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SUMMARY

An expansion of Forest Stewardship Council (FSC) certification to forest ecosystem services (FES) is a potential tool to improve FES manage-
ment. Certification of FES in bundles is an expected strategy because it could decrease trade-offs among FES, increase forest owners’ incomes, 
and reduce certification costs per FES. However, there is insufficient evidence of which bundles FES would be most feasible to certify. This 
study assesses the adaptability of the FSC system to FES bundles through analyses of FES projects and surveys of FSC certification bodies, 
enabling partners, and certificate holders. Exploratory factor analysis and multiple correspondence analysis identified two bundles: 1) soil and 
watershed conservation and 2) cultural ecotourism with non-timber forest products or agricultural goods. These findings indicate potentially 
manageable FES bundles, given the current FSC system and FES projects, as well as some implementation challenges.
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La certification FSC de bouquets de services écosystémique: Analyse de l’adaptabilité des 
parties prenantes à une intégration des services forestiers

W. JAUNG, G.Q. BULL, L. PUTZEL, R. KOZAK et C. ELLIOTT

Une expansion du système de certification du Forest Stewardship Council (FSC) à la certification des services écosystémiques forestiers (SEF), 
est un outil qui a un pot entiel d’améliorer la gestion des SEF. La certification de SEF en bouquets de services écosystémiques est une stratégie 
prévisible car elle pourrait diminuer les compromis dans les choix relatifs entre SEF, augmenter les revenus des propriétaires forestiers, et 
réduire les coûts de certification par rapport à ceux des SEF calculés individuellement. Il existe cependant une insuffisance de résultats concrets 
concernant des groupages particuliers de SEF, qui seraient les plus appropriés pour être certifier conjointement. Cette étude évalue l’adaptabilité 
du système FSC à une éventuelle certification de différents bouquets de SEF à travers une analyse de projets SEF d’une part, et des enquêtes 
menées auprès d’organismes de certification, de partenaires du FSC, et de détenteurs de certificats d’autre part. L’analyse factorielle 
exploratoire et l’analyse des correspondances multiples indiquent deux bouquets de SEF qui ont une faisabilité élevée. Le premier bouquet est 
constitué de la conservation des sols et des services des bassins versants, et le deuxième bouquet comporte l’écotourisme culturel avec 
des produits non ligneux de forêt ou des produits agricoles. Les résultats de cette étude indiquent certains groupages de SEF avec une bonne 
faisabilité et qui sont potentiellement gérables et discutent aussi les contraintes de mise en œuvre liées au fonctionnement actuel du système 
FSC et des projets SEF.

La agrupación de servicios de los ecosistemas forestales para la certificación del Consejo de 
Administración Forestal: Un análisis de la capacidad de adaptación de las partes interesadas

W. JAUNG, G.Q. BULL, L. PUTZEL, R. KOZAK y C. ELLIOTT

La expansión del Consejo de Administración Forestal (CAF) a los servicios ambientales forestales (SAF) es una herramienta con el potencial 
para mejorar la gestión de SAF. La certificación SAF por paquetes es una estrategia aconsejable, ya que podría disminuir las compensaciones 
entre SAF, aumentar los ingresos de los propietarios del bosque, y reducir los costos de certificación por SAF. Sin embargo, no existe evidencia 
suficiente sobre cuáles paquetes de SAF se pueden certificar. Este estudio evalúa la capacidad de adaptación del sistema CAF para paquetes 
de SAF a través de un análisis de proyectos de SAF y encuestas a los organismos de certificación CAF, socios de apoyo, y los tenedores de 
certificados. Un análisis factorial exploratorio y un análisis de correspondencias múltiples identificaron dos paquetes: 1) conservación de suelos 
y cuencas hidrográficas, y 2) ecoturismo cultural con productos forestales no maderables o productos agrícolas. Estos hallazgos revelan 
que existen paquetes de SAF potencialmente manejables, dado el actual sistema CAF y proyectos SAF, así como algunos problemas en su 
aplicación.
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affect a number of enabling conditions of FES certification. 
First, many FES are produced in complementary and trade-
off relationships (Bennett et al. 2009, Raudsepp-Hearne et al. 
2010, Rodríguez et al. 2006); certification of FES bundles 
could maximize the former but minimize the latter. Second, 
through the promise of increased income at limited costs, 
certification of FES bundles could enhance the market by 
increasing forest owners’ demand for FES certification (Deal 
et al. 2012, Kemkes et al. 2010, Robertson et al. 2014). Third, 
certification of FES bundles would reduce certification costs 
per service, including direct costs of certification (e.g. aud-
iting and verification) as well as indirect costs of management 
(e.g. forest inventories specific to particular FES).

However, limited information is available on the feasibil-
ity of incorporating FES bundles into the FSC system, which 
requires some degree of adaptability (e.g., Tuominen et al. 
2004, Valentin et al. 2012). Few studies exist on FES certifi-
cation; those that do propose bundling but do not address 
feasibility (e.g., Meijaard et al. 2011, 2014). This study aims 
to address the knowledge gap pragmatically by systematically 
identifying the support for current FES projects as well as the 
capacities, preferences, and experiences of FSC stakeholders, 
which we take as indicators of FSC system adaptability. In 
particular, the study seeks to reveal supported bundles through 
analyses of FSC certification bodies’ self-assessed capacity 
to audit FES delivery, FSC enabling partners’ preferences in 
providing training, FSC certificate holders’ experience and 
expectations in managing and selling FES, and how FES pro-
jects have targeted FES in the past. All of these are assumed 
to be strong indicators of the FSC system’s adaptability to 
certifying FES bundles because stakeholder priorities and 
expectations shape the identification, classification, and 
valuation of FES (Al-assaf et al. 2014, Deal et al. 2012, 
Endter-Wada et al. 1998, MA 2005, Martín-López et al. 
2011). This study attempts to contribute to analyzing the feas-
ibility of adapting the FSC system to FES management and 
markets and suggests strategies for managing FES bundles.

LITERATURE REVIEW

In the ecosystem services literature, the term “bundling” 
refers to selling multiple services together or combined in 
a single credit (Deal et al. 2012, Robertson et al. 2014). In 
contrast, “stacking” refers to selling multiple services associ-
ated with the same management practice but accounted for 
and sold separately. Bundling FES, for example, could entail 
selling a single credit that combines forest carbon and 
watershed protection derived from restoration activities in 
upstream watersheds. Stacking FES would sell the forest 
carbon and watershed protection as distinct credits. This study 
adopts the term bundling as a blanket term for various servi-
ces managed jointly and considers stacking as a particular 
type of bundling.

INTRODUCTION

Since the early 1990s, Forest Stewardship Council (FSC) 
forest certification has been implemented globally to promote 
sustainable forest management and mitigate illegal logging 
and biodiversity loss (Auld & Bull 2003, Cashore et al. 2006, 
Elliott & Schlaepfer 2001). Based on consumer confidence 
that certified products derive from more sustainable manage-
ment, FSC forest certification has been found to contribute 
to improved forest governance (Cerutti et al. 2011, Pettenella 
& Brotto 2012) and communication among stakeholders 
(Tsanga et al. 2014). However, the system also faces limita-
tions, such as high costs and limited uptake in low-income 
countries (Durst et al. 2006).

Since its inception, the FSC system has received attention 
for its potential application to certification of forest ecosystem 
services (FES) (Bass & Simula 1999, Griscom et al. 2014, 
Jaung et al. 2006, Merger et al. 2011, Pettenella & Brotto 
2012, Rametsteiner & Simula 2003, Vogt et al. 2000). We use 
the term FES to denote any benefit of forest ecosystems to 
society, such as regulation of water discharge rates, provision 
of non-timber forest products (NTFPs), and mitigation of 
climate change through carbon sequestration (MA 2005). 
Beyond these indispensable benefits, FES represent many 
market opportunities, once of which is the potential for the 
FSC to expand1 the scope of certification.

The Principles and Criteria upon which FSC certification 
is predicated are linked in many ways to management of FES, 
as they require management of biodiversity, NTFPs, water-
shed, and soil (FSC 2012). Several studies link forest certifi-
cation to better management of FES, including forest 
biodiversity (e.g. Medjibe et al. 2013, Nasi et al. 2012) and 
watersheds (e.g. Dias et al. 2015). In comparing various FES, 
FSC stakeholders’ adaptability has been identified as rela-
tively high for functions related to biodiversity conservation, 
carbon storage, and NTFPs, medium for those associated with 
watershed protection services, and low for those dealing with 
ecotourism and agricultural products (Jaung et al. 2016). 
However, the FSC system has limitations in the way it 
addresses management of FES, particularly in targeting 
markets where service credits are traded (e.g., forest carbon 
market and REDD+). The FSC system manages FES only as 
a part of sustainable timber production; it does not quantify 
delivery of FES, such as a specific amount of carbon seques-
trated or a degree of improved water quality (Gan and Cashore 
2013, van Dam et al. 2010). Thus, the application of FSC 
certification to FES is expected to require a fundamental 
expansion of the system from development of FES standards 
through management and oversight, in effect a new certifica-
tion scheme which might be called FES certification. 

An expansion of FSC is likely to include certification of 
several groupings of FES produced through the same man-
agement practices, or FES bundles (e.g., Deal et al. 2012). 
The feasibility of certifying various different bundles would 

1 ForCES. (2016, June 22). Retrieved from http://forces.fsc.org/

http://forces.fsc.org/
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There have been a number of cases of FES bundling 
around the world. In Oregon, the US, for example, the 
Counting on The Environment (COTE) standards have been 
established to trade services of providing wetland, salmonid, 
upland prairies, or improved water quality in order to motiv-
ate landowners to restore multiple FES (Deal et al. 2012). In 
North Carolina, Neu-Con Bank has sold wetland and nutrient 
offset credits based on the same conservation action (Fox 
et al. 2011). In Minnesota, Conservation Marketplace of 
Minnesota and the American Farmland Trust have initiated a 
project to trade carbon and water credits (Robertson et al. 
2014). In Costa Rica, a national program of payments for 
environmental service (PES) bundles services of carbon 
storage, watershed protection, biodiversity conservation, and 
scenic beauty (Kemkes et al. 2010, Pagiola 2008). In Bolivia, 
a PES program in Los Negros valley paid farmers for services 
of protecting bird habitats and upstream watersheds (Asquith 
et al. 2008, Kemkes et al. 2010). Globally, the development 
of reducing emissions from deforestation and forest 
degradation (REDD+) is also discussed in the context of 
co-benefits, such as biodiversity conservation in addition 
to forest carbon sequestration (Kanowski et al. 2011). The 
discussion of REDD+ co-benefits signals a need for better 
understandings of FES bundles (Robertson et al. 2014). 

The motivation to bundle FES derives from a number 
of expected benefits to forest management and associated 
markets. Bundling FES could increase forest owners’ incomes 
(Deal et al. 2012, Kemkes et al. 2010, Robertson et al. 2014), 
enable credit producers to hedge against risk (Robertson et al. 
2014), reduce the transaction costs of providing multiple 
services (Wendland et al. 2010), allow forest owners to access 
diverse FES markets throughout each individual service in a 
bundle (Robertson et al. 2014, Wendland et al. 2010), and 
encourage forest owners to adopt more holistic approaches to 
management (Deal et al. 2012, Kemkes et al. 2010). These 
benefits are assumed to be enabling conditions of FES certifi-
cation. Without these benefits, the economic sustainability of 
FES certification would be compromised.

Despite the potential benefits mentioned above, certifica-
tion of FES bundles entails a number of challenges. Most 
fundamentally, there is insufficient scientific knowledge and 
associated methodologies to manage and measure delivery of 
FES in bundles (Robertson et al. 2014, Wendland et al. 2010). 
Additionally, legal systems often lack a specific mechanism 
to support governance of FES bundles (Robertson et al. 2014). 
With FES bundles, the requisite of additionality of service 
provision becomes more complex and difficult to establish, 
which requires determination of multiple baselines and 
development of standardized assessment procedures (Robert-
son et al. 2014). Delineation of optimal offset caps would 
be complicated if bundles were to be taken into account 
(Woodward 2011).

The above challenges compound the more fundamental 
problems of FES certification, including low market demand, 
a lack of simple but scientific standards, and an expectation of 
high certification costs (Meijaard et al. 2011, 2014). Because 
FES certification is a relatively new practice, empirical 
research is required to test approaches, methods, and markets 

in order to assess the feasibility of proposed strategies, such 
as bundled management and marketing, and to predict poten-
tial sources of failure requiring further study or investment 
prior to implementation.

METHODS

Analytic framework

An analytic framework was developed to identify which com-
binations of FES would be most likely to be supported as 
bundles in the current FSC system. The framework assumes 
that supported bundles are those to which the existing system 
is most adaptable, as reflected in system stakeholders’ capac-
ities, preferences, and experience (Figure 1). Four stakeholder 
groups were taken as representative of the system, including: 
FSC certification bodies (Group 1), FSC enabling partners 
(Group 2), FSC certificate holders (Group 3), and FES proj-
ects (Group 4). These groups were identified based on their 
expected key roles in auditing, supporting, and demanding 
FES certification. Data for Groups 1 to 3 were collected 
through online surveys. Data for Group 4 were collected from 
online data and websites of FES projects. An overview of the 
collected data is presented below in the section entitled “data”.

The framework analyzed six indicators (A to F) of FSC 
stakeholder adaptability. Indicator A is a measure of FSC 
certification bodies’ capacity to audit delivery of FES, which 
represents the potential supply of FES-auditing services. 
Indicator B is a measure of FSC enabling partners’ preferences 
to provide FES training programs for forest owners. Indicator 
C is a measure of FSC certificate holders’ expectations of 
future demand for FES, such as future sales. Indicator D is a 
measure of FSC certificate holders’ experience in protecting 
FES: i.e., their previous plans or efforts to manage FES. 
Indicator E is a measure of FSC certificate holders’ experi-
ence in trading FES. Indicator F is an identification of the 
specific FES that have previously been selected as targets 
of FES projects. Indicator A to E were estimated though 
self-assessment by surveyed stakeholders. Indicator F was 
estimated based on the researchers’ analysis of online data 
identifying specific services targeted by FES projects. 

The framework analyzed system adaptability against three 
sets of FES: simple, detailed, and mixed sets (Table 1). 
The simple set, consisting of seven FES variables, was used 
to survey FSC certificate holders. The groups’ response rate 
was expected to be lower than FSC certification bodies 
and enabling partners who have strong institutional ties and 
greater interaction with the FSC. The detailed set, consisting 
of twelve FES variables, was used to survey FSC certification 
bodies and enabling partners. The detailed and simple sets 
were based on three separate surveys designed by the 
researchers to analyze adaptability of different certification 
stakeholders in the FSC system. These surveys focused on 
FES traded in markets for ecosystem services and goods, 
such as PES schemes, tradable permit programs, as well as 
ecotourism and NTFPs (Landell-Mills and Porras 2002, MA 
2005, Sterner and Coria 2012). The mixed set, consisting of 
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 TABLE 1 Analytic scope of FES

Categories FES 
Detailed

set1

Mixed
set2

Simple
set3

Regulating services Watershed conservation ● ●

- Water quality ●

- Water quantity ●

- Water risk ● ●

Carbon storage ● ● ●

Biodiversity conservation ● ● ●

Cultural services Ecotourism ● ●

- Scenic ecotourism ●

- Cultural ecotourism ● ●

- Biodiversity ecotourism ●

Supporting services Soil conservation ● ● ●

- Nutrient conservation ●

Provisioning services Agricultural goods ● ● ●

Non-timber forest products ● ● ●

Timber ● ●

Total 12 11 7

1 For the analyses of certification bodies and FSC enabling partners
2 For the analysis of FES projects
3 For the analysis of FSC certificate holders

FIGURE 1 Analytic framework of the study

* Explanatory factor analysis for discrete variables
† Multiple correspondence analysis for dummy variables
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eleven variables, was based on the secondary data on FES 
projects. The framework did not consider a combination of 
sub-categories of the same or closely-related services as FES 
bundles because these sub-categories were only available 
in the detailed set. For example, watershed conservation 
results in at least three FES: water quality improvement, water 
provision, and water-associated risk reduction, but a bundle of 
two or more of these three FES were not considered in this 
study. Moreover, agricultural goods were included in the 
surveys because some NTFPs (e.g., coffee and tea) overlap 
with agricultural production systems (MA 2005).

Data

The data for the study were collected through online surveys 
and extraction of online data (Table 2 and 3). The online sur-
veys were conducted to estimate system adaptability through 
self-assessed indicators of capacities, preferences, and 
experience of FSC certification bodies (Group 1), FSC 
enabling partners (Group 2), and FSC certificate holders 
(Group 3) around the world. The surveys were conducted 
following the Tailored Design Method (Dillman 2011). The 
online data on prior FES project experience (Group 4) were 
extracted from online. 

FSC certification bodies (Group 1) included those 
accredited to audit the FSC forest certification scheme. 
Certification bodies were surveyed from March 12 to 26, 
2012. Survey contact information was collected from FSC 
websites. The survey was conducted in English, as high 
proficiency in English was expected of this group. Of the 
121 contacts, 39 contacts participated in the survey, corres-
ponding to a response rate of 32% (=39/121). Participants 
represented 64% of FSC certification bodies. The survey 
asked participants to evaluate their organizations’ engage-
ment with auditing FES against a five-point interval scale: 
no capacity (1), low capacity (2), medium capacity (3), high 
capacity (4), and already in business (5). 

FSC enabling partners (Group 2) included FSC national 
network partners, the World Wildlife Fund’s Global Forest 
& Trade Network (WWF-GFTN), and Greenpeace. FSC 
national network partners are FSC member organizations 
around the world (e.g., FSC Chile). They not only promote 
the current FSC certification but also train forest owners in 
forest certification. WWF-GFTN and Greenpeace were iden-
tified as FSC supporters based on the survey of FSC national 
network partners. The FSC network partners were surveyed 
from April 16 to 30, 2012. The WWF-GFTN and Greenpeace 
were surveyed from July 10 to August 30, 2012. National 
offices of these organizations were invited to participate in the 
surveys via email. Survey contact information was collected 
through organization websites, the above-mentioned national 
network survey, and personal communications with organiza-
tion representatives. Surveys were conducted in English as 
proficiency was expected to be high among the staff of inter-
national organizations. Of 117 contacts, 43 contacts responded 
(19 from the FSC national network partners and 24 from the 
WWF-GFTN and Greenpeace), resulting in a response rate of 
37% (= 43/117). The surveys asked participants to vote for 

four types of technical training about FES that they would be 
willing to provide to forest owners. The options included 
training on legal aspects of FES, quantification of FES, 
setting monitoring baselines for FES, and monitoring the 
provision of FES. The number of votes for training for each 
FES was counted. The range of the counted values was from 
0 (no training) to 4 (four sessions of training). The study 
assumed that the higher the counted value, the stronger the 
preference to provide the indicated types of training. 

FSC forest management certificate holders (Group 3) 
represented FSC’s current market for forest certification, as 
well as potential sellers of FES. Many of these certificate 
holders owned plantation forests which are also known to 
deliver various FES (Bauhus et al. 2010). Some of the 

TABLE 2 Origins of the participants

Origins No. Response rate

(1) FSC certification bodies 39 32%

International 16

Europe 14

Latin America 4

Asia 3

US/Canada 2

(2) FSC Enabling partners 43 37%

Europe 15

Asia 10

Africa 6

Latin America 5

US/Canada 3

International 3

Oceania 1

(3) FSC Certificate holders 188 16%

Europe 58

Latin America 48

US/Canada 35

Asia 32

Africa 8

Oceania 6

Unknown* 2

(4) FES projects 175 n/a

Asia 57

Latin America 41

US/Canada 34

Africa 28

Europe 10

Oceania 5

* Participants skipped socio-demographic questions.
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T ABLE 3 Descriptive statistics of the data

FES 
Indicator A:

auditing
Indicator B:

training
Indicator C:
future sales

Indicator D:
protection experience

Indicator E:
selling experience

Indicator F:
project targets

M SD M SD M SD M SD M SD M SD

Water 2.65 1.57 0.75 0.43 0.17 0.38 0.69 0.46

- Quality 2.75 1.45 2.70 1.81

- Quantity 2.62 1.44 2.42 1.74

- Risk 2.64 1.44 2.56 1.76 0.25 0.44

Carbon 3.26 1.46 3.12 1.72 3.25 1.53 0.39 0.49 0.43 0.50 0.17 0.37

Biodiversity 3.51 1.35 3.81 1.52 3.05 1.61 0.91 0.28 0.31 0.46 0.26 0.44

Ecotourism 2.77 1.54 0.29 0.45 0.29 0.46 0.49 0.50

- Culture 2.90 1.33 1.98 1.52 0.30 0.46

- Scenic 2.92 1.35 2.09 1.57

- Biodiversity 3.18 1.35 2.61 1.72

Soil 3.39 1.46 3.07 1.75 2.27 1.43 0.62 0.49 0.05 0.23 0.25 0.44

- Nutrient 0.11 0.31

Agriculture 3.90 1.45 2.02 1.52 1.69 1.18 0.08 0.26 0.11 0.31 0.34 0.47

NTFPs 4.10 1.31 3.14 1.73 2.53 1.40 0.38 0.49 0.33 0.47 0.17 0.37

Timber 4.54 1.14 4.09 1.34 0.18 0.39

(M: mean / SD: standard deviation)

2 InVEST. (2016, June 22). Retrieved from http://www.naturalcapitalproject.org/InVEST.html
3 RUPES. (2016, June 22). Retrieved from http://rupes.worldagroforestry.org/
4 PRESA. (2016, June 22). Retrieved from http://presa.worldagroforestry.org/

certificate holders also came from national park systems 
where natural forests are dominant. FSC certificate holders 
were surveyed from July 9 to August 3, 2012. Contact 
information was obtained from the FSC. Since forest owners 
were expected to have a low response rate and low English 
proficiency, the survey was conducted in multiple languages, 
including Chinese, English, French, Indonesian, Japanese, 
Korean, Portuguese, Spanish, and Vietnamese. The survey 
also provided examples to ensure a common understanding 
of FES definitions. Of 1 216 contacts, 58 contacts were not 
valid. 188 of the remaining contacts participated in the survey, 
corresponding to a response rate of 16% (= 188/1158). The 
survey asked FSC certificate holders to rate their experience 
in management and sales of FES in certified forests. Responses 
were coded as 0 (having no experience) and 1 (having experi-
ence). They were also asked to rate their expectations for 
future FES sales from the forests, using a five-point interval 
scale: low (1), low-medium (2), medium (3), medium high 
(4), and high (5). 

FES projects (Group 4) included potential stakeholders 
of FES certification from the FSC’s external market. They 
included integrated conservation and development projects 
(ICDP) and PES schemes, whose objectives are to manage or 
trade FES. FES projects were examined based on available 
online data. The data were mainly obtained from the database 

of the Integrated Valuation of Environmental Services and 
Tradeoffs (InVEST) project2 which included information on 
159 FES projects classified as ICDP and/or PES projects. 
Using the mixed set of FES (Table 1), we coded FES of these 
projects as 1 when the projects aimed to manage these FES 
and as 0 when the FES were not included in the project 
objectives. In addition to the InVEST database, an additional 
16 PES projects were included into the secondary data 
identified by the literature, including Rewarding Upland Poor 
for the Environmental Services (RUPES)3 and Pro-poor 
Rewards for Environmental Services in Africa (PRESA)4.

Statistical analyses

The study analyzed the appearance of multiple FES (or FES 
bundles) against the six indicators (A to F) of system adapt-
ability by employing exploratory factor analysis (EFA) and 
multiple correspondence analysis (MCA) (Table 4). Both 
EFA and MCA are statistical techniques used to identify rela-
tionships among variables or samples in reduced dimensions 
(Greenacre & Blasius 2006, Husson et al. 2016, Thompson 
2004). EFA was applied to Indicators A, B, and C. MCA was 
applied to Indicators D, E, and F. Computations were per-
formed using the statistical software R (3.2.5) and R packages 
psych (Revelle 2015) and FactoMineR (Husson et al. 2016).

http://www.naturalcapitalproject.org/InVEST.html
http://rupes.worldagroforestry.org/
http://presa.worldagroforestry.org/
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EFA was applied to the five-point interval data (e.g., low = 
1 to high = 5). EFA is a descriptive multivariate technique 
used to discover coherent subsets (or factors) in observed 
variables by detecting correlation patterns (Thompson 2004). 
EFA has been applied in studies of psychology and health, as 
well as forest certification (Araujo et al. 2009, Litwin et al. 
1998, Thompson 2004). Various guidelines exist on minimum 
sample sizes (100 to 1 000) and the minimum ratio of sample 
size to the number of variables (3:1 to 10:1) for factor analysis 
although such guidelines are also considered to lack empir-
ical validity (MacCallum et al. 1999, Osborne & Costello 
2004, Thompson 2004). Moreover, results of factor analysis 
are considered stable if they produce high degrees of 
communality (>0.6) (Thompson 2004, MacCallum et al. 
1999). Therefore, although the sample sizes of certification 
bodies (39) and FSC enabling partners (43) were considered 
to be low for the purpose of conducting confirmatory factor 
analysis (CFA), EFA was applicable to these data because the 
data’s sample to variable ratio met the ratio of at least 3:1; 
results reached high degrees of communality (>0.6); and the 
survey of certification bodies represented 64% of certification 
bodies accredited by FSC. In this study, EFA was based on 
either varimax or quatimax rotation. Factor extraction was 
based on eigenvalues higher than 1, following the Kaiser-
Guttman criterion (Guttman 1954, Kaiser 1960). Extracted 
factors represent an amount of information in the data, or 
variance (Thompson 2004). Factor loadings of FES variables 
describe the relationships between factors and FES. 

MCA was applied to datasets of binary values (e.g., 1 = 
experienced and 0 = not experienced). Like EFA, MCA is 
used in descriptive multivariate statistics to reduce the dimen-
sions of data matrices (Greenacre & Blasius 2006, Hoffman 
& De Leeuw 1992, Le Roux & Rouanet 2010). However, 
while EFA is used for analyzing quantitative variables, MCA 
is used for analyzing qualitative variables (Husson et al. 2011, 
Le Roux & Rouanet 2010, Greenacre & Blasius 2006). MCA 
has been applied in studies of medical, psychology, and 
marketing research (Greenacre & Blasius 2006, Hoffman & 
De Leeuw 1992, Tenenhaus & Young 1985). In this study, 
MCA was calculated based on an indicative matrix. Dimen-
sion extraction was based on the average inertia of each active 
category, which is equivalent to Kaiser’s rule in EFA (Di 
Franco 2016). To interpret the MCA results, discrimination 

measures of the FES variables were used. Interpreted as 
squared factor loadings, discrimination measures refer to cor-
relation ratios between individual samples and the categorical 
variables (Hoffman and De Leeuw 1992, Husson et al. 2011). 
The study also applied two-dimensional maps to analyze their 
relationships following a dominant approach to interpreting 
MCA results (Greenacre & Blasius 2006, Husson et al. 2011). 
On the map, for example, two variables close to each other 
indicate their close relationships (Husson et al. 2011).

RESULTS

Group 1: FSC certification bodies

EFA results from certification bodies’ capacity to audit 
delivery of FES revealed no FES bundles (Indicator A in 
Table 5). The EFA employed varimax rotation. Three factors 
were identified, explaining 80.4% of the data variance. 
Despite the high communality estimate, none of these factors 
were considered as FES bundles since each group consisted 
of sub-categories of the same categories of FES. Factor 1 was 
comprised of a grouping of watershed conservation services. 
Factor 2 was comprised of provision of several ecosystem 
goods which included agricultural goods, NTFPs, and timber. 
Factor 3 loaded only the sub-categories of ecotourism. 

Group 2: FSC enabling partners

EFA results from FSC enabling partners’ support for FES 
management training revealed three FES bundles (Indicator 
B in Table 5). The EFA used varimax rotation. Three factors 
were identified, explaining 69.5% of the data variance. Factor 
1 revealed a bundle of water quality, water quantity, water 
risk, and soil conservation. Factor 2 identified a bundle of 
scenic beauty experience for ecotourism, cultural experience 
for ecotourism, biodiversity experience for ecotourism, and 
agricultural goods. Factor 3 revealed a bundle of carbon 
storage, biodiversity conservation, and timber. This factor 
was only observed in data from FSC enabling partners, 
combining regulating services (carbon and biodiversity) and 
a provisioning service (timber). 

TABLE 4 Statistical methods and data structures

Adaptability indicators Statistical method Variable type Sample and variable ratio *

A) Auditing FES delivery EFA Interval  3:1 (= 39:12)

B) Technical training support EFA Interval  4:1 (= 43:12)

C) Expected future FES sales EFA Interval 27:1 (= 188:7)

D) Experience with protecting FES MCA Dummy 27:1 (= 188:7)

E) Experience with selling FES MCA Dummy 27:1 (= 188:7)

F) FES targeted by projects MCA Dummy 16:1 (= 175:11)

* Ratios are rounded up as integers.
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Group 3: FSC certificate holders

EFA results of FSC certificate holders’ expectations for future 
FES sales revealed one FES bundle (Indicator C in Table 6). 
The EFA employed quatimax rotation. Two factors were 
identified, explaining 61.1% of the data variance. Factor 1 
revealed a bundle of watershed conservation, biodiversity 
conservation, ecotourism, and soil conservation, i.e., a bundle 
of regulating, cultural, and supporting services. Factor 2 

T  ABLE 6 Results from FSC certificate holders (Indicator C, D, and E)

FES

Indicator C: 
Expected future FES 

sales (EFA)

Indicator D:
Experience with 

protecting FES (MCA)

Indicator E:
Experience with 

selling FES (MCA)

Factor 1 Factor 2 Dim 1 Dim 2 Dim 1 Dim 2 Dim 3

Water 0.74 –0.46 0.45 0.00 0.67 0.00 0.00

Carbon 0.51 –0.15 0.16 0.47 0.07 0.36 0.17

Biodiversity 0.80 –0.31 0.32 0.03 0.64 0.01 0.06

Ecotourism 0.72 0.01 0.23 0.12 0.06 0.34 0.20

Soil 0.79 0.00 0.58 0.00 0.48 0.01 0.09

Agriculture 0.47 0.68 0.10 0.34 0.01 0.16 0.58

NTFPs 0.52 0.64 0.29 0.07 0.00 0.59 0.04

Variance (%) 44.0 17.1 30.3 14.8 27.6 21.1 16.3

Cut value >0.7 >0.6 >0.30 >0.30 >0.40 >0.30 >0.30

EFA results demonstrate factor loadings.
MCA results demonstrate discrimination measures.

loaded agricultural goods and NTFPs. However, these are 
sub-categories of the same category of FES (provision of 
ecosystem goods) and, consequently, were not considered as 
a potential FES bundle. 

MCA results from FSC certificate holders’ experience of 
protecting FES revealed three FES bundles (Indicator D in 
Table 6). Two dimensions were identified, explaining 45.1% 
of the data variance (or of the total inertia). Dimension 1 
revealed a bundle of soil, water, and biodiversity. Dimension 

T ABLE 5 Results from FSC certification bodies (Indicator A) and FSC enabling partners (Indicator B)

FES
Indicator A: 

Auditing FES deliveries (EFA)
Indicator B: 

Technical training support (EFA)

Factor Factor 2 Factor 3 Factor 1 Factor 2 Factor 3

Water quality 0.95 0.14 0.18 0.85 0.23 0.16

Water quantity 0.84 0.06 0.33 0.82 0.30 0.11

Water risk 0.98 0.11 0.11 0.83 0.26 0.22

Carbon 0.62 0.36 0.23 0.25 –0.02 0.74

Biodiversity 0.46 0.48 0.52 0.08 0.43 0.71

Ecotour.scenic 0.21 0.13 0.95 0.13 0.88 –0.06

Ecotour.culture 0.16 0.16 0.97 0.34 0.82 –0.08

Ecotour.biodiversity 0.36 0.40 0.63 0.19 0.72 0.30

Soil 0.48 0.65 0.25 0.73 0.12 0.46

Agriculture 0.29 0.85 0.26 0.44 0.63 –0.17

NTFPs 0.07 0.91 0.14 0.30 0.44 0.41

Timber 0.02 0.71 0.07 0.11 –0.27 0.72

Variance (%) 30.8 25.6 24.0 26.2 25.4 17.9

Cut value >0.8 >0.7 >0.9 >0.7 >0.6 >0.7

The results demonstrate factor loadings.
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2 identified a bundle of carbon and agriculture. On the 
two-dimensional map (Figure 2), soil, water, and biodiversity 
appeared close to each other. Carbon and agriculture demon-
strated their relationship. Although not meaningfully related 
to Dimension 1, ecotourism and NTFPs demonstrated their 
relationship based on their close positions on the plot; thus, 
they were also considered as a FES bundle in the analysis.

MCA results from FSC certificate holders’ experience 
of selling FES revealed two FES bundles (Indicator E in 
Table 6). Three dimensions were identified, explaining 64.9% 
of the total inertia. Dimension 1 revealed a bundle of soil, 
water, and biodiversity. Dimension 2 identified a bundle 
of NTFPs, carbon, and ecotourism. Dimension 3 was only 
related to agriculture, failing to demonstrate any bundle. In 
Figure 3, although agriculture was highly related to Dimen-
sion 3, the plot illustrates that agriculture is still connected to 
the FES bundle of Dimension 2. 

Group 4: FES projects

MCA results of FES targeted by projects revealed two FES 
bundles (Indicator F in Table 7 and Figure 4). Three dimen-
sions were identified explaining 52.7% of the total inertia. 
Dimension 1 revealed a bundle of agriculture, cultural 
ecotourism, timber, and NTFPs. These services represent cul-
tural and provisioning services relevant to major economic 
activities in forestry. Dimension 2 identified a bundle of 
water, water risk, and soil services. These FES are relevant 
to environmental managements. Dimension 3 was related to 
carbon only and failed to produce any likely bundle.

Dominant FES bundles

Two FES bundles were supported across multiple indicators 
of FSC system adaptability, and we therefore consider them 

FIGURE 2 MCA result from FSC certificate holders (Indica-
tor D: experience with protecting FES)

FIGURE 3 MCA result from FSC certificate holders (Indica-
tor E: Experience with selling FES)

T ABLE 7 Results from FES projects (Indicator F)

FES
Indicator F:

FES targeted by the projects (MCA)

Dim 1 Dim 2 Dim 3

Water 0.00 0.49 0.01

Water risk 0.00 0.41 0.02

Carbon 0.02 0.02 0.43

Biodiversity 0.28 0.12 0.13

Ecotourism 0.19 0.00 0.02

Ecotour.culture 0.61 0.04 0.05

Soil 0.15 0.39 0.02

Nutrient 0.10 0.27 0.14

Agriculture 0.62 0.03 0.01

NTFP 0.39 0.00 0.27

Timber 0.41 0.00 0.17

Variance (%) 25.2 16.1 11.5

Cut values >30 >30 >40

The results demonstrate discrimination measures.

to be dominant, i.e. likely to be most feasible under current 
conditions (Table 8). Bundle 1 included watershed and soil 
conservation services and was supported by Indicators B, C, 
D, E, and F. Bundle 2 included cultural ecotourism with 
NTFPs or agricultural goods and was supported by Indicators 
B, D, E, and F. Although NTFPs and agricultural goods were 
separated in the surveys, these services share many products 
particularly in the context of forests (e.g., coffee); thus, the 
study treated them as similar kinds of FES, as discussed in the 
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FIGURE 4 MCA result from FES projects (Indicator F: FES 
targeted by the projects)

projects control soil erosion and sediment in order to improve 
water quality in watersheds and streams (Bennett et al. 2009, 
Kerr 2002, Landell-Mills & Porras 2002, Raudsepp-Hearne 
et al. 2010). According to Bennett et al. (2009), the two 
services in Bundle 1 have a “unidirectional interaction” since 
they are in a cause-and-effect relationship, where soil erosion 
decreases water quality. Watershed services are managed by 
some standards. For example, there have been efforts to 
develop and apply a standard of watershed management, 
notably the Alliance for Water Stewardship (AWS 2013). In 
the US, water quality standards are designed to certify water 
quality credits even though they belong to mandatory FES 
markets (or water quality trading programs) (EPA 2004). The 
FSC’s international principles and criteria also require water 
and soil management (FSC 2012, Stupak et al. 2011), but 
these FSC requirements are too general to measure watershed 
services such as water quality or quantity (van Dam et al. 
2010). To certify Bundle 1, therefore, FSC would need to 
develop additional certification system such as a new standard 
for the bundle, verification procedure, and system to deliver 
information on certified bundle credits to FES markets (e.g., 
a public database for certified credits). Furthermore, the inte-
gration of Bundle 1 into certification requires overcoming 
challenges involved with watershed management ranging 
from the technical difficulties of measuring and monitoring 
watershed functions (IUCN & WBCSD 2012, Meijaard et al. 
2011) to complex socioeconomic issues affecting the engage-
ment of watershed stakeholders (Hanemann 2006). 

The services in Bundle 2 are associated with the develop-
ment of rural tourism and in particular, agritourism, which 
has long been popular in Europe and Canada (Dernoi 1983, 
MacDonald and Jolliffe 2003, Nickerson et al. 2001, Sharpley 
& Vass 2006). Agritourism diversifies farmers’ income 
sources by attracting tourists interested in experiencing the 
rural and farm lifestyle. The services in Bundle 2 have “no 
direction of interaction” according to Bennett et al. (2009). 
Each service is already certified by many certification 
schemes specialized in ecotourism, NTFPs, organic products, 
and fair trade certification schemes (Black & Crabtree 2007, 
Cashore et al. 2006, Kozak et al. 2004, Shanley et al. 2008). 
Some NTFPs, such as Brazil nuts, have been already certified 
under FSC certification (Shanley et al. 2008). To date, how-
ever, none of these certification schemes explicitly certify 

T  ABLE 8 Two dominant FES bundles from EFA and MCA

Adaptability indicators Method Bundle 1
water / soil

Bundles 2
ecotourism / NTFPs or agriculture

A) Auditing FES delivery EFA Not observed Not observed

B) Technical training support EFA water / soil ecotourism / agriculture

C) Expected future FES sales EFA water / soil Not observed

D) Experience with protecting FES MCA water / soil ecotourism / NTFPs

E) Experience with selling FES MCA water / soil ecotourism / NTFPs

F) FES targeted by projects MCA water / soil ecotourism / NTFPs & agriculture

methods and Group 1 results. In addition to Bundle 1 and 2, 
other bundles were identified from the analyses. However, 
they were either supported by a single indicator of the adapt-
ability (e.g., carbon, biodiversity, and timber in Indicator B) 
or represented bundles of closely related FES (e.g., scenic 
and biodiversity ecotourism in Indicator A). Therefore, these 
bundles were not considered dominant. 

DISCUSSION

The study identified two dominant bundles of FES across 
multiple indicators of FSC system adaptability. Although 
there is no certification scheme for these FES bundles yet, 
the bundles exist in conventional FES management, such 
as watershed management (Bundle 1) and rural tourism 
(Bundle 2). 

The services in Bundle 1 are associated with strategies to 
manage water quality (Table 9). Many watershed management 
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water and soil service credits). Lack of market demand would 
be a challenge in implementing voluntary certification of 
these FES (Meijaard et al. 2011, 2014). However, the level of 
demand for the individual FES in Bundle 1 and 2 is, as yet, 
uncertain. 

Last but not least, the study has its limitations, signalling 
a need for further inquiry. First, the study is based on self-
assessed adaptability of certification stakeholders measured 
by online surveys. In order to obtain more accurate measure-
ments, a standardized test would be required based on face-to-
face surveys. Second, although dominant, Bundle 1 and 2 
were not supported by all entire stakeholder groups. The low 
adaptability of the non-supported stakeholders (e.g., certifica-
tion bodies) should be considered in analyzing potential inte-
gration of Bundle 1 and 2 into certification. Third, some 
bundles were only reported by one stakeholder group and 
therefore they were excluded from further analysis; bundles 
of interest to particular certification stakeholders should 
be selected for specific study. Fourth, the study examines 
a limited number of stakeholder groups. The scope of FES 
certification stakeholders is broad, including FES market 
stakeholders. FSC stakeholders are also changeable over 
time. Thus, further stakeholder groups need to be examined in 
order to analyze the feasibility of FES certification and its 
potential to incorporate FES bundles.

CONCLUSIONS

The study identifies two potential bundles of FES through 
analyses of adaptability of FSC certification bodies, enabling 
partners, certificate holders, and FES projects. Bundle 1 
included services of watershed and soil conservation. These 
services are in fact commonly produced together by water 
projects as a watershed management strategy. Bundle 2 
included services supporting agricultural goods, non-timber 
forest products, and cultural ecotourism. Traditional rural 
tourism in some areas constitutes a ready market for such a 
combination of services. These findings contribute to assess-
ing the feasibility of expanding the FSC system to multiple 
FES (or bundles) by determining which bundles would 

Bundle 2. FSC stakeholders are less adapted to deal with 
functions related to certification of ecotourism and agricul-
tural products in comparison to other FES such as biodivers-
ity and NTFPs (Jaung et al. 2016). To certify Bundle 2, 
therefore, the FSC system would need to be equipped with a 
new certification system, including additional standard for the 
bundle and a chain-of-custody certification system to ensure 
that supply chains of NTFPs and agricultural goods are main-
tained from source to market. The FSC system would also 
need to improve stakeholder capacity to adapt to the individ-
ual services in Bundle 2.

By identifying potential FES bundles likely to be sup-
ported by the current FSC system, the findings of this study 
contribute to assessing the feasibility of a potentially new 
certification option and inform future studies on FES certifi-
cation. These bundles are derived from socio-economic 
aspects of FES bundles and certification-oriented FES man-
agement. This socio-economic domain plays significant roles 
in valuing, managing, and trading FES (Al-assaf et al. 2014, 
Deal et al. 2012, Endter-Wada et al. 1998, MA 2005, Martín-
López et al. 2012) and, therefore, in the incorporation of FES 
bundles into the certification process for FES based on the 
FSC system. Although focusing on certification, moreover, 
the study findings are potentially applicable to general FES 
management, since Bundle 1 and 2 were supported by FSC 
certificate holders and FES projects (Table 8).

Certainly, challenges emerge from our investigation into 
the feasibility of certification of particular FES bundles. First, 
the auditing capacity of certification bodies would need to 
be improved to make both bundles functional because they 
appear to be overly specialized within the same type of FES 
(Table 5). Certification bodies are a key component of 
certification system because third-party auditing is central to 
building the credibility upon which voluntary certification is 
grounded (Nussbaum and Simula 2013). Second, the feasibil-
ity of developing standards for these FES bundles is unknown 
and would be challenged by limited scientific knowledge and 
the complexity of FES management (MA 2005, Meijaard 
et al. 2011, 2014). Third, successful certification of these 
bundles would be dependent on demand for the individual 
FES among forest owners and service buyers (e.g., buyers of 

TABLE 9 Two dominant FES bundles from FSC stakeholder adaptability

 Bundle Selected FES Description

Bundle 1 A strategy to manage water quality

Bundle 2 Rural tourism

*The framework of FES relationship directions was adapted from Bennett et al. (2009). 
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already be most supported by the current system’s adaptabil-
ity. The study is limited to the social domain, and the FSC’s 
potential expansion faces a number of unaddressed challen-
ges. These results do not preclude the development of other 
bundles, for which system infrastructures and markets might 
be developed given interest and investment. Regardless, 
future studies are required to analyze market demand for 
certified FES bundles and the feasibility of developing 
certification standards for FES bundles and their chains-of-
custody; other studies might be designed to assess particular 
FES bundles of interest to certification stakeholders beyond 
Bundles 1 and 2. 
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