COMPANION MODELING FOR INTEGRATED RENEWABLE RESOURCE
MANAGEMENT: A NEW COLLABORATIVE APPROACH TO CREATE
COMMON VALUESFOR SUSTAINABLE DEVELOPMENT
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SUMMARY

Sustainable management of renewable resourceters @dmplicated by diversity and
dynamic nature of the ecological and socioecon@ystems involved. As these
system dynamics and interactions are highly comatekfrequently unpredictable,
there is a need to opt for transdisciplinary redeaddressing adaptive and integrated
renewable resource management. Companion Modd&liognilod) is a multi-agent
systems (MAS)-based approach relying on synerge$tacts between Role-Playing
Games (RPG) and Agent-Based Models (ABM) to fat#itinformation sharing,
collective learning, and exchange of perceptiorsugport negotiation, facilitate
collective decision-making, and to strengthen agtleptsource management
capacity. Iterative and adaptive sequences af figrk and modeling activities allow
inclusive and interactive participation of staketesk during design, implementation,
calibration, and validation steps of the modelsyah as joint use to explore possible
future scenarios. ComMod was implemented in a std@dyconflict between two
ethnic communities and a newly proposed nationdd jpaNorthern Thailand.
Deforestation, biodiversity conservation, and likebds were key issues discussed
during RPG sessions, and subsequently representedABM simulator.
Consequently, local stakeholders learned about@gptogical and socioeconomic
dynamics and gained an increased awareness ofkbgsssues. Mutual
understanding was improved, and the importanceltdlmrative discussion,
essential to negotiation and decision-making, becabvious. Finally, this Northern
Thailand experience has shown that collaboratiteractions between researchers
and local stakeholders mediated by ComMod tool&ewapportive of improved
communication among the conflicting parties andtjeearning for adaptive and

integrated sustainable management of renewablene=sn



INTRODUCTION

Sustainable management of renewable resourcesahBvinvolves not only
ecological dimensions but also social, economiltucal, and political aspects of the
use of resources. Successful management of thercesas, therefore, often
complicated by diversity of the ecological and seconomic systems involved and
their interactions, as well as the increasing nunotbstakeholders concerned by
collective management of common-pool resourceseandonmental problems. In
addition, dynamic nature of interactions among digdactors at various levels and
scales frequently leads to highly complex, nondmeivergent processes and the
emergence of new phenomena, which are often urgbaddi (Liu, et al. 2007,
Trébuil 2008, van Passen, et al. 2008). As chaageaccelerating and uncertainty
increases, there is a need to opt for trans-diseipl research addressing truly
adaptive and integrated renewable resource managéBerkes and Folke 1998,

Holling 2001).

Companion Modeling (ComMod) is a multi-agent syssMAS)-based approach
which relies on synergistic effects between RokyiPlg Games (RPG) and Agent-
Based Models (ABM) to facilitate information shagjrcollective learning, and the
exchange of perceptions on a given concrete isaa@ researchers and other
stakeholders. ComMod can be put in use to eithiéelenderstand a complex issue
or to support negotiation and collective decisioaking among stakeholders facing a
common renewable resource management problem (Beys} al. 1999). Iterative
and adaptive sequences of field work and modelmigies allow mutual and

interactive participation of stakeholders duringida, implementation, calibration,



and validation steps of the models, as well ag {b&it use to explore possible future

scenarios.

This article presents the theoretical and experiaiespects of Companion
Modeling, followed by a case study which draws ddoenMod experiment
conducted in northern Thailand. Results are theoudised as well as potentials for

collaborative research and sustainable developofaenewable resources.

METHODS

Companion Modeling

Companion Modeling (ComMod) is a multi-agent sys€MAS)-based approach, in
which a collection of heterogeneous, autonomousi@&nbr agents interact with each
other and with their environment (Gilbert 2008Y1AS models are thus adapted to
describe dynamic and complex systems of renewableurce management and are
able to capture emergent phenomena arising froenaations among diverse
dimensions of resources and stakeholders in thieraggJanssen 2003). ComMod is
accomplished by the combined use of Role-Playingié&a(RPG) and Agent-Based
Models (ABM), both of which are MAS-based tools (Edeau 2003, Bousquet, et al.

2002)

ComMod has two major aims: to facilitate collectiméormation sharing and

learning; and to improve the coordination amongedtalders for negotiation and



decision making (Barreteau 2003, Bousquet, et99) It has been applied to

explore renewable resource management issues iy pieces around the world,

including several sites in Southeast Al\sﬂaousquet, et al. 2005).

The modeling process of ComMod is divided into ggstve phases: (i) definition

and characterization of problem, including stakdbobnd institutional analysis,
based on existing knowledge and specific surveyd tbhe gaps; (ii) conversion of
knowledge obtained to formal models through pagréiton of stakeholders in the co-
construction of such conceptual models; (iii) inmp@ntation of concrete models that
can be run (simulators); and (iv) participatory giations to explore various scenarios
of possible solutions identified by stakeholdersyBquet, et al. 2005). Iterative and
adaptive sequences of field work and modeling dies/allow inclusive and
interactive participation of stakeholders throughsuccessive cycles of the ComMod
process driven by stakeholders’ needs. The appr@csiders that points of view of
all local stakeholders on the issue to be examamedegitimate. Therefore, the
collaborative modeling process welcomes the invaket of all concerned parties in
problem definition, model design, implementatioaljration, and validation steps of
RPG and/or ABM models (Dray, et al. 2006), as wsltheir subsequent use to
explore diverse possible future scenarios of iisteifeerceptions on various aspects of
the common issue at stake are exchanged amongsta&aholders and researchers
with the aim of achieving an agreed-upon and sheepesentation of the problem to

be mitigated collectively.

also seavww.commod.orgwww.ecole-commod.sc.chula.ag.andwww.cpwf25.sc.chula.ac.thior
case studies




Based on initial conceptual models, RPG are MAS etsunplemented into playable
games, usually with help of boards, maps, cardsnsaand are often computer-
assisted. During RPG sessions, participants ehacidtual use and management of
renewable resources by playing various roles (somesttheir own roles) of resource
users involved with the natural resource managemssuae in question. This
experience allows the stakeholders to interactessatnine complex systems they are
part of in a non-threatening atmosphere, and ustradigers discussions among them
about their common problems and possible solutibaosa certain extent, as the
participants share existing common knowledge ofittaal features of the problem at
stake, the models can be rather simple and ortigalrinteractions are focused on,
for instance, improvement of management througlotietipn and new rules

(Barreteau, et al. 2003, Bousquet, et al. 2002).

Playing RPG also helps local stakeholders undedstanstructure and operation of
the computer-based ABM model which will be usednsafter to explore future
scenarios of their choice, and gives them an oppdytto validate, criticize and
improve it (Barnaud, et al. 2006). While the RP@l is usually popular with local
stakeholders, they tend to become complex and cwnine as the number and
diversity of stakeholders increase. In additionGR§@ssions are rather costly to
organize in terms of time (half a day per gamirgssm with 10-20 players), as well
as financial and human resources needed to prapaderate, observe and analyze
the gaming sessions. Computer-based ABM simulatigpisying the rules of the
RPG are more manageable and time-efficient (Barnetual. 2008b, Barreteau 2003,
Barreteau, et al. 2001). Consequently, ComMod lhsaakociate RPG with ABM

simulators able to “play the game” in a time- andteefficient way, leaving plenty of



time for the stakeholders to debate the simulatsnults. Furthermore, the ABM tool
facilitates the transfer of the RPG experiencatgdr groups of people (like the
whole village population) and to decision or polrogkers having limited time at

higher levels in the social hierarchy

Complementary to RPG, ABM Simulations are compsiulations ntegrating
information and indigenous knowledge gathered fRIRG sessions, therefore
providing common representations of the complexadyigs of the systems. As they
are based on MAS structure, agents and environméné ABM are created to
represent actual resources and users along weh amd context of the real system.
Gradually built during the whole ComMod procesgsin simulations are mainly used
to simulate relevant scenarios selected by theektdllers to help them explore
alternatives in resource management. In particthias; are able to see and discuss
their possible specific effects on the resourcemadly through the observation of
relevant ecological indicators agreed upon durirgyipus sessions. Additionally,
stakeholders are also able to examine specifictsfi#d simulated scenarios on the
concerned parties, for example, with social andémmomic indicators showing

benefits and disadvantages (Barnaud, et al. 2@E&ane, et al. 2003).

More often than not, RPG followed by participatédgM simulation sessions lead to
improved knowledge and dialogue through co-learnim@ddition, new aspects, key
guestions or entirely different problems frequemthyerge from interactions and
discussions among participating stakeholders thatddoe examined through similar
modeling and simulation activities during field \weshops in a new ComMaod cycle.

The iterative ComMod cycles provide an adaptivereggh for the exploration of



rapidly evolving renewable resource managemenegss&or example, ComMod
researchers have successfully used collaboratived AiBulations with illiterate
Akha ethnic highlanders to explore rules of credlidication among different types of

households in perennial cash cropping in northéraildnd (Barnaud, et al. 2008a)

As a new collaborative research and modeling aghrd@aomMod can be used in two
contexts: to understand the functioning of a complgcial-ecosystem by stimulating
dialogue and collective learning; and to facilitaggotiation and decision making;
therefore, strengthening the capacity of local e@lders for adaptive resource
management. The two contexts are complementaryanchutually exclusive, as the
first objective needs to be fulfilled before prodig to the latter. For the most part,
several ComMod exercises have achieved the fijscobe, i.e., to gain greater
understanding of complex natural resource managesystems (Barnaud, et al.
2008b, Dumrongrojwatthana, et al. 2008, Dung, €2@08, Mathevet, et al. 2003,
Naivinit, et al. 2008). However, a few case stadiave reached the second objective,
i.e., to support collective negotiation and deceisiwaking process (Barnaud, et al.
2008a, D'Aquino, et al. 2003, Gurung, et al. 20®®mburom and Bousquet 2008),
and therefore have contributed towards adaptivargedrated management of

renewable resources.

Case study on management of an upper water shed in Northern Thailand

A case study of ComMod approach in dealing witegnated renewable resource

management in Northern Thailand is presented fidiis.case study combined RPG

and ABM simulation experiments to raise stakeha@davareness and understanding



of effects of the establishment of a new natiorakpn local farming activities in the
upper watershed of Nan Province, Northern Thail@atnaud, et al. 2008b). Ban
Nam Ki and Ban Nam Paeng villages are two ethnienMor Yao) communities
located along the border of the new Nanthaburidwati Park (NNP) in western Tha
Wang Pha District, Nan Province. Their livelihoadtil the 1970s have depended
upon shifting cultivation-type agriculture of majzgland rice, and opium poppy. In
the late 1970s, government’s interventions haveeidthem to replace opium poppy
cultivation with extensive cash cropping, while eaercial logging concessions led
to significant deforestation. To combat the seridesline of forest cover in this
headwaters area, farmland was delimited by the Rey@st Department (RFD).
Subsequently, the Mien villagers had to replacéisgicultivation with permanent
cultivation of annual (mainly maize for animal f@¢eshd perennial (mainly litchi
orchards) commercial crops. Therefore, subsistenelhoods were replaced with
new and far more unequal socioeconomic situationghich villagers depended upon

outside markets, both for inputs and outputs.

As a result of these transformations, the mostunesepoor villagers were seriously
in debt, and had to supplement their income witlectbon of non-timber forest
products (NTFPs), as well as seeking off-farm emplent in urban areas. In 1996, a
new national park has been proposed in the ardmugih it has not yet been

officially declared at the time of the study (200®ark boundaries were not clearly
defined, leading to the Mien villagers’ confusiarddrustration over losing already
limited farmland. Moreover, specific forest managat rules and regulations were
not known, especially regarding the rights of tikagers to continue gathering

NTFPs, which are important sources of income ferrttost economically vulnerable
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households. A rising conflict between the two \g#a and the national park was
becoming evident. Lack of communication betweensth&eholders involved did not
help in mitigating the conflict, and was leadingatimespread mistrust and
misunderstanding prevalent among the stakehold@@esconflict over utilization of
forest resources in the study area encompassecbolibgical and social dimensions,
resulting in intricate and dynamic situations. Bbi@ver of the watersheds, water
availability, and biodiversity conservation wersuss as important as villagers’

livelihoods dependent upon farming and forest potslu

In 2006, the ComMod approach was put to use toargcommunication among the
conflicting parties. The challenge was to facietabmmunication between villagers
and the national park administrators, in ordentprovetheir understanding of the
complex issue of forest resource management aleddioto a new set of rules
regulating the exploitation of NTFPs by poor lopabple. The ComMod exercise
combined modeling activities in the laboratory, e#nthe design of two successive
RPG and of an ABM simulator, with a series of fialdrkshops, including RPG
gaming sessions and subsequent interviews, imtheitlages. The first set of
workshops was followed by presentation of the ABMudator and stakeholders’
feedback from field workshops to NNP officers. Adi joint workshop was
implemented with the participation of farmers frowth villages, as well as RFD and

NNP officers (Figure 1).

During the initial diagnosis based on secondarg daglysis, landscape analysis and

individual interviews of local farmers in early Z)Qhe research team was able to

identify a key renewable resource management pmghle., the possible conflict
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between the NNP and the two villages over foraBzation in the midst of newly
proposed national park demarcation; and the makebblders involved. This
preliminary diagnostic-analysis showed how crubl&FPs gathering (in particular
Arenga palm fruits) was to the economic survivalh&f most resource-poor farming
households. Therefore the ComMod activities focusethe effects of forest and

biodiversity conservation on villagers’ livelihoads

During the ComMod process, the interaction betwasdorestation, biodiversity
conservation, and villagers’ livelihoods were firspresented in a RPG and discussed
just after the gaming sessions in both plenary @sbend individual interviews with
the players in order to improve its features ariesrand to make its relationship with
actual circumstances even more explicit. Latergheteractions were represented in
an ABM simulator similar to this game that was usedommunicate the villagers’
point of view on the issue at stake to the RFD NP officials and to convince them

to join in the exchange process (Figure 2).

The first round of participatory workshops based®RHG sessions, subsequent group
discussions and individual interviews were heldune 2006 with selected farmers
from the two villages representing the socioecomasinzersity of households. Twelve
farmers from each village played separately witloard representing farm areas and
forests, making decisions to allocate land, labowamey and resources to grow and
harvest crops as well as to gather NTFPs (Figuyre Reyers needed to make
decisions to allocate labor force and money, choose types and land area, and to
collect NTFPs from the community forest. After eactind of play, players were

presented with their crop yields and incomes gaiSetbsequent discussions led to
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changes in game rules and possible scenarios torexm this case, with and without

presence of a national park and its imposed regulaf forest use.

The gaming sessions, plenary debate and individteiviews with the players
enriched the research team understanding of tlestféeirmland interactions under
study. The key issues and important interactioasevater represented in a simple
ABM simulator similar to the RPG (Figure 2b). Tkiswulator was able to replay the
gaming sessions silico and was used to provide feedback from the ganasgisns
played by a dozen of farmers to the whole villagpyations. It was also used to
communicate the villagers’ point of view to thedstry officials and national park
rangers before the second round of RPG sessiodsrhBlecember 2006, during
which villagers from both villages, RFD foresterglanational park rangers

participated.

As part of the ComMod approach, group discussioaisirrdividual interviews were
routinely conducted with the participants immediatdter each of the RPG or ABM
simulation sessions to gather what they learnedecelved from the ComMod
experience, as well as their suggestions on hampoove the on-going modeling
process. Normally, the questions asked and diedusslude changes in perceptions,
levels of understanding, and behavior of the stakksns towards the issues of

resource management which was the focus of the Gmhrgdssions.

In June 2007, an external evaluation of this Narthéhailand ComMod case study

was conducted based on a framework to documenassebs experiences of the
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process designers and local particip%.nTﬂne external evaluation, conducted through
interviews, aimed to assess the actual implememtaind diverse effects of this
ComMod process on its participants, both immediat long-term (van Passen and
Patamadit 2008). Combining the routine evaluaéind monitoring steps inherent to
ComMod approach with the additional evaluation ktemal experts has provided an

innovative framework to systematic assessmentisfciise study.

RESULTSAND DISCUSSION

The outcome of the ComMod process implementednote villages with people
having received limited or no formal education skdwhat villagers, and researchers
alike, gained a better understanding of the faiesturce and farmers’ livelihood
issues and increased awareness of these issueg émeorillagers. 85% of the
participants said that the game increased theireaveas of the national park issues
(Barnaud, et al. 2008b). Rules of forest usage geteas a more significant problem

than the actual national park boundary itself.

The results from the first RPG sessions led tactnestruction of a hybrid ABM
simulator, which represents the resources, staller®hnd rules of resource
utilization. After presentation of the ABM simutaif NNP officers better understood
the collaborative modelling process and its obyestiand accepted to participate in

the second participatory workshop with the farnieys the two villages. As a result,

2 : .

The external evaluation was part of a large-seadduation of some 30 ComMod
processses in various continents carried out uth@efgriculture and Sustainable
Development (ADD) Program of the ANR, France.

14



it was agreed that mutual understanding througtebedbmmunication was needed,
and a common platform was necessary for mediafndmagotiation of the forest
resource management issues in the area. This achént was seen as a first step

towards a more adaptive and sustainable managexhfmmest resources in this area.

However, the chief of the NNP did not join the waltkp, and, as the National Park
law is highly top-down regulated, only informal 8@greements can be reached and
the villagers remain vulnerable to the looming dem forest utilization rules.
Another problem was that a few households of fogastoachers from the Ban Nam
Ki village, the most concerned one by the issuadekamined, refused to participate
in any of the ComMod activities. This underline theed for more sentisizing
activities prior to the implementation of field vikshops to try to limit this somewhat
self-exclusion of key players, as their importaattigipation is required so that they
have a chance to see the recommendations made ettdhof the ComMod process

being implemented and enforced at the village level

The external evaluation revealed that the ComMgutagrh was useful to local
villagers for individual learning about consequenoéthe proposed regulation by the
new national park. Researchers gained a betterstadeling of the agro-ecological
situation and of the interactions among local dtakgers. Likewise, NNP officers
gained an increased awareness of the villagelmistances and points of view, and
acknowledged the need for better communicationcaddination mechanisms with
the villagers. Specifically, the villagers learredabut agro-ecological dynamics and
socioeconomic equity issues. Several of them ise@#heir social networks used to

communicate about the new national park issue @altzed the importance of mutual

15



discussion at the village level essential to satisfry negotiation and decision
making processes involving powerful government agen Most importantly, the
ComMod process increased mutual understanding awitbagers and between them

and NNP officers (van Passen and Patamadit 2008).

In general, the ComMod approach proved to be stamagpractical in the
representation and demonstration of stakeholdefsawor and interests and
dynamics between stakeholders and resources. T@epR¥ed to be an effective
tool to reveal individual and collective behavibat are not easily identified with less
interactive tools, such as individual interviewspecially when social tension among
stakeholders exists (Barnaud, et al. 2008b). Hewesome stakeholders expressed
concerns that the complexity and diversity of issdering sessions could overwhelm
the participants; this suggests a limitation tdude more diverse types of conflicts
and stakeholders in one session and the needigndes implement such ComMod
processed by focusing on a well-defined practieaburce management problem
faced by the potential participants. Sessions heéeé structured to get focused
discussions, and unravel issues one by one, aocptalithe priorities (van Passen, et

al. 2008).

ComMod was also shown to be useful in multi-lev@heunication. In the present
case study, the iterative sessions of RPG sesaiah#BM simulator have
acquainted local farmers and national park officetso are used to top-down
administration, with the possibility of bottom-upalsion making and scenario-
enhanced negotiation. Specifically, the RPG wasessfully used with small groups

of local stakeholders and the accompanying ABM &atau was subsequently used to

16



provide feedback to the whole village communityvadl as familiarize the national
park officers before their participation in the @ed RPG sessions. This synergistic
interaction between the RPG sessions and ABM stongdas therefore provided an
original achievement in up-scaling ComMod to inéwddiverse and hierarchical

structure of stakeholders involved in collectivenagement of renewable resources.

CONCLUSION

The overall outcome of this Northern Thailand exgreze has shown that
collaborative interactions between researcherdaral stakeholders mediated by
ComMod tools were supportive of joint learning teate common values among
various stakeholders and to improve adaptive aregjiated management, which can
lead to sustainable development of renewable reesuHowever, challenges and
obstacles to up-scaling ComMod still need to bdaeg, especially the need for a
supportive policy environment to facilitate the ieqpentation of collective action
plans emerging from such collaborative modelingpsses for sustainable and

integrated management of renewable resources.
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Figure 1. Iterative companion modeling process alterndfielg and laboratory
activities implemented in 2006 in Nan Province, thern Thailand (RPG = role-

playing game, ABM = agent-based model).

Figure 2. Similarity of features between the main gaming ddaj) used in the role-

playing game and the interface of the agent-basedator (b) used in the ComMod

study of forest utilization conflict in Nan ProviecNorthern Thailand.
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Figure l. Iterative companion modelling process alternatielgl and laboratory

activities implemented in Nan Province, Northerraildnd (RPG = role-playing

game, ABM = agent-based model).
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Figure 2. Similarity of features between the main gamingridda) used in RPG and
the interface of ABM hybrid simulator (b) used iretComMod study of forest

utilization conflict in Nan Province, Northern Thand.
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