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Mapping and assessing ecosystems and their services: a comparative 
approach to ecosystem service supply in Suriname and French Guiana
Ina Maren Sieber a, C. Sylvie Campagne a, Clément Villienb and Benjamin Burkhard a,b

aGottfried Wilhelm Leibniz Universität Hannover, Institute of Physical Geography and Landscape Ecology, Hannover, Germany; bForest 
Program, WWF France, French Guiana Office, Cayenne, France - French Guiana

ABSTRACT
Current environmental resource management policies acknowledge the need to manage 
and conserve biodiversity. Sustaining good ecosystem conditions and ecosystem ser
vices (ES) is imperative at and across multiple spatial scales. The ES concept is a valuable 
tool to communicate the benefits that nature provides to people. In the Guiana Shield, 
neighbouring countries share landscapes and ecosystems, and therefore also the ser
vices they supply. This study presents the first spatial ES assessments at territorial level 
for Suriname and French Guiana. Expert-based ES supply matrices were used and 
analysed in combination with Land Use/Land Cover (LULC) data to compile ES capacity 
maps for the two territories. In comparison, both ES supply matrices showed a high 
degree of similarity – forest ecosystems scored the highest ES capacities, followed by 
aquatic and marine ecosystems. Agricultural and urban land cover showed weak to 
moderate capacities for ES supply. A statistical analysis revealed a 30% difference of 
the two matrix assessments. Expert scores given for ES in Suriname exceeded those in 
French Guiana, especially for urban LULC and planted forests. Sociodemographic factors 
such as age, gender and institutional environment were analysed to explain this differ
ence. The diverging scores can also be attributed to the distribution and the degree of 
similarity of the different LULC types and, hence, ES capacities and different governance 
and institutional contexts of the assessments. Comparative evaluations are essential to 
understand the differences in perception of ES supply capacities and to underpin future 
knowledge-based bilateral conservation policies and funding decisions by governments 
and managers.
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1. Introduction

The concept of Ecosystem Services (ES) has found 
increasing application globally, also on the South- 
American continent. It describes the multiple values of 
nature and biodiversity in terms of direct and indirect 
contributions to human well-being, such as food provi
sion, timber, clean water, flood control or climate reg
ulating services (MEA 2005). With ongoing 
degradation of the natural environment, destruction of 
habitats, intensification of land use and urbanization, 
the constant flow of ES to society is severely endangered 
in the Amazon Basin (Foley et al. 2007) – an effect that 
disproportionately affects poor and underprivileged 
members of society (Braun and Gatzweiler 2014; 
Kumar and Yashiro 2014; Schreckenberg et al. 2018).

In the Guiana Shield, as in many ecoregions of 
the world, socio-political borders criss-cross 
through natural ecosystems and hence intersect 
through ecological boundaries. As neighbouring 
countries share ecosystems, they also share ecosys
tem processes, functions and, hence, ES (Daily 
1997; López-Hoffman et al. 2010). Safeguarding 

ecosystems and their services, therefore, requires 
cross- or transboundary ecosystem management 
(Kelly and Kusel 2015). This is one of the 
strengths of the ES concept, indeed (McIntyre 
2014; Kelly and Kusel 2015), as it creates the 
potential for the framing of shared conservation 
goals, stakeholder inclusion and linking multiple 
ES and assessing their trade-offs (López-Hoffman 
et al. 2010).

Within the Guiana Shield, the ES concept has 
already been integrated into policies and frameworks 
to protect biodiversity at multiple scales. Guyana, 
Suriname (SUR) and French Guiana (FG), have com
mitted to implementing the Strategic Plan 2011–2020 
adopted by the Convention on Biological Diversity 
(CBD), including the ‘Aichi targets’ in their national 
biodiversity strategies and action plans (NBSAPs) 
(Ministry of Labour & Technical Development and 
Environment 2013; Ministry of Natural Resources 
and the Environment 2014). This foresees that ‘By 
2050, biodiversity is valued, conserved, restored and 
wisely used, maintaining ecosystem services, sustaining 
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a healthy planet and delivering benefits essential for all 
people’ (CBD, 2011).1 In addition, FG, as a French 
Overseas Department, is subject to EU legislation 
(Kochenov 2013). Strategies, such as the EU 
Biodiversity Strategy 2020 are binding, including 
Target 2 Action 5, which asks all EU member states 
to carry out Mapping and Assessment of Ecosystems 
and their Services (MAES) within their national ter
ritories (EC 2011).

First efforts to map and assess ES can be found on 
various scales in SUR (Ramirez-Gomez et al. 2013; 
Ramirez-Gomez et al. 2016; Anthony et al. 2019), and 
FG (Roger et al. 2016). However, a systematic litera
ture review of existing MAES studies (Sieber et al. 
2018) revealed that there is still potential for more 
thorough implementation of the ES concept. Until 
now, little is known about the spatial distribution of 
ES throughout the two territories and ES maps are 
scarce. Identification of relevant ES, their mapping 
and assessment are crucial first steps that should be 
the base for the development of related policies and 
legal frameworks (Burkhard et al. 2018; Prip 2018).

The ES matrix has proven to be a comparably 
quick, reliable and resourceful tool to assess and 
map ES (Burkhard et al. 2009, 2012, 2014; 
Campagne et al. 2020). The method has also been 
recommended by the EU MAES working group as 
a key tool to fulfil the EU member states’ obligations 
of Action 5. (Science for Environment Policy 2015). 
Especially in areas with data scarcity, incompatible 
indicator data and/or limited accessibility for field 
work, available ES qualification and quantification 
approaches based on indicators or models often 
reach their limits (Sohel et al. 2015; Wangai et al. 
2019). ES matrix assessments, however, have proven 
to perform well under these circumstances (Sinare 
et al. 2016; Campagne et al. 2020). When Land Use/ 
Land Cover (LULC) or other geospatial data (habitat, 
ecosystem types) are available, mapping and assessing 
ES supply capacities can be executed in form of 
a lookup table, linking ES to geospatial units abun
dant in the study area. Especially in data-scarce con
texts, expert knowledge can help to obtain 
scientifically sound results for a first estimation of 
ES (Jacobs et al. 2015). In this sense, ES capacity 
refers to ‘an ecosystem’s potential to deliver services 
based on biophysical and social properties and func
tions’ (Villamagna et al. 2013, p. 116). ES supply was 
defined as the ‘full potential of ecological functions or 
biophysical elements in an ecosystem to provide 
a given ecosystem service’ (Tallis et al. 2012, P. 977).

Numerous ES matrix applications can be found in 
the literature (Burkhard et al. 2009; Sohel et al. 2015; 
Hornung et al. 2019; Campagne et al. 2020; Müller 
et al. 2020; Tabares-Mosquera et al. 2020). However, 
most applications focus on a single study location. 
Comparative assessments that apply the ES matrix are 

still scarce, with first examples on the watershed scale 
(Boyanova et al. 2014) or on the regional and local 
scale in France (Campagne and Roche 2019). Hence, 
there is a knowledge gap on methods and approaches 
for cross boundary ES matrix assessments in general 
and also in the Guiana Shield.

This study presents a first ES assessment on the 
transnational scale for both SUR and FG. The objec
tives were the following: 1) provide a first ES assess
ment and first ES maps for the Guianas, applying the 
ES capacity matrix on the territorial level, and 2) 
provide a transnational comparison across borders, 
discussing similarities, differences and patterns 
between the territorial/national assessments. Special 
attention was paid to sociodemographic characteris
tics of the expert panel. Such comparative assess
ments are necessary to identify ES supply capacities 
in transboundary regions and contribute to 
a potential transboundary ecosystem management in 
the Guiana Shield.

2. Materials and methods

2.1. Case study region

The Guiana Shield is located in the northeast of the 
South American Plate, between the Orinoco and 
Amazon River basins. The Shield comprises parts of 
Colombia in the west, Venezuela, Guyana, SUR, the 
French ‘Département d’Outre Mer’ -FG and Brazil in 
the east. It is part of the Amazon basin and ecoregion 
with ‘relatively large units of land containing a distinct 
assemblage of natural communities and species, with 
boundaries that approximate the original extent of 
natural communities prior to major land-use change’ 
(Dinerstein 1995; Olson et al. 2001, p. 933). It is one 
of the biodiversity- and wilderness-richest areas in 
the world (Olson et al. 2001; Mittermeier et al. 
2003). The characteristic vegetation is tropical rain
forest (Granville 1988), in largely intact patches, 
home to many endemic species.

SUR and FG are in the focus of this study. These 
two territories share borders determined by the 
Maroni (or Marowijne) River. A littoral belt is located 
at the coastline of both territories with mangrove 
ecosystems, littoral forest, open swamps and open 
patches of savanna (Gond et al. 2011; Dijn 2018; 
Stier et al. 2020). Both territories are covered by 
>90% of tropical forest with similar major landscape 
types (Gond et al. 2011), including hill foots of the 
Amazon rainforest in the South. Smaller settlements 
are located along the river courses within the forested 
areas, especially along the side arms of the Maroni. 
Distinct human activities, including shifting cultiva
tion and mineral extraction activities, go along with 
the settlements (Figure 1). The application of 
a comparative approach is therefore well-founded 
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due to the geographic and ecological resemblances of 
the two territories (Smith et al. 2020).

The Republic of SUR gained sovereignty from the 
Netherlands in 1975. SUR has an approximate popu
lation of 586,632 (2020), of which roughly two-thirds 
reside in urban areas. Population growth rates reach 
roughly 1% annually. SUR’s extensive natural 
resources have been described as ‘prerequisite for 
the development of national economies’ (Haden 
1999, p. 1), with beneficiaries from local to interna
tional level. Primary and extractive industries have 
long dominated the national economy, based on 
intensive commercial timber and mineral extraction 
practices, including bauxite and gold mining (Haden 
1999). The country covers 163,821 km2. 93% of SUR’s 
surface area is covered by forest of which 15% is 
issued for timber harvest (Government of Suriname 
2018). Nearly 3% of the surface area is covered by 
agriculture and shifting cultivation. In SUR, the sur
face area of protected lands is increasing. By 2018, 
14.5% of the national surface area was protected, and 
conservation strategies were and still are being crafted 
(Government of Suriname 2018).

FG, as Outermost Region of the Republic of 
France, is politically integrated into the European 
Union and covers a surface area of 83,534 km2. The 

territory is home to 298,682 inhabitants, and its 
population is expected to double by 2040 (European 
Commission 2017). FG’s population is a mix of dif
ferent ethnic communities who predominantly settled 
on the coastal plain, mainly in the capital of Cayenne. 
The inland area is largely uninhabited, smaller settle
ments are found among the inland rivers, such as the 
Maroni River. France ensures strong environmental 
protection standards and is bound to implement EU 
legislation, such as the EU Biodiversity Strategies 
2020 and 2030 or the Water Framework Directive. 
Almost 95% of the territory’s surface cover are 
forested (Figure 1). 48% of land area is protected, 
either as a national park or a sustainable use area. 
Especially timber extraction or mineral extraction 
practices face much stricter regulations than in SUR.

2.2. Geodata

The delineation of ecosystem types for SUR was 
based on the ‘Land Use Land Cover 2015’ map layer 
available on the Gonini Portal,2 the National Land 
Monitoring System of SUR. Their LULC data is the 
result of the classification of Landsat 8 satellite images 
from the years 2000–2015; Sentinel 2A satellite 

Figure 1. Location and land use/land cover types in the case study region in Suriname and French Guiana, based on CORINE 
2018, Joubert (2017) and SBB (2017). Internationally recognized borders are shown for orientation only. They do not reflect any 
political views of the authors.
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images of 2015; Google Satellite and Bing Satellite 
imagery (SBB 2018), which have been validated and 
ground-truthed (SBB 2017). Spatial data for the FGs 
littoral belt were obtained through CORINE LULC3 

data for 2012. These CORINE data were classified 
based on Sentinel-2 imagery supplemented by 
Landsat-8 satellite imagery for gap filling. The final 
CORINE LULC has an approximate resolution of 
30 m per pixel. For the hinterland, where CORINE 
data were missing, gap filling was performed with 
territorial geodata available on the regional geoportal 
Geoguyane.4 Their geospatial dataset ”Synthèse occu
pation du sol 2015”5 consists of information on the 
littoral belt from 2015, Land Use data for the 
National Park Area from 2015 and information on 
impacts of gold mining activities 2015 (Joubert 2017). 
As land use classes in both LULC datasets for SUR 
and FG differed in language and class names, 
a harmonized classification was set up to allow com
parison (see Table 1). Five major LULC types with 
a total of 18 LULC types were identified. As beaches 
(E2) were only present in the FG LULC, this class was 
left out in the comparative assessment. The respective 
LULC map was compiled for the region (Figure 1), 
using ArcMap 10.6.

2.3. Expert-based ES assessment using the 
ecosystem services capacity matrix

The ES capacity matrix development for this assess
ment followed the methodological steps described by 
Campagne and Roche (2018). As ES supply strongly 
correlates with landscape structures and ecosystem 
functions (Burkhard et al. 2012), major landscape 
types were abstracted from available georeferenced 
maps of both territories (see Chapter 2.2). For 

a comparable ES mapping implementation, key 
experts from both territories were consulted indivi
dually. We asked them to select the most relevant ES 
for their country and territory based on the full lists 
of the two last versions of the Common International 
Classification of Ecosystem Services (CICES 4.3 and 
5.1 (Haines-Young and Potschin-Young 2018)). For 
simplification, class descriptions were obtained from 
CICES 4.3. The resulting list of ES comprised 7 pro
visioning ES (PS1 – PS7 in Table 2), 11 regulating ES 
(RS1 – RS11) and 4 cultural ES (CS1 – CS4).

Based on the LULC types and the list of selected 
ES, an ES capacity matrix was developed linking the 
22 ES (on the x-axis) with the 18 LULC types (on the 
y-axis), resulting in altogether 396 cells at the inter
sections of LULC types and ES per matrix. The 
respective LULC types’ capacities to supply ES were 
assessed on a scale from 0 to 5, where 0 = no to very 
weak capacity, 1 = weak capacity, 2 = moderate capa
city, 3 = good capacity, 4 = strong capacity and 
5 = very strong capacity to supply ES (Burkhard 
et al. 2009). In addition to the capacity scores, experts 
were asked to express their confidence on their ES 
capacity scores with a confidence index per LULC 
type and ES (Jacobs et al. 2015), ranging from 1 
(not confident) to 3 (very confident).

The scoring was based on expert knowledge col
lected through comparative participatory workshops 
using empty ES matrices for individual scoring in 
Cayenne (FG) and Paramaribo (SUR) in 
October 2019. We chose the ES matrix approach 
starting with empty matrices and asked each expert 
to fill in the matrix individually in order to enable 
subsequent statistical analysis and to identify the 
variability of the scores depending on the experts 
and their profiles (Campagne et al. 2018). In addition, 

Table 1. LULC types for Suriname and French Guiana, including surface cover area (in percent), adjusted from 
(Joubert 2017; SBB 2017).

Land Cover
LULC 
type

Suriname 
Surface Cover 

(in percent)

French Guiana 
Surface Cover 

(in percent)

Marine and littoral land cover Ocean E1
Beaches E2 - 0.02
Mangroves E3 0.26 0.75

Aquatic land cover Rivers and creeks E4 1.07 1.02
Lakes E5.1 0.97 0.43
Inland water bodies -semi 

natural
E5.2 <0.01 <0.01

Open wetlands E6 2.31 1.54
Forested land cover Open Savannah E7 0.61 0.31

Inselbergs E8 <0,01 <0,01
Forest tree cover E9 91.43 94.39
Planted Forest E10 unknown unknown

Agricultural land cover Small scale agriculture E11 0.63 0.08
Large scale agriculture E12 0.04 0.23
Pasture E13 0.39 0.11
Shifting cultivation E14 1.28 0.26

Urban and largely modified land 
cover

Bare soil E15 0.06 0.01
Built area E16 0.21 0.41
Infrastructure E17 0.17 0.08
Mineral extraction sites E18 0.57 0.35
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this process prevented experts from being influenced 
by predefined scores or by other experts. The work
shop allowed the experts to meet and exchange infor
mation on the method and the ES and LULC types in 
the matrix.

Both workshops followed the same structure and 
contained the same ES capacity matrix, translated to 
Dutch and French. Following the recommendation 
by Burkhard et al. (2015), the experts were selected 
on the basis of their knowledge of the territories and 
in order to involve different management entities. In 
addition, the selection brought together the expertise 
on the different types of ecosystems. Experts were 
recruited with help of local institutions through 
open invitations on local websites, geoportals and 
emails.

2.4. Sociodemographic analysis of the expert 
panels

Each workshop entailed a questionnaire on sociode
mographic aspects for each participant, including 
questions on gender, institutional environment and 
scale of expertise (Table 3). Both panels included 
experts from diverse fields of expertise such as 
water authorities, wildlife ecologists and management 
authorities, nature conservationists, forest specialists, 
planning officers and consultants. 22 participants 
attended the expert workshop in SUR, 17 experts 
participated in FG. Both expert panels were hetero
geneous with respect to age and gender (48% (FG), 
50% (SUR) female participating experts). The major
ity (33%) of experts were between 35 and 49 years 
old. Only six young experts (<35 years) were present. 

Notably, only one expert was above 60 years old. The 
sectoral expertise was also balanced.

2.5. Statistical comparison of the matrices

To evaluate the individual matrices, a descriptive ana
lysis of arithmetic means has been the preferred 
method in the ES capacity matrix literature (Müller 
et al. 2020). The scores obtained from the expert 
assessments were inserted in two independent data 
frames as ordinals (0–5). Data were transformed to 
a scale format from 0 to 1 to calculate the arithmetic 
mean scores and statistics for each LULC and ES of 
the two assessments. To find out whether the indivi
dual expert matrices were homogenous within SUR 
and FG, hierarchical clustering was applied. This 
allowed to identify similarities between the individual 
expert scorings (n = 39). Experts were anonymized 
and received a code based on the two assessments, 
gender and age group. Based on interval data, the 
distance metric ‘Euclidean distance’ was applied and 
clusters were formed using Ward variance minimiza
tion algorithm. The analysis was done using Python 
2.7 and the Seaborne package.

For the comparative statistics, expert scores for 
both territories were tested for homogeneity of var
iances (Levene’s test) and normal distribution (Chi 
square). As these criteria were violated for the major
ity of scores, the Mann-Whitney U test was applied to 
identify statistical differences in the matrix datasets. 
A U-test establishes the null hypothesis that two 
populations are identical. The U-test is recommended 
for a non-parametric, rank-based statistical analysis, 
as needed for each set of values of the two data 

Table 2. List of assessed ES in Suriname and French Guiana.
CICES Section Division Class Code

Provisioning Services Biomass Cultivated crops/food PS1
Reared animals and their outputs PS2
Wild plants, algae and their outputs PS3
Wild animals and their outputs PS4

Water Freshwater supply for drinking purposes PS5
Raw materials Materials and fibres PS6

Plants and resources for medical use PS7
Regulation and 
Maintenance Services

Regulation of biological, physical and chemical conditions Carbon Sequestration RS1
Global and local climate regulation RS2
Disease control RS3
Pest control RS4

Lifecycle maintenance, habitat and gene pool protection Maintaining nursery populations and 
habitats

RS5

Pollination and seed dispersal RS6
Regulation of baseline flows and extreme events Hydrological cycle and water quality and 

flow maintenance
RS7

Maintaining soil quality RS8
Mediation of mass flows – risk reduction Mass stabilisation and control of erosion 

rates
RS9

Storm protection RS10
Flood protection RS11

Cultural Services Indirect, remote interactions with living systems that do not require 
presence in the environmental setting

Emblematic or symbolic CS1
Heritage (past and future) and existence CS2
Aesthetic CS3

Direct, in-situ and outdoor interactions with living systems Recreational activities including (eco-) 
tourism

CS4

152 I. M. SIEBER ET AL.



frames. This was done using Python 2.7 and the Python 
scipy.stats package (Strangman 2002).

An additional analysis of the strength of correlation 
for each cell in the matrices was performed. Correlation 
effect sizes can be calculated with Pearson (parametric 
data), Spearman (non-parametrical data and pairwise 
comparison) and Cohen Effect size (d) (Figure 3). Due 
to the different expert panel size (22 versus 17 expert 
estimations), a Spearman correlation could not be per
formed. The Cohen Effect size (d) has been used to 
identify the magnitude of the difference between data 
sets. Cohen classified effect sizes as small (d  =   0.2), 
medium (d  =   0.5) and large (d ≥ 0.8) (Cohen 1988). 
Such an assessment is useful, as it quantitatively com
pares results from different data sets (Sullivan and 
Feinn 2012).

2.6. ES map compilation

ES maps have become a major tool to illustrate, 
analyse and communicate the spatially explicit supply 
of ES (Maes et al. 2012). ES maps in this study were 
compiled using ArcMap 10.6 through linking the 
geospatial LULC units to the ES capacity scores 
from 0 to 5 in the matrices.

3. Results

Altogether 22 individually completed matrices for 
SUR and 17 matrices for FG were obtained through 
the workshops. ES capacity scores for both territories 
were heterogeneous in variances, normal distribution 
was not given.

3.1. Quantification of ES supply capacities

The ES capacity matrices with mean arithmetic scores 
in Figure 2 show that mangroves, rivers and creeks, 

open swamp and forest LULC types comprised the 
highest capacities to supply ES. The results imply that 
the more strongly impacted by humans the LULC, 
the lower ES supply capacities have been attributed 
by the experts, with exception of agroecosystems. The 
SUR matrix showed an overall moderate to good ES 
supply, with clusters of weak and strong supply capa
cities across different LULC types (Figure 2). 
Strongest supply capacities were found in mangroves 
(E3), rivers and creeks (E4), forests (E9) and planted 
forests (E10). Overall, marine and littoral LULC types 
showed more variation, with low scores for 
‘Freshwater for drinking purposes’ (PS5, >1) and 
high scores for regulating ES in mangroves, and 
high cultural ES capacities. Aquatic LULC showed 
a range of scores between 0.8 and 3.7 for multiple 
ES. Forests obtained the overall highest supply capa
city scores for all supplied ES with scores between 1.2 
and 4.7. The exception were Inselbergs (E8), which 
were rated with weak supply capacities (maximum 
2.4, majority >1), and strong capacities to supply 
cultural ES (2.9–3.71.2 and 4.7).

The ES matrix of FG presents a strong variance in 
expert scores, with strong differences in ES supply 
capacities between LULC types (Figure 2b). Marine 
and littoral LULC, especially mangroves (E3), received 
high supply capacities. Among the aquatic LULC types, 
rivers and creeks (E4) and open swamps (E6) were 
ranked highest, especially for ‘Maintaining nursery 
populations’ (RS5, maximum mean score of 5) and 
‘Pollination and seed dispersal’ (RS6). Forests (E9) cov
ering 94.4% of the territory, showed the highest overall 
ES supply, with average mean values between 0.47 for 
‘Cultivated crops/food’ (PS1) and 4.9 for ‘Maintaining 
nursery populations’ (RS6). Anthropogenic modified 
LULC types scored no to very weak ES supply capaci
ties. Built areas (E15) marked an exception with weak to 
good cultural ES supply.

Table 3. Sociodemographic characteristics of the two expert panels.

Categories

% of experts

Suriname (SUR) French Guiana (FG)
All 

experts

Sociodemographic variables
Gender Female 50 48 49

Male 50 52 51
Age <30 17 5 11

30-<45 54 54 54
45–55 29 32 30.5
>55 0 9 4.5

Field of expertise Governmental sector 54 59 56.5
Private sector 6 18 12
Non-governmental sector 11 14 12.5
Academia 29 9 19

Scale of expertise Local 5 4 4.5
Regional 29 32 61
Territorial 54 - 59 (-)
National (incl. France) - 59 59 (-)
Supranational 11 4 10.5
Number of experts 22 17 39
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A visual comparison of the two matrices revealed 
similar trends for most of the assessed LULC and ES. 
Among the provisioning ES, ‘cultivated crops/food’ 
(PS1) and ‘reared animals and their outputs’ (PS2) 
showed low supply capacities throughout all LULC 
types in SUR and FG, except (agro-) ecosystem types. 
The ES ‘Wild animals and their outputs’ (PS4) was 
supplied with strong capacities in coastal and marine 
as well as in aquatic LULC (dark cluster for E1, E3 
and E4). The ES ‘freshwater supply for drinking pur
poses’ (PS5) also showed high capacities in aquatic 
LULC types and forest LULC. PS1, ‘cultivated crops’ 
revealed very strong capacities in shifting cultivation 
(E14) (mean scores of 4.4 for SUR, 4.7 for FG). All 
provisioning ES scored low in urban LULC (all <1, 
light cluster on the bottom of Figure 2) except for 
‘reared animals and their outputs’ (PS2) in built areas 
(E16, mean of 1.1 in SUR and 0.65 in FG), reflecting 
the capacities of urban or homestead gardens for 
livestock cultivation. Among the regulating ES, the 
highest capacities were found for ‘Carbon storage’ 
(RS1) and ‘Global and local climate regulation’ 
(RS2) in coastal and marine LULC as well as in 
forests. The regulating ES ‘maintaining nursery popu
lations and habitat function’ (RS5) stood out, with 
very strong capacities in natural LULC in FG, and 
slightly lower values for SUR. ‘Flood protection’ 
(RS11) was supplied with high capacities in E3-E7 

and E9, with mean scores for FG exceeding those 
for SUR. Cultural ES showed overall high capacities 
throughout coastal and marine, aquatic and forest 
LULC types (dark cluster in the upper right of 
Figure 2c) in both territories. Especially CS1 and 
CS2 received high scores, with mean scores for FG 
being slightly higher than for SUR. However, SUR 
scores for cultural ES in urban LULC showed higher 
means.

This comparison highlights the disparities of 
experts in their evaluations for each territory. Mean 
capacity scores between both territories especially 
differed in forest LULC types: differences in mean 
scores were specifically high for forest (H9), with 
differences of 3.4 for ‘Maintaining soil quality’ 
(RS08), 3.6 for ‘Storm protection’ (SR10) and 3.3 for 
‘cultivated corps/food’ (SA1) (Figure 2a). However, 
ES capacities ranked higher in SUR by >0.86 for all 
services.

3.2. Statistical analysis: transboundary 
differences and similarities

A statistical analysis of the expert evaluations indi
cated that the distribution of the majority of scores 
(70%) for the two matrices were significantly similar 
based on the U-test (Figure 3). Expert scores were 
significantly similar in their scores for mineral 

Figure 2. ES supply capacity matrix for Suriname (a) and French Guiana (b) showing arithmetic means of the 22 (Suriname) and 
17 (FG) individual capacity scores and the means of the confidence index (column and line ‘confidence’ on a scale from 0 to 3).

154 I. M. SIEBER ET AL.



extraction sites (E18), with differences <0.85 and with 
strongest effect size for ‘disease control’ (RS3), ‘aes
thetics’ (CS3) and ‘recreational activities including 
(eco-)tourism’ (CS4). Also, the scores for large scale 
agriculture (E12) showed a close similarity for the 
assessed LULC and ES.

Thirty percent of the scores were significantly dif
ferent, as marked in red in Figure 3 (U-test, 
alpha = 0.05). In terms of LULC, significant differ
ence was found for planted forest (E10, 19 scores 
significantly different out of 22), small scale agricul
ture E11 (11), followed by E1, E4, E15, E17 (8). The 
majority of scores differed with medium effect size 
(d = 0.5), no strong effect size was found. This indi
cates that even though the scores of both assessments 
were significantly different, this difference was med
ium to insignificant (Cohen 1988). The differences 
between the two matrix assessments were most dis
tinct for ES ‘Maintaining nursery populations’ (RS8) 
with 11 out of 18 scores being significantly different, 
followed by ‘wild plants, algae and their outputs’ PS3 
(9), ‘cultivated crops/food’ PS1, ‘Heritage’ CS2 (8).

3.3. Sociodemographic differences and 
similarities of the expert panels

A clustering of the 39 individual expert scores revealed 
that scores from participants in SUR could be distin
guished as separate group from the scores of partici
pants in FG, based on Euclidean distance metrics. The 
analysis showed four distinct clusters (Figure 4): the 
first cluster (1) comprises 13 experts from FG and two 
experts from SUR (S06 and S05). A second cluster (2) 
entails two SUR experts with nearly identical scoring. 
Cluster 3 presents a homogenous group of 13 SUR 
experts. In cluster 4, a mix of five SUR and three FG 
experts is grouped, whose scores showed high similar
ity. Hence, there seems to be an underlying difference 
between territorial ES capacity scores between FG 
and SUR.

The clustering (Figure 4) does not show clear 
tendencies in the effect of gender of the participants 
on their ES scoring. A closer analysis at the gender 
reveals that indeed, scores for all 39 experts show no 
significant gender biases in territorial comparison 

Figure 3. Statistical differences between the SUR and FG matrix cells using Mann Whitney U (statistical differences outlined in 
red) and the Cohen effect size showing the magnitude of the statistical effect where scores <0.2 indicate no to weak effect, 
between 0.2 and 0.5 a moderate effect and >0.8 a strong effect size.
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(Figure 5). In both FG and SUR, male respondents 
tended to rate provisioning ES higher than female 
respondents (F mean 0.31; M mean 0.35). The same 
was observed for regulating ES (F mean 0.35; M mean 
0.38). For cultural ES, no differences between gender 
scores existed (F mean 0.51; M mean 0.51).

The clustering of experts (Figure 4) also sug
gests that age affects scoring behaviours. The den
drogram shows that the closer the similarity 
between two scores, thus the smaller the geometric 
dissimilarity score, the smaller the age difference 

of the respective participants, irrespective of their 
nationality. An example of this can be found in 
clusters 1 and 2, where the scores of participants 
with age differences of up to 5 years show the 
highest degree of similarity. An analysis of the 
age structure shows that young experts tend to 
score lower (Table 4). On the contrary, the older 
the experts, the higher their mean scores for pro
visioning and regulating ES. Only for cultural ES, 
our expert panel did not show age-based scoring 
differences.

Figure 4. Individual scores of all 37 participants clustered according to similarity of ES scores using Euclidean distance metric. 
Codes S and FG refer to Suriname and French Guiana, respectively. F = Female, M = Male, last two numbers indicating 
approximate age of experts.

Figure 5. ES supply capacity scores on interval scale from 0 = no to very weak supply to 1 = very strong supply capacities, 
based on gender (the straight bar shows the median scores).
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Next to gender and age, the institutional environ
ments of the experts were analysed to see whether their 
work in the public or the private sector, academia or 
NGOS caused observable bias to the expert’s scores and 
hence affect their appreciation of different ecosystems. 
Therefore, we looked at the impact of expertise on the 
scoring of the different land uses. Whilst territorial 
differences between expert scores from the different 
fields for SUR and FG were not reflected in the data, 
general differences between the institutional environ
ments in general were evident (Figure 6). Experts from 
all fields showed similar median for provisioning ES 
with exception of the private sector with higher scores 
for agricultural and urban LULC. For regulating ES, 
academic experts tended to rate coastal and forest 
habitats highest. Cultural ES were rated strongest by 
experts from NGO’s, followed by those from public 
and private sectors. Academic experts’ scores showed 
a low median, with especially weak scores for ES in 

urban areas in comparison to experts from governmen
tal, private sectors and NGOs.

3.4. Mapping ES supply capacities

Based on the arithmetic mean supply capacity scores 
(Figure 2), the ES supply capacity maps for SUR and 
FG were compiled, as shown in Figure 7. The maps 
highlight the patterns of ES supply based on the 
spatial distribution of the different LULC types 
throughout the territories. The large amount of forest 
cover is clearly visible on all maps, with strong to very 
strong ES supply capacities for 85% of the maps. 
LULC types in the littoral belt tend to disappear in 
the cross-border comparison, however, this is where 
the majority of human settlements are found. 
Especially when comparing the scores of SUR and 
FG, the 30% significant difference between the expert 
assessments becomes invisible on the maps.

4. Discussion

The case study regions of SUR and FG show a high degree 
of similarity in location, climate and many other human- 
environmental factors. A descriptive analysis of the mean 
values of the individual scores revealed high degrees of 
similarity between expert scores for the two independent 

Figure 6. ES capacity scores per institutional environment of experts (on interval scale from 0 = no to very weak supplies to 
1 = very strong supply capacities).

Table 4. Age structure and trends towards ES capacity scor
ing on interval scale from 0 = no to very weak supply to 
1 = very strong supply capacities.

Age structure of the experts

20- <35 (6) 35- <50 (20) 50- <60 (13) >60 (1)

Provisioning ES 0.29 0.30 0.37 0.45
Regulating ES 0.28 0.35 0.40 0.44
Cultural ES 0.51 0.48 0.54 0.50
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ES matrix assessments. Adding a comprehensive statisti
cal analysis allowed to identify where experts agreed in 
transnational comparison. 70% of the two capacity 
matrices, thus 277 out of 396 scores, showed significant 
similarity. This indicates a shared perception on the ES 
supply capacities in both territories. However, the remai 
ning 30% of the matrix scores entailed significant differ
ences in ES capacity evaluations. These differences were 
reflected in the cluster analysis of all individual matrix 
results, revealing distinct groups of SUR and FG experts.

4.1. Interpretation of the results

To answer the question of where such differences come 
from, we investigated three potential reasons: 1) the 
distribution and the degree of similarity of the different 
land cover types and the resulting effect on ES supply 
capacities, 2) the composition and sociodemographic 
characteristics of the expert panels, and 3) the different 
cultural, governance and institutional contexts in which 
the expert evaluation took place.

Figure 7. Ecosystem services supply capacities based on LULC data in Suriname and French Guiana based on expert-assessment. 
Borders are shown for orientation purposes only. They do not reflect any political opinion of the authors. Individual maps of 
each ES are available in the supplementary material.
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1) The distribution and the degree of similarity 
of the different LULC types

The Guiana Shield is characterized as an ecore
gion, which per definition describes areas with simi
lar natural flora and fauna communities prior to land 
use changes (Olson et al. 2001). Due to the close 
geographic context of SUR and FG (Noonan 2018) 
and exhaustive studies on ecoregion homogeneity 
(Dinerstein 1995; Olson et al. 2001), landscape homo
geneity was expected to be strong. It seems unlikely 
that the 30% difference in the ES assessment are 
caused by heterogeneities in the types and spatial 
distribution of the different LULC. Specifically for 
ecosystem types such as rivers and creeks (E4), 
planted forest (E10), small scale agriculture (E11) or 
bare soil (E15), significant differences were observed. 
Notably, ecosystems in SUR are much more agricul
ture-oriented with high land use intensity. Only 9% 
of the surface of SUR are not covered by forest, of 
which 15% is actively used for timber production and 
forest concessions (Government of Suriname 2018). 
In FG, only 5% non-forest LULC is present, and 
exploitation of natural resources underlies stricter 
regulations. The perceived difference in land use 
intensity could contribute to the diverging expert 
scores, especially for land cover types with anthropo
genic influences in SUR and FG. Other land use 
classes, such as pastures or lakes, cover a much smal
ler surface area in FG than in SUR, and experts could 
therefore be less familiar with LULC types of smaller 
spatial distributions. Confidence indices in both ter
ritories however did not indicate such a potential 
insecurity of experts with their scores for ES supply 
in LULC types of a small surface cover (differ
ences <0.1).

2) Sociodemographic variables of the expert 
panel: age, gender, institutional environment

Expert-based ES assessments are strongly depen
dent on the experience, knowledge, current and past 
living conditions and attitude (Fagerholm et al. 2012; 
Jacobs et al. 2015). According to Martín-López et al. 
(2012), aspects such as the age and gender can induce 
preference or selective biases. Studies found that male 
respondents perceived provisioning ES higher and 
women emphasized regulating ES (Martín-López 
et al. 2012). Our assessment showed a low average 
difference between male and female experts for pro
visioning ES (<0.2 in arithmetic mean), regulating ES 
(<0.15) and cultural ES (0.014). Expert scores from 
male and female experts in FG differed by 
a maximum of 0.08, indicating similar scoring beha
viour. In SUR, males provided higher scores than 
female experts for both provisioning and regulating 
ES (<0.4). However, these findings are not sufficiently 
significant to prove the presence of gender bias in our 
assessments.

The age of experts can impact the ES scores. 
According to Martín-López et al. (2012), elderly 
respondents tend to rate provisioning services high 
whereas younger respondents (<30) tend to prefer reg
ulating services. Following this, our assessment found 
that the older the expert, the higher his/her respective 
capacity scores for both provisioning and regulating ES, 
whilst young experts (<35) scored lowest for provision
ing and regulating ES. Only for cultural ES, experts of all 
ages obtained similar mean scores. This is interesting, as 
cultural ES tend to be the most subjectively perceived 
category of ES (MEA 2005).

The institutional environment of experts also 
proved to influence experts’ scoring. Overall, experts 
from public and private sectors had the highest 
scores. Experts from the public sector tended to allo
cate high capacity scores to cultural values of natural 
ecosystems (e.g. marine and littoral, aquatic and for
est LULC). Academic experts tended to score low for 
provisioning ES (on average −0.5 lower). Also, their 
scoring for cultural ES was lower compared to all 
other experts. Humanly altered ecosystems received 
scores of no to very weak capacity on average.

Other studies suggest that respondents tend to give 
lower scores to less well-known ES (Kaiser et al. 2013). 
This could explain the low mean scores for e.g. ‘Pest 
control’ (RS3) and ‘Disease control’ (RS4) in both ter
ritories. Independently, experts gave the lowest confi
dence indices on those ES (1.5 for SUR, 1.25 for FG, 
respectively, Figure 3). Also, less well-known ecosystem 
or LULC types could be prone to this bias. However, to 
the best of our knowledge, this is the first matrix appli
cation explicitly paying attention to socio-demographic 
and socio-cultural aspects of expert panels. Therefore, 
comparison to other matrix studies proves difficult.

As expert panels in both SUR and FG were rather 
heterogeneous in gender, age and institutional envir
onment, such selective biases and preferences should 
be minimal.

3) Different cultural, governance and institu
tional contexts

Sociocultural factors and conservation manage
ment strategies affect the evaluation of ES 
(Martín-López et al. 2012).Studies suggest that 
national and territorial governance and institutional 
contexts shape conservation management strategies, 
which in turn effects the societal preferences 
(Martín-Lopéz et al. 2012). This impacts the way in 
which experts perceive ecosystems and hence, the 
magnitude of scored ES supply capacity.

In SUR, the economy largely relies on the extrac
tion of natural resources (Government of Suriname 
2018). Forest concessions cover 14% of the forested 
area. Roughly 3% of the 8% non-forest surface cover 
are used for (intensive) agriculture and shifting culti
vation. In FG, this only adds up to 0.7% of the 
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territorial area. Instead, FG is heavily dependent on 
imported agricultural produce, with little large scale 
agriculture taking place. As part of the EU, regula
tions concerning environmental protection and con
servation in FG are imposed by the European Union 
(Grenand et al. 2006). Through this, regulations are 
much stricter in FG than in SUR.

These structures can explain the overall moderate to 
good ES supply across LULC types in SUR, and the 
high appreciation of provisioning services, for example 
‘Cultivated crops, food’ or ‘materials and fibres’. The 
moderate to high ES capacity scores for planted forests 
(E10) in SUR could be caused by a comparably lower 
environmental concern in SUR then in FG. In FG, 
experts rated the ES capacities much more selectively. 
The FG matrix presented higher extremes for natural 
LULC types, where ecosystems could be perceived as 
being more intact, resulting in high ES supply capaci
ties. Lower scores were given for humanly impacted or 
strongly altered LULC, such as small- and large-scale 
agriculture or urban LULC. Likewise, FG experts 
showed lower appreciation for planted forest (E10) 
and low scores linked to mineral extraction LULC 
(E18). If the ES capacity scores are a result of the 
societal environmental concerns or national natural 
resources governance, this could also explain the diver
ging scores in both assessments.

4.2. Bringing it all together

All three components, the sociodemographic compo
sition of the expert panel, the ecosystems through the 
two territories and the overarching cultural and insti
tutional landscape in which the ES evaluations took 
place could explain the differences in the matrix 
scores in both SUR and FG.

In the ES maps, the spatial distribution of the 22 ES is 
presented. Due to the large amount of forest cover, 
smaller patches of LULC types tend to disappear on 
the territorial maps. Nonetheless, it becomes visible 
through the expert scores that the functionality of ES 
in total is largely dependent on the variety of different 
land uses and land covers. These maps present the first 
holistic overview of ES in both territories.

The ES maps highlight that ES are supplied across 
political and institutional borders. In transboundary 
river basins, such as the Maroni River at the border 
between SUR and FR, LULC is a key determinant for 
the ES supply patterns, with direct consequences for the 
livelihoods of the people on both sides of the national 
borders. Especially mining sites and shifting cultivation, 
though hardly visible on national scale maps, cover 
larger areas on the SUR side of the upper river basin, 
with strong negative consequences on the downstream 
river basin. In contrast, the entire French upper river 
basin is a protected area, which might be related to 
a stronger momentum of strategies such as the EU 

Biodiversity Strategy or the CBD in the European 
Outermost Regions. Such asymmetries in the environ
mental protection status may hijack the effectivity of 
environmental protection and call for joint transbound
ary river management policies. The collaboration of 
national actors and environmental protection agencies 
should be promoted in the face of the potential benefits 
of well-functioning cross-border protection areas 
(McPherson and Boyer 2015; Thornton et al. 2020). 
With transboundary environmental conservation 
efforts, the Maroni River could provide an excellent 
example of protected ecoregions across borders.

The results suggest that attention needs to be paid 
when extrapolating the results of a single location 
matrix to other scales and contexts. Even though data 
on the capacity of ecosystems to supply ES are often 
scarce, it is common practice to draw upon existing data 
in many ES assessments, such as the use of existing 
matrices from another area for a local ES assessment 
(Gaglio et al. 2017; Campagne et al. 2020), or other ES 
value-transfer approaches. Such transfers could severely 
affect the accuracy of further studies in case non- 
comparable or inaccurate values are applied.

4.3. Uncertainties of the approach

Uncertainties of the expert-based matrix approach 
are well-documented, relating to scale and used geo
data, experts and panel composition (Hou et al. 2013; 
Jacobs et al. 2015; Campagne et al. 2017). Future 
research would be required to explore differences 
between out experts’ scorings and residents or local 
communities from FG or SUR. Similar assessments 
noted a bias caused by procedural rationality, which 
can affect the scoring of individuals based on hier
archical constraints in the evaluating group 
(Burkhard et al. 2015). Analysing the sociodemo
graphic characteristics of our expert panel, however, 
no strong biases were found. Uncertainties related to 
maps and mapping of ES for policy making are well 
documented (Schulp et al. 2014). Clear communica
tion on input data, methodologies and the process of 
map creation is needed. The matrix method inhibits 
the visualization of dynamic effects, such as upstream 
downstream effects of land uses such as mineral 
extraction sites (Mol and Ouboter 2004). Additional 
studies would be needed to prove the effect of 
upstream mining on the supply capacities of down
stream riverine ecosystems. Uncertainties are also 
linked to the statistical approach taken. It has been 
suggested that comparing medians, e.g. through the 
U-test, results in better robustness than comparing 
arithmetic means (Skovlund and Fenstad 2001). The 
U-test is known for a robust assessment of indepen
dent data frames and the concept of ranks allows to 
operate with data that is not normally distributed and 
heteroscedastic. However, depending on variances 
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and skewedness of data, the U-test can induce inac
curacies (Fagerland and Sandvik 2009).

5. Conclusions

This study presents the first spatial ES assessment in 
SUR and FG and one of the first cross-border compar
isons of ES supply based on ES capacity matrices. 
Altogether 18 LULC types and 22 ES were assessed 
based on expert knowledge. As ecosystems in the 
Guiana Shield largely share the same properties and 
human-environmental characteristics, a comparative 
assessment allows to highlight where experts in the 
two territories share similar, respectively, differing 
views on ES supply capacities. Forest ecosystems are 
the major LULC type in both SUR and FG. Their 
capacities to supply ES were rated with medium to 
strong capacities, followed by coastal and marine as 
well as aquatic LULC with good to strong supply capa
city scores on average. Humanly impacted ecosystems, 
however, received no to very weak capacities to supply 
ES, except cultural ES.

To assess differences between ES matrix assess
ments, a mere descriptive analysis of means is 
a first step. We suggest an additional statistical 
analysis to uncover whether two independent 
matrices are significantly different. Even though 
the similarities and differences between the ES sup
ply in both territories seem obvious, the large 
amount of forest cover obscures such differences 
when mapping ES for SUR and FG. Future studies 
could be done to reveal whether ES bundles are 
occurring in the different LULC types, enabling 
further analyses of trade-offs and synergies between 
certain ES or groups of ES.

A statistical analysis shows that 30% of the matrices 
entails significant differences. Cluster analysis showed 
distinct groups of SUR and FG experts. An analysis of 
the composition and sociodemographic characteristics 
of the expert panels was unable to explain this divide. 
The age, gender and institutional environment of the 
experts had little influence on their ES capacity scoring. 
Rather, the distribution and the degree of similarity of 
the ecosystem types and the resulting effects on ES 
supply capacities and the different cultural, governance 
and institutional contexts in which the expert evalua
tion took place, provide explanations. In SUR, land use 
intensity and human impact on ecosystems is higher 
than in FG, reflected in the higher ES supply in human- 
modified LULC types such as agriculture and shifting 
cultivation. In FG, natural ecosystems showed higher 
ES supply, explained by strong environmental regula
tions and protection standards due to its EU Outermost 
region status. This causes generally better ecosystem 
conditions, which is linked to higher ES supply. 
Therefore, cultural, governance and institutional con
texts in which matrix-based assessments are conducted 

are likely to impact the outcomes stronger then age, 
gender or institutional background of the individual 
expert. Future matrix studies should pay more attention 
to document such sociodemographic and contextual 
aspects of the expert panel to ensure a representative 
scoring assessment.

Unravelling the potential reasons for the scoring 
differences helps to understand the underlying evalua
tion of ecosystems and their services. This is a crucial 
first step for shared ecosystem management, particu
larly in cross boundary cooperation, as McPherson and 
Boyer (2015) call for. Especially as recent studies iden
tified the Guiana Shield to list among the top 10% of 
areas of global importance for terrestrial biodiversity, 
carbon and water (Jung et al. 2020), and as threats to 
biodiversity and ecosystems are pressing, the need for 
enhanced conservation efforts becomes obvious.

Notes

1. Key Elements of the Strategic Plan 2011–2020, includ
ing Aichi Biodiversity Targets.

2. https://www.gonini.org/.
3. https://land.copernicus.eu/pan-european/corine-land- 

cover.
4. https://www.geoguyane.fr/accueil.
5. https://www.geoguyane.fr/geonetwork/srv/fre/catalog. 

search#/metadata/3d681d4f-b8bd-48b2-80d2- 
04a215a8a099.
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