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a b s t r a c t

Land use decision making in the Upper Suriname River area knows a history of disempowerment and
marginalization of the Saamaka communities inhabiting the area. Non-recognition of land rights is at the
origin of this problem. This is aggravated by the increasing over-exploitation of timber resources by
powerful stakeholders and the unfair distribution of timber benefits. This has left Saamakans margin-
alized, causing distrust and opposition among themselves and towards outsiders. Furthermore, as a
result of deforestation, Saamakans face detrimental changes in the ecosystem services (ES) that support
their traditional livelihoods, with important effects for their wellbeing. This environment of distrust,
opposition and marginalization makes it difficult to assess these concerns. Hence, an ES assessment
approach that would generate salient ES knowledge while generating trust, communication among
stakeholders and local capacity building was needed. In this paper we evaluate whether Participatory 3D
modelling (P3DM) is an effective approach for ecosystem services assessments in such disenabling en-
vironments. We evaluate this by using empirical data from an ES assessment in the Saamaka region using
a P3DM approach. Results show the efficient identification and evaluation of 36 ES representing provi-
sioning, cultural and regulating service categories with crops, fish, wild meat, timber and forest medi-
cines identified as most important. We found a decrease in the demand and supply of crops, fish and wild
meat associated with ecosystem degradation, out-migration and changes in lifestyles. Further, our
findings show an increasing demand and decreasing supply for timber related to over-exploitation. We
provide evidence of the utility of P3DM to foster multi-functional landscape development among wary
communities. Further, we discuss the usefulness of the approach and the necessary conditions needed
for P3DM process to tackle the needs of the local communities as well as the need for a broader P3DM
implementation strategy beyond the engagement, screening, and diagnostic phases of ES assessments
when the aim is to enhance ES outcomes for marginalized communities.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

More than 50 million people live in remote regions and depend
entirely on functioning forest landscapes for the provision of food,
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medicines and shelter (Newton, Miller, Byenkya, & Agrawal, 2016;
Sunderlin et al., 2008). Infrastructure investments such as roads
and dams, as well as extractive industries like gold mining and
logging, are changing forest landscapes in profound and uncertain
ways (Lambin & Meyfroidt, 2010). These activities have differential
impacts on localities and communities across regions in the form of
changing consumption patterns, transformation of traditional land
use practices, among others (Nelson et al., 2006). In some cases,
they trigger forced migration and consequently marginalization
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and disempowerment (Terminski, 2014). Indigenous communities
living in remote and poorly governed regions tend to bear the brunt
of the negative effects of these developments while benefiting little
of the prosperity they generate (O'Faircheallaigh, 2013). They are
vulnerable because their livelihood means rely on the ecosystem
services that are susceptible to the impacts of these economic ac-
tivities (Willemen, Drakou, Dunbar, Mayaux, & Egoh, 2013).

In some cases, top-down, expert driven land use decision
making has left rural communities feeling marginalized and dis-
empowered, leading to distrust and opposition towards outsiders
(Ban et al., 2013; Kumar & Kumar, 2008). Distrust has been recog-
nized as an important obstacle to effective natural resource man-
agement (Hahn, Olsson, Folke, & Johansson, 2006). Hence
researchers and practitioners identify trust as essential to effective
natural resource management and implementation (Fazey et al.,
2013; Reed, 2008; Stern & Baird, 2015). Despite the increasing
research efforts, information on how to generate salient, credible
and legitimate knowledge (for a definition see Cash et al., 2003) for
the integrated management of natural resources among wary
communities in remote regions, promoting empowerment and
enabling local ownership and trust, remain key challenging issues
(Chaffin, Gosnell,& Cosens, 2014; McCall, 2003; Olsson et al., 2006).

By the same token, several scholars have pointed out the gaps
towards a science-policy-practice interface in ways that enhance
ecosystem services (ES) outcomes for marginalized communities:
1) Turning science and technology into action in a manner that
enhances a collaboration of local stakeholders in the co-production
of ES informationwhile creating capacity among local communities
so that they can better participate in decision making (Cash et al.,
2003; Fischer et al., 2015; Miller et al., 2014); 2) Attaining a fair
distribution of the benefits from ES (Bennett et al., 2015; Daw,
Brown, Rosendo, & Pomeroy, 2011; Pascual et al., 2014) (e.g. ac-
cess to provisioning services such as food, water, fertile soil, tim-
ber); 3) Identifying alternative livelihood sources for the rural poor
that avoid compromising environmental sustainability (Dawson,
Rounsevell, Kluv�ankov�a-Oravsk�a, Chobotov�a, & Stirling, 2010;
Poppy, Jepson, Pickett, & Birkett, 2014; Sayer et al., 2013) (e.g. al-
ternatives to the involvement of poor rural communities in illegal
timber and mining activities in order to make a living); and 4)
Procuring appropriate communication channels between experts,
local people and policy makers, in a language that is understood by
all in order to deal with conflicts between actors, increase trans-
parency, bring all perspectives into the negotiation table and
establish criteria for decision making (Bennett et al., 2015; García-
Nieto et al., 2015; Palomo, Felipe-Lucia, Bennett, Martín-L�opez, &
Pascual, 2016; de Groot, Alkemade, Braat, Hein, &Willemen, 2010).

It is only through the engagement of the end users of the
knowledge generated by research that science on ES can pursue
transformative interventions and render an important contribution
towards a fair and more equitable sustainable development
(Fischer et al., 2015; Reyers, Nel, O'Farrell, Sitas, & Nel, 2015; Sitas,
Prozesky, Esler, & Reyers, 2014). This implies that, in marginalized
regions, ES assessments should apply user friendly methods that
can be understood by all (Fischer et al., 2015; Ostrom, 2009). A
more friendly and inclusive ES assessment approachmight enhance
the quality and likelihood of durability of ES management in-
terventions (Bohensky & Maru, 2011; McLain et al., 2013; Ostrom,
2007, 2009).

Participatory Geographic Information Systems (PGIS) comprise
an array of methods based on place-based mapping by local com-
munities, seeking to democratize spatial information and tech-
nology (Brown & Fagerholm, 2014). PGIS have been proposed as an
important tool to strengthen the capacity of the end users to
engage and participate effectively in decision making by legiti-
mizing local peoples knowledge, by enabling ownership and by
preparing local stakeholders to judge and respond to changing
environmental conditions (Jankowski, 2009; McCall & Minang,
2005; Rambaldi, Kwaku Kyem, McCall, & Weiner, 2006; Sayer
et al., 2013; Talen, 2000). Refutably, compared to conventional
GIS, PGIS may lack cartographic precision (McCall, 2006), yet PGIS
can be a powerful method to produce social outcomes (i.e. social
learning and social capital) (Brown & Fagerholm, 2014) which “…

are arguably equally important objectives in the achievement of
sustainable future land use” (Brown & Kytt€a, 2014, p. 13).

In this article we use a PGIS tool centered on a community-based
process which integrates local knowledge on ES with data on
elevation of the land to produce physical 3D models known as
Participatory 3D Modelling (P3DM) (Rambaldi & Callosa-Tarr,
2001). We adopted P3DM as the means to engage with local
stakeholders in a collaborative, spatially-explicit research on
ecosystem services, with a view to contribute to informed and
participatory decision making in the Upper Suriname River area
where people, belonging to the Saamaka tribe, have lived for cen-
turies. By using P3DM we wanted to research the social engage-
ment and user-usefulness of the P3DM approach in collaborative
ecosystem service assessment in a remote forest landscape un-
dergoing land use pressures, in order to enhance ES outcomes for
marginalized local communities that show distrust and opposition
towards outsiders. We answered this question based on empirical
findings that specifically: 1) identified and mapped ecosystem
services that Saamaka people value most for their contribution to
local livelihoods, 2) ranked ES that are more important for their
income and subsistence, 3) explored local perceptions of change in
the supply and demand of those prioritized services, 4) assessed
the opinion of local and external stakeholders regarding the use-
fulness of the P3DM in the context of the study area and 5) gauged
the main concerns of local community regarding the flow of
important ES.

The socio-economic and cultural context of the Saamaka terri-
tory pose the need for a more user-friendly and socially engaging
approach (Cowling, 2014; Cowling et al., 2008). The Saamaka
people have a history of marginalization and disempowerment,
both during the colonial period as well as after the independence of
the country in 1975 and for this reason they have been wary to-
wards outsiders. Some of the major causes of community dis-
empowerment in the context of this study include:

� The building of the Brokopondo reservoir in 1960's to supply the
demands of the bauxite industry and the city capital: Over
300,000 ha of Saamaka territory was flooded causing the
transmigration of more than 4000 villagers which triggered the
loss of burial grounds, sacred places and agricultural fields
(Price, 2012a). Paradoxically, until today, 62 villages (approxi-
mately 17,000 people), including those that were transmigrated
lack access to electricity.

� Absence of de jure land rights: Although de facto rights exist
(Schlager & Ostrom, 1992), traditional land right are not legally
recognized by the national law and therefore Saamaka com-
munities lack both tenure security and secure access to liveli-
hood resources.

� Lack of consultation and participation: Logging activities that
have taken place in the Saamaka territory, damaging agriculture
fields and other important places, without proper consultations
nor implementation of free prior informed consent (Inter-
American Court of Human Rights, 2007; Price, 2012b).

We used the typology for the classification of ecosystem services
of Vall�es-Planells, Galiana, and Van Eetvelde (2014) because in our
study context it providedmore flexibility to include a broader range
of functions valued in economic, socio-cultural and ecological sense
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(Termorshuizen& Opdam, 2009) as well as the consideration of the
carrier function for basic every day human activities referred in de
Groot (2006). This is the consideration of spaces for daily activities
such residential space, communication paths, places to work as
provisioning services of the landscape. This study made part of the
diagnostic phase of the broader ongoing program Towards Pro-
ductive Management of Transformed Forest Landscapes of Tropenbos
International Suriname in the hinterland of Suriname.
2. Study area

The Upper Suriname River Basin (USRB) is located south from
the Brokopondo reservoir between the 56�W and 54�W longitude
and 4�N and 3�N latitude (Fig. 1), approximately 315 km south of
Paramaribo. There is a paved road to Atjoni, the landing place, from
where outboard motor boats are taken to reach to the villages up-
streams. The area is covered with 124,989 ha of primary forests and
a fringe of 75,906 ha of secondary forests along the Suriname River
created as the result of shifting cultivation. The average annual
rainfall is 2700 mm (Nurmohamed, Naipal, & Becker, 2008). The
region is inhabited by Afro-Surinamese people belonging to the
Fig. 1. Location of the study area. Jaw Jaw and Pikin Slee were the central villages in sub-re
activities took place.
Saamaka tribe. Their livelihoods have been traditionally based on
shifting cultivation, fishing, hunting and harvesting of timber and
non-timber forest products, mainly for subsistence. Since the
construction and paving of the Atjoni road in 2010, the people have
been increasingly involved in economic activities such as trade in
non-timber forests products, craft making, boat transport, and
ecotourism. The total population in the entire USRB is 17,954 people
according to the latest census (Algemeen Bureau voor de Statistiek
in Suriname, 2010). Inhabitants are distributed in 62 villages along
the Suriname River.

In our study, we focus on 24 villages located in the northern part
of the USRB. These were divided in two groups of 14 and 10 villages
which we labeled as sub-region 1 and sub-region 2 respectively
(Fig. 1). Such division was suggested by local traditional authorities
who explained that although they all belong to the same tribe and
have similar culture and land use traditions, yet there are some
differences between these two groups. For example, nine of the 14
villages in sub-region 1 are of transmigrated origin due to the
construction of the Brokopondo reservoir whereas in sub-region 2
there is only one transmigration village. Additionally, sub-region 1
is influenced by roads and commercial logging while sub-region 2
gion 1 and sub-region 2 of the Upper Suriname River Basin where most of the P3DM
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is still remote and no commercial logging activities have yet taken
place. Additionally, the local traditional authorities explained that
such division is the same as applied in projects with external or-
ganizations. Regarding population size, there are 3986 and 6134
inhabitants in sub-region 1 and 2 respectively. None of the 24
communities in the two sub-regions hold legally recognized land
titles.

2.1. The stakeholders in the study area

We identified in the Upper Suriname River area two stake-
holders' groups namely internal and external stakeholders. Local
stakeholders are those members of the Saamaka community living
inside the area and who can be directly affected by land use man-
agement decisions or actions. External stakeholders are defined as
those who can influence decisions that affect those internal
stakeholders. Within the context of this study, the most relevant
external stakeholders are the Ministry of Regional Development
and the Forest Service who are in charge of forest management.
Similarly, the Ministry of Public Works in charge of infrastructure
investments as well as extractive industries such as the State Oil
Company of Suriname and the mining industry. Other include the
University of Suriname, civil society organizations and NGO's in
Suriname whose work is to observe and produce information for
sound decision making.

3. Methods

This study integrates an array of participatory methods
commonly used to gather reliable landscape information that is
Table 1
Summary of the methods implemented to gather landscape and ES information during t

Activity Aim No. of
activities

W

Inception meeting - Obtain consent for the project
- Decide about the extent of the study area

2 Bo
Sa

Community meeting - Obtain informed consent 4 Lo
vil
loc
m

Participatory GIS - Building blank relief model 2 Ch
yo
Sa

- Actual mapping activities 2 Eld
va
vil

Focus groups
discussions

- Elucidate map legend items 6 Eld
va
vil

- Cross-check and validate information 6 Eld
va
vil

- Gather perception of change in supply and
demand of ecosystem services

- Prioritize ecosystem services
- Gather information about land use, natural
resource management

6 Eld
va
vil

Interviews - Explore the views of external stakeholders
regarding the utility of the P3DM approach in
the socio-economic context of the USRB

32 M
De
Di
Fo
NG
Un
Pr
relevant to marginalized communities living in remote tropical
regions (Chambers, 2007; Lynam, De Jong, Sheil, Kusumanto, &
Evans, 2007; Villamor, Palomo, Santiago, Oteros-Rozas, & Hill,
2014). Data were collected from multiple sources such as partici-
patory mapping, focus groups discussions (FGDs), workshops,
semi-structured interviews, in situ conversations, participant ob-
servations, notes from the field and sound recordings. The sum-
mary of the methods used and the aim are summarized in Table 1.
Participants from the study area were selected on a volunteer basis
(Goodchild& Li, 2012). Both men and womenwere informed about
the activities and were free to participate.

Before the implementation of project activities, an informed
consent procedurewas followed (Schreckenberg et al., 2014). First a
general consultation meeting was organized to inform local com-
munities about the project aims and to ask for their oral consent.
Subsequently, before every workshop or interview, written
informed consent was asked from each participant. A separate
consultation meeting was held with traditional local authorities to
define and agree on the extent of the study area. Creating trust and
interest in collaboration on behalf of potential participants was
crucial for the engagement process because of the many doubts
about data usability, benefit sharing and tangible outputs among
these communities.

3.1. Identification of important landscape features

We implemented a total of six workshops (three in each sub-
region) to gather the list of landscape features. In order to get
meaningful interaction and greater in depth discussions, partici-
pants were divided into focus groups of four to five people, men
he P3DM process.

ho was involved? No. of
participants

Methods Date

Female Men

ard of traditional
amaka authorities

3 6 Community consultation meeting
(Schreckenberg et al., 2014)

April
2014/
June
2015

cal authorities,
lage committees,
al community
embers

39 90 Community consultation meeting
(Schreckenberg et al., 2014)

May
2014/
July 2015

ildren and
ungsters from
amaka villages

32 18 Participatory 3D Modelling (P3DM)
(Rambaldi & Callosa-Tarr, 2001)

July
2014/
August
2015erly and adults from

rious Saamaka
lages

21 84

erly and adults from
rious Saamaka
lages

30 80 Free listing (Schreckenberg et al.,
2014)

July
2014/
July 2015

erly and adults from
rious Saamaka
lages

22 78 Free interaction organized in
groups (Schreckenberg et al., 2014)

July
2014/
October
2015

erly and adults from
rious Saamaka
lages

8 52 A mixture of Multidisciplinary
Landscape Assessment (MLA)
methods (Liswanti & Basuki, 2009)

July 2014
eDec
2015

inistry of Regional
velopment,
strict commissioner,
rest service,
O's,
iversity,
ivate sector

e e Self-administered questionnaires February
2016



Fig. 2. Map legend in Saamaka and Dutch language used by communities of sub-
region 1 during P3DM activities.
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and women separately. There were a number of elders in each
group usually assisted by a younger person who helped writing.
Metacards andmarkers were distributed per group. At the start, we
asked to the whole group: “What are the most essential features in
the area that serve the needs of the Saamaka people? Please write an
item per card and include a short description”. When the groups were
ready, written metacards were placed on a board, presented and
discussed with all the participants to ensure that the list of features
was agreed by all. Repeated items were left apart and descriptions
of commonly identified items were enriched. The same procedure
was completed in each workshop carried out in sub-region 1 and 2.

3.2. The map legend

We grouped the list of landscape features identified into legend
items. Symbols were chosen to represent points, lines or polygons.
Fig. 3. Group of community participants from sub-region 1 (left) and sub-re
The final legend was presented to all participants and approved
prior to the map-making activities in each sub-region. The agreed
list of landscape features to be mapped was visualized on a board
and used as a guide during the P3DM activity (Fig. 2).
3.3. Participatory 3D mapping of landscape features

Two mapping activities took place in each sub-region using
P3DM methods as derived from Rambaldi and Callosa-Tarr (2001).
The base map for the P3DM was created from a Digital Elevation
Model (DEM) of 30 m spatial resolution obtained from the Shuttle
Radar Topographic Mission (USGS, 2014) from which we conve-
niently generated 20 m contour line with the desired size and
spatial scale of themodel. A spatial scale of 1:15,000was selected to
ensure the coverage of the entire area as selected by the local
traditional authorities during the inception stages. This resulted in
two P3DMs constructed in foam board of 4 mm thick. They
measured 4.8 m � 2 m for sub-region 1 and 6 m � 1.6 m for sub-
region 2. We split the models in 4 and 5 units of 1.2 m � 2 m and
1.22 m � 1.60 m each respectively for sub-region 1 and sub-region
2.

The P3DM activity started with the constructions of a blank
model by children and youngsters and continued with local
knowledge holders (i.e. elders and adults) who mapped the legend
items using a color-coded system consisting of push pins to
represent point features (Fig. 3). Water-based color paint was used
to represent land cover types and to draw line features (roads, trails
and creeks). Once the P3DM was completed, a sequence of high-
resolution digital photographs was taken from the model
following the guidelines specified in Rambaldi (2010) taking care of
minimizing radial and relief displacement. These photographswere
entered as TIFF raster images in a GIS systemwhere these were first
geo-referenced and then digitized using ArcMap®. The images were
geo-referenced to the UTM projected coordinate system, Zone 21N
with an average of 32 ground control points per map piece.
3.4. Validation of the information by P3DM participants

We carried out six additional workshops (three in each sub-
region) to cross-check and validate, together with the partici-
pants, the information contained in the P3DM. During these
workshops, we presented the digitized maps with the landscape
features mapped and asked the participants to check for missing or
wrong information, misplaced features and misspelled words. This
was an important step to reinforce the ownership of the P3DM
gion 2 (right) mapping landscape features on the 3D map in progress.
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outputs by local communities and to engage them in the following
up stages of the ecosystem services assessment described below.

3.5. Typology of ecosystem services

We classified the identified landscape features into ES according
to the typology of the Common International Classification of
Ecosystem Services (CICES) (Haines-Young & Potschin, 2011;
Vall�es-Planells et al., 2014). The original typology contains three
broader ES categories: 1) provisioning, 2) regulation and mainte-
nance and 3) cultural and social. These categories are divided into
13 ES classes: nutrition, material, energy, daily activities, regulation
of waste, flow regulation, regulation of physical environment,
regulation of biotic environment, regulation of spatial structure,
health, enjoyment, self-fulfillment and social fulfillment. For this
study, we included 11 classes (Table 2) as these were considered
relevant by the participants.

3.6. Prioritization of ecosystem services

The participants discussed the list of classified ES during six
FGDs (three in each sub-region). Once they agreed with the clas-
sification, we asked them to start with the prioritization by means
of the Pebble-Distribution method (Colfer et al., 1999). Using a
panel of illustrations for each ES, the participants were prompted to
distribute 100 pebbles among the illustrations based on their
perception of importance for their ways of life. Themore pebbles an
ES illustration would get, the more important it was perceived to
be. Participants explained the reasoning behind the final scores and
the different opinions were discussed by the entire participants
group and the relative scores were averaged from all groups of
participants in each of the sub-regions.

3.7. Perception of change in the supply of important ecosystem
services

We also asked the participants to discuss their perceptions of
change in the supply of those prioritized ES over the last three
decades or more depending on the timeline that participants
remembered. Opinions were rated from 0 to 10 where 10 repre-
sented a period of abundance while lower rates represented
different degrees of scarcity. During the exercise, informants
Table 2
Typology of ecosystem services adjusted to match the ES identified during this study.

Theme Ecosystem service class Description

Provisioning (P) Nutrition Plant and ani
potable drink

Material Biotic and ab
Energy Renewable fu
Daily activities Residential sp

people to com
Regulation and maintenance (R) Flow regulation Water flow re

Regulation of the biotic environment Ecosystem m
Regulation of the spatial structure Refers to the

present and f
Cultural and social (C&S) Health Contribution

Enjoyment Opportunities
opportunities

Self-fulfillment Includes: 1) l
learning oppo
religious prac
of inspiration

Social fulfillment Includes: 1) P
for social inte
cultural ident
discussed which were the factors underlying change and the im-
plications for their traditional livelihoods and wellbeing.

3.8. Change in the demand of ecosystem service use

Similarly, the use of certain ES has changed over time according
to different factors. To assess these changes, respondents indicated
during FGDs, the current use of those prioritized ES as compared to
the past (to refer to the past we ask them to think back to the time
when their grown up children were small) using a scale of five
categories: not used anymore, rarely used, occasionally used,
regularly used and used often.

3.9. Assessment of the usefulness of the approach in the context of
the USRB

We collected the views of both external and local stakeholders
regarding the usefulness of the P3DM approach to an ES assess-
ment among the Saamaka communities. To appraise the opinion of
external stakeholders, we conducted 32 interviews among civil
society organizations, governmental institutions, community-
based organizations, extractive industries and NGOs by asking the
following questions: 1) Comparing P3DM with other methods
implemented, what is, in your opinion, the main value of the P3DM
process and outcomes in Suriname? 2) Could you please select a
maximum of three situations in which the P3DM is useful in the
context of the Upper Suriname River Basin? By contrast, the views
of local stakeholders were appraised through anecdotal evidence,
in situ conversations, field notes and sound recordings.

4. Results

4.1. Identification of landscape units

The P3DM mapping process resulted in two local communities-
vetted maps for each sub-region (Fig. 4). The total landscape area is
176,860 ha and 198,910 ha for sub-region 1 and 2 respectively. The
maps contain 11 landscape units which are described in Table 3.
These units were identified by the community participants
reflecting both their landscape knowledge and their use of the area.
For example, Pu (swamp) might exist in more locations across the
study area but only those that are actually known or are in use have
mal food sources found in terrestrial, freshwater and marine ecosystems. Includes
ing water.
iotic materials.
el sources.
ace, spacewhere people develop a job and spatial communication paths that allow
mute, travel or just access other services.
gulation.
aintenance and habitat protection
ways that landscape configurations ensure the provision of other services for
uture generations. For example connectivity between habitats and ecosystems.
to the enhancement of mental and physical health.
for aesthetic appreciation and recreation. Commensurate with tourism
.
andscape referents that enhance spatial orientation. 2) Provision of sites that have
rtunities. 3) Spiritual experience through the provision of sacred places for
tices or sites connected to legends or myths. 4) Landscape elements that are source
for culture.
laces in the landscape, different from home and work that provide opportunities
ractions. 2) Places in the landscape that contribute to shaping of community's
ity. 3) Provision of stable referent points through the life course.



Fig. 4. Map georeferenced and digitized from the P3DM in both sub-regions depicting landscape units and mapped ES.

Table 3
Landscape units digitized from the P3DM both in sub-region 1 (S1) and sub-region 2
(S2).

Local name English
name

Brief description (based on local
narratives)

%

S1 S2

Paw Matu Primary
forest

Forest with big trees where there has not
been shifting cultivation.

45 73
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been mapped. In terms of extent, the largest area is occupied by
primary forest in both sub-regions covering 45% in sub-region 1
and 73% in sub-region 2. One contrasting difference among sub-
regions is the extent of the field in fallow (kape€e) where local
communities harvest palm oils. The extent of this landscape unit
per inhabitant is estimated at 0.07 and 6.6 ha for sub-region 1 and 2
respectively.
Kap€ee matu Secondary
forest

Forest that was cleared for shifting
cultivation
in the past and that has regenerated into
forest.

20 18

Kap€ee Fallow field Abandoned shifting cultivation sites
were
palm fruits are continuously harvested.

0,2 3

M€asi€a m€asi€a Grassland Area around the lake where only grassy
vegetation grows.

1 0,3

Via via Home
garden

Area around houseswith some perennial
crops and fruit trees.

2 1

Pu Swamp A place in the forest that collects rainfall
water that flows to creeks.

0,1 0,2
4.2. Identification of landscape features and classification into
ecosystem services

The landscape features reported by the communities varied
slightly among sub-regions. A total of 36 landscape features were
identified during the P3DM process and further classified into ES.
Most differences among sub-regions are related to cultural services
under the category of self and social fulfillment (Table 4).
Savanna Savanna A natural place in the forest with no big
trees.

0 0,2

Sandu bangi Sand bank Places in the river where sand is
accumulated.

0,1 0,1

Meer Brokopondo
reservoir

Artificial lake for hydropower
generation

29 2

Lio River River and river arms 1 0,4
Gowtu baakoe Gold mining

areas
Areas where gold mining activities take
place

2 2
4.3. Prioritization of ecosystem services

The order of importance of ES varied according to the back-
ground and interest of the community participants in each sub-
region. For example, in sub-region 1, the highest importance was
adhered to few ES such as timber, crops, medicinal products and
wild meat which have income generation value according to the
views of participants during focus groups discussions. In sub-region
2, participants assigned relatively high values to feeling of attach-
ment, medicinal products, crops and timber. Table 4 summarizes
the relative weights assigned by participants in each sub-region.
Noticeable, ES such as drinking water, forest, biodiversity areas,
religious areas, cemeteries, churches, football fields and important
places received, deliberately, no weight given the intrinsic value
that these features have according the perception of local com-
munity participants expressed during the workshops.
4.4. Change in the supply and demand of important ecosystem
services

Local views related to a change in the demand of ES show dif-
ferences among sub-regions. For example the demand for agricul-
ture and fish has decreased in sub-region 1 while in sub-region 2
these are still highly demanded. Anecdotic evidence suggest that
the decrease in the demand of the ES is related to degradation of
the source, out migration, loss of traditional ecological knowledge



Table 4
List of landscape features per sub-region and classification into ecosystem services (ES). S1: sub-region 1, S2: sub-region 2 P: Provisioning, C: Cultural. Intrinsic irreplaceable value, intrinsic traditional value,C intrinsic daily
life value, intrinsic leisure value.

No. Landscape features Local name Description (based on local narratives) Relative
importance
(No. of pebbles).

S1 S2

P Nutrition
1 Crops Njang njang go€on Crops under shifting cultivation both in primary and secondary forest 10 9
2 Wild meat Matu gwamba Animals hunted in the forest for food and for income generation 9 6
3 Palm oils Fatu (u boï sondi) Oils extracted from palm fruits and used for cooking and other uses such as ceremonies/rituals 6 7
4 Fish Fisi Fish found in rivers, creeks and swamps and used for subsistence and income generation 6 6
5 Wild fruits Matu fuuta Fruits found in the forests 5 5
6 Spices Uwii/son di boï Herbs and spices used for cooking 3 4
7 Drinking water Wata u bebe Drinking water sources from creeks and rivers

P Material
8 Timber Paw u w€ooko For construction of houses, boats and kitchen utensil, crafts and for income generation purposes 25 9
9 Thatching materials Tasi Woven palm leaves used for roofing 3 5
10 Binding materials Tatai mbei wosu Liana used as a binding material in the construction of houses 2 n/a
11 Fibers Uwiï u mbei sondi Gourds, reeds, wild cotton and palm leaves used for making clothes, rope, hand crafts, kitchen utensils

and elements for rituals
5 8

12 Quarry Tjatja/Sandu Sand and gravel for the construction of houses and for income generation purposes 5 5
13 Soil Doti Type of soil used in construction of houses 2 5
14 Resins Paw kandea Type of resins from certain tree used to light fires 1 n/a
P Energy
15 Firewood Faja udu Firewood for cooking 4 7
P Daily activities
16 Place to live: Village Konde Village C C

17 Place to move: Trails Pasi Includes walking trails between villages, hunting trails and trail to the river C C

18 Place to move: Roads Wagi pasi Roads where cars can drive C C

19 Place to move: tractor ways Koni pasi Trails were a tractor can go C C

20 Place to move: Rivers Lio Main transport hub in the area C C

R Water flow regulation
21 Swamps Pu Areas in the primary forest were water accumulates

R Regulation of the biotic environment
22 Biodiversity reservoirs Mbeti liba Areas in the primary forest that are important for wildlife and for the protection of other resources

R Regulation of the spatial structure
23 Primary forest Paw matu Large tracts of connected primary forests providing connectivity and a reservoir of resources for future

generations
C&S Health
24 Forest medicines Desi uwii Medicinal products obtained deep in the primary forests 10 9
C&S Enjoyment
25 Recreation Gaan dang and kule wata Rapids were children can play 2 0
26 Tourists opportunities Toerist kampu Lodges were tourists stay, usually situated in areas that are attractive for tourism 2 0
C&S Self-fulfillment
27 Religious areas. Faka pau Area for ritual performance inside the village n/a

28 Religious areas. Wasi moii or tjangaa Area for ritual performance in the forest

C&S Social fulfillment
29 Washing area Lampesi Special place in the river bank or creek, or large stones in the river where women gather to wash dishes,

to bathe and to fish
C C

30 Football field Bali go€on Place in the village where men gather to play football while other people gather around the field for
amusement.

31 Church Keeki Place in the village to worship according to a Christian religion

32 Cemetery Geebi Burial area around the village for community members

33 Sacred place Taku kamian Place that preserves ancestral memory n/a

34 Place identity Fanoudu kamian Special places in the forests that are essential to preserve Saamaka culture and traditions n/a 5
35 Feeling of attachment. Go€on doti Literally translate as “earth” but it describes a feeling of belonging to the land n/a 10
36 Important place Neng u Kamian River islands, river stones, camps, rapids, and other places that are important for various reasons
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Table 5
Main underlying drivers of change in the supply and demand of prioritized ES obtained through local narratives during focus groups workshops. The differences between sub-
regions are indicated with S1 (sub-region 1) and S2 (sub-region 2).

Ecosystem
service

Trend Underlying drivers of change

Demand Supply Demand Supply

S1 S2 S1 S2

Crops þ þþ ; ; S1: lack of interest and out migration of young
and capable people leaving aged persons who
are less and less able to open up new crop areas

Decreasing soil fertility due to shorter fallow
periods

Wild meat þ þ ;; ;; Smaller mammals and birds that are found
easier are commonly the source of protein.
Larger animals are hunted with greater effort
for ceremonies and occasionally for income

Large mammals have declined due to high
hunting pressure, also, noise from tractors,
chain saws and other disturbances by human
presence

Palm oils þ þ :: :: S1: Used more and more for ceremonies and
rituals only
S2: Used on a daily base for cosmetic purposes
and for income generation but wide use for
cooking is decreasing, people buy in the store
due to amount of work

No change, it is still abundant throughout fields
in fallow

Fish þ þþ ;; ;; On a subsistence basis people are depending
more on smaller fish with less nutritional value.
Obtaining larger fish currently demands larger
distances, more costs, time and effort

Decline of fish with high economic and
nutritional value due to unsustainable fishing
practices

Timber þþ þþ ;; ; No change. It is still widely demanded S1: Stocks reduced due to high pressure from
commercial logging
S2: Increased pressure for the construction of
boats and houses

Forest
medicines

þ þ ; ▬ Loss of traditional knowledge about medicinal
plants. People are also
relying more on western medicines

No change, it is still abundant throughout
primary forests

:: Abundant.
;; Severe decline.
; Moderate decline.
▬ No change.
þþ High demand.
þModerate to low demand.
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and changes in life styles, i.e. people are buying more at the local
store. Furthermore, local perceptions indicate that there is a severe
decline in the supply of fish, wild meat and commercial timber
species in sub-region 1 and of wild meat and fish in sub-region 2.
Crops and fibers are perceived to have declined moderately in both
sub-regions. Forest medicines have declined in sub-region 1 while
these have remained unchanged in sub-region 2. Main reasons for
these changes relate to over-exploitation of the ES. Table 5 presents
a summary of the underlying reasons explaining change.
Table 6
Usefulness of the P3DM in the context of the USRB according to external stake-
holders. Percentage of respondents is relative to N ¼ 32.

%

What is the added value to of the P3DM when compared to previous
methods implemented?

The co-production of knowledge with cartographic accuracy 27
The ownership of the information and the process by the local

communities
25

In the P3DM the information is more complete and more accurate than
in the previous ones

19

The 3rd dimension, as it allows a bird-eye view which in turns enables
discussions and participation

19

The engagement of the local people in a relative short time 10
In which of the situations described below, would the P3DM be more useful

among the Saamaka people?
To manage land use conflicts bounds to the Saamaka territory,

particularly regarding logging, infrastructure and mining
31

For supporting land rights claims of the Saamaka people 21
For an active and transparent participation of the Saamaka people in

REDD þ related projects
20

For documenting and safeguarding the knowledge of the Saamaka
people

18

For the implementation of Free Prior Informed Consent in the area when
planning interventions

10
4.5. Usefulness of the approach in the context of the USRB

4.5.1. According to external stakeholders
The opinions of external stakeholders regarding the utility of the

P3DM in the context of the Saamaka territory are reflected in
Table 6. Most opinions coincide that compared to previousmethods
used, the added value of the P3DM is related to the ownership of
the process and the resulting information by the local communities
as well as the opportunity to produce maps with cartographic ac-
curacy in collaboration with community participants. Concerning
the usefulness of the P3DM process among distrustful commu-
nities, stakeholders indicated multiple opportunities for applica-
tion where the approach might best fit. For example, stakeholders
indicated that it would be applicable for the management of land
use conflicts constrained to the Saamaka territory, for supporting
land tenure claims and for enabling a legitimate participation of
Saamaka communities in REDD þ related projects. However,
diverging opinions suggested the need to increase accessibility of
physical 3D models for a larger diversity of users of the area as well
as access to digital GIS data so that it can be used widely in land use
planning. Communication mechanisms in support of the
accessibility and usability of the P3DM data also need to be
established and maintained.
4.5.2. According to local communities
We grouped local narratives regarding the utility of the P3DM

according to the following three aspects: a tool for advocacy, a tool
for learning spatial planning and a tool to transfer traditional



Fig. 5. Saamaka woman (right) handing the map generated during the P3DM process
to the district commisionaire (left).
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ecological and cultural knowledge.

- An advocacy tool

The community participants, including local authorities and
local leaders expressed that the P3DM process and the maps
generated from it have become an important mean to support
multi-stakeholders dialogues on issues that affect the Saamaka
people:

“Is this map going to be recognized by the government? In that way
the areas that are important to us can ultimately be protected from
activities wherein we have no voice …”

Trying to address this, members of the Saamaka communities
pursued, during a public event organized with external stake-
holders (Fig. 5), the formal recognition of the outputs of the P3DM
process on behalf of the Surinamese government thereby
respecting the ecosystem services important for livelihoods of the
Saamaka communities in land use decision making.1

- A tool for learning spatial planning

A key point of the P3DM in terms of the utility for the local
communities is the learning opportunity in spatial planning issues.
The participants indicated that the map is useful for them to un-
derstand better the impacts of road infrastructure:

“When they were going to extend the road to Pusugrunu there was
a consultation meeting with us and we all said yes because since
we did not have a good map we did not know exactly what and
where would be the consequences of that road. But now we have
this map and nowwe can takemore informed decisions because we
can see and show directly the consequence that the road will have
on our land”.

Furthermore, local authorities mentioned that the map could be
1 More details of this event can be found in the blog: Being on a map means to
exist: the Saramaccan experience http://www.cta.int/en/article/2016-03-08/
saramacca-communities-in-suriname-seek-governmentrs-recognition-of-their-
traditional-knowledge.html.
used for land zoning negotiation among clans and a support plat-
form in dialogues with outsiders regarding local forest manage-
ment structures:

“The map will be useful for local planning in order to reduce con-
flicts because in our way of thinking forests lands belong to ‘lo's
(clans) not to villages. So if a community forest is awarded to a
villages where the captain (village chief) is from one ‘lo’ auto-
matically you can have conflicts with other lo's. So this map will be
an important visualization and communication tool among us”.

- A tool for transfer of traditional ecological and cultural
knowledge

A concern among the Saamaka people is that top-down de-
cisions are taken often to the detriment of the communities
because of a lack of awareness and knowledge of the things that are
important to them. This concerns a lack of knowledge not only by
outsiders, but especially by young community members, which is
partly due to the fact that Saamakans do not have a written but an
oral tradition. A Saamaka chief addressed this issue during a
workshop session:

“This is the time to do something on our own, change our minds
and do things ourselves. Let us not allow that something like the
Brokopondo dam happens to us again, we lost a lot then because
our ancestors did not leave anything written about important
places. We need to be better prepared when change arrives and the
way to be prepared is to have information of the areas that are
important to us, so let us use this map as legacy to the future
generations so they can know and understand things better”.

5. Discussion

In applying the P3DM approach for the participatory assessment
of ecosystem services to inform a more inclusive and sound land
use planning policy in data scarce and marginalized regions of
Suriname, we found evidence of the utility of the approach to
engage with local communities that spur distrust and opposition
towards outsiders. Because of the reservations by local community
members in our study area, the beginning of the ecosystem service
assessment was time consuming, requiring several meetings with
traditional authorities and local leaders. Their concerns helped
improving the methodological approach to be used. We felt it
needed to render tangible outputs and outcomes that would in-
fluence land use decision making. Specifically, outcomes that
would help communities to protect their territory from impacting
land use activities (i.e. logging, infrastructure developments) and
outcomes that would explicitly support them in their land tenure
claims. The critical question posed by traditional Saamaka leaders
and which made us decide for the P3DM approach was: “how is this
project different from those implemented in the past and what is the
added value of the newmap compared to existing maps?” This kind of
question has been posed by othermarginalized communities across
the tropics who see the uncertainty of the solutions proposed by
more exclusionary approaches (Folke, Hahn, Olsson, & Norberg,
2005). Therefore, in the following sessions we provide an answer
by discussing the various indicators of the utility and added value of
the P3DM approach in ecosystem service research among wary
communities.

5.1. A socially engaging tool

The participation scheme, the time invested in the process, the

http://www.cta.int/en/article/2016-03-08/saramacca-communities-in-suriname-seek-governmentrs-recognition-of-their-traditional-knowledge.html
http://www.cta.int/en/article/2016-03-08/saramacca-communities-in-suriname-seek-governmentrs-recognition-of-their-traditional-knowledge.html
http://www.cta.int/en/article/2016-03-08/saramacca-communities-in-suriname-seek-governmentrs-recognition-of-their-traditional-knowledge.html
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third dimension and the size of the model suggest that P3DM is
explicitly designed to be socially engaging, thereby enhancing
participatory production and exchange of ecosystem service
knowledge which are pre-requisite for effective integration of
ecosystem services into decision making as also suggested in
Reyers et al. (2015).

5.1.1. The scheme of participation
In the P3DM process (legend making and actual mapping), the

scheme of participation had a positive effect on discussion time,
validation of the information and ownership. Discussions usually
lasted 1.5 days, ensuing sufficient time for free and open de-
liberations about ecosystem services, values, preferences and
drivers of change. Time for meaningful discussions may increase
social equity and legitimacy of the outcomes of ecosystem service
assessments (Wilson & Howarth, 2002). By contrast, other partic-
ipatory mapping activities, like those undertaken in other places of
Suriname and Colombia (Ramirez-Gomez et al., 2015, Ramirez-
Gomez, Brown, Verweij, & Boot, 2016), took usually three hours,
limiting the amount of information that could be obtained.
Furthermore, the scheme of participation permitted an overlap of
half a day between outgoing and incoming groups which provided
time for joint discussions and validation of the information. This
represented an efficient way to achieve a robust triangulation of the
data. It also added legitimacy to the P3DM by making sure the
production of the information and technology was respectful of the
diverging values and beliefs of all local community participants as
outlined also by Cash et al. (2003). However, there were challenges
and drawbacks with respect to the participation of the Saamaka
women. In practice, it turned out that a P3DM process, as well as
other PGIS tools (McCall & Minang, 2005) is influenced by existing
power and gender structures within tribal and indigenous groups,
limiting the equal representation of values of all community
participants.

5.1.2. The third dimension
The bird's-eye view of the area and the relief effect enabled a

holistic visualization of the entire area which had an effect of
stimulating an interactive participation of men and women, chil-
dren young, adults and elders, who quickly understood the map
regardless their literacy level. They spontaneously reflected on
conflicting landscape interests and their effects on sources of
important ecosystem services without the assistance of the team of
researchers. The 3D view also incited discussions on multiple per-
spectives concerning aspirations, worries and trade-offs of devel-
opment and its effects onwell-being. By contrast, as pointed out by
Fagerholm, K€ayhk€o, Ndumbaro, and Khamis (2012), a particular
challenge for PGIS methods is the accurate representation of the
spatial dimension of the mapped landscape attributes in relation to
the often abstract nature of the background maps. This in turn in-
creases the time and demandsmore skills from the participants and
local facilitators to understand the images. Interestingly, using
aerial photograph as background map have proven to be successful
in other PGIS studies as landscape features can be easily recognized
by the PGIS participants (Fagerholm et al., 2012). However, the fact
that participants manufacture the 3D models themselves consti-
tutes a boundary activity that enhances the collective learning
process, information retrieval, harnesses critical thinking and
subsequently leads to a more interactive knowledge co-production.
These findings are in linewith outcomes in other studies by Castella
(2009) and Bourgoin, Castella, Pullar, Lestrelin, and Bouahom
(2012).

5.1.3. The size of the models
The large size of models could accommodate a larger amount of
participants as usually there should not be more participants than
those that can fit around the map or model (Rambaldi & Callosa-
Tarr, 2001). Likewise, a large model size resulted in a better inclu-
sion of many important places across a larger territorial extent.
Participants indicated that usually maps of the Saamaka territory
are restricted to a fringe along the river, excluding many areas of
use. By contrast, they mentioned that the extent of the P3DM map
represented the area claimed as Saamaka territory.

Despite the evidence of P3DM as a socially-engaging process,
our approach was limited in the involvement of policy makers and
other external stakeholders. Our P3DM approach was primarily
oriented towards the empowerment of Saamaka communities to
participate in land use decision making. However, as debated by
various scholars (Fischer et al., 2015; Guerry et al., 2015; Knight,
Cowling, & Campbell, 2006; Reyers et al., 2015) ecosystem service
assessments need to be grounded in a collaborative learning pro-
cess among all stakeholders involved if the purpose is to have a
practical impact and effectively mainstream ecosystem services
into land use decision making.

5.2. A user-useful process

In terms of user-usefulness we can distinguish between direct
tangible and mid-to long-term outcomes of the P3DM among
Saamaka people in Suriname. The physical 3D models, the digitized
map and the information produced during the landscape assess-
ment are among the tangible direct benefits that we highlight.

5.2.1. The physical 3D models
The physical P3DM stayed in the communities which was

fundamental to increase participants' trust in the project. Usually
PGIS outputs need to be taken away from the community and go
along with the researcher or project team for further geo-
processing, increasing the expectations of the participants
regarding what happens with the information afterwards. In
contrast, the physical P3DM model remains in the community and
P3DM practitioners take only digital pictures of the model for
further analysis. Immediately after the P3DM is created, it becomes
an educational tool for the community, especially for children and
youngsters. This means that having the model for direct use re-
quires that a space in the village is arranged. This has been chal-
lenging in our project due to the large size of the models that were
built, hence the P3DMs built have not been yet properly displayed.
Nonetheless, community leaders and institutional partners are
pursuing conversations with the district commissioner to make a
space available within the USRB area for the physical P3DM so that
it becomes accessible for all. We suggest thus that future research
projects using the P3DM approach, include in their planning, the
allocation of a space where the P3DM can be displayed and
permanently available.

5.2.2. The digitized map
The vetted maps derived from the P3DM process were printed

in different formats and distributed among all local traditional
authorities, schools and general community members in order to
be used for education and communication purposes. Evidence from
the field showed that some community members were using the
printed version of the P3DM map to communicate with the Forest
Service regarding the occurrence of conflicting logging activities
inside the territory of a particular village. Thus, the P3DM vetted
maps, as well as other visualization means, are necessary in
ecosystem service assessments for spatially explicit decision mak-
ing andmonitoring of the consequences of decisions as also pointed
by Hauck et al. (2013). This means that the digital version of the
maps needs to be also available for policy makers so that they can
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have visual means for understanding how andwhere the landscape
can or cannot be changed in order to enhance the provision of
ecosystem services as noted, in a similar fashion by de Groot et al.
(2010). In the context of our project, the printed maps were
formally presented and distributed to policy makers by local
community members as outlined in session 4.5.2; however, policy
makers indicated the need to create access to the digital GIS data so
that it can be used widely in land use planning. Unfortunately, wide
access to the information by local communities and policy makers
is still obstructed not only by the lack of capacity to handle GIS data
but also due to local bureaucracy regarding who should control
access and use of the information.

5.2.3. Assessment of ecosystem services
The P3DM process proved to be a valuable approach to enable

the collective and efficient generation of comprehensive spatial
information that describes and prioritizes the characteristics of the
landscape and its services for 24 villages in a relative short time and
with the involvement of a wide range of participants. Among the
added value of the approach for the characterization of ES is that it
provided a more robust insight into the identification of cultural
and regulating services as compared with empirical studies in the
Amazon region using 2D mapping (Ramirez-Gomez et al., 2015,
2016). In those studies, the concept of ES resulted confusing for
the participants which limited the amount of information that
could be gathered and depicted on the map beyond tangible pro-
visioning services. By contrast, in this study, once the participants
were in front of the 3D representation of the whole landscape, it
was natural for them to start making associations between land-
scape units and the services these provided. For example, certain
primary forest areas were indicated on the map as important as
reservoirs of biodiversity or “mbeti liba”. Swampy areas were also
indicated as important for regulating the water that flows to creeks.
Similarly, a comprehensive list of cultural services provided by
primary forest was retrieved by participants during the mapping
activities. The participants decided, however, not to include many
of these services in the final map to avoid exposure and risk of
profanation.

Thus, we argue that the P3DM output reflects the knowledge
system of the Saamaka communities and the close representation
of the terrain offers opportunities to reconcile the knowledge sys-
tems of the public, policy and science as found by van Noordwijk,
Lusiana, Leimona, Dewi, and Wulandari (2013) in landscape
studies elsewhere. Finding a common frame of reference and
mental models among diverging views of the territory is a key
aspect in decision making processes, as was also identified by Sitas
et al. (2014). Furthermore, the information generated also reflects
the degree of dependency of the Saamaka people on the services
provided by the landscape and the value and preferences con-
cerning ecosystem services. In the absence of legally recognized
land rights for tribal and indigenous peoples in Suriname, this in-
formation can be used to inform policy makers in Suriname in ef-
forts to integrate the protection of livelihoods, culture and
traditions into land use plans for the area.

5.2.4. Assessment of community basic needs
The P3DM also generated information for every village

regarding the presence of drinking water wells, health posts,
schools, electricity generators and the size of the population
(indicated with push pins of different sizes). This information is
absent from official census data (Algemeen Bureau voor de
Statistiek in Suriname, 2010) and country reports. Thus, the
P3DM becomes a repository of spatially explicit data of community
basic needs which can be used in village development plans.

The user-usefulness of the ecosystem service information
generated through the P3DM process is fostered when other rele-
vant (external) stakeholders recognize and accept the significance
and applicability of the information for spatial planning purposes.
In this sense, the presentation event during which the local com-
munities sought government recognition of the maps (Fig. 5)
constituted a step towards publicly voicing the concerns of the
Saamaka people and, furthermore, towards the acceptance of the
map and information by policy makers. Policy makers agreed that
the map and the P3DM process present opportunities for managing
conflicts related to logging concessions. Arguably, lessons from this
work hold significance for the broader application of the P3DM
approach for the purpose of free prior informed consent (FPIC)
within the USRB with respect to the effect of logging, mining,
infrastructure and hydropower generation projects on the liveli-
hoods and culture of the Saamaka communities as have been also
advocated by Price (2012b). However, for this to be realized, it is
important that in the future, similar projects include a stage in
which information is made available to policy makers, through for
example, a decision making support platform provided an ethical
code for the use of the information is in place.

5.3. Is a P3DM enough to improve ES outcomes for marginalized
communities?

The usefulness of the map as referred to by the community
members and policy makers presents windows of opportunities.
The P3DM has potential to function as a boundary object that can
be used to bridge negotiation and fair distribution of ES benefits
through improved communication and visualization between
development planners and the local communities in the USRB.
However, at this stage we cannot yet judge the full user-usefulness
of the approach in the study area, as clear applications are still
lacking. Several issues need to be addressed, such as the ownership
of the end products of the P3DM, capacity building of local com-
munities to use the P3DM results in negotiation and decision
making processes, and agreement on ethical principles regarding
the use of the information by external stakeholders in Suriname. To
further ensure the ownership of the P3DM outputs and outcomes
by Saamaka communities, it is important that the GIS data gener-
ated during the P3DMprocess are hold by local communities or by a
neutral organization so that community members have permanent
access to and control over sensitive information (e.g. spatial loca-
tions of certain sacred places which were retrieved in the process)
(see also McCall& Dunn, 2012). Additionally, to increase ownership
and to guarantee the long-term usefulness of the P3DM outcomes,
it is necessary to allocate sufficient time and budget for further
training whereby the Saamaka communities build up their skills to
manage the information, monitor its use and acquire confidence to
become interactive landscape actors.

Moreover, an ethical code for the use of the P3DM information
by outsiders as well as by locals needs to be developed and
mechanisms in place to implement it in order to avoid over-
exploitation of the data as has been suggested by Rambaldi,
Chambers, McCall, and Fox (2006). This is particularly important
in Suriname because it happened during the development of this
project, that the P3DM derived information was misused by gov-
ernment officials when a villager sought protection of the forest
from logging activities occurring inside the village area. The villager
brought up the digitized P3DM map to show the government
agency how logging operations were threatening areas that were
reserved as future sources of timber. Instead, the government office
in charge used the map and the information for extending logging
operations inside these important areas under the argument that
piece of forest was not in use, since it did not contain any feature
indicating that Saamakans use the area (i.e. any point data



S.O.I. Ramirez-Gomez et al. / Applied Geography 83 (2017) 63e77 75
indicating current use for agriculture, hunting, culture, income, or
future use). A situation like this may exacerbate distrust, opposition
and disempowerment of the Saamaka communities.

While formal tenure rights remain unrecognized by the gov-
ernment institutions, it is therefore recommended that ES assess-
ments using P3DM in similar contexts, include a follow-up stage of
participatory spatial planning whereby local communities jointly
divide their territory in land use zones representing communal
property rights and critical livelihoods systems as suggested by
Ostrom (1990) and documented by Ramirez-Gomez et al. (2016).
Although zoning itself does not promote sustainability, it might
support the negotiation and implementation of commercial land
use restrictions (Lambin et al., 2014) or support land use and con-
servation policies such as the definition of community conserved
areas that can help local people in empowering themselves and
getting more control over their territory and its resources (Kothari,
Corrigan, Jonas, Neumann, & Shrumm, 2012).

6. Conclusions and recommendations

The P3DM approach presented here offers opportunities for
conducting collaborative research on ES that is socially engaging
and user-useful as recommended by Cowling et al. (2008). These
elements are needed in order to enhance ES outcomes for
marginalized and disempowered local communities living in
remote landscapes under pressure from logging, gold mining and
road development projects. We judge the user-usefulness of the
P3DM approach to hold significance when local communities
without legal tenure rights can use the P3DM outputs as a tangible
communication and negotiation tool in full access and control of
the local communities involved. For instance, as a means for the
thorough implementation of a FPIC designed to achieve social eq-
uity in the distribution of the benefits from the use of ecosystem
services such as the provision of timber. Operationalizing the user-
usefulness of the P3DM for FPIC however, is not only a matter of
having one. It requires the strengthening of capacities in local
communities to judge, control and monitor the outcomes of the
process and the use of the information.

Furthermore, lessons from this work suggest the importance
that the use of the P3DM approach in ecosystem services assess-
ment includes a zoning of the areas providing ES which should be
done in collaboration with local communities. This should include
spatially explicit representation of the areas of intrinsic ES value for
future generations. Without this evidence, these areas can be
interpreted by government or investors, as empty areas that are
available for allocation of economic land use activities. Having
those areas well-defined provides spatial boundaries against which
communities can discuss and negotiate ecosystem service trade-
offs. Overall, the full potential of P3DM in areas where commu-
nities lack full legal rights and capacity is most difficult to achieve
and can easily fail if local, regional and national institutions (i.e.
CBOs, NGO's, civil society and governmental) do not support and
formally recognize the P3DM outcomes.

Last but not least, our P3DM approach for the assessment of ES
was conceived in the diagnostic phase of a larger program on
productive landscapes in the hinterland of Suriname and it was
inevitably to raise expectations among the local communities about
follow up implementation stages which were beyond the scope of
the present study. In this sense, it is important that regardless of the
underlying motivation to use P3DM in ecosystem service assess-
ments, the expectations generated by local communities partici-
pating in the project need to be considered for the P3DM to be a
win-win process for both the researchers and the communities.
Usually PGIS tools are conceived in the initiation phases of projects
(Brown et al., 2014), however, the need to take the P3DM process
beyond the engagement, screening and diagnostic phase of a
project has been recognized (Brown & Kytt€a, 2014). Communities
expect that their input will not be merely the provision of infor-
mation but that this information is rather used to influence de-
cisions. Therefore, it is important to embed the P3DM process into a
complete operational model from assessment to implementation as
reflected in Cowling et al. (2008) if the purpose is tomainstream ES,
influence local realities and pursue livelihood resilience in remote
and marginalized places.
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