rules/mechanisms and ultimately ensuring better forest 
management conditions.  
 
At the same time, forest certification can help mobilize resources to support the gaps 
that forest managers might be lacking in their SFM certifications. As a market-based 
instrument, voluntary forest certification provides the chance to help manage 
externalities that development activities might unintentionally cause. In this sense, 
forest certification can be presented as a nature-based solution to address the 
biodiversity crisis. This, through a credit and claims system, that if properly 
developed and implemented, can potentially become an offsetting mechanism to 
support various ecosystem services that can indirectly improve biodiversity.  
 
Biophysical, social, cultural, and economic contexts have been found to be crucial 
elements in forest certification formulation and success. The selection of specific 
national standards endorsed internationally might have influenced more/less 
compliant results according to the country's specific characteristics. For this reason, 
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as explained in section 5.3, further studies are recommended to cluster the 
compared standards according to biodiversity, social, and economic indexes to have 
insights with commensurate contexts. 
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Annex 1. Survey Delphi questionnaire 

Do you wish to remain anonymous? Choose an option

Choose an option Space for reformulation or why exclusion

Principle

A ﻿Endangered species are assessed, protected and enhanced, if possible. Choose an option

Criteria

1 ﻿Endangered species within the production area protected Choose an option

2 Endangered species around the production area considered Choose an option

3 Endemic species within the production area protected Choose an option

SPACE FOR ADDING NEW CRITERIA

Indicators

i.
﻿Existence of procedures for the determination of terrestrial biological diversity and its 

changes Choose an option

ii. Percentage of land surface with protective status Choose an option

iii. Total number of red list species per surface Choose an option

iv. Number of threatened species per surface Choose an option

v. Number of endemic species per surface Choose an option

vi. Number of species per surface Choose an option

vii. ﻿Existence of procedures for monitoring of damage to forest resources caused by ﻿bad 

harvesting practices and illegal extraction of individuals
Choose an option

viii.
﻿Protective measures for the controlling and/or prevention of forest damage caused by bad 

harvesting practices and illegal extraction of individuals
Choose an option

ix. ﻿Existence and implementation of measures for the protection of key species Choose an option

x. Monitoring the protected areas and its changes Choose an option

SPACE FOR ADDING NEW INDICATORS

Principle

B Habitat destruction and fragmentation are assessed, avoided, mitigated and compensated Choose an option

Criteria

1 ﻿Habitat destruction avoided Choose an option

2 Habitat fragmentation avoided Choose an option

3 ﻿High Conservation Value areas identified and protected Choose an option

4 Rehabilitation and restoration Choose an option

SPACE FOR ADDING NEW CRITERIA

Indicators

i. Existence and implementation of measures for the protection of specific biotopes with 

large biodiversity value
Choose an option

ii. ﻿Existence of procedures for monitoring of damage to forest resources caused by 

﻿encroachment (illegal sttlements, illegal agricultural expansion)
Choose an option

iii.
﻿Protective measures for the controlling and/or prevention of forest damage caused by 

﻿encroachment (illegal sttlements, illegal agricultural expansion)
Choose an option

iv.
Existence and implementation of measures for the conservation or improvement of habitat 

diversity
Choose an option

v.
Existence and implementation of measures for the conservation or restoration of natural 

ecosystem complexity
Choose an option

vi. ﻿Existence of data about occurring ecosystem types Choose an option

vii. Harvesting limited to periods with little impact on fauna and flora Choose an option

viii. ﻿Degree of fragmentation or connectivity (corridor function) Choose an option

ix. Existence and implementing programs for maintenance of keystone species and functional 

groups
Choose an option

SPACE FOR ADDING NEW INDICATORS

Principle

C Habitat degradation, modification and pollution are assessed, avoided, mitigated and 

compensated
Choose an option

Criteria

1 ﻿Pesticide use restricted Choose an option

2 Guidance for pesticide application provided Choose an option

3 Guidance for fertilisation provided to avoid nutrient leaching Choose an option

4 Buffer zones required Choose an option

5 Water resources protected Choose an option

6 Soil erosion prevented Choose an option

7 Soil quality maintained Choose an option

8 Waste management required Choose an option

9 Recycling required Choose an option

10 ﻿Imitation of effects of natural disturbances Choose an option

11 ﻿Maintenance of decomposition and nutrient cycling Choose an option

SPACE FOR ADDING NEW CRITERIA

Thank you for taking the time to contribute to our research project. We are developing this project to understand better how biodiversity is addressed in international and national forest certification standards. The reference 
standard that we invited you to critique has been constructed using the biodiversity loss drivers ((IPBES 2019)In addition,  the reference standard was completed by using similar studies for other land use certifications 

(Holvoet and Muys 2004; Hennenberg et al. 2010; Doswald et al. 2012; Englund and Berndes 2015; Masiero et al. 2015; Tayleur et al. 2017; Fransen et al. 2018; Tröster and Hiete 2018; Garzon et al. 2020; Elbakidze et al. 
2022). The questionnaire comprises nine principles, which underpin a series of criteria and indicators. 

Principles describe specific elements the goal aspires to achieve. Criteria aim to outline the state or aspects of a dynamic forest ecosystem process without explaining how to accomplish the state or implying its achievement. 
Indicators are a practical resource used to monitor and report the fulfilment of the principles and criteria.

In order to make sure this reference standard is peer-reviewed and assessed by experts, your input will be used to revise it and improve it. The instructions on how to respond to the questionnaire are as follows:
-Respondents are expected to select the option for each principle, criteria, and indicator: Yes, without comments/Yes, but reformulated/No and exclude/No answer.
-According to the Delphi procedure, we must emphasise that respondents are asked to answer only on those topics they feel expert (No answer in this case).

-If the respondents think that the principles, criteria, and indicators are not comprehensive enough, space for new criteria and/or indicators is provided at the end of each section. 
-There is also the option to keep your answers anonymous; please mark the right cell if that is the case. 

The deadline to fill out the questionnaire and send it back is the 6th of June. 
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Indicators

i.
Existence and implementation of measures for the conservation of existing genetic diversity

Choose an option

ii.
Existence and implementation of measures for the minimisation of negative impacts of 

forest management on biological diversity
Choose an option

iii.
﻿Existence of procedures for monitoring of damage to forest resources caused by 

﻿infrigements (illegal waste disposal)
Choose an option

iv.
﻿Protective measures for the controlling and/or prevention of forest damage caused by 

﻿﻿infrigements (illegal waste disposal)
Choose an option

v. Existence and implementation of measures for the conservation of the litter layer Choose an option

vi.
Existence and implementation of measures that guarantee the presence of sufficient 

amounts of dead wood, standing as well as lying on the forest floor
Choose an option

vii.
Preference for mechanical techniques for the removal of non-indigenous harmful species

Choose an option

viii. ﻿Existence and implementation of regulations for the use of biocides and pesticides Choose an option

ix. Amounts and/or types of used biocides and pesticides Choose an option

x. Existence and implementation of regulations for the use of fertilisers Choose an option

xi. Amounts and/or types of used fertilisers Choose an option

xii. Degree of use of environmentally friendly control agents Choose an option

xiii. Existence of measures to maintain soil fertility and site productivity Choose an option

SPACE FOR ADDING NEW INDICATORS

Principle

D Overexploitation of organisms is avoided and mitigated Choose an option

Criteria

1 ﻿Long-term sustainability considered Choose an option

2 Sustainable harvest rates identified and applied Choose an option

3 Crop-rotation applied Choose an option

SPACE FOR ADDING NEW CRITERIA

Indicators

i. ﻿Existence of procedures for monitoring of damage to forest resources caused by ﻿bad 

harvesting practices and illegal extraction of individuals
Choose an option

ii. ﻿Protective measures for the controlling and/or prevention of forest damage caused by bad 

harvesting practices and illegal extraction of individuals
Choose an option

iii. ﻿Monitoring the changes in wood stocks Choose an option

iv. Harvested volume by species Choose an option

v. Existence of sustainable harvest levels per product Choose an option

vi. Incentives for the use of lesser known woody forest species Choose an option

vii. ﻿Measures for rehabilitation or reintroduction are present Choose an option

viii. ﻿Provision for actions to ensure natural regeneration Choose an option

SPACE FOR ADDING NEW INDICATORS

Principle

E
Invasive species and GMOs are restricted, regulated, managed and avoided, if necessary.

Choose an option

Criteria

1 ﻿Native species preferred over exotic Choose an option

2 Measures taken to prevent introduction of invasive species Choose an option

SPACE FOR ADDING NEW CRITERIA

Indicators

i. ﻿Existence of procedures for monitoring of damage to forest resources caused by ﻿invasive 

alien species
Choose an option

ii. ﻿Protective measures for the controlling and/or prevention of forest damage caused by 

invasive alien species
Choose an option

iii.
Existence and implementation of measures which protect, support or strengthen indigenous 

biodiversity
Choose an option

iv. ﻿Existence of regulations and limitations for the use of exotic tree species in regeneration 

activities 
Choose an option

v. Monitoring of the use of exotic tree species and their impacts on the environment Choose an option

vi. ﻿Genetically modified organisms are not allowed Choose an option

vii. ﻿The use of biological control agents is strictly regulated Choose an option

viii. ﻿Existence of regulations which prevent introduction and spreading of non-indigenous 

species  
Choose an option

SPACE FOR ADDING NEW INDICATORS

Principle

F
Climate change adaptation, resistance, resilience and mitigation measures are taken 

around biodiversity threats
Choose an option

Criteria

1 ﻿Energy use minimized Choose an option

2 Fossil energy avoided Choose an option

3 Carbon stock maintained or enhanced Choose an option

4 Resilience, response and, mitigation measures are addressed Choose an option

SPACE FOR ADDING NEW CRITERIA

Indicators

i. ﻿Existence of procedures for monitoring of damage to forest resources caused by ﻿climate 

extreme events
Choose an option

ii. ﻿Protective measures for the controlling and/or prevention of forest damage caused by 

﻿climate extreme events
Choose an option
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iii. Preference for long rotations Choose an option

iv. ﻿Preference for natural stem reduction Choose an option

v. Protected and/or old trees are identified and are not felled during harvesting Choose an option

vi. Existence of procedures for reducing greenhouse gas emissions from operational activities 

in forest management
Choose an option

SPACE FOR ADDING NEW INDICATORS

Principle

G Research, awareness and education around biodiversity aspects is promoted Choose an option

Criteria

1 ﻿Research supported Choose an option

2 Awareness spread Choose an option

3 Education to workers provided Choose an option

SPACE FOR ADDING NEW CRITERIA

Indicators

i.
﻿Existing education, training, and capacity-building programs on biodiversity management

Choose an option

ii. Incentives for the use of non-wood forest species Choose an option

iii. Research activity related to potential human impacts on biodiversity Choose an option

iv. Research for possible harmful consequences of unwanted introduction or spreading of non-

indigenous species
Choose an option

v. ﻿Availability of maps of the protected forest area Choose an option

vi. ﻿Amounts of investments in research, development and education Choose an option

SPACE FOR ADDING NEW INDICATORS

Principle

H
Social and cultural biodiversity aspects are respected, protected, maintained and enhanced

Choose an option

Criteria

1 ﻿Provision for duly established Aboriginal and local communities rights Choose an option

2 Aboriginal traditional land use and forest-based ecological knowledge is considered Choose an option

3 Forest community well-being and resilience Choose an option

4 Forest management pays sufficient attention to cultural, recreational, spiritual and 

archeological values
Choose an option

5 Clear land titles and usage rights Choose an option

6 ﻿Disturbances are limited to a minimum and are restricted by regulations Choose an option

SPACE FOR ADDING NEW CRITERIA

Indicators

i. ﻿Recognize and implement Aboriginal rights Choose an option

ii. Identify and map areas of importance to Aboriginal People (such as hunting and trap- ping, 

sacred areas, medicinal plant areas, and others). 
Choose an option

iii. Protect areas of importance to Aboriginal people Choose an option

iv. Ensure that Aboriginal people have access to areas of importance to them Choose an option

v. ﻿Manage forests to ensure that forest products are available for Aboriginal people Choose an option

vi. Recognise species with some degree of importance for Aboriginal people Choose an option

vii. Existence and implementation of measures for the conservation of relevant man made 

ecosystems
Choose an option

viii. Existence and implementation of noise reducing measures Choose an option

ix. Existence of silent zones inside the forests Choose an option

x. ﻿Area or percentage of the forest estate reserved for recreation and tourism Choose an option

xi.
Number and/or area of sites managed for the protection of cultural, archeological, social 

and spiritual values
Choose an option

xii. Measures to avoid damage by recreation and tourism Choose an option

xiii. Monitoring signs of cultural disintegration Choose an option

SPACE FOR ADDING NEW INDICATORS

Principle

I
Biodiversity aspects shall be economically viable and improve conditions of local 

communities and economies
Choose an option

Criteria

1 ﻿Economic benefits Choose an option

2 Distribution of benefits Choose an option

3 Sustainability of benefits Choose an option

SPACE FOR ADDING NEW CRITERIA

Indicators

i. ﻿Existence of the right to employment for local and/or indigenous population Choose an option

ii. Percentage of GDP generated in the forestry sector Choose an option

iii. ﻿Identification of non-wood forest products and their potential uses Choose an option

iv. Percentage of total population employed Choose an option

v. Percentage of females in total number of employment Choose an option

SPACE FOR ADDING NEW INDICATORS
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Annex 2. List of experts  

Leland Werden. Crowther Lab. ETH Zurich.  
Nicolas Urbina. Pontificia Universidad Javeriana. Bogota, Colombia. 
Pablo Alejandro Lopez. Universidad de Caldas. Manizales, Colombia.  
Wesley Martin Snell. Etifor. Padua, Italy.  
 
*Three of the respondents asked to remain anonymous. 
 

Annex 3. List of standards 

 

Name of the standard Scope 

African Timber Organization (ATO) African countries 

Argentine Forest Certification System Argentina 

Brazilian Forest Certification Programme Brazil 

Cameroon, GTZ Cameroon 

Canadian Standards Association (CSA) Canada 

CERFLOR Brazil 

Certforchile Chile 

Costa Rica - CNFC Costa Rica 

ForestCare Canada 

FSC Global 

FSC Australia Australia 

FSC Belgium Belgium 

FSC Belize Belize 

FSC Bolivia Bolivia 

FSC Bosnia and Herzegovina Bosnia and Herzegovina 

FSC Brazil Brazil 

FSC Bulgaria Bulgaria 

FSC Cambodia Cambodia 

FSC Cameroon Cameroon 

FSC Canada Canada 

FSC Chile Chile 

FSC China China 

FSC Colombia Colombia 

FSC Congo Congo 

FSC Congo Basin Region Congo Basin 

FSC Croatia Croatia 

FSC Cuba Cuba 

FSC Czech Republic Czech Republic 

FSC Dambach Dambach 

FSC Denmark Denmark 

FSC Ecuador Ecuador 

FSC Estonia Estonia 

FSC eSwatini eSwatini 
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Name of the standard Scope 

FSC Finland Finland 

FSC France France 

FSC Gabon Gabon 

FSC Germany Germany 

FSC Ghana Ghana 

FSC Guyana Guyana 

FSC Honduras Honduras 

FSC Indonesia Indonesia 

FSC Ireland Ireland 

FSC Italy Italy 

FSC Japan Japan 

FSC Kenya Kenya 

FSC Kosovo Kosovo 

FSC Kyrgyz Kyrgyz Republic 

FSC Laos Laos republic 

FSC Lithuania Lithuania 

FSC Luxembourg Luxembourg 

FSC Madagascar Madagascar 

FSC Malasya Malasya 

FSC Mexico Mexico 

FSC Namibia Namibia 

FSC Nepal Nepal 

FSC Netherlands Netherlands 

FSC New Caledonia New Caledonia 

FSC New Zealand New Zealand 

FSC Nicaragua Nicaragua 

FSC Papua New Guinea Papua New Guinea 

FSC Peru Peru 

FSC Philippines Philippines 

FSC Poland Poland 

FSC Portugal Portugal 

FSC Romania Romania 

FSC Russia Russia 

FSC Rwanda Rwanda 

FSC South Africa South Africa 

FSC Spain Spain 

FSC Sri Lanka Sri Lanka 

FSC Suriname Suriname 

FSC Sweden Sweden 

FSC Switzerland  Switzerland 

FSC Tanzania Tanzania 

FSC Uganda Uganda 
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Name of the standard Scope 

FSC UK UK 

FSC Ukraine Ukraine 

FSC Uruguay Uruguay 

FSC USA USA 

FSC Vietnam Vietnam 

GreenTag Forestry USA 

Guyana Forestry Commission  Guyana 

International Organization for Standardization (ISO) Global 

Lembaga Ekolabel Indonesia (LEI) Indonesia 

Malasyan C&I Malasya 

Naturland Germany 

New Zealand Forest Certification Association New Zealand 

PEFC Austria Austria 

Republican Association of Forest Certification System Belarus 

PEFC Belgium Belgium 

Association of Private Forest Owners "Nasa Suma" Bosnia and Herzegovina 
Council for Sustainable Forest Management and 
Certification in Bulgaria Bulgaria 

PAFC Cameroon Cameroon 

PEFC Canada Canada 

PEFC Chile Chile 

China Forest Certification Council China 

PAFC Congo Congo 

PEFC Czech Republic Czech Republic 

PEFC Denmark Denmark 

Estonian Forest Certification Council Estonia 

PEFC Finland Finland 

Finnish Forest Certification System Finland 

PEFC France France 

PEFC France France 

PAFC Gabon Gabon 

PEFC Germany Germany 

Working Group on Forest Certification Ghana 

Hungarian Forest Certification Non-profit Hungary 

Network for Certification and Conservation of Forests India 

Indonesian Forestry Certification Cooperation Indonesia 

PEFC International Standard Global 

PEFC Ireland Ireland 

PEFC Italy Italy 

SGEC/PEFC Japan Japan 

Korean Forest Certification Council  Korea 

PEFC Latvia Latvia 

PEFC Latvia Latvia 
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Name of the standard Scope 

PEFC Lithuania Lithuania 

PEFC Luxembourg Luxembourg 

Malasyan Timber Certification Council Malasya 

Myanmar Forest Certification Committee Myanmar 

PEFC Netherlands Netherlands 
The Council for Sustainable Forest Management int he 
Republic of Macedonia North Macedonia 

PEFC Norway Norway 

PEFC Poland Poland 

PEFC Portugal Portugal 

PEFC Romania Romania 

PEFC Russia Russia 

PEFC Slovakia Slovakia 

Institute for Forest Certification Slovenia 

South African Forestry Assurance Scheme South Africa 

PEFC Spain Spain 

PEFC Sweden Sweden 

PEFC Switzerland Switzerland 

The Federation of Thai Industries Thailand 
Association for Sustainable Forest Management, Forest 
Products and Services Certification Turkey 

PEFC UK UK 

Association National Voluntary Forest Certification System Ukraine 

PEFC Uruguay Uruguay 

Vietnamese Academy of Forest Science  Vietnam 

Responsible Wood Australia 

Scientific Certification System - FSC Standard Global 

SCS - Natural Forest Management Global 

SCS Generic Standard Global 

Silva Forest Foundation Canada 

Solomon Islands - pacific ecotimber Solomon Islands 

Sustainable Forestry Initiative (SFI) Global 

Tree Farm System USA 

Naturland Standards for Organic Forest Management Global 

International Tropical Timber Organization Global 
SCS Generic Interim Standard for Forest Management 
Certification under the FSC Global 

SCS Interim Standard for Argentina Argentina 

SCS Interim Standard for Costa Rica Costa Rica 

SCS Interim Standard for Estonia Estonia 

SCS Interim Standard for Fiji Fiji 

SCS Interim Standard for Hawaii Hawaii 

SCS Interim Standard for India India 
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Name of the standard Scope 

SCS Interim Standard for Latvia Latvia 

SCS Interim Standard for Panama Panama 

SCS Interim Standard for Paraguay Paraguay 

 
 

Annex 4. Reference standard resulting from the Delphi survey 
 

Principle 

1 Endangered species are identified, monitored,  and protected.  

Criteria 

1,1 Endangered species within the production area protected 
1,2 Endangered species around the production area considered 
1,3 Endemic and rare species at risk within the production area are protected 
1,4 Endangered, threatened, or vulnerable species within relevant proximal zone are 

identified and monitored   

Indicators 

1a Existence of procedures for the determination of terrestrial biological diversity in 
several aspects (taxonomic, functional, and genetic) and its changes inside the 
production area 

1b Percentage of land surface with protected status  
1c Total number of red list species per surface area 
1d Number of threatened species per surface area 
1e Number of functional role of species per surface area, it should emphasize in 

specialist species and low population rate species 
1f Number and list of species per surface area 
1g Existence of procedures for monitoring damage to species caused by 

unsustainable harvesting practices and illegal extraction of individuals (e.g. harvest 
rates, heavy machinery, skid trails, forest roads, light and noise pollution, soil 
compaction and erosion, over selection of particular species or structures) 

1h Protective measures in place for the controlling and/or prevention of forest damage 
caused by unsustainable harvesting practices and illegal extraction of individuals  
(e.g. harvest rates, heavy machinery, skid trails, forest roads, light and noise 
pollution, soil compaction and erosion, over selection of particular species or 
structures) 

1i Existence and implementation of measures for the protection of endangered, 
sensitive species (core forest species, habitat specialist species), endemic species 

1j Preservation measures of remnant natural forest core habitat and ecological 
restoration of edges to buffer edge effects  

Principle 

2 Ecosystems and habitat destruction, fragmentation and other forms degradation 
are avoided, mitigated, and compensated  

Criteria 

2,1 Ecosystems and habitat loss and fragmentation is avoided, minimized, or mitigated  
2,2 High Conservation Value areas identified and protected 
2,3 Rehabilitation and restoration actions are implemented where destruction or 

fragmentation have occurred  
2,4 Potential leakage effects of restoration assessed 
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Indicators 

2a Existence and implementation of measures for the protection of specific 
ecosystems and habitat with high biodiversity value 

2b Existence of procedures for monitoring of damage to forest resources caused by 
encroachment (illegal settlements, illegal agricultural expansion), resource 
extraction and use 

2c Protective measures in place for the controlling and/or prevention of forest damage 
caused by encroachment (illegal settlements, illegal agricultural expansion), 
resource extraction and use 

2d Existence and implementation of measures for the conservation or improvement of 
ecosystems and habitat diversity 

2e Existence and implementation of measures for the conservation or restoration of 
natural ecosystem complexity 

2f Existence of data about occurring ecosystem types within the production area 
2g Harvesting limited to periods and areas with little impact on fauna, flora, and soil 
2h Degree of structural fragmentation or connectivity (corridor function) measured 

between habitat fragments 
2i Existence and implementing programs for maintenance, conservation or 

preservation of keystone species and functional groups 
2j Existence and implementation of programs for maintaing key structural diversity at 

both landscape and stand levels   

Principle 

3 Habitat degradation, modification and pollution are assessed, avoided, mitigated, 
and compensated  

Criteria 

3,1 Pesticide use restricted to irreplaceable management activities that require it 
3,2 Guidance for pesticide application provided 
3,3 Guidance for fertilisation provided to avoid nutrient leaching 
3,4 Buffer zones required if adjacent to sensitive areas like core forest areas, water 

bodies, etc.  
3,5 Water resources like springs, water bodies or wetland, are protected 
3,6 Soil erosion prevented and mitigated 
3,7 Soil quality maintained through actions like avoiding soil compactation, maintaining 

canopy cover, ground vegetation, the layer of soil organic matter, etc.  
3,8 Waste management required 
3,9 Management activities are designed in alignment with natural disturbance regimes 

with justification 
3,10 Maintenance of decomposition and nutrient cycling  

Indicators 

3a Existence and implementation of measures for the conservation of existing genetic 
diversity 

3b Existence and implementation of measures for the minimisation of negative 
impacts of forest management on biological diversity in several aspects 
(taxonomic, functional, and genetic) 

3c Existence of procedures for monitoring of damage to forest resources caused by 
infringements (illegal waste disposal) 

3d Protective measures for the controlling and/or prevention of forest damage caused 
by infringements (illegal waste disposal) 

3e Existence and implementation of measures for the conservation of the litter layer 
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3f Existence and implementation of measures that guarantee the presence of 
sufficient amounts of dead wood, standing as well as lying on the forest floor 
according to the structural and functional characteristics of the forest 

3g Preference for mechanical techniques for the removal of non-indigenous harmful 
species 

3h Existence and implementation of regulations for the use of biocides and pesticides 
3i Amounts and/or types of used biocides and pesticides 
3j Existence and implementation of regulations for the use of fertilisers 
3k Amounts and/or types of used fertilisers 
3l Degree of use of environmentally friendly control agents 

3m Existence of measures to maintain soil fertility and site productivity  

Principle 

4 Overexploitation of forest resources is avoided and mitigated  

Criteria 

4,1 Approach for long-term sustainability in functional and structural ecosystem 
processes and socio-economic aspects.  

4,2 Sustainable harvest rates and measures identified and applied according to the 
status of the extracted species  

Indicators 

4a Existence of procedures for monitoring of damage to forest resources caused by 
harvesting practices and illegal extraction of individuals 

4b Protective measures for the controlling and/or prevention of forest damage caused 
by harvesting practices and illegal extraction of individuals 

4c Monitoring mechanisms for changes in growing stock by species and age class  
4d Harvested volume by species 
4e Existence and adoption of product-specific sustainable harvest levels 
4f Incentives for the use of lesser-known woody forest species 
4g Measures for rehabilitation or restoration and for targeted and controlled 

reintroductions  of extracted individuals are present 
4h Forest is managed using close-to-nature principles that prioritizes maintaining site 

conditions to allow natural regeneration over artificial planting  

Principle 

5 Invasive species and GMOs are restricted, regulated, managed and if necessary, 
avoided  

Criteria 

5,1 Native species preferred over exotic 
5,2 Measures taken to prevent introduction of invasive species 
5,3 Generation of early warnings (spatially explicit) to identify sites vulnerable to 

invasion and constant monitoring for the presence of invasive species at that site.  

Indicators 

5a Existence of procedures for monitoring of damage to forest resources caused by 
invasive alien species 

5b Protective measures for the controlling and prevention of forest damage caused by 
invasive alien species 

5c Existence and implementation of measures which protect, support or strengthen 
indigenous biodiversity 

5d Existence of regulations and limitations for the use of exotic tree species in 
regeneration activities  
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5e Monitoring of the use of exotic tree species and their impacts on the environment 
such as use, geographic distribution, competition with native species, functional 
degradation and ecosystem services 

5f The use of biological control agents is strictly regulated 
5g Existence of regulations which prevent introduction and spreading of non-

indigenous species   
5h Existence of procedures for monitoring the presence of invasive alien species 
5i Total number of invasive species per area in the production area  

Principle 

6 Climate change adaptation, resistance, resilience, and mitigation measures are 
taken around biodiversity potential threats and synergies with other change drivers  

Criteria 

6,1 Measures to reduce the release of GHG  
6,2 Fossil energy and GHG avoided to the extent that there are suitable available 

alternatives 
6,3 Carbon stock maintained or enhanced 
6,4 Resilience, response of forest resources assessed and, mitigation measures are 

addressed  

Indicators 

6a Existence of procedures for monitoring of damage to forest resources caused by 
climate extreme events 

6b Protective measures for the controlling and/or prevention of forest damage caused 
by climate extreme events 

6c Climate-smart forest management practices are adopted, e.g.: preference for long 
rotations 

6d Protected and/or trees above a certain diameter for each species are identified and 
are not felled during harvesting  

6e Existence of procedures for reducing greenhouse gas emissions from operational 
activities in forest management 

6f Selection of durable and adapted native species resistant to drought, flooding, 
heat, etc according to various climate change scenarios (e.g. high water use 
efficiency, toleration of anaerobic conditions, etc)  

Principle 

7 Research, awareness, education and capacity building around biodiversity aspects 
is promoted and budgeted  

Criteria 

7,1 Research supported to all stakeholders 
7,2 Awareness spread and social appropriation of biodiversity to all stakeholder 
7,3 Education and capacity building to all stakeholders provided 
7,4 Stakeholders involvement in planning process is adopted 
7,5 Strategies to help improving local livelihoods are adopted 
7,6 Long-term monitoring strategy with SMART indicators is planned, properly 

budgeted, and implemented at appropriate time scales for meaningful results   

Indicators 

7a Existing education, training, and capacity-building programs on biodiversity 
management 

7b Encourage the use, if sustainable, of non-wood forest species. 
7c Research activities supported related to pressures caused by humans actions 

(land use change, overexploitation, etc) on biodiversity  
7d Research for possible consequences of unwanted introduction or spreading of 
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invasive alien species 

7e Availability and update of maps of the protected forest area 
7f Amounts of investments in research, development and education in the topics 

prioritised before.   

Principle 

8 Social and cultural dimensions of biodiversity are valued, respected, protected, 
maintained and enhanced  

Criteria 

8,1 Clear established indigenous and local communities rights in the production area 
where relevant 

8,2 Forest management plan engage indigenous communities traditional land use and 
forest-based ecological knowledge, where relevant 

8,3 Forest community level of well-being and resilience derived from forest resources 
are valued, maintained and enhanced 

8,4 Forest management consider, values and protect cultural, recreational, spiritual 
and archaeological values 

8,5 Clear and unambiguous land tenure, access, and use rights including customary 
rights  

8,6 Disturbances are limited to a minimum and are restricted by regulations  

Indicators 

8a Recognize and implement indigenous and local communities rights where relevant 
8b Areas of importance to indigenous and local communities are mapped (such as 

hunting and trap- ping, sacred areas, medicinal plant areas, and others).  
8c Areas of importance to indigenous and local communities are safeguarded 
8d Indigenous and local communities  have secure access rights to areas for which 

they hold customary access rights 
8e Forest management engages indigenous and local communities in decisions about 

use of forest resources from the areas but ensuring sustainability of natural capital 
stocks 

8f Recognition and valuation of species with some degree of importance for 
indigenous and local communities  

8g Existence and implementation of measures for the conservation of relevant human 
made ecosystems 

8h Percentage of the whole forest reserved for recreation and tourism in consultation 
with indigenous communities 

8i Number and/or area from the whole forests managed for the protection of cultural, 
archaeological, social and spiritual values in consultation with indigenous 
communities 

8j Measures to avoid damage by recreation and tourism are in place 
8k Monitoring system in place to check for signs of cultural degradation  

Principle 

9 Use of biodiversity shall be economically sustainable, improve conditions of local 
communities and economies and equitably distributed among local stakeholders  

Criteria 

9,1 Economic benefits derived from the use of biodiversity are produced locally and the 
reporting should be timely, transparent, and easily accessible 

9,2 Distribution of benefits derived from the use of biodiversity are equitably distributed 
across gender, and social groups within local communities  
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9,3 Benefits derived from use of the biodiversity shall not produce any long-term 
impact on the resource base to guarantee sustainability  

Indicators 

9a The forest management must recruit a minimum percentage from local and/or 
indigenous population 

9b Identification of non-wood forest products and their potential uses 
9c Gender and other demographics balance in employment rate, in forest-related 

activities and in management/decision-making positions. 
9d The wages are fair in comparison to local context average 
9e Benefits in place for female employees 



Annex 5. Summary of the frequency statistics of the compliance of the principles from all 
the forest standards against the principles of the reference standard. 

 

Principle / Statistics Mode 
Mode 

frequency 
Categories 

Frequency per 
category 

Rel. frequency 
per category 

(%) 

Endangered species are 
identified, monitored,  and 

protected. 
Yes 10 

Partially 3 23 

Yes 10 77 

Ecosystems and habitat 
destruction, fragmentation 

and other forms 
degradation are avoided, 

mitigated and compensated 

Yes 10 
Partially 3 23 

Yes 10 77 

Habitat degradation, 
modification and pollution 
are assessed, avoided, 

mitigated and compensated 

Yes 8 
Partially 5 38 

Yes 8 62 

Overexploitation of forest 
resources is avoided and 

mitigated 
Yes 10 

Partially 3 23 

Yes 10 77 

Invasive species and GMOs 
are restricted, regulated, 

managed and if necessary, 
avoided 

Yes 9 

No 2 15 

Partially 2 15 

Yes 9 69 

Climate change adaptation, 
resistance, resilience and 
mitigation measures are 
taken around biodiversity 

potential threats and 
synergies with other change 

drivers 

Yes 7 

No 4 31 

Partially 2 15 

Yes 7 54 

Research, awareness, 
education and capacity 

building around biodiversity 
aspects is promoted and 

budgeted 

Partially 7 

No 3 23 

Partially 7 54 

Yes 3 23 

Social and cultural 
dimensions of biodiversity 

are valued, respected, 
protected, maintained and 

enhanced 

Yes 12 

Partially 1 8 

Yes 12 92 

Use of biodiversity shall be 
economically sustainable, 
improve conditions of local 

communities and 
economies and equitably 
distributed among local 

stakeholders 

Yes 11 

No 1 8 

Partially 1 8 

Yes 11 85 
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Annex 6. Summary of the frequency statistics for principle one and its criteria and 
indicators.  

 

Principle/Statistics Mode 
Mode 

frequency 
Categories 

Rel. 
frequency 

per 
category 

(%) 

1 
Endangered species are identified, 
monitored,  and protected. 

Yes 10 
Partially 23 

Yes 77 

Criteria 

1,1 
Endangered species within the 
production area protected 

Yes 13 Yes 100 

1,2 
Endangered species around the 
production area considered 

No 9 
No 69 

Yes 31 

1,3 
Endemic and rare species at risk within 
the production area are protected 

Yes 11 

No 8 

Partially 8 

Yes 85 

1,4 
Endangered, threatened, or vulnerable 
species within relevant proximal zone 
are identified and monitored 

No 9 

No 69 

Partially 15 

Yes 15 

Indicators 

1a 

Existence of procedures for the 
determination of terrestrial biological 
diversity in several aspects (taxonomic, 
functional and genetic) and its changes 
inside the production area 

Yes 11 

No 8 

Partially 8 

Yes 85 

1b 
Percentage of land surface with 
protected status 

Yes 9 

No 8 

Partially 23 

Yes 69 

1c 
Total number of red list species per 
surface area 

Yes 7 

No 38 

Partially 8 

Yes 54 

1d 
Number of threatened species per 
surface area 

Yes 7 

No 38 

Partially 8 

Yes 54 

1e 

Number of functional role of species 
per surface area, it should emphasize 
in specialist species and low population 
rate species 

No 9 

No 69 

Partially  23 

Yes 8 

1f 
Number and list of species per surface 
area 

No 11 
No 85 

Partially 15 

1g 

Existence of procedures for monitoring 
of damage to species caused by 
unsustainable harvesting practices and 
illegal extraction of individuals (e.g. 
harvest rates, heavy machinery, skid 
trails, forest roads, light and noise 
pollution, soil compaction and erosion, 
over selection of particular species or 

Yes 9 

No 8 

Partially 23 

Yes 69 
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structures) 

1h 

Protective measures in place for the 
controlling and/or prevention of forest 
damage caused by unsustainable 
harvesting practices and illegal 
extraction of individuals  (e.g. harvest 
rates, heavy machinery, skid trails, 
forest roads, light and noise pollution, 
soil compaction and erosion, over 
selection of particular species or 
structures) 

Yes 10 

No 8 

Partially 15 

Yes 77 

1i 

Existence and implementation of 
measures for the protection of 
endangered, sensitive species (core 
forest species, habitat specialist 
species), endemic species 

Yes 11 

No 8 

Partially 8 

Yes 85 

1j 

Preservation measures of remnant 
natural forest core habitat and 
ecological restoration of edges to buffer 
edge effects 

Yes 8 

No 23 

Partially 15 

Yes 62 

 
 

Annex 7. Summary of the frequency statistics for principle two and its criteria and 
indicators.  

 

Principle Mode 
Mode 
frequency 

Categories 

Rel. 
frequency 
per 
category 
(%) 

2 
Ecosystems and habitat destruction, 
fragmentation and other forms degradation 
are avoided, mitigated and compensated 

Yes 10 
Partially 23 

Yes 77 

Criteria 

2,1 
Ecosystems and habitat loss and 
fragmentation is avoided, minimized, or 
mitigated 

Yes 9 

No 15 

Partially 16 

Yes 69 

2,2 
High Conservation Value areas identified 
and protected 

Yes 12 
No 8 

Yes 92 

2,3 
Rehabilitation and restoration actions are 
implemented where destruction or 
fragmentation  have ocurred 

Yes 10 
Partially 23 

Yes 77 

2,4 
Potential leakage effects of restoration 
assessed 

No 13 No 100 

Indicators 

2a Existence and implementation of measures Yes 12 Partially 8 
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for the protection of specific ecosystems 
and habitat with high biodiversity value Yes 92 

2b 

Existence of procedures for monitoring of 
damage to forest resources caused by 
encroachment (illegal sttlements, illegal 
agricultural expansion), resource extraction 
and use 

Yes 7 

No 31 

Partially 15 

Yes 54 

2c 

Protective measures in place for the 
controlling and/or prevention of forest 
damage caused by encroachment (illegal 
sttlements, illegal agricultural expansion), 
resource extraction and use 

Yes 7 

No 31 

Partially 15 

Yes 54 

2d 
Existence and implementation of measures 
for the conservation or improvement of 
ecosystems and habitat diversity 

Yes 11 

No 8 

Partially 8 

Yes 85 

2e 
Existence and implementation of measures 
for the conservation or restoration of natural 
ecosystem complexity 

Yes 11 

No 8 

Partially 8 

Yes 85 

2f 
Existence of data about occurring 
ecosystem types within the production area 

Yes 7 

No 23 

Partially 23 

Yes 54 

2g 
Harvesting limited to periods and areas with 
little impact on fauna, flora and soil 

Yes 9 

No 8 

Partially 23 

Yes 69 

2h 
Degree of structural fragmentation or 
connectivity (corridor function) measured 
between habitat fragments 

Yes 8 

No 23 

Partially 15 

Yes 62 

2i 
Existence and implementing programs for 
maintenance, conservation or preservation 
of keystone species and functional groups 

Yes 7 

No 31 

Partially 15 

Yes 54 

2j 
Existence and implementation of programs 
for maintaing key structural diversity at both 
landscape and stand levels 

Yes 10 

No 15 

Partially 8 

Yes 77 

 
 

Annex 8. Summary of the frequency statistics for principle three and its criteria and 
indicators.  

 

Principles Mode 
Mode 

frequency 
Categories 

Rel. 
frequency per 
category (%) 

3 Habitat degradation, modification and Yes 8 Partially 38 
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pollution are assessed, avoided, 
mitigated and compensated Yes 62 

Criteria 

3,1 Pesticide use restricted to 
irrepleaceable management activities 
that require it 

Yes 11 
No 15 

Yes 85 

3,2 Guidance for pesticide application 
provided 

No 7 
No 54 

Yes 46 

3,3 
Guidance for fertilisation provided to 
avoid nutrient leaching 

Yes 6 

No 46 

Partially 8 

Yes 46 

3,4 Buffer zones required if adjacent to 
sensitive areas like core forest areas, 
water bodies, etc. 

Yes 7 

No 23 

Partially 23 

Yes 54 

3,5 

Water resources like springs, water 
bodies or wetland, are protected 

Yes 10 
Partially 23 

Yes 77 

3,6 Soil erosion prevented and mitigated Yes 13 Yes 100 

3,7 
Soil quality maintained through actions 
like avoiding soil compactation, 
maintaining canopy cover, ground 
vegetation, the layer of soil organic 
matter, etc. 

Yes 7 

Partially 46 

Yes 54 

3,8 

Waste management required Yes 8 

No 23 

Partially 15 

Yes 62 

3,9 Management activities are designed in 
alignment with natural disturbance 
regimes with justification 

Yes 7 
No 46 

Yes 54 

3,1 
Maintenance of decomposition and 
nutrient cycling 

Partially 5 

No 38 

Partially 46 

Yes 15 

Indicators 

3a 
Existence and implementation of 
measures for the conservation of 
existing genetic diversity 

Yes 10 

No 15 

Partially 8 

Yes 77 

3b 

Existence and implementation of 
measures for the minimisation of 
negative impacts of forest 
management on biological diversity in 
several aspects (taxonomic, functional 
and genetic) 

Yes 11 

No 8 

Partially 8 

Yes 85 

3c 
Existence of procedures for monitoring 
of damage to forest resources caused 
by infrigements (illegal waste disposal) 

No 7 

No 54 

Partially  15 

Yes 31 

3d 

Protective measures for the controlling 
and/or prevention of forest damage 
caused by infrigements (illegal waste 
disposal) 

Yes 6 

No 31 

Partially 23 

Yes 46 
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3e 
Existence and implementation of 
measures for the conservation of the 
litter layer 

Yes 5 

No 31 

Partially 31 

Yes 38 

3f 

Existence and implementation of 
measures that guarantee the presence 
of sufficient amounts of dead wood, 
standing as well as lying on the forest 
floor according to the structural and 
functional characteristics of the forest 

Yes 10 

No 23 

Yes 77 

3g 
Preference for mechanical techniques 
for the removal of non-indigenous 
harmful species 

No 13 No 100 

3h 
Existence and implementation of 
regulations for the use of biocides and 
pesticides 

Yes 12 
No 8 

Yes 92 

3i 
Amounts and/or types of used 
biocides and pesticides 

Yes 7 

No 38 

Partially 8 

Yes 54 

3j 
Existence and implementation of 
regulations for the use of fertilisers 

Yes 6 

No 38 

Partially 15 

Yes 46 

3k 
Amounts and/or types of used 
fertilisers 

No 7 

No 54 

Partially 8 

Yes 38 

3l 
Degree of use of environmentally 
friendly control agents 

No 7 
No 54 

Yes 46 

3m 
Existence of measures to maintain soil 
fertility and site productivity 

Yes 12 
Partially  8 

Yes 92 

 

Annex 9. Summary of the frequency statistics for principle four and its criteria and 
indicators.  

 

Principles Mode 
Mode 

frequency 
Categories 

Rel. 
frequency 

per 
category 

(%) 

4 
Overexploitation of forest resources is 
avoided and mitigated 

Yes 10 
Partially 23 

Yes 77 

Criteria 

4,1 
Approach for long-term sustainability in 
functional and structural ecosystem 
processess and socio-economic aspects. 

Yes 13 Yes 100 

4,2 
Sustainable harvest rates and measures 
identified and applied according to the 
status of the extracted species 

Yes 11 

No 15 

Yes 85 

Indicators 

4a Existence of procedures for monitoring of Yes 11 No 15 
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damage to forest resources caused by 
harvesting practices and illegal extraction 
of individuals 

Yes 85 

4b 

Protective measures for the controlling 
and/or prevention of forest damage 
caused by harvesting practices and illegal 
extraction of individuals 

Yes 12 

No 8 

Yes 92 

4c 
Monitoring mechanisms for changes in 
growing stock by species and age class 

Yes 10 
No 23 

Yes 77 

4d Harvested volume by species Yes 12 
No 8 

Yes 92 

4e 
Existence and adoption of product-specific 
sustainable harvest levels 

Yes 10 

No 15 

Partially 8 

Yes 77 

4f 
Incentives for the use of lesser known 
woody forest species 

No 10 
No 77 

Yes 23 

4g 

Measures for rehabilitation or restoration 
and for targeted and controlled 
reintroductions  of extracted individuals are 
present 

Yes 11 

No 8 

Partially 8 

Yes 85 

4h 

Forest is managed using close-to-nature 
principles that prioritizes maintaining site 
conditions to allow natural regeneration 
over artificial planting 

Yes 10 

No 8 

Partially  15 

Yes 77 

 

Annex 10. Summary of the frequency statistics for principle five and its criteria and 
indicators. 

 

Principles Mode 
Mode 

frequency 
Categories 

Rel. 
frequency 

per 
category 

(%) 

5 
Invasive species and GMOs are 
restricted, regulated, managed and if 
necessary, avoided 

Yes 9 

No 15 

Partially 15 

Yes 69 

Criteria 

5,1 Native species preferred over exotic Yes 9 

No 8 

Partially 23 

Yes 69 

5,2 
Measures taken to prevent introduction of 
invasive species 

Yes 6 

No 38 

Partially 15 

Yes 46 

5,3 
Generation of early warnings (spatially 
explicit) to identify sites vulnerable to 

No 11 
No 85 

Partially 8 
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invasion and constant monitoring for the 
presence of invasive species at that site. Yes 8 

Indicators 

5a 
Existence of procedures for monitoring of 
damage to forest resources caused by 
invasive alien species 

Yes 8 
No 38 

Yes 62 

5b 
Protective measures for the controlling 
and prevention of forest damage caused 
by invasive alien species 

Yes 9 
No 31 

Yes 69 

5c 
Existence and implementation of 
measures which protect, support or 
strengthen indigenous biodiversity 

Yes 11 
No 15 

Yes 85 

5d 
Existence of regulations and limitations 
for the use of exotic tree species in 
regeneration activities 

Yes 10 

No 8 

Partially 16 

Yes 77 

5e 

Monitoring of the use of exotic tree 
species and their impacts on the 
environment such as use, geographic 
distribution, competition with native 
species, functional degradation and 
ecosystem services 

Yes 7 

No 46 

Yes 54 

5f 
The use of biological control agents is 
strictly regulated 

Yes 9 
No 31 

Yes 69 

5g 
Existence of regulations which prevent 
introduction and spreading of non-
indigenous species 

Yes 8 
No 38 

Yes 62 

5h 
Existence of procedures for monitoring 
the presence of invasive alien species 

No 9 
No 69 

Yes 31 

5i 
Total number of invasive species per area 
in the production area 

No 13 No 100 

 
 

Annex 11. Summary of the frequency statistics for principle six and its criteria and 
indicators. 

 

Principle Mode 
Mode 

frequency 
Categories 

Rel. 
frequency 

per 
category 

(%) 

6 

Climate change adaptation, 
resistance, resilience and mitigation 
measures are taken around 
biodiversity potential threats and 
synergies with other change drivers 

Yes 7 

No 31 

Partially 15 

Yes 54 

Criteria 

6,1 
Measures to reduce the release of 
GHG 

No 10 
No 77 

Yes 23 

6,2 
Fossil energy and GHG avoided to 
the extent that there are suitable 
available alternatives 

No 10 
No 77 

Yes 23 

6,3 Carbon stock maintained or enhanced Yes 9 
No 15 

Partially 15 
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Yes 69 

6,4 
Resilience, response of forest 
resources assessed and, mitigation 
measures are addressed 

Yes 7 

No 23 

Partially 23 

Yes 54 

Indicators 

6a 

Existence of procedures for 
monitoring of damage to forest 
resources caused by climate extreme 
events 

No 5 

No 38 

Partially 23 

Yes 38 

6b 

Protective measures for the 
controlling and/or prevention of forest 
damage caused by climate extreme 
events 

Yes 6 

No 15 

Partially 39 

Yes 46 

6c 
Climate-smart forest management 
practices are adopted, e.g.: 
preference for long rotations 

Yes 7 

No 23 

Partially  23 

Yes 54 

6d 

Protected and/or trees above a 
certain diameter for each species are 
identified and are not felled during 
harvesting 

Yes 9 

No 23 

Partially 8 

Yes 69 

6e 

Existence of procedures for reducing 
greenhouse gas emissions from 
operational activities in forest 
management 

No 10 

No 77 

Yes 23 

6f 

Selection of durable and adapted 
native species resistant to drought, 
flooding, heat, etc according to 
various climate change scenarios 
(e.g. high water use efficiency, 
toleration of anerobic conditions, etc) 

Yes 8 

No 23 

Partially 15 

Yes 62 

 
 

Annex 12. Summary of the frequency statistics for principle seven and its criteria and 
indicators. 

 

Principle Mode 
Mode 

frequency 
Categories 

Rel. 
frequency 

per 
category 

(%) 

7 

Research, awareness, education 
and capacity building around 
biodiversity aspects is promoted 
and budgeted 

Partially 7 

No 23 

Partially 54 

Yes 23 

Criteria 

7,1 Research supported to all 
stakeholders No 9 

No 69 

Partially 23 

Yes 8 

7,2 Awareness spread and social 
appropriation of biodiversity to all 
stakeholder 

No 10 

No 77 

Partially 16 

Yes 8 

7,3 Education and capacity building to Yes 6 No 15 
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all stakeholders provided Partially 39 

Yes 46 

7,4 Stakeholders involvement in 
planning process is adopted Yes 13 Yes 100 

7,5 Strategies to help improving local 
livelihoods are adopted Yes 12 

Partially  8 

Yes 92 

Indicators 

7a Existing education, training, and 
capacity-building programs on 
biodiversity management 

Yes 5 

No 31 

Partially 31 

Yes 38 

7b Encourage the use, if sustainable, 
of non-wood forest species. Yes 6 

No 15 

Partially 39 

Yes 46 

7c Research activities supported 
related to pressures caused by 
humans actions (land use change, 
overexploitation, etc) on biodiversity 

No 10 

No 77 

Partially 8 

Yes 15 

7d Research for possible 
consequences of unwanted 
introduction or spreading of 
invasive alien species 

No 10 

No 77 

Yes 23 

7e Availability and update of maps of 
the protected forest area Yes 11 

Partially 15 

Yes 85 

7f Amounts of investments in 
research, development and 
education in the topics prioritised 
before. 

No 11 

No 85 

Partially 8 

Yes 8 

 
 

Annex 13. Summary of the frequency statistics for principle eight and its criteria and 
indicators. 

 

Principles Mode 
Mode 

frequency 
Categories 

Rel. 
frequency 

per 
category 

(%) 

8 
Social and cultural dimensions of 
biodiversity are valued, respected, 
protected, maintained and enhanced 

Yes 12 

Partially 8 

Yes 92 

Criteria 

8,1 
Clear established indigenous and local 
communities rights in the production 
area where relevant 

Yes 13 Yes 100 

8,2 

Forest management plan engage 
indigenous communities traditional land 
use and forest-based ecological 
knowledge, where relevant 

Yes 13 Yes 100 
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8,3 

Forest community level of well-being 
and resilience derived from forest 
resources are valued, maintained and 
enhanced 

Yes 13 Yes 100 

8,4 
Forest management consider, values 
and protect cultural, recreational, 
spiritual and archeological values 

Yes 13 Yes 100 

8,5 
Clear and unambiguous land tenure, 
access, and use rights including 
customary rights 

Yes 13 Yes 100 

8,6 
Disturbances are limited to a minimum 
and are restricted by regulations 

No 9 

No 69 

Partially 15 

Yes 15 

Indicators 

8a 
Recognize and implement indigenous 
and local communities rights where 
relevant 

Yes 13 Yes 100 

8b 

Areas of importance to indigenous and 
local communities are mapped (such 
as hunting and trap- ping, sacred 
areas, medicinal plant areas, and 
others). 

Yes 13 Yes 100 

8c 
Areas of importance to indigenous and 
local communities are safeguarded 

Yes 13 Yes 100 

8d 

Indigenous and local communities  
have secure access rights to areas for 
which they hold customary access 
rights 

Yes 13 Yes 100 

8e 

Forest management engages 
indigenous and local communities in 
decisions about use of forest resources 
from the areas but ensuring 
sustainability of natural capital stocks 

Yes 11 

Partially 16 

Yes 85 

8f 
Recognition and valuation of species 
with some degree of importance for 
indigenous and local communities 

Yes 6 

No 31 

Partially 23 

Yes 46 

8g 
Existence and implementation of 
measures for the conservation of 
relevant human made ecosystems 

No 9 

No 69 

Partially  8 

Yes 23 

8h 

Percentage of the whole forest 
reserved for recreation and tourism in 
consultation with indigenous 
communities 

No 8 

No 62 

Partially 15 

Yes 23 

8i 

Number and/or area from the whole 
forests managed for the protection of 
cultural, archeological, social and 
spiritual values in consultation with 
indigenous communities 

Yes 11 

No 8 

Partially 8 

Yes 85 

8j 
Measures to avoid damage by 
recreation and tourism are in place 

No 12 
No 92 

Yes 8 

8k 
Monitoring system in place to check for 
signs of cultural degradation 

No 12 
No 92 

Yes 8 
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Annex 14. Summary of the frequency statistics for principle nine and its criteria and 
indicators. 

 

Principles 

Mode 
Mode 

frequency 
Categories 

Rel. 
frequency 

per 
category 

(%) 

9 

Use of biodiversity shall be economically 
sustainable, improve conditions of local 
communities and economies and equitably 
distributed among local stakeholders 

Yes 11 

No 8 

Partially 8 

Yes 85 

Criteria 

9,1 

Economic benefits derived from the use of 
biodiversity are produced locally and the 
reporting should be timely, transparent, and 
easily accessible 

Yes 12 

No 8 

Yes 92 

9,2 

Distribution of benefits derived from the use 
of biodiversity are equitably distributed 
across gender, and social groups within 
local communities 

No 6 

No 46 

Partially 31 

Yes 23 

9,3 

Benefits derived from use of the biodiversity 
shall not produce any long-term impact on 
the resource base to guarantee 
sustainability 

Yes 13 Yes 100 

Indicators 

9a 
The forest management must recruit a 
minimum percentage from local and/or 
indigenous population 

Yes 11 
No 15 

Yes 85 

9b 
Identification of non-wood forest products 
and their potential uses 

Yes 5 

No 23 

Partially 38 

Yes 39 

9c 

Gender and other demographics balance in 
employment rate, in forest-related activities 
and in management/decision-making 
positions. 

Yes 8 

No 31 

Partially 8 

Yes 62 

9d 
The wages are fair in comparison to local 
context average 

Yes 11 

No 8 

Partially 8 

Yes 85 

9e Benefits in place for female employees No 8 
No 62 

Yes 38 
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