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a b s t r a c t

The participatory modelling method described here focuses on how to enable stakeholders to incor-
porate their own perception of environmental uncertainty and how to deal with it to design innovative
environmental policies. This “self-design” approach uses role playing games and agent based modelling
to let participants design their own conceptual framework, and so modelling supports, of issues. The
method has a multi-scale focus I order to enable the whole multi-scale Sahelian logic to be expressed and
on the other hand to encourage the players to deal with possible region-wide changes implied by their
“local” policy objectives.

This multi-level participatory design of land use policies has been under experimentation in Senegal
since 2008 in different local and national arenas. The process has resulted in the “self-design” of a
qualitative and relatively simple model of Sahelian uncertainty, which can be played like a role playing
game as well a computerized model. Results are shown in perceptible autonomous organisational
learning at the local level. Participants were also able to incorporate their own ideas for new rules for
access to resources. They designed innovative collective rules, organised follow up and monitoring of
these new land uses. Moreover, meaningful ideas for environmental policies are beginning to take shape.

This work raises the epistemological question of what is meant by the term “indigenous knowledge” in
environmental management, ranging from knowledge based on practical experience being included in
the scholar’s framing of knowledge, to a legitimate local ability to contextualize and re-arrange scientific
expertise, to profoundly different worldviews which do not match ours.

� 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Contrary to common misconceptions, rural people in southern
countries have efficiently dealt with ecological and socio-economic
scarcity for several centuries (e.g. Mehta et al., 1999; Ostrom, 2005;
Reed et al., 2008). This is particularly true in risk-prone environ-
ments like drylands (e.g. Behnke et al., 1993; Scoones, 1994; Fraser
et al., 2006). Drylands societies have progressively accumulated a
rich pool of local knowledge while continuously adapting to each
new environmental change. As resources availability remains un-
certain both in space and over time, adaptation concerns the shared
use of resources, be it by using different resources located in the
same place or using the same resource at different times. Adapt-
ability also implies shifting practices from one place to another, or

shifting from one activity to another, pastoralist transhumance
being the most illustrative example. Drylands transhumance, often
lambasted by lay experts, in fact provides herders with the neces-
sary flexibility to respond to the spatial variability and uncertainty
of pastures. Furthermore, reasoned transhumance enables efficient
maintenance and exploitation of heterogeneous landscapes (e.g.
Adriansen, 2008). Both privatisation and the closure of such pas-
tures have been shown to be inefficient in an environment where
the location of resources is so uncertain and changeable that static
carrying capacity cannot be accurately estimated (e.g. Thébaud and
Batterbury, 2001). In fact, disequilibrium models have greater
explanatory power for such spatial variability and uncertainty
where a rational responsewould be opportunistic mobility (Behnke
et al., 1993) and continuous adaptive changes (Davidson-Hunt and
Berkes, 2003). Today, this capacity of adaptative change continues
to function in response to economic integration and globalisation
(Fraser et al., 2006). In this way, Senegalese pastoralists have
managed to seize market opportunities as well as exploit new

* Corresponding author.
E-mail address: daquino@cirad.fr (P. d’Aquino).

Contents lists available at ScienceDirect

Journal of Environmental Management

journal homepage: www.elsevier .com/locate/ jenvman

0301-4797/$ e see front matter � 2013 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.jenvman.2013.11.011

Journal of Environmental Management 132 (2014) 207e219



Author's personal copy

technical devices to further adjust their livelihood system to un-
certainty (e.g. Juul, 2005).

However, the continual shifting of practices and locations could
result in disordered access to natural resources. The adaptability
skills of these drylands societies consequently concern not only
flexible practices and shifting locations but also a particular way of
designing social rules aimed at conserving flexibility while pre-
venting disorder. As a result, land tenure systems not only enable
different uses of the same land but also are embedded in a flexible
regulatory framework underpinned by regularly renewed social
agreements (Dougill et al., 1999; Mehta et al., 1999). New negotia-
tions on land access rules take place in response to a sudden change
in the local situation, and flexible contracts are drawn up in
response to unexpected circumstances. For example, pastoralists
ensure their access to a sufficiently wide range of landscapes
through renewed alliances between scattered communities
(Thébaud and Batterbury, 2001; Fraser et al., 2006). The result is a
complex pattern of tenure institutions, with some patches of land
being managed exclusively, while others are sometimes managed
as exclusive resources and at other times, more loosely. Property
regimes are likely to overlap both in time and in space with a va-
riety of different institutions operating at different scales and at
different degrees of intensity, and to be involved in the manage-
ment of different portions of the landscape (Berkes, 2002). This
flexible institutional framework, which derives from complex
interplay between individuals and groups and is based on the
negotiation of rights within and between social networks, is
probably the most effective way to manage access to resources in
such uncertain ecological settings (Scoones, 1994; Fraser et al.,
2006). Formalised organisational structures based on territorial
boundaries is found to be too inflexible to adapt to such variability
and uncertainty, in particular due to the constraints of procedural,
bureaucratic, and legalistic approaches (e.g. Dougill et al., 1999).

In fact, the remarkable attitude of drylands societies faced with
uncertainty is both embedded in and formed by institutions,
agreements, and ultimately values that have been shaped over time
(Long and van der Ploeg, 1994; Keeley and Scoones, 2003). This
results in a “society attitude” about what is “good”, in this case
flexible and changing, and “bad”, in this case bounded and fixed
(Fraser et al., 2006).

Dryland societies’ rules and practices may be less suited to
contemporary demographics and climate changes, but their way of
thinking about adaptability may still be useful in the search for new
forms of adaptability. However, designing new policies using this
adaptability only makes sense if new policy paradigms are created
in which flexibility is a key value (Scoones, 2009). This could be
achieved by more efficiently embedding the specific worldviews of
drylands societies in the current policy framework paradigm. The
approach presented here takes up this challenge.

2. Method

2.1. Participatory modelling

Faced with the limited impact of scientific knowledge on pre-
vailing drylands policies, experts started using community partic-
ipation (e.g. Thomas and Twyman, 2004; Pimbert, 2004; Whitfield
and Reed, 2012). In recent decades, works have shown that using
conventional expert-led indicators of degradation (e.g. percentage
cover of palatable perennial grasses) leads to over-simplified
assessment of degradation (Thomas and Twyman, 2004; Fraser
et al., 2006; Scoones, 2009). It has been increasingly recognised
that modelling and participatory approaches can be mutually
reinforcing when applied to complex environmental issues (e.g.
Giordano et al., 2007; Reed et al., 2008; Voinov and Bousquet, 2010;

Dougill et al., 2010). A wide range of participatory modelling ap-
proaches exists, from those which incorporate empirical knowl-
edge in a scholar’s prior knowledge structure to those which let the
stakeholders test the scholar’s knowledge, and yet others which
focus on eliciting local knowledge (Ozesmi and Ozesmi, 2004;
Stringler and Reed, 2007; Reed et al., 2008).

The method described here belongs to the last category. It fo-
cuses on how to enable stakeholders to incorporate their own
perception of environmental uncertainty and how to deal with it in
a simulation. This approach uses role playing games and agent
based modelling to ensure a range of different points of view are
preserved in the shared modelling of resources management, with
outcomes in terms of mutual learning and management in-
novations (Barreteau et al., 2003; Etienne, 2011).

2.2. “Self design” modelling

Since 1999, we have been working on a particular kind of
participatory modelling we call “self-design”. “Self-design” means
letting participants design their own conceptual framework of is-
sues and goals with no inputs from facilitators, modellers, or
scholars’ perceptions (d’Aquino et al., 2003; d’Aquino and Bah,
2013). The process has three main stages which specifically focus
on letting participants decide on all the crucial elements (Fig. 1):

a) A first “suggesting” meeting. This first meeting is held in
many different locations to reach out a wide panel of po-
tential local partners. During the meeting, the participatory
simulating approach is presented in detail including a
detailed explanation of its objective, i.e. to support people in
designing their own land policy views, and of themethod, i.e.
the self-design of a role playing game and a computerized
model. Participants are then asked to contact the team if they
are interested in implementing this approach on their own.

b) Next, a “self-eliciting”workshop is held (Fig. 2) with the local
partners who re-contacted the team. During this workshop,
the participants themselves identify the aims of the process,
i.e.: (i) the policy stakes they wish to target (Fig. 2); (ii) the
stakeholders they think theywill need to take into account in
their self-policy design, (iii) the information they think they
will need to tackle the policy issues on their own and (iv) the
constraints they think could be critical for these issues. Par-
ticipants are made aware of the level of description they will
be asked to provide: i.e. detailed enough to capture their
local needs but sufficiently summarized to enable analysis at
the national scale.

c) A second participatory workshop is then held during which
participants “self-design” their own conceptual model (see
Figs. 1 and 2). For this purpose, the outputs of the previous
“self eliciting”workshop are structured by the research team
into a first simple role-playing game, as a way to let the
participants design a conceptual model of their issues.

The settings of this first game are basic but nevertheless very
subtle. The challenge is to summarise the major stakeholders’
needs and constraints and themain policy stakes they identified
in the previous workshop in a qualitative support. First a spatial
grid is provided to highlight the simplest environmental ty-
pology that can be used without concealing the structural
components of the issue (see the example of the landscapes key
in Fig. 3). Coloured pawns are provided to represent the
different potential uses of each type of landscape, the different
colours represent the range of possible activities. Tokens are
provided as a way of qualitatively assessing indicators of the
major policy stakes. The tokens are removed from the landscape
as the players consume the natural resources of the landscape
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parcels and keep them as a cash stock. The tokens thus enable
both the qualitative assessment of the natural resources avail-
able on each landscape parcel and the capacity for self-
sufficiency of the different stakeholders. Lastly, ‘events’ cards
represent crucial factors and trends (for example climate events,
demographic pressure, arrival of agribusiness.) in the game.
The background structure of the role playing game must not
embod the modeller’s perception of how to improve the envi-
ronmental situation. The goal is not to have participants prog-
ress towards the modeller’s knowledge system but to let them
design their own conceptual model based their ownworldview.
This is why the structure of the game is intentionally kept
simple. The board game combines different maps in order to
highlight the possibility of the seasonal movements, pastoralism
for example. The geographic structure of each map is open to
modification by the players: four maps are provided for the first
exploratory game, and the participants are asked to modify the
maps on their own, i.e. the typology of landscapes and the
layout of the parcels. The time component of the game is a year,

which comprises three seasons (rainy, dry cold, and dry hot
seasons). In each season, the players choose the activities they
want to carry out, place their activity pawns on the appropriate
landscape parcel, and remove the appropriate amount of
resource tokens from the parcel, if the climate in the year con-
cerned combinedwith the type and state of the landscape parcel
they have chosen allows agricultural production. The game rules
concerning the different activities must be simple but never-
theless incorporate elements that would be affected by land
policy, i.e. a participatory calibration about howmany resources
tokens players can remove, depending on the activity they
implement, the landscape they used, and the annual rainfall on
the parcel concerned. This means the rules that apply to the
farmers’ production activities and environmental impacts are
very qualitative, with the sole aim of allowing qualitative
comparisons between different land uses scenarios. The rules
that apply to land access are also kept very simple, to leave the
frame sufficiently open to the players’ conception of collective
rules. This means that players can place a pawn representing a

Fig. 1. The precisely defined questioning of the self-design participatory stance.
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particular activity anywhere they choose among the several
board maps provided, but cannot place two pawns representing
agricultural activities on the same parcel at the same time,
because contrary to pastoralism and gathering activities, this is
physically impossible to have two fields on the same place. So no
collective rules are pre-established, because that would mean
imposing the designer’s conception of the relevant collective
rules. For example, the risk of crop injury cause by livestock is
incorporated as follows: when a pawn representing a livestock
activity is placed close to pawn representing an agricultural
activity, the risk of damage occurring (quantified by throwing a
dice) is incurred by the agricultural activity and the pastoralist is
not affected as long as the players themselves set up a collective
rule about sanctions in the case of damage.
In this way, participants have the opportunity to thoroughly
check e and if necessary improve e the initial structural ele-
ments of the game, for example by enriching the spatial legend
or extending the list of potential uses or assessment indicators.
d) At this point, thanks to the previous learning-by-designing

process, participants are able to handle the participatory

simulation support satisfactorily. Consequently, in the third
workshop, participants use the final simulation support to
think among themselves about how to improve land policies
and test new environmental management options: collective
rules, new forms of land rights, new infrastructures, new
practices, etc. The outputs of the previous self-design work-
shop are used to provide a more complete support for this
simulation, i.e. a more complex role-playing game but also a
computerized version of the game, using an agent-based
model (ABM) which has exactly the same features as the
board game (d’Aquino et al., 2003). As the computerized
model is based on the game they themselves designed, the
participants can use it on their own. They are thus able to
continue testing some of the scenarios they started testing in
the game but this time on the computer. When playing the
board game, the participants play the role of local users who
consume natural resources andwho also draw up the rules of
access which apply to the players-users. In the computerized
version of the game, computerized agents act as users who
have the same incentives as the players in the role playing

Fig. 2. The self-design process, providing the methodological frame of our participatory stance (see Fig. 1).

P. d’Aquino, A. Bah / Journal of Environmental Management 132 (2014) 207e219210



Author's personal copy

game, and the participants no longer play but only define the
collective rules which apply to the agents. These two forms of
the same conceptual model are complementary. The board
game helps stakeholders to tailor their own representation of
the issue and its challenges, while the computerized version
allows them to test more detailed and operational scenarios.
While social complexity is clearly more efficiently compre-
hended by playing the game (because players can try out
new behaviours and practices), biophysical and long-term
dynamics are more efficiently comprehended using the
computer. In other words, the role playing game supports the
self-design of the participants’ conceptual model of envi-
ronmental uncertainty, and the computerized version sup-
ports a more accurate but simulated use of this conceptual
model.

The two supports (the game board and the computer simula-
tion) are intentionally left sufficiently open so they can be
enriched and contextualized in a continuous and iterative
“companion” process (Etienne, 2011). Participants can incorpo-
rate new rules and items including risk events (climate, bush

fires, prices of goods, etc.), new forms of land use (intensive
farming, hunting, tourism, etc.), social behaviours (users’ or
managers’ strategies, forms of negotiation for access to land,
etc.), or collective rules and organisation (decentralization,
common pool resources, etc.).
The use of the participatory simulation support enables partic-
ipants to design the simulation scenarios themselves by
combining (i) a climate scenario, i.e. a sequence of « high », «
moderate », and « low » annual rainfall years in the model; (ii) a
socio-economic scenario, including user densities for each social
scale, the user’s workforce and starting capital. (iii) a regulatory
scenario, i.e. the different rights and rules concerning access to
land and to the natural resources in each spatial cell, which are
defined by combining two cell attributes: « right of use », which
defines the uses allowed in the cell in each season, and a « right
of access to land », which defines who has right of access to the
cell. Participants are then left to iteratively explore and modify
not only the scenarios but also themodel while they are actually
using it, and in this way, to increase the complexity of their
representation of the issue.

Fig. 3. The multi-scale structure of the model Season after season, the players-users can move their pawns around on a map, and from one map to another. The board map enables
different scales to be modelled, depending on the range of scales chosen by the participants: the spatial unit could be a parcel of land(scape), or a farmer’s land base, or a local
landscape. At the 2nd level, the spatial unit could be a farmer’s land base, a communal territory, or even a region. At the 3rd level, the spatial unit could be a region, a national
territory or even an international region.
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Fig. 4. Some of multi-scale indicators provided by the game. By assessing the distribution of tokens at the end of a game session, players can evaluate the impacts of their scenarios
on each stakeholder and at the three scales.
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e) At this point, the modelling settings are sufficiently “self-
framed” to allow external scientific knowledge and points of
view to be incorporated without masking “local uniqueness”.
Given that facilitators also have their own unconscious per-
ceptions which affect the way they conduct a participatory
appraisal, one of the aims of the self-design process is to
mitigate this influence.

2.3. A multi-scale focus

The game board map provides a multi-scale representation of
the drylands (Fig. 3), as a simulation support which enables par-
ticipants to handle both the logic of uses and environmental
management options at different scales (especially mobility, as
players are able to move from one board map to another to place
the pawns representing their different activities on any of the
maps). This multi-scale representation of the Sahelian environment
also aims to encourage participants to reflect on management rules
which are not only appropriate for their own particular location but
also for other places and at other scales: in other words a policy
scope. This multi-scale feature supplements the set of indicators we
provide to encourage the participants to take everybody else’s
needs and interests into account, in other words the “common
interest”, while engaging the participants in a multi-level assess-
ment of their own scenarios (see for example Fig. 4).

The aim of the multi-scale focus is twofold: on one hand to
enable the whole multi-scale Sahelian logic to be expressed and on
the other hand to encourage the players to deal with possible
region-wide changes implied by their policy scenarios.

2.4. A multi-level inclusionary strategy

Transforming age-old adaptability into a policy framework
means hybridizing the worldview of drylands societies with the
worldviews of policy makers, which nevertheless contain some
relevant policy challenges. We hypothesize that this mix of
worldviews can be achieved by implementing self-design model-
ling of policies at both local and national levels. In local arenas,
stakeholders express their underlying society principles more
easily, whereas in national arenas more traditional policy chal-
lenges come to the fore. In fact, despite participatory processes,
national arenas very often end up setting standard policy options
because the bottom-up isomorphism of policy proposals leads to
the gradual disappearance of local uniqueness and standardizes
values (Blyth, 2002). This justifies our multi-level inclusionary
strategy:

� The key to the strategy is the need to be very explicit with the
stakeholders about the inclusionary challenge: letting the par-
ticipants depict uncertainty issues from their own point of view
before incorporating the policy makers’ points of view, so that
they are then able to design and test some policy options
together, in order to comply with both their own uncertainty
management principles and current policy needs. We make it
clear that the first goal is a better understanding of each other’s
points of view and needs, and the second is the complementary
contribution of both parties to designing more appropriate
policies. Participants are regularly reminded about this chal-
lenge throughout the process.

� In order to balance power relationships between local and na-
tional stakeholders, each step of the self design process (see
above 2.2) is first organized at the local level and afterwards at
the national level. At each step, the first structural elements of
the model are designed by local stakeholders. As a result, a
single “self-simulating” process brings together two target

groups, local and national stakeholders, but the process involves
two separate but parallel “modelling arenas”. The design and
use of the model is nevertheless shared thanks to structural
links between the workshops and the tools: all the components
incorporated in a simulation session, for example a tool which
has been enriched, or a new simulation scenario, are also
incorporated in the equivalent parallel session. This means
creating a single exchange arena but with two different in-
terfaces, one for the local workshops and one for the national
workshops. This shared design has proved to be capable of
mixing appropriate policy goals both from the national and local
points of view (see Fig. 5).

� Shifting current policy thinking is a huge challenge and requires
reaching enough clusters of society to succeed in setting in
motion a lasting internal policy momentum (Carlsson and
Berkes, 2005). This is why a specific approach involving the
maximum possible number of social arenas is implemented in
an incremental and iterative inclusionary process (Fig. 6).
Despite the iterative nature of the inclusionary process, inputs
from the new groups and arenas that are progressively involved
can still be assimilated in a coherent way, since our specific self-
modelling process ensures the iterative inclusion of a broad
range of points of view, practices and knowledge.

This multi-level inclusionary strategy addresses two challenges.
The first is to succeed in combining the different abilities of dry-
lands society, which are dispersed at different levels among very
local users, local lineage heads, village chiefs, rural councils, and so
on, up to international pastoralists committees on transhumance.
This vision of an overlapping society implies a society of distributed
managers and intelligence (Innes and Booher, 2000; Berkes, 2002).
In this kind of society, bodies of knowledge and abilities are
concentrated in certain places and in certain people. These are
exploited when an opportunity arises and in other cases, may await
rediscovery (Fraser et al., 2006). This is the primary interest of the
“self design” approach, and especially of its multi scope: revital-
izing the multi-level adaptability of drylands society. The second
challenge is to strengthen stakeholder social networks, which we
are able to reach thanks to our interlinked workshops with local
and national stakeholders. The aim is to foster local-national
commitment and to help stakeholders design sound policy pro-
posals to achieve the efficient momentum needed to influence
policy making.

To recap, the self-design approach includes several “self-
handling” steps, from the initial “self commitment” to launch the
process to the final step of “self-policy design” (Fig. 2). This process
results in a simple qualitative representation but which is never-
theless fine enough to accurately capture the complexity of dry-
lands uncertainty, as shown by the results.

3. First results

3.1. Self-designed but accurate modelling of dryland uncertainty

A multi-level participatory design of land use policies has been
under experimentation in Senegal since 2008. Series of self-
modelling processes have been organized in different local
arenas, including local councils or user groups, and in different
parts of the country. In parallel and with structural links (see
above), series of self modelling processes have been organized in
national arenas, including umbrella organizations of civil society
and inter-ministerial committees.

The process has resulted in the “self design” of a qualitative and
relatively simple model of Sahelian uncertainty, which can be
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played like a game. This model has been shown to be meaningful
when its computerized version (Fig. 7) is run:

a. First, in the model, when environmental scarcity prevails,
extensive uses can be more economically efficient than in-
tensives uses (d’Aquino and Bah, 2013). This intuitive model
portrays a situation in which agriculture certainly produces the
best results, but only when conditions are optimal, while
pastoralism is the most efficient in all other conditions, which
most often prevail.

b. Secondly, the competitive advantage of the different landscapes
in the model varies considerably depending on the combination
of different environmental factors including annual rainfall, the
ratio of specific natural resources in the landscape, existing uses,
and user density (d’Aquino and Bah, 2013). As a result,
depending on the incidental environmental conditions in the
year or the season concerned, when the model is used, it is

impossible to predict which landscape and which activities will
benefit.

c. In the model, certain ecological units may be a key resource for a
particular type of production but only if used in a particular
season. For that reason, key resources are not only spatially
dispersed, like wetlands for agriculture, but also have to be
considered as dispersed over time, likewetlands, which are vital
resources for gathering natural products only in drier years
(d’Aquino and Bah, 2013). In other words, the whole long-term
productivity balance relies on certain key resources that are
dispersed both in time and in space. This dryland context, which
has long been recognised and reported by dryland researchers
(see introduction), also emerged from stakeholders’ intuitive
modelling.

d. The last remarkable result is that stakeholders designed a
qualitative model in which only the rare and randomly occur-
ring rainy years enable them to balance their production (Fig. 8).

Fig. 5. Example of the diversity of the policy stakes participants can create. The challenge is to provide a board game with the basic but fundamental structural elements the players
can combine and adapt to facilitate the monitoring of these stakes (through the use of the pawns and tokens) during the simulation sessions.

P. d’Aquino, A. Bah / Journal of Environmental Management 132 (2014) 207e219214
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Given these features, this self-designed model is a qualitative
simulation tool in which: (i) the advantage of each activity will
change as a result of unpredicted changes in environmental con-
ditions, and shifting between different uses is more efficient than
specializing in one activity; (ii) the mutual advantages of different
local landscapes will also change over time depending on the
quality of the rainfall, and will advantage mobility; (iii) all these
changes are unpredictable, because they depend on unpredictable

rainfall, and because they are combined with changing user den-
sities and complex spatial variability.

Participants in the self modelling process designed a model that
perfectly matched researchers’ descriptions of Sahelian uncertainty,
i.e. specific key resources, high and unpredictable spatial and tem-
poral variability (Behnke et al., 1993; Mehta et al., 1999). This dem-
onstrates the cognitive validity of this kind of self-design process.
Because the self-design process produces a simple model, which

Fig. 6. Example of a 2-year multi-level inclusionary strategy The “suggestions” meeting is held in many local arenas (villages, local councils, etc.) in different parts of the country,
and in different national arenas (government committees, umbrella organizations of civil society, expert panels, etc.). Then a first self-modeling cycle (see Fig. 2) is implemented in
the first voluntary arenas (see Section 2.2), but at this first stage, only in local arenas. Then, when the first self-design game (model) is sufficiently framed to ensure the local voices
are preserved in subsequent simulation cycles, new simulation cycles are held in new voluntary arenas, at this step also in larger scale (regional, national). Like during the first cycle,
the participants in these new arenas are free to enrich the simulation supports. While preserving the policy options (scenarios) designed in the first cycle, they can design, test and
add new scenarios and compare their impacts. By gathering local and national arenas in the same co-design, this second cycle of simulations produces a multi-level commitment
that is not expressed in only one scenario but in a set of policy scenarios which present, and consequently preserve, the diversity of points of view about what is a “relevant”, “fair”
or “sustainable” environmental management policy. The third cycle consists in further up and out-scaling of the simulating support, by progressively introducing the simulation
support to more arenas. Special training for meetings facilitators is included in the approach, in order to multiply the number of local people who can then lead the participatory
simulation sessions on their own.
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nevertheless accurately reproduces specific Sahelian uncertainty, it
can help policy makers understand this uncertainty. Despite the fact
that for many years, scientists been issuing warnings about the
specificity of Sahelian uncertainty and the value of Sahelian prac-
tices, especially mobility and multi-activities, many experts and
politicians continue to place more confidence in policies which
ignore -and even threaten to destabilize- these very characteristics.
As this modelling platform is designed by the stakeholders them-
selves, including decision makers, it is easy for them to use and is
thus a powerful support to help them think about the best envi-
ronmental policies to enhance the sustainability of drylands.

3.2. Autonomous social learning leading to local empowerment

The self-use of the self-designed role playing game (and of
the computerized version) results in perceptible autonomous

organisational learning at the local level. The communities which
took part in the self-design process easily mastered the modelling
tools. They were then able to design and use their own maps for
environmental management, and they were also able to exploit the
leverage power of the maps to put pressure on the ‘powers that be’
(d’Aquino and Bah, 2013). From their self-built assessments and
agreements concerning land-use rules, they learned to transform
sterile conflict between the different overlapping authorities into
efficient involvement in new balanced responsibility. Finally,
thanks to their self-exploration of environmental management
options through their computer simulations, they themselves
became aware of certain technical thresholds. For example, they
asked scientific advisers for information on how to increase fodder
production, and afterwards they themselves selected the most
appropriate technical options and tried out the new practices on
their own (Corniaux et al., 2003). This kind of autonomous

Fig. 7. Interface of the computerized version, designed on the Common Pool Resources and Multi Agent Simulations (Cormas) platform On the right, the game map with the coloured
pawns representing the different possible activities and the boundaries (in black) of some local territories. The graphs at the bottom left represent indicators for on-going
monitoring of the policy stakes (i.e. the equivalent of the tokens in the game) set up by the participants, and at the top left the Cormas (see cormas.cirad.fr) interface they use
to modify the board and implement new scenarios.
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learning-by-doing is ongoing; for instance, an option for a canal
explored during one of the self modelling sessions was dug without
our help a few years later (d’Aquino and Papazian, 2012).

Participants were also able to incorporate their own ideas for
new rules for access to resources, first in the board game and then
in the computerized version. Based on that experience, they
designed innovative collective rules, organised follow up and
monitoring of these new land uses. They themselves decided to
incorporate new infrastructures, and protested against -and even
halted inappropriate State programmes (d’Aquino et al., 2003).

Meaningful ideas for environmental policies are beginning to
take shape. First, an unusual land use zoning plan was designed:
rather than separating uses, it allocates a ‘cohabitation cost’, e.g. the
cost of protecting crops against herds vs. the costs of keeping herds
away from crops. Secondly, a remarkable dual environmental
management system was shaped, which, on the one hand,
comprised a body of strict rules to be used in critical years or when
resources are scarce and to prevent appropriation by a sole user,
and, on the other hand, a body of softer rules for standard re-
sources, where individual appropriation may be possible. Other
rules scenarios also emerged: negotiations on pastoralists’ access to
pastures are no longer conducted with the chief representative of
the local farmers but directly with the farmer who is actually
affected, formalising mutually personalised land rights between
some lineages scattered around the country, etc. Most of these
ideas may already have been reported by drylands researchers but
emerged here in a policy-making platform steered by the stake-
holders themselves.

Last, local stakeholders revealed their capacity to acknowledge
and incorporate challenges at larger scales than their own, for
example national productivity. Communities have shown a great
interest in the idea of dealing with policy makers’ objectives and
views. National stakeholders involved in the self design process
also increased their understanding of e and subsequently
acknowledged e the specific needs of drylands uncertainty. It was
somewhat surprising that certain state officials showed a keen

appreciation of the inclusion of a wide range of policy challenges
(see Fig. 5), including some very unusual ones expressed by com-
munities, such as the notion that whatever the rules, everyone
needs to deal with other people to obtain support and reach
agreement about their own use rights. Of course, this does not
mean it was easy for them to shift their own mind framework to
design unconventional innovative policies. But their open attitude
made it possible to start a useful ‘trans-level’ exchange about the
possible thrust of new policies.

4. Discussion

4.1. Towards a trans-scale self-design of uncertainty management

Regulatory institutions overlap both in time and space, regimes
of access rules operate differently depending on the scale but also
on the current environmental situation, land rights considered as
social agreements need to be renewed and may also evolve ac-
cording to the existing situation: today, the main challenge is to
find a way to incorporate such flexible management in official
policies (Berkes, 2002). This requires a policy framework which is
not structured in hierarchical nested organisational levels but on
the contrary, calls for a ‘trans-scale’ organization, in which the
different regulatory institutions can overlap flexibly. Actually,
thanks to its multi-scale support and its multi-level inclusionary
strategy, our self-design is a trans-scale approach to regulation
policies. Fig. 6 does not represent the different social targets as
structured ‘levels’ of a fixed and hierarchical organisation, but
rather as potentially overlapping and changing ‘regulatory arenas’
of a flexible trans-level society. Faced with the challenge of
choosing the appropriate scale for environmental management
(Fraser et al., 2006), our approach responds by enabling highly
skilled experts of flexible and overlapping regulatory systems, i.e.
the drylands people themselves, to design a multi-scale approach,
or even an “open-scale” approach to environmental management.

Fig. 8. The crucial effect of rainy years on productivity as modelled by the stakeholders The graph shows results of a series of simulations of the computerized model in which
natural resources in the landscape varied (see legend on the horizontal axis: applied environmental conditions). The graph focuses on the level of production (see vertical axis) as a
function of the climate conditions: a better result on the vertical axis means the shift to a rainier year has a greater effect on productivity. Consequently, starting at the right side of
the graph, one sees that more rainy years have no impact on production when environmental conditions are favourable, then there is a peak where a slight improvement in the
climate has a highly beneficial effect, then at the far left such a rare environmental situation that the effects of rains cannot have much impact on production. Yet, the qualitative
calibration devised by local stakeholders in the game sessions matches the area of the highest impact of rains on productivity, and especially the greatest benefit from the rainiest
years: participants instinctively design a model which summarizes the specific conditions of land uses in the Sahel, thus providing a user-friendly simulating model of policies
which fit these specific conditions.
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4.2. Policy framework and worldviews

The core nature of the adaptability of dryland society is not
rooted in its regimes and rules but in the intuitive principles ac-
cording to which negotiations, regimes, and rules are contextually
and iteratively designed, managed, and regularly renewed. With
our western way of thinking, we may have difficulty in conceptu-
alizing this trans-level and overlapping vision of management,
whereas the dryland stakeholders involved into our self-design
process have already demonstrated their aptitude. This is an inte-
gral part of their mental framework, of their own perception of
collective organisation.

Consequently, who better than drylands people to draw on this
complex background of ‘fuzzy’ regulatory systems to shape unusual
policies?Perceptionsplayamajor role in environmentalmanagement.
The uses and the control of resources have bothmaterial and symbolic
meanings. Today, the perception of uncertainty has become more
important than the actual uncertainty of our data, methods and
models (Voinov and Bousquet, 2010). Peculiarly, scarcity has to be
considered as this kind of cognitive construct, and comparing beliefs,
or points of view, across different levels of governance has become a
challenge for environmental management (Cash et al., 2006). Di-
rectionsof changewill onlybe achievedwhen framings andnormative
commitments become more explicit, and as a result, opportunities to
deliberate on policy choices emerge (Fraser et al., 2006). Several au-
thors have pointed out that different ways of framing knowledge and
values are too often concealed, for example, what is considered to be a
“good”ora “bad” livelihoodorenvironment,whichoption is the “best”
and for whom. Today’s beliefs about environmental management
concern scholars, experts, andpoliticians aswell as ordinary people. In
practice, these questions of value are fundamental but often remain
unaddressed or only treated implicitly (Scoones, 2009).

This raises the epistemological question of what is meant by the
term “indigenous knowledge” in environmental management.
Indigenous knowledge can be understood from quite different
perspectives, ranging from knowledge based on practical experi-
ence being included in the scholar’s framing of knowledge, to a
legitimate local ability to contextualize and re-arrange scientific
expertise, to profoundly different worldviews which do not match
ours (Reed et al., 2008; Stringler and Reed, 2007). From our own
perspective, indigenous knowledge is understood not simply as
practical knowledge but as a different way of conceiving relation-
ships between Nature and Society, in particular adaptability, and
between individuals within a society, in specific flexible and over-
lapping institutions.

5. Perspectives

Ian Scoones (2009) highlights the need to articulate knowledge,
politics, scales, and dynamics for future sustainability. Concerning
knowledge, theoretical approaches like collective action, trans-
action costs, and common pool resources (Ostrom, 2005) have
provided a sound base to acknowledge institutional complexity in
environmental management. However, these theories struggle to
deal with informal relationships and the “overlapping accommo-
dation” of multi-level management (Berkes, 2002; Plummer and
FitzGibbon, 2004). They frequently underestimate state-level
socio-political complexity, which is too often seen as a mere
monolithic structure (Carlsson and Berkes, 2005). Accordingly, new
directions in research and practice are required: flexible manage-
ment arenas (Olsson et al., 2004; Fraser et al., 2011), in which the
policy process becomes a central tenet (Fraser et al., 2006; Armitage
et al., 2009).

Thus the biggest interdisciplinary hurdle appears to be incor-
porating complex and dissimilar socio-political perspectives in the

theoretical framework. In fact, this again calls for hybridization of
worldviews, for whichmediating settings need to be created. This is
the challenge our self-design pursues. The first models designed by
the stakeholders have already been used as a “disciplinary neutral”
starting point to introduce and link knowledge from different dis-
ciplines (see the last step in the self design process, above), while
avoiding conflict about a prevailing disciplinary ontology; in other
words, aiming at a stakeholders’ trans-disciplinary ontology.
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