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MODELISATION D’ACCOMPAGNEMENT POUR L'ANALYSE DES
INTERACTIONS ENTRE USAGES DES TERRES, DE L'EAU ET
MIGRATIONS DANS LE BASSIN VERSANT DE LA LAM DOME YA |
AU NORD-EST DE LA THAILANDE
Companion Modelling to analyse the land & water usand labour migration
interactions in the Lam Dome Yai watershed, Lower Nrtheast Thailand

Warong Naivinit

Résumé de la these

La thése porte sur la conception, la mise en ceevrée suivi-évaluation d’un
processus de modélisation d'accompagnement (ComModr « companion
modelling ») utilisé afin de représenter et d’asalyles interactions entre la gestion
des terres rizicoles, les usages de I'eau agretdies migrations de travailleurs ruraux
vers les villes dans un bassin versant du sud geolince d’Ubon Ratchathani au
Nord Est de la Thailande.

Elle est organisée de la facon suivante : un cleapitroductif, suivi de trois
parties composées respectivement de quatre, trqisaére chapitres, et se termine par
un chapitre conclusif. A la suite du chapitre iduotif qui cadre les enjeux de gestion
des ressources naturelles, mais aussi méthodokmjigoncernant I'implication
d’acteurs. La riziculture non irriguée est I'usatgs terres dominant au nord-est de la
Thailande. La production d’'un cycle annuel de 8t @ntrainte par la distribution
erratique des pluies, une longue saison seche &ixtare grossiere des sols. Les
rendements en paddy sont faibles et les revenusobay des ménages peu éleves.
Pour la majorité des petits agriculteurs familiakes, migrations saisonnieres ou plus
permanente de la main d'ceuvre familiale constituem¢ stratégie d’adaptation
fréquente et efficace. Mais elles conduisent atafaction de la force de travail sur
nombre d’exploitations et obligent a en ajusterfdactionnement. Une meilleure
compréhension des interactions entre ces migragotissage des terres et de I'eau
est nécessaire au moment ou les autorités plandienportants investissements dans
des infrastructures d’irrigation notamment danisdssin versant de la Lam Dome Yai

au sud de la province d’'Ubon Ratchathani.
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La premiére partie décrit les différentes facegtedinentes du contexte de ce
cas d’étude a partir d’'une revue de la littéraexistante et de résultats d’enquétes de
terrain complémentaires. Ainsi les spécificités desnditions géographiques
régionales sont abordées (chapitre 2), tout conemedvolution récente (chapitre 3).
Les processus de migrations de travailleurs rumguixsont au cceur du sujet sont
décrits au chapitre 4, suivis de la présentatiamn@’ typologie des exploitations
agricoles locales (chapitre 5).

La deuxieme partie s'intéresse a la méthodologieedberche employée, la
modélisation d’accompagnement, replacée dans leexiendes différents types de
démarches utilisées en modélisation participatieechapitre 6 présente une revue de
littérature sur le sujet, tandis que le suivante@@itus spécifiguement sur la démarche
ComMod mobilisée ici, avant la discussion de saerais ceuvre concrete dans I'étude
de cas du bassin de la Lam Dome Yai au chapitrea8démarche ComMod est
utilisée ici pour faciliter le co-apprentissagerenthercheurs et différents types de
riziculteurs a propos de ces interactions. Itéeativévolutive, elle favorise le partage
de connaissances au cours d'un processus intgithesie de recherche-action
renforcant les capacités d’adaptation et d’anttaipades acteurs. ComMod vise aussi
ici a faciliter I'intégration des connaissancesoahtones, d’experts et académiques
sur la gestion des exploitations.

La troisieme partie est centrée sur les résultatisnois et s’organise autour de
la présentation de l'utilisation des principauxilsutmobilisés avec les ménages de
riziculteurs du village de Ban Mak Mai. Ainsi lesuk de rbles successifs utilisés avec
eux sont décrits au chapitre 9 et le modele in&tige multi-agents construit durant
ce processus ComMod au chapitre 10. Le chapitqgrddente et analyse les résultats
des simulations informatiques réalisées : d’abardes terrain, avec les villageois de
Ban Mak Mai (village ayant donné son nom au mod#@matique BMM), puis au
laboratoire ou des simulations complémentaires Idaont été réalisées afin
d’approfondir I'exploration de la question examirg@emoyen de I'outil informatique
co-construit avec les riziculteurs. Le chapitrevant constitue une évaluation
réflexive sur les effets et Iimpact de la mise emuvre de la modélisation
d'accompagnement sur les différents types de ftits qui y ont pris part (chapitre
12), tandis que la conclusion tire les lecons dtecétude de cas et propose des
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recommandations afin d’améliorer l'usage de tel®cpssus de modélisation
participative.

Le chapitre introductif montre que la variabilité k& disponibilité en eau ainsi
gu'en main d’ceuvre agricole sont des contraintepomantes du développement
agricole régional et plus particulierement en riffiere inondée, activité économique
dominante dans la région étudiée. En I'absenceyd&eme d’irrigation collectif,
'alimentation en eau des petits casiers rizicaedait ici par la pluie (lors des six
mois de saison humide), le transfert d’eau parigfrabun casier a un autre, ainsi que
le pompage a partir des petits bassins de stodkagaduels qui se sont multipliés
durant les deux derniéres décennies. Mais la cdmepston encore limitée des
interactions complexes entre usage agricole desstede I'eau et migrations de
travailleurs, tant dans le monde académique etidesleurs de la politique agricole,
gue sur les exploitations agricoles elles-mémes, daurir un risque d’échec
important aux ambitieux programmes de développents® ressources en eau
agricole actuellement envisagés par les autoridwaynementales dans cette région
relativement pauvre du royaume. Dans ce contegtethése vise a tester si la
démarche ComMod peut améliorer cette connaissaonogluire a une représentation
partagée de ces interactions en intégrant les @samres pertinentes de sources et
nature variées, tout en créant de nouveaux saagiss que d’autres effets sur les
participants. Le type de représentation communé @& un simulateur informatique
qui, une fois validé, sera utilisé pour la simwatiet I'exploration de différents
scénarios futurs possibles identifies par les gpdhts villageois ou choisis par
I'équipe de recherche.

Le chapitre 2 fournit les connaissances perteemécessaires afin de
comprendre le contexte géographique d’'un pointueassez global tout d’abord, en
replacant la région d’étude dans le paysage natipoes au moyen de la description
des caractéristiques bio-physiques clefs (fortedramtes géologiques, pédologiques
et climatiques déterminant le fonctionnement hyalymue des petits bassins versants
rizicoles) qui déterminent assez largement I'évienia limité, des différents types
d’activités agricoles possibles ainsi que leuratiehs avec I'emploi de main d’ceuvre
hors-exploitation. La présentation des principaf@eductions agricoles et des
structures agraires locales permet aussi de saulilgs caracteres originaux de la
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riziculture inondée locale (un foyer de la prodoctde riz parfumé de qualité a haute
valeur commerciale) ainsi que des conditions sécmomiques (démographie,
infrastructures économiques, croissance régionete,) dans lesquelles elle est
pratiguée. Ce chapitre campe les éléments de dentexisidérés comme a priori
importants avant I'analyse de leurs dynamiquesntése

Le chapitre 3 rend compte des transformations mEgarécentes et des
changements d’'usage des terres dans le contexgeagéajue de la région étudiée. Il
montre notamment l'importance du pilotage exogeme slystemes de production
agricole par le passé, notamment au moyen de Ii&@gmn de politiques
economiques ou de développement d’infrastructidesémmunication par exemple)
qui ont fortement influencé la mobilité croissades actifs ruraux au Nord-Est de la
Thailande. En matiere d'usage des terres, si lal rda couvert forestier a
accompagné des vagues successives d’expansionltdeestndustrielles (manioc,
roselle et kénaf, et plus récemment hévéa) demssahnées soixante, la large
domination des riziéres inondées plantées en rizipé&s glutineux ou non demeure
une constante. Les projets hydrauliques gouvernemere taille moyenne ou, plus
récemment, a petite échelle se sont multiplié duesntoutes dernieres décennies afin
d’améliorer le controle de I'eau dans les riziests par endroits, promouvoir la
double culture annuelle.

Le chapitre 4 traite ensuite la question, centiiales cette these, des différents
types de migrations de main d’ceuvre pratiquées detts région, de leurs relations
avec les conditions climatiques (longue saisone&ehnovembre a avril notamment)
ainsi que de leurs effets sur les pratiques agricet plus particulierement rizicoles.
Ces phénoménes migratoires sont sources de cdagapour la conduite des
systemes de culture, mais aussi de revenus extérnésxploitation bienvenus.
Diverses adaptations des pratiques culturales peéus@nduire par exemple a la
mécanisation de certaines opérations, ou au passagEpiquage au semis direct du
riz afin d’économiser de la main d’ceuvre. L’'analgst replacée dans I'histoire des
processus migratoires en Thailande du Nord Esgnmoent leur relation avec les
phases successives de la croissance économiquenaieti Puis les types de
migrations identifiés sont reliés & des modelesiétdsion sous-jacents au niveau de

la cellule familiale au moyen de la mobilisation géusieurs points de vue
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disciplinaires favorisant les facteurs micro et magconomiques, mais aussi sociaux
(réseaux de relations).

Le chapitre 5 approfondit la caractérisation détdnogénéité du milieu rural
local en présentant une typologie des exploitatiagscoles de la région en trois
grandes catégories en fonction de leurs objectifst@atégies socio-économiques
(notamment leurs relations aux marchés des produds la main d’ceuvre), ainsi que
de leurs moyens de production disponibles, la combon des productions et
activités économiques adoptées. Cette typologie amissi compte de la diversité des
relations aux migrations et aux revenus de salapnatagricole entre ces différentes
catégories de riziculteurs. Une analyse rétrospedes changements survenus chez
ces grands types d’exploitants depuis 1994 esti dogmie. Cette typologie, qui
s’exprime essentiellement par la taille des exatmihs agricoles et I'intégration dans
le marché de produits agricoles, est présentée eonmmoyen de faire le « casting »
des différentes catégories d’agriculteurs a preedreompte pour une démarche de
modélisation d’accompagnement soucieuse de la giigedes situations familiales.
Ceci est nécessaire afin de juger de l'importarstative des migrations de main
d’ceuvre par type d’exploitant et de leurs conségeersur les pratiques agricoles.
Cela contribue aussi a documenter la complexitéadeoblématique centrée sur la
gestion de I'eau et des riziéres et les migratdmngavailleurs familiaux.

La deuxieme partie débute avec le chapitre 6 etepelte sur les aspects
meéthodologiques centraux dans le travail mené,nmoant le choix et 'usage d’'une
démarche de modélisation collaborative adaptéeh@pitre propose une revue de la
littérature sur les questions de modélisation boltative au moyen de la comparaison
de difféerentes démarches selon les niveaux de bayltion atteints lors des
différentes phases de formulation de la questie@xaminer, de la conception du
modele, de son implémentation, sa vérificationcalgration et sa validation, ainsi
gue lors de son usage et du suivi-évaluation diessefles modéles construits. La
composition variable des groupes d’acteurs moBilisgt aussi abordée : types de
participants et leurs niveaux dimplication a diffdts stades du processus de
modélisation. Ensuite une comparaison plus appdorde six démarches de
modélisation participative est effectuée a partiauthnt d'études de cas
représentatives des méthodes de cartographie n@geit« soft systemes », systéemes
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dynamiques, systemes multi-agents, analyse miiéres, méthode statistique et
probabiliste et enfin la cartographie spatiale.

Le chapitre 7 est lui focalisé sur la présentatiétaillée de la démarche de
modélisation d'accompagnement choisie pour cetideélle cas. Il décrit I'origine et
I'historique de I'approche ComMod, ses fondemenrtgotiques multiples, ses
objectifs et principaux principes meéthodologiquegard trait a la posture du
chercheur, la pratigue de processus itératifs etuéifs, I'alternance de travaux de
terrain et en laboratoire, etc. Les deux princip@oxtextes pour son usage (1:
comprendre un systeme complexe, ou 2 : facilitgrrige de décision dans la gestion
collective de ressources) sont aussi abordésratteehement de I'étude de cas traitée
au premier est justifié. La suite présente les eapuccessives d'un processus
ComMod ainsi que les outils mobilisés, depuis fialisation, la co-conception et co-
construction de modeles avec les parties prenafiteplémentation et la validation
des modeles, l'identification de scénarios pertisem simuler, leur exploration et
évaluation collective, et enfin le suivi-évaluatides effets et de I'impact de ces
activités sur les participants. Ce chapitre se itegnpar la présentation des sujets
d’actualité au sein du groupe ComMod, notammentr@pgs des changements
d’échelles et de la prise en compte des relatienpalivoir durant de tels processus
participatifs. Il permet ainsi de bien situer |4k dans l'actualité des questions en
cours de discussion dans le réseau de praticielasddenarche ComMod.

Le chapitre 8, richement illustré, décrit les gaatequences successives du
processus ComMod piloté par l'auteur et les chdi@ceués pour la mise en ceuvre
concréte de la modélisation d'accompagnement sutesmain d’étude dans la partie
centrale du bassin versant de la Lam Dome Yai. é&pes successives sont
détaillées, depuis la sélection du village et destippants, la conception et
'exécution du processus sur plusieurs années fignee synthétisant I'ensemble),
ainsi que pour chacune des séquences les objegiésifiques poursuivis, les
méthodes et principaux outils mobilisés, tout comeseprincipaux résultats obtenus
au fil de ce long processus. En particulier, lespge graduel de I'usage de modeles
reposant sur des jeux de rbles a la co-constructiem modele informatique multi-
agents est finement décrit. Ce chapitre clé ddédad s’achéve avec la présentation
synthétique de la «famille de modéles » produitscaurt de ce processus de
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modélisation collaborative ayant associé jeux dksréet modéle multi-agents

informatisé a d’autres techniques complémentadégfents types de visualisation

des processus et la conduite d’enquétes compléimenteiblées notamment) en

fonction des événements survenus sur le terrairsi ajue des souhaits des
participants. Cette pluralité d’accés a l'infornoatiest importante, ainsi que la facon
de gérer une réelle implication des acteurs locauxcours de la modélisation

collaborative. De fagon tout a fait originale, ieis participants sont tour a tour

joueurs, co-concepteurs, « consultants » puis n@rmeeignants auprés d’étudiants en
Master a l'université régionale.

Le chapitre 9 présente de facon détaillée et lirgstrée les trois jeux de réles
successifs qui ont été congus et utilisés durast deemieres séquences de ce
processus ComMod. Leur présentation est organisiéas ¢ protocole ODD pour
« Overview » (objectif, variables d’état et échgllprocessus et unités de temps) —
« Design concepts » et «Details » (initialisatiomputs, sous-modeles). Des
diagrammes UML (« Unified Modelling Language »)adasses et de séquence, ainsi
gue des schémas des dispositifs spatiaux utilizés ks salles ou se sont déroulés les
séances de jeu, sont utilisés afin de décrirelmtsire, les composantes, les processus
modélisés, ainsi que les étapes du déroulemergcdexes de jeu.

Le chapitre 10 porte sur la présentation du moddtamatique multi-agent
final (appelé modele BMM du nom du village de BaakWai) co-construit avec les
riziculteurs. La description détaillée du modéle &ste selon le méme protocole
ODD qu’au chapitre précédent. Ce chapitre incluholebreux diagrammes UML (de
classes, de séquence et d'activités), ainsi quteseription précise des différents
parameters pris en compte, de leurs valeurs €bdgithe de l'information utilisée.
Les choix effectués pour la représentation descyates composantes du modele et
processus simulés sont argumenteés, tandis quedeédures utilisées pour les tests
de calibration, vérification et de validation dernedele informatique sont également
données. Le modéle est composé de cing entitéslémendantes : individu, ménage
agricole (trois grands types d’exploitations), agle, riz et bassins. La résolution
spatiale de l'interface, représentant quatre etqiions (deux grandes et deux petites)
et différents types de riziéres le long de la peest de 0,04 ha. Chaque exploitation
est caractérisée par des rizieres de tailles \g@ri@asieurs types de membres de la
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maisonnée et un rapport surface cultivée par &atiilial. Le modele opére sur un
pas de temps journalier, celui de la prise de @#tdes riziculteurs et du recueil de la
pluviométrie dans la réalité. Il peut aussi réagides événements particuliers : un
stress hydrique dans les pépinieres déclencheraréawtion des agriculteurs. Les
simulations sont effectuées sur cing ans au moyesséalies chronologiques de la
pluviométrie journaliére sur autant d’années.

Le chapitre 11 présente et analyse les résultatssieulations réalisées au
moyen du modele BMM. Il comporte en particulier aralyse de sensibilité, avec
une explication tres claire des indicateurs cholses résultats sont présentés sous la
forme d’histogrammes en trois dimensions. Dans nemper temps, les simulations
réalisées sur le terrain avec les agriculteurs dfxplorer deux scénarios de leur
choix sont décrites. Le premier scénario est cérsét par 'absence de contrainte en
force de travail agricole grace a I'acces a de &nnd’ceuvre salariée saisonniére en
provenance des pays voisins (Laos et Cambodgejet@nd simule un meilleur acces
a I'eau agricole au moyen de bassins individuelgotos remplis d’eau durant le
cycle rizicole. Par rapport au scénario de basktuast les conditions actuelles, les
résultats de simulation du premier montrent de giamdes différences de revenus
entre les types d’exploitations agricoles. Elleatstues a des pertes d’opportunité
d’emploi salarié agricole pour la main d’ceuvre gss petites exploitations ainsi
gu’'a de meilleures ventes de riz de haute qualitérmus par des récoltes plus rapides
sur les plus grandes exploitations. Le second sicesianulé souligne I'importance de
disposer de bassins de stockage de I'eau pour paéadiser les repiquages du riz a
temps chaque année, ainsi que la forte liaisore eationdance de la disponibilité et
eau et emploi de la main d'ceuvre sur les explomsti En effet, sans contraintes
hydriques, toutes les exploitations implantent decultures au méme moment. Les
tres intéressants commentaires des agriculteurdesurésultats de ces scénarios
simulés sont aussi restitués. Ces simulationsggaatives ont démontré la faisabilité
de l'usage de tels outils pour le co-apprentissaigfee chercheurs et riziculteurs a
propos des dynamiques clés et motivantes du systeaie-écologique.

Une analyse de sensibilité¢ détaillée du modele BMiMMdes simulations
complémentaires ciblées sur l'interaction entrdifgponibilité en eau et la gestion de
la main d’ceuvre ont été réalisées en laboratoingé easuite présentées. L'analyse de
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sensibilité explore linfluence des parametres anis: date du debut de
limplantation des pépiniéres de riz, seuils devi@meétrie les déclenchant, niveaux
d’eau initiaux dans les bassins de stockage da Beales exploitations, ainsi que les
seuils de pluviométrie journaliére permettant Ibudéles repiquages.

Les résultats de la simulation de neuf scénarigsufidvarier les disponibilités
en eau (trois difféerents niveaux) et en force davail (également selon trois
modalités) sont ensuite analysés de fagon comparpbur les quatre exploitations
agricoles de type différents simulées au moyenirtdisateurs suivants : revenus des
ventes de paddy, salaires agricoles percus, nordbremigrants. Ils montrent
notamment que ce dernier indicateur est fortemafiuencé par le niveau de
disponibilité en main d’'ceuvre salariée extériewrevilage, mais finalement peu par
le niveau de disponibilité en eau.

Le chapitre 12 fournit une évaluation qualitatieflexive des différents types
d’effets découlant de la mise en ceuvre de la msat@n d'accompagnement dans
cette étude de cas sur les trois grands types Idiexpts agricoles participants. Les
agriculteurs considérent que le modéle co-prodyitésente suffisamment bien leurs
pratiqgues de gestion rizicole et des migrationtorSeux ce type d’échanges, stimulé
par des exercices évolutifs de simulation, faciiicacement l'intégration des
connaissances de différentes sources. Il les ressl plus confiants et augmente leur
capacité a faire face aux imprévus. Les autresstypeffets sur les individus
documentés ont trait a 'apprentissage et I'actjoiside nouvelles connaissances a
propos de la question examinée, aux changemergerdeptions de soi-méme et des
autres, ainsi que de comportement, aux modes danoaication et relations
sociales, a la prise de décision et I'adoption develles pratiques. Le processus a
surtout induit des apprentissages, mais de facdférehciee entre types de
riziculteurs. Si les petites exploitations se sphis intéressées aux dynamiques
agricoles et de migrations de main d’'ceuvre, les giandes se focalisaient sur les
processus économiques. Les participants ont alessiifié une proposition commune
pour la poursuite du processus centrée sur le tltknia diversification commerciale

de la production végétale en relation avec la digplité en eau agricole.
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Le dernier chapitre rassemble des éléments desdigry de conclusion et de
recommandation concernant surtout les aspects a@tigiques et de gestion de ce
type de processus de modélisation collaborativemportance des activités
préparatoires au lancement de processus ComMod soalignée, tout comme la
nécessaire identification préalable de la quesditraiter avec une diversité d’acteurs
formulant le probleme a examiner. Les modalités sééection des participants
(notamment pour leur capacité a s’impliquer réediatret a suivre de tels processus)
et d’évolution du groupe sont aussi abordées. B#sxions sur les points forts et les
faiblesses des deux grands types d’outils mobjliggs< de réles et modéle multi-
agent informatique, sont également fournies, notaninen terme de colts et
bénéfices, mais aussi a propos de leur approprigto les acteurs et de leurs usages
futurs, tout comme au sujet de l'intérét d’'une edxtton croissante des visualisations.
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CHAPTER 1
INTRODUCTION

Lord Curzon in 1890 stated “It is a gamble on thensoon”, a famous
statement referring to the rainfed agriculturali@iton in India. That statement could
very well be applied to farming conditions in Na#st Thailand. Moreover, such a
gamble becomes more complex because it interplasts mvore socio-economic
dynamics. This chapter introduces brief charadiesiof the study site at regional
and community levels. The justification for condogt this research is provided
followed by the research problem and objectivese Timethodology used is also

briefly presented followed by the expected outcames

1.1. Background Information and Resource Managemerroblem

Northeast Thailand is mainly a large plateau ondstone, called “Isaan”,
which is usually characterized by poor soils andeaurthe influence of the erratic
monsoon rainfall. It covers one third of the Kiogus area and contains a third of its
total population. Northeast Thailand’s 20 milliarhabitants mainly belong to the Lao
and Khmer (in the southern part) ethnic groups. [Ea@an region is also, by far, the
poorest of the country and is still a major rainfedland rice (RLR) growing area on
millions of hectares (Jongdee, Pantuwan et al.6208@&tional Economic and Social
Development Board, 2003; Office of Agricultural Boonics, 2007). The severe
agro-ecological constraints cause low paddy yieliils an average of some 1.84*
(Somrith, 1997). Two sub-regions can be distingenstihe Chi and Kong Basins in
the upper part and the Mun Basin in the lower rea#it. The upper northeast is
characterized by an undulating topography favouring adoption of important
industrial cash crops such as kenaf, cassava aggacaune. In the more monotonous
lower northeast, the agricultural diversificationt @f rice is still far more limited.
Although the famous aromatic jasmine rice (KDML1@&)argely grown, its higher
commercial value cannot compensate the low farmdymtivity (Office of
Agricultural Economics, 2007).

Past agricultural research and development effemghasized agricultural
intensification by alleviating the risk of drougémd improving soil fertility but their

impact has been limited. Particularly, when wateilability has been improved by
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governmental agencies, farmers have not takenabportunity to intensify their
production practices as expected (The World Comagnisen Dams, 2000). In this
context and in most cases, agricultural producisonot sufficient enough to satisfy
local households’ economic needs in this relatiyegr part of the Kingdom (average
monthly household income is about 8,800 baht (190)eas reported by the National
Statistical Office of Thailand, 2007). Many peopldhe 20 to 35 year old age bracket
consistently migrate to search for more profitabfiefarm employment in industrial
and urban areas; the Northeast provides the langexgtortion of out-migrants
nationwide as more than a third of all interreglomagration originates from this
region (Santiphop, 2000).

Labour migration, particularly working abroad,regarded by migrants as a
strategy of life support and is sometimes life-erdnag (Jones and Pardthaisong,
1999). Remittances from migrant workers are ald@yafactor in reducing income
disparity among regions. However, labour migrafimm farm to non-farm sectors is
an increasingly important issue in Thailand as fdammour scarcity affects many
social and technical changes in the agriculturatase(Shinawatra and Pitackwong,
1996). At the same time, the King of Thailand'sicept of sufficiency economy, and
its application in agriculture through the “New D’ advocating the adoption of
integrated agricultural production systems, is gg@nmomoted among local farmers to
improve food security and secure a decent qualitffe at the farming household
level. In particular, these development effortgehbed to the digging of thousands of
small farm ponds in the paddies of Issan duringldlse 15 years (Jitsanguan, 2001).

The Lam Dome Yai watershed where the study siteaated, is the largest
watershed in southern Ubon Ratchathani provinceeldonortheast Thailand. The
Lam Dome Yai River merges into the Mun River flogiieastwards to join the
Mekong River at the Thai-Lao PDR border. The seag@becological system (SAES)
of this watershed is characterized as an RLR et&sys a drought-prone (and in
some parts flood-prone) area allowing only one Yoslding rice crop cycle per year.
The majority of RLR growers are small and resoyrcer farmers with very limited
access to irrigation water, and their farm managemsgll relies heavily on human
labour. Various strategies — such as diversificatisio annual, or more recently
perennial, cash crops — have been used by commuoretybers to increase their
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agricultural output and secure adequate houselmaloimes. However, for many of
these small holders, labour migration has beenepa¥d to be the most successful
choice for attaining their economic goals, evethdy have to leave their land and
water underused and put their children in the o&edderly people at home in the dry
season. Once some family workers move out, the dimld needs to adapt its
farming strategy and practices to deal with farfalyour scarcity. For instance, more
labour-intensive farm activities are either abaretbar downsized.

The influential Royal Irrigation Department (RIBas attempted to implement
a controversial project to build a new dam on tlenlLDome Yai River to increase
irrigated areas in this watershed. Like in othezaar of the Northeast region of
Thailand, it was observed that similar costly inw&nt and centrally controlled water
storage and distribution infrastructures were igadée in meeting local farmers’
needs, and faced maintenance problems leading ®n dower efficiency
(Chantawong, Boonkrob et al., 2003). The suitabilif such top-down water
improvement schemes is also questionable as thegllysdo not work well with
small farmers’ socio-economic strategies, espaciadgarding labour mobility.
Therefore, an important assumption of my reseageimtwas that a similar costly
failure could occur in the Lam Dome Yai watershed better understanding of the
interaction between land/water use and labour ntgfoiligrations was not achieved
and taken into account by policy makers at thigest&rior to the implementation of
development project, a common understanding of suenaction is necessary to be
created among the most concerned stakeholdersgriicydar the main group of end
users: the local farmerBesides, stakeholder involvement is promoted andt®nal
level under the decentralization of the managem@ntlocal resources policy
(Charoensutipun, 2001). Several local administeabiodies (like the now powerful
and well-funded Tambon Administrative Organizatibh©'), and government
agencies (like the Community Development Departr@dD, under the Ministry of
Interior which is responsible for the promotion addvelopment of community
organization, leadership and networks for povergdieation and local development)

are active. Consequently, it was decided that kalootative modelling process based

! One ‘tambon’ or sub-district is made of 10-12adgjés.
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on the Companion Modelling (ComMod) approach wdutdlaunched to investigate
this key interaction in the central part of the evahed.

Based on the ComMod approach, in this researclgrigcplar aspect to be
examined through an innovative co-design and catcoction of models with local
farmers is the interaction between land/water usé labour migrations. In this
experiment, the diversity of decision-making pracegbout farm management
belonging to heterogeneous stakeholders plays @atrole to building a shared
representation of the system and issue under stbdgh shared representation is
presented by a family of models co-designed wittalldarmers. These models, then,
is used to facilitate knowledge exchange and kndgdediscovery through the
participatory simulation exercises leading the Ideamers to be more adaptive on
their farm management. Through a series of knogdedharing activities, both
researchers and local farmers could gain betteenstehding of the current situation.
More practical and acceptable alternative watereligament scenarios would

possibly emerge during this collaborative modellimgcess.

The key renewable resource management problerhssistudy area are:
1. There is no effective methodological process tdifate local farmers to build
a common understanding about their resource maregeas a result of
interaction between land/water use and labour riagra A poor
understanding of this interaction could lead tofdikire of costly state-funded
development of new water infrastructures.
2. Local farmers have limited knowledge regarding therent situation and

consequences of such interaction.

The related research questions are:
1. Can local farmers engage in the collaborative mimdeprocess to co-design
and co-construct models representing their system?
2. Can a shared representation of the system regaisiog being examined be
build among participants through knowledge sharaugivities during the

collaborative modelling process?
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3. Is it possible to use co-designed models to suppmitarning process and
integrate scientific and indigenous knowledge betwscientists and the local
farmers with primary education level?

4. Can local farmers use the co-designed models toesgmnd exchange their
perceptions, and collectively explore their intéiresscenarios?

5. What are the effects of the collaborative modellpmgcess on farmers’ farm

management and labour migration practices?

1.2. Research Objectives
The main research objectives were as follows:

1. To improve the understanding of the interactionsvben land/water use and
labour migration through the collaborative modejlprocess to co-design and
use a family of models.

2. To offer tools and a methodology that enhances#pacity of expression of
the different stakeholders, to facilitate their leclive assessment of the
problem at stake, and to improve their coordinatibrough the collective

identification, simulation and assessment of sdesarf change.

To accomplish these main objectives, specific dhjes were defined as follows:

1. To understand the recent land use and cover chartpe study area and the
driving factors of such changes.

2. To categorize the local household-based agricultpraduction systems
(APS) to elucidate their respective strategic demisnaking processes
regarding farm management and labour migrationtjgeacross types.

3. To design a conceptual model representing thetsteiand interactions of the
components of the system under study to be takeragtount.

4. To implement Role-Playing Games (RPG) and an Agased Model (ABM)
based on this gradually improved conceptual model.

5. To organize participatory simulation workshops gsassociated RPG and
ABM tools to share knowledge and establish a sharetkrstanding of the
problem among stakeholders, and to enrich andatalithe conceptual model.
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6. To identify and explore future scenarios with tlemeerned stakeholders and
assess their simulated results by focusing onakedaptation and co-viability

of stakeholders’ land/water use, and labour migrati
1.3. Materials and Methods

1.3.1. Study site and participants
The Ban Mak Mai village is located in a sub-watesbf the central part of the Lam
Dome Yai watershed and represents a typical RLRIymng area found across the
lower northeast Thailand. 21 local rice farmersobging to 11 diverse farming
households of this village were recruited to jdirstresearch to cover all main farm
types based on a typology of the local farming lebotds built during the initial

diagnostic phase.

1.3.2. Methodology

Collaborative modelling refers to group model bimtd with active involvement of
model users in the modelling process. It is a psomgi approach that enables a better
understanding of complex issues through the exahang integration of knowledge
derived from different disciplines and experien¢géden and Ackermann, 1996). A
shared understanding and representation of thelgmolat stake built among
participating stakeholders during the process oesult in improved collective
resource management, and adaptive management tgapashby, 2003; Narayan,
1996; Selener, 1997). Companion Modelling (ComMasl) a very interactive
modelling approach involving the collaboration aékeholders throughout model
design and its use. This approach refers to a dgnaerception of the decision-
making process in which the scientific and techngsaception is only one point of
view among others, and not the pre-supposed rightegption toward which the
decision should be attracted (Barreteau, 2003bnMaod aims to develop a series of
models that integrate stakeholders’ representatéoms knowledge by encouraging
stakeholders’ participation throughout the procesesthat their adaptive capacity
increases. It emphasizes better understandingt@faictions between ecological and

socioeconomic dynamics.
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ComMod is based on continuous and iterative backfarth phases between
the laboratory (model implementation), and fieldivaites (interviews, specific field
surveys, and/or participatory modelling and simalatworkshops) generating a
succession of evolving loops. The decision-makinmgcess of stakeholders is
considered as essential to understand interactameng stakeholders whose
objectives, perceptions, kind of information andpresentations are different
(Bousquet and Trébuil, 2005). An important concepthe ComMod approach is
Multi-Agent Systems (MAS), which originated in theeld of computer science
(Distributed Artificial Intelligence: DAI) and soail science (Artificial Life). It is a
promising concept that allows researchers to reptesomplex systems. MAS is
based on the idea that it is possible to reprefenbehaviour of entities active in a
common world in computerized form, and that it @sgible to represent a collective
phenomenon as the outcome of the interactions amongssembly of individual
agents with their own operational autonomy (Fertd999). Models produced
through ComMod processes, therefore, reflect theSMncept. ComMod models
support co-learning in areas where the researchea stakeholder among other
stakeholders in the system. An original charadiered the ComMod methodology is
the flexible association of key tools such as RP@ ABM, and also geographic
information system (GIS), surveys and interviewsygjuet et al., 2005).

In this case study, ComMod is used to developraptehensive model with
stakeholders regarding interactions between rigen fananagement and labour
migration practices in lower northeast Thailanatigh a collective learning platform
and a series of participatory workshops. This ComMmocess focuses on knowledge
exchange among stakeholders, including the resetsaim, to create a shared
representation of the system through the developmwiea co-designed ABM. The
ABM is, then, used by stakeholders to explore fmsdiuture scenarios of change.

Moreover, with this platform, stakeholders’ adaptoapacity could also improve.

1.3.2.1. Initial Diagnosis Activities
This research phase identifies the system undely ste.g. literature review, GIS
operations, field surveys, and agricultural sysemalysis) in order to produce the

necessary field-based knowledge. For the climatadysis, rainwater volume and its
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distribution still play a crucial role in determmg the level of agricultural yields,
especially in the RLR ecosystem. But rainfall disttion in this area is very erratic
and farmers have to adapt their cropping calemal@utrent field conditions such as
soil moisture and water resource accessibility. [Bleal climate is analyzed by using
50-year meteorological data (1953-2003) from thehsast meteorological centre.
The frequential analysis of rainfall distributiamused to illustrate the highly variable
and unpredictable characteristics of the local atan(See chapter 2 for more details).
To analyze land use and cover change (LUCC) anthtierstand the causes of such
changes, spatial and temporal analysis of rematsese (RS) data and Geographic
Information System (GIS) operations are carried. dsditellite imagery, aerial
photographs, and topographic maps are acquired fi@mmous sources. RS and GIS
operations are processed to explicitly displaydpatial changes of three successive
periods (see details in chapter 3).

The current landscape and land use is an histopoadluct of the past
relationship between farmers and their environmdihis must be understood to
assess the initial situation at the beginning efrésearch. The household-based APS
refers to the whole structured set of plants, aliraad other activities selected by a
farmer for his production unit to achieve his olijges. The APS is finalized by a
farmer’s socioeconomic objectives and related mamamt strategy. APS typology
identifies the different types of farmers by loakiat their respective interests, means
of production, social relations, and behaviour talgatechnological evolution. It is
assumed that different types of farmers pursuitfiigreéint socio-economic objectives
by implementing different strategies exist and tha#y have access to different
amountsf land, labour and capital resources. The purpbssing APS analysis is to
examine the diversity of decision-making procesagsong these heterogeneous
groups of farmers regarding the problem under stidgld surveys with semi-
structured interviews are carried out to acquinmglementary information about the
relationship between production combinations (faand non-farm activities) and
labour migration (see chapter 5 for more detail$)e elicited farmers’ decision-
making processes are later used to conceptuakzieehaviour of rule-based agents in
the ABM.
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1.3.2.2. ComMod Process
The outputs of the preliminary system analysisumed for the model formalization.
The conceptual model is formalized in the Unifieadélling Language (UML) to
represent decision-making processes of stakehosdersell as the structure and the
relationship of components existing in the systerden study. The conceptual model
is also used as a mediation tool for knowledge ishaamong different experts.
Another use of the conceptual model is to desigG&&nd an ABMFrom this point,
the continuous and iterative ComMod cycles begidaweelop a shared representation
between stakeholders through the collaborative tinggorocess (see chapter 8 for
more details).

First, the initial conceptual model is transformetb RPGs (see chapter 9 for
more details). The RPGs facilitated by the researcre played by stakeholders
through series of participatory modelling workshopke results derived from RPG
sessions are used to enrich the initial concephaalel, which is transformed into an
ABM prototype. The ABM is built under the CORMA$COmmon-pool Resources
Multi-Agent Systems) platform, which is a programgienvironment dedicated to
the creation of a MAS with a focus on natural reseunanagement. Subsequently,
the family of ABMs is co-constructed through a esriof short participatory
simulation workshops, and the final version of &#M is used by local rice farmers
to explore possible future scenarios (see chaftdoilmore details). The simulated
results are used for further analysis to betteretstdnd the system under study or

formalize new questions and hypotheses (see chaptier more details).

1.4. Expected Outcomes
The outcomes expected from this research are lasviol
1. The research team and other concerned stakeholdeutd have better
understanding of the current situation regarding thteractions between
land/water and labour migration through the knowgkdsharing activities
during the collaborative modelling process.
2. Since RPGs are relatively simple and represensybtem where participating
farmers live and work, the participating farmersod be at ease when

2 CORMAS is being developed at CIRAD (http://cormsaad.fr/indexeng.htm) in Montpellier, France,
and is based on the Smalltalk object-oriented laggu
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playing it and their decision-making processes @de revealed during the
gaming sessions.

3. The ABM could be a powerful tool to integrate knedde from diverse
sources and engage the participating farmers invitteal environment to
build a shared representation and explore scenafriogerest.

4. The stakeholders’ knowledge of the defined probbam be improved through
the co-learning process occurring throughout theigyeatory modelling
activities.

5. The stakeholders’ adaptive capacity could be irsgeahelping them become

more resilient and better prepared to face extetmatks.

The dissertation comprises three parts and: (i)aAgn characteristics of
lower northeast Thailand (four chapters), (i) Ca@mijpn Modelling (ComMod) to
understand the interaction between land & water ase labour migration (three
chapters), and (iii) Results (four chapters). Tgroduction, and conclusion,
discussion and recommendations are presented sdpana chapters 1 and 13
respectively.

Chapter 2 presents the dynamics of the agraristesyin the lower northeast
region. The biophysical and socioeconomic charesties of the northeast region
influencing the current regional context are coredarto other regions. The
characteristics of the study area include: the wimt of transportation networks;
APS and land use change based on interpreted gimdmom farm surveys, and the
analysis of secondary data using GIS and RS presaemtchapter 3. A review of the
literature regarding labour migration in Thailarsl grovided in chapter 4 with an
emphasis on migration decision-making processeapt€h5 presents a synthesis on
the diversity of APS based on the integration oé¢hsuccessive farm surveys carried
out in the study area. Based on the comparisoniderdification of similarities and
differences between various APS, several main tydefarmers are defined in a
typology.

Chapter 6 presents the collaborative modellingr@ggh illustrated by the
analysis of six collaborative models. The highltenmactive collaborative Companion
modelling (ComMod) approach and methodology anduitslerlying theories are
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presented in chapter 7. Chapter 8 deals with theMad process implemented in
Lam Dome Yai watershed, including details on thdigp@gants. Detailed information
on the process design and its implementation, dk asethe recapitulation of the
evolving modelling tools over the whole processaliso provided in this chapter.
Three RPGs and the Ban Mak Mai (BMM) Agent-Baseddslamplemented in this
experiment are described in chapter 9 and 10 réspBc Chapter 11 presents the
explorations of scenarios carried out by running 8BMM simulations during
participatory simulations with RLR farmers and Ine laboratory. The assessment of
ComMod’s effects on participating farmers is preéednn chapter 12, followed by the

conclusion, discussion and recommendations in end&
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PART 1 AGRARIAN CHARACTERISTICS IN LOWER NORTHEAST
THAILAND

CHAPTER 2
AGRARIAN SYSTEM IN LOWER NORTHEAST THAILAND

In Thailand, agriculture, particularly rice prodwct, is a backbone economic
sector; in fact, Thailand is the world’s largesteriexporter. 20% of farm land is
categorized as rice-producing area (Office of Agtioral Economics, 2007). The
northeast, the largest region both in terms of aed population, contributes an
extensive share of land and labour to agricultpraduction. The evolution of this
large agricultural based region has been influermedcological changes, economic
incentives, and technological and infrastructureprionements leading to the
emergence of various regional agrarian systemsadkarian system is defined as a
historically constituted mode of exploitation oktlenvironment, durably adapted to
the bioclimatic conditions of a given area and esponding to the social conditions
and needs at that moment.

Because the current agricultural landscape anduaeds an historical product
driven by past interactions between socioecononmianges and agroecological
dynamics, this evolving process must be understooassess the initial situation at
the beginning of the research. In this chapter,dyreamics of the agrarian system in
the lower northeast region is presented to prokit®mvledge on these interactions at
national, regional and provincial levels. Genetahracteristics of the northeast, or
“Issan”, region regarding land utilization, and degraphic and economic dimensions
are also compared to other regions to highlighsscific nature. The socioeconomic
and biophysical settings are specifically addredsedtate the importance of these
foundations influencing the current regional lookke rice ecosystem, the dominant
use of land in this region, is further describede Thapter closes with a presentation

of recent agricultural transformations and land elsgnge at the provincial level.

2.1. The Northeast Region of Thailand
The Kingdom of Thailand has been known as the “@wld.and”, in

recognition of the high productivity of its farmnids and forests that benefit from the
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southwest wet monsoon from April to October. Basaedgeographic diversification,
Thailand is divided into five regions: North, Sou@entral plain, East and Northeast
(Figure 2.1). However, when the socioeconomic aedabraphic dimension is
referred, the East is often considered a part @f@bntral plain. The northeast is the
largest plateau in Southeast Asia (Mackill, Coffetal., 1996). Lao PDR borders the
north and east, and Cambodia borders the soutleriogvone third of the 513, 000

km? country size.
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Figure 2.1 Map of Thailand displaying five regiarsl its neighbouring countries.

This region is the largest rice producing area tiagnfor 35% of total rice
production land in Thailand with a small portion fofest cover compared to other

regions (Figure 2.2). Rice producing area is pedfisr cultivated in large undulating
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shallow depressions, while non-rice crops suchagsava, kenaf and sugarcane are
found in upland areas. A few dense tropical foresésconserved as national parks,

located in the mountain range in the west, and@asalong the international border

between Thailand and neighbouring countries, inolydthe southern and

southeastern regions of Ubon Ratchathani province.
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Source: Agricultural Statistics of Thailand, Centre for Agricultural Information, Office of Agricultural Economics,
Ministry of Agriculture and Co-operatives, Bangkok.

Figure 2.2 Percent of rice, non-rice crops, anddbareas by region, Thailand (2005).

In 2005, Thailand’s population was estimated atn@fiion making it the
nineteenth populous country in the world (LibrafyGongress, 2007). Demographic
records from the National Statistics Office showe tbstimates of Thailand’s age
structure in 2005. 23.9% of inhabitants are less thS years old, 68.6% are 15-64
years old, and 7.5% are 65 and older. Thai socsegjgnerally considered to be fairly
homogeneous; 80% of the population is Thai, inclgdielated Thai ethnic groups
such as Thai-Lao (Laotian) and Thai-Khmer. Anoth@%o are ethnic Chinese, and
3% are Malay, leaving 7% uncategorized. The largkate of the population resides
in the northeast region with over 21 million inhabits and a population density of

126 persons per square kilometer (Table 2.1).
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Table 2.1 Population, density and households from registnatiensus by regions,
Thailand (2005).

Region Population (x1000) Area (km?) Density per km? Number of household
Total Male Female (x1000)
Northeast 21,328 10,647 10,681 168,855 126 5,350
Central 15,031 7,368 7,663 102,336 147 5,322
North 11,884 5,879 6,005 169,644 70 3,768
South 8,517 4,219 4,298 70,715 120 2,485
Bangkok 5,659 2,706 2,953 1,569 3,607 2,092
Whole Kingdom 62,418 30,819 31,599 513,120 122 19,017

Source: http://www.nso.go.th/eng/pub/keystat/key03/Chapterl.xls Department of Local Administration, Ministry of
Interior, Bangkok.

The agricultural sector occupying the largest shafefarm land in the
northeast is managed by about 7.4 million nortleeasts (Figure 2.3). However, the
revenue generated by this sector is not enougbaduace the level of regional poverty
as shown by the decrease of Gross Domestic Pr¢@i2P) in the farming sector
(Figure 2.4). As indicated by high incidencespoferty, the northeast remains the
all-time poorest region in the kingdom (Figure 2.Bjore details on this topic are
provided below.

Regarding the regional demographic characteristibs, number of out-
migrants is relatively high compared to other regioThis region contributed more
than a third of all interregional migration in 200Bigure 2.6). Much of these out-
migrants travelled to Bangkok and its peripherywtork in industrial and service
sectors. (Matsumura, Isarabhakdi et al., 2003g flaw of labour migration can be
considered as a common response to the regionalyas rural households look for
additional cash income to help meet their basicdsee

To understand the high rate of poverty in thisgéaragricultural-based
economy that in turn leads to a high migration ,rétes essential to look at the

regional socioeconomic characteristics in relatmpoverty.
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Figure 2.3 Number of workers employed by econoraat@'s in northeast Thailand
(2005).
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Figure 2.4 Evolution of Gross Domestic Product @& Qenerated by farm and non-

farm sectors at national and regional level (19605).
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Note: Thailand measures poverty incidence at household level by comparing per capita household income against
poverty line which is the income level that is sufficient for an individual to enjoy the society’s minimum standard of
living.

Figure 2.5 Evolution of poverty incidence by regidhailand (1988-2004).
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Figure 2.6 Number of out-migrants by region, Thai42005).
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The region’s evolution has been based on agrialltand technological

development interventions, influenced by the staglicies, markets, and human

resource coming from a mix of diverse ethnic groapsl cultures. The regional

socioeconomic dynamics including demographic chengeonomic transformations,

and state policy implementations are all partlypoesible for the emergence of

persistent regional poverty among north-easterners.

2.2.1. Ethnic Groups and Evolution of Populatioru&ure

The regional population is dominated by Thai-Lalnet rural dwellers concentrated

in the provinces of Nakorn Ratchasima, Khon KaermotJ Thani and Ubon

Ratchathani, while a significant minority of Khnsgople lives in the southern part of

the region, along the border with Cambodia (Fidgui®.
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Figure 2.7 Map displaying the distribution of ethigroups throughout the northeast

region of Thailand.
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The culture and means of subsistence of the ettadds strongly linked RLR
cultivation as indicated by the sequence of tradal festivals, along with rice-
growing practices in villages (Faculty of Economiasetsart University, 2000). But,
with regard to this cultural aspect, these ethrao farmers are also well known to be
adaptive and fast learners to new settlements.efdrey, they still make up a large
share of interregional migration compared to ot@ups (Promjuy, Panvisit et al.,
2003).

In 2005, the regional population structure consiste24% of inhabitants aged
less than 15 years, and 8% aged older than 65.y€arapared to the population
structure in 1960, the number of elderly increagédle the number of inhabitants
whose age was less than 15 years old decreasedrdFX8). This demographic
transition is due to a successful family plannimggoam launched at the national
level by the Thai government in 1968 (Figure 2&)d the improvement of public
health as seen in the decrease of infant mori@aple 2.2).

Population growth is now slow. As a consequenchisflow natural rate and
better health care leading to longer life expecgta(itable 2.3), the population
structure is likely to contain a more elderly prdpmm of people and a lower
proportion of working aged people. This could Iéaderious labour shortages in the

future.

2.2.2. Evolution from Agricultural-based to More fgxt-led Economy and
Poverty
Since the early 1960s, Thailand has experienceattarp of economic development
characterized by rapid growth in population, inconiecome per capita, and
productivity. National economic reforms resulteddnanges to Thailand’s former
backbone economic sectors; Thailand’'s economy mofrech one based on
agriculture and self-reliance to an economy ledeniyr industry, service sectors and
exports (Manarangsan, 2002). As a result of beimgenand more market-oriented,
systems of rural self-subsistence declined anaalgwiral products became more vital
in trading for cash. However, the benefits of Taad’'s recent economic growth are
not equally distributed to all regions.
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Figure 2.8 Northeast population pyramids comprsieslyear age groups for both
sexes, Thailand (1980, 1990, 2005).
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Figure 2.9 Evolution of the rate of natural popigia increase, Thailand (1929-2002).

Table 2.2 Birth, death and infant morality ratéltmailand (1963-2005).

Year
Rate 1963* 1975 " 1991 ° 1995 ° 2000 2 2005 2
Live birth 35.7 28.4 17 16.2 12.5 13
Death® 8.2 5.9 4.7 5.5 59 6.4
Infant mortality ° 37.9 26.3 8.3 7.2 6.2 7.6

Sources: ' Statistic country profile for administrators, 1979, Bangkok.
2 Health Information Unit, Bureau of Health Policy and Strategy, Bangkok.

Notes:  ?Live birth and death rates are number of live births and deaths per 1,000 populations.
® Infant mortality rates are number of infant death per 1,000 live births.

Table 2.3 Life expectancy in Thailand (1963-2005).

Year
Gender 1963-1967 1 1974-1975' 1985-1990 >  1991-1995%  1996-2000%  2000-2005 >
Male 53.9 57.9 61.75 66.48 67.36 68.15
Female 58.6 63.6 67.5 71.04 71.74 72.39

Sources: ' Statistic country profile for administrators, 1979, Bangkok.
2 Health Information Unit, Bureau of Health Policy and Strategy, Bangkok.

During Thailand’s economic boom in 1986-96, thetimeast’s farming sector
produced a decreased share of GDP, while GDP ohdmefarm sectors increased
(Figure 2.4). There was also a flux of workers mgvirom the farming sector to the
non-farming sector. In the northeast, 88% of thmla force worked on the farm in
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1991, this share decreased sharply to 56% in 1BR@fre 2.10). This type of labour
transference shows a serious problem regardingmiacdisparity among regions in
relation to industrial and service sectors.

In June 1997, Thailand’s economic bust caused alesudncrease in
unemployment and new workers could not enter thekebtaThe crisis affected
people in rural areas because most of the houssldelgended more and more on off-
farm incomes. The economic crisis also caused leaisdof thousands of migrants to
return to their rural homes after losing their joasd many reverse migrants returned
to the northeast region (Subhadhira, Simaraks ,e2@04). Workers in the farm sector

increased in 1997 while the number of non-farm wosldecreased (Figure 2.10).
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Source: The Labour Force Survey, National Statistical Office, Ministry of Information and Communication
Technology, Bangkok.

Figure 2.10 Labour force changes in the farm amdfaan sectors in Thailand and
the northeast region (1986-2007).
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However, in 2000, the portion of labour betweea tiwvo sectors was similar
to the situation in 1996 since the Thai economy peatially recovered. This indicates
the tight link between economic growth and labougration because the northeast
people need to find more profitable employment thagriculture to increase
household income.

Regional poverty has long been a problematic isaseindicated by
longstanding high rates of labour migration (Fee203). Half a century ago, the
great majority of Thai citizens were in poverty. whver, during the past decades,
economic development in Thailand has been sucdessdileviating the incidence of
absolute poverty; this reduction is defined asghadual decrease in the number of
people whose income lies below the poverty line Réeong, 2000). In spite of the
impressive achievement of poverty reduction, thelmers of poor in the northeast
region, where one third of Thailand’s populatiosides, is still high. In 2004, 17.6%
of the northeast’'s population had a per capitanmedess than the official poverty
line®, compared to the national level of only 11.3% (ffégg2.11). This suggests that
the northeast region has received limited bengbis the rapid economic growth. As
defined in the national plan, around 40% of all thegyeted poor villages at national
level were located in the northeast region (Seeiagp 1).

This agriculture-based region is responsible fétarge share in the export of
rice, field crops, and tree plantations. Accordiaghe recent OAE report (2007) rice,
sugarcane, cassava, maize, kenaf and Para rulgbkstad as major economic plants
in this region (Figure 2.12). However, sugarcang rmaize are rarely produced in the
lower northeast because the low-lying landformeissl favourable for these crops.
Household income commonly comes from the saleas and cassava. Para rubber
plantations are increasing in response to its prgte in the market. But this plant has
limitations due to its high investment (availalyiliof land and cash) costs, and long

growth (7 years) harvesting cycle. Only betterfaffners can afford to grow it.

% The official poverty line of Thailand in 2004 was300 baht (28 euro) per head per month assessed
by the National Economic and Social DevelopmentrBBNESDB), Bangkok.
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Figure 2.11 Evolution of poverty incidences andowdf poverty thresholds (1988-
2004).

2.2.3. Household Characteristics and Sources ainec
As one fourth of the people in northeast Thailane @ngaged in the low profit
agricultural sector, a farm survey by the OfficeAgfricultural Economics (Office of
Agricultural Economics, 2007) found that around 2rifllions households were

resource-poor farmers with an average size of tentding at 3.2 ha.
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Ministry of Agriculture and Co-operatives, Bangkok.

Figure 2.12 Share of major crop and para rubbetymtion in northeast Thailand
(2006).

Rice, glutinous for Laotian and non-glutinous fdrai and Khmer ethnic groups, is a
main staple cereal in the local household foodesgstbut its production contributes
only 17-20% of the total cash income. Apart frorwerithe northeast region is also
producing more and more industrial cash crops &asssugarcane, maize) but this
economic activity is limited in the lower northeadRice is produced on most small
holdings to reduce household expenses. These pespaor farmers often encounter
insufficient cash flow to meet basic human needsfane very serious indebtedness
(Table 2.4).

A common response to this unfavourable economigasdn is labour
migration in order to find more profitable employmen urban areas. Once some
family workers move out, the household needs topada farming strategy and
practices to deal with family labour scarcity. Mdabour-intensive farm activities are
either abandoned or downsized. Figure 2.13 shoatstlle share of labour-intensive

livestock production decreased between 1989 and.199
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Table 2.4 Recent average economic characteridtiesraing households in northeast
Thailand (2000-2004).

Year
Household characteristics 2000 2002 2004
Size 3.9 3.7 3.7
Farm holding size (ha) 3.6 35 3.4
Monthly income (euro) 173 206 225
Monthly expenditure (euro) 145 168 189
Amount of debt (euro) 1,167 1,467 1,851

Source: Statistic Year Book 2006, National Statistical Office, Ministry of Information and Communication Technology,
Bangkok.

The relative poverty of people living in the na@#st can be considered as a
result of the low profitability of the agriculturBlased economy. Labour migration
from this region plays a key role in alleviatingvpay by securing more income from
the non-farm sectors. The expected higher incoma &tceiving region such as
Bangkok is seen as a major pull factor. Based atlassical economic theory, the
key push factor driving resource-poor farmers tograte are unfavourable
environmental conditions at the sending regionthin case of this large agricultural-
based region, it always refers to low agricultumbductivity as a result of
unfavourable agroecological conditions.

Simple agricultural Simple agricultural
Agricultural services_, processing products Agriculturalservices_, Processing products
6% %

9%

Crops
73%

Year 1989 Year 1997

Source: Office of the National Economic and Social Development Board (NESDB), Office of the Prime Minister,
Bangkok.

Figure 2.13 Recent changes in composition of thes&Domestic Product (GDP)
from the northeast'’s farm sector

4 Updated data are available but the sub-categofidfarm sector are grouped into two types; 1)

agriculture, hunting and forestry, and 2) fishempich cause difficulty when comparison was carried
out by using data surveyed before 1997.
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2.3. Biophysical Settings

The northeast biophysical conditions are an ingmirtcause of low
agricultural productivity. The climate and soil ebraints, the limitations of irrigation
systems, and the improvement of transportation iafluence the current
characteristics of land and water resources irrdéigeon. This section presents these
components of the regional biophysical system latign to low farm productivity

leading to high poverty rates at regional level.

2.3.1. Geology, Geomorphology, Landform and Soih@itons

The geomorphologic process originates the soil itmmd in relation to landforms,
which feature key constraints on agricultural yjedshd impede the usefulness of
irrigation infrastructures. Geologically, the na#ist consists of a massive Cretaceous
sandstone plateau (United Nations, 2001). An extengutcrop of Mesozoic rock
occurs on the Korat Plateau rimmed by an escarpmieich forms ridges rising from
600-1,000 meters above mean sea level (Cooper,eHaeb al., 2000). The Korat
Plateau has a “sauce-pan morphology” and is gemmitilating between 150 and 500
meters above mean sea level (Piyasin, 1995). Thermeis divided into two
depositional basins by the Phuphan Range (Figuré).2The upper part from the
northwest to southeast is the Sakhon Nakhon Basiarimg one-fifth of the region.
The lower part contains two main rivers, the Chd &tun, which are situated in the
Korat Basin.

The topography of the northeast region consistivefs, levees, flood plains,
low terraces (non-flood plains), undulating middéeraces, and high terraces (hills
and mountains). In general, the land is rollingwatevation decreasing from the west
to the east and down to the Mekong River. Diffetantiscape patterns are composed
of different soil types creating constrained agosgstems (Figure 2.15). According
to the study by Limpinuntana (2001), more than 6&%he land in the northeast is
covered by the Paleaquults and Paleustults (FRWL&).
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Figure 2.14 Simplified topographic map displaying tmajor depositional basins,
Sakhon Nakhon and Korat basins of northeast Thailan

West East
-— Dystropepts —»

Paleustults/Paleaquults ~ Paleaquults Paleustults Tropaquepts

Paleustults
vu u Paleaquults

Ustifluvent

Paleaquults Paleustults

Hill

A
H
f
! ' H ' ] i
H 1 ] H H 1 1
L] @ @ 1 1 ) L] )
i Ei o8 b8 1EPOE dsigd . .
5 i 81 g 1 o= 1f% 0§ iElEd - H
= " E H 2 V8 @ :3: © 1 g% ' e !
H g o gie £
g iEi oz ot F oizioz oiziEi GE L 8% i Levee
T rs1 S8 1+ B S =5 181 s = . H
' H 1 H H o H ' '
[T T b e )
Non-flood plain ~ Mini-watershed Non-flood plain Flood plain

Source: The Northeast Agriculture Extension Centre (1995).

Figure 2.15 Transect of typical soils in relatiolandform found in the northeast of
Thailand.
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Figure 2.16 Simplified soil map of northeast Thada

The Paleaquults are poorly drained and saturateer&din times of the year
and are used for RLR cultivation. These soils avendl in the low terraces of
undulating land and non-flood plains. The Paletstubften found on the higher
terraces, have a sandy texture with low water hgldapacity. They are dry for more
than 90 days per year, and they are used to grdandicrops such as cassava,
sugarcane and kenaf.

The alluvial soils, the Ustifluvents, Tropaqueatsl Dystropepts, lie along the
Chi and Mun Rivers. The Ustifluvents cover the natlevees while the others are
found on the adjacent flood plain. The Tropaquephsracterized by their fine to
medium textures are well drained, and slightly aid used primarily for horticulture
crops. The Dystropepts are fine textured and paindyned soils. Most soils found in
this region have a low level of physical and chehfertility and limited potentials
for crop production. Key soil parameters of a ¢tgpiregional soil series, Nam Pong,
found in Ubon Ratchathani province, indicate itsyveoarse texture, deficiencies in
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major nutrients, low organic matter content, lowtevéholding capacity, and low

cation exchange capacities (Table 2.5).

Table 2.5 Properties of Nam Phong series of soil3at Udom district, Ubon

Ratchathani province.

Soil parameter Range Mean
Particle size distribution : 0-30/35 cm (%)

Sand 88.2-94.6 90.9

Silt 3.6-94 6.5

Clay 1.7-36 2.6
Particle size distribution : 30/35-60/70 cm (%)

Sand 88.0-95.4 91.2

Silt 3.1-103 6.7

Clay 14-45 21
pH (1:1) 3.9-52 4.2
Organic matter content (%) 0.39-1.79 0.85
Total N (%) 0.02 - 0.08 0.04
Extractable P (Bray Il, ppm) 6.1-19.0 9.8
Extractable K (ammonium acetate, pH7, ppm) 5.0-12.6 8.6
CEC (meg100g™) 0.32-1.28 0.83

Source: Hampichitvitava and Trébuil, 2000.

However, it is not only the rolling landforms apdor soil quality that are
limiting agricultural production. Climatic conditis, in particular, the erratic rainfall
distribution also limit farming activities and geate additional risk of crop failure in

this region.

2.3.2. Climatic Conditions
Thailand’s climate is under the influence of seatanonsoons that determine its
major seasons. Average rainfall in the northeagbreis 1,200 mm per year, which is
similar to other regions. Spatially, rainfall isgher in the northeastern part of the
region and gradually decreases westwards up to iNaRatchasima province in the
southeast (Figure 2.17).

The southwest monsoon brings moisture from theaim@cean during the wet
season from May to October. But probability of higtinfall is found only for two
months: August, and September (Figure 2.18). Ateiiné of the wet season, the dry
and cold northeast monsoon from mainland Chindesdtt November. Consequently,
this region faces very dry and very hot conditibmrsabout 6 months until April. At

the beginning of the rainy season (May-July), tlteuorence of rainfall is highly
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variable and early season drought in June and idulikely to happen when rice
seedlings have to be transplanted (Figure 2.19yeMer, a late season drought can
also occur in September and October during the R&BRoductive phase. High
rainfall and a water table that has risen up clsdhe surface in August and
September limit the effects of dry spells durings theriod. However, devastating
floods may occur if exceptionally high rainfall vits from depressions following
downgraded cyclones originating in the South Chi®a. The groundwater level
generally recedes quickly after mid-October making susceptible to the risk of late

season drought in higher paddies causing signifigiaid reduction.
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Figure 2.17 Annual rainfall distribution in the tlogast of Thailand and location of

the research site in Lam Dome Yai watershed, Ubatct&thani province.
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Figure 2.18 Average monthly rainfall quantity aedhperature of Ubon Ratchathani

province, Thailand.
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Figure 2.19 Frequential climatic analysis of UbaatdRathani province and related
RLR cropping patterns (1954-2003).
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Supplementing water during dry spells is a wayalleviate drought stress.
Therefore, many irrigation infrastructures haverbeaplemented to improve water
availability, but the effectiveness of these infrastures is very limited because of
unfavourable topographic and soil characterisfi¢ais, the rainwater amount and its
distribution still play a crucial role in determing successful agricultural production.
But erratic rainfall distribution has farmers adagttheir cropping calendar and
practices to different field conditions (upper, diEl lower paddies) such as soil

moisture and water accessibility.

2.3.3. Hydrosystem and the Evolution of Irrigatlofrastructure

Based on the regional hydrosystem, the northeastists of three major basins: the
Kong, the Chi and the Mun basins (Figure 2.20). tAbutaries in the Kong Basin
flow eastwards into the Mekong River. The Chi andnvare main rivers of the Chi
and Mun basins respectively. These two rivers oat at Phetchabun and Dong
Prayayen mountain range in the western part obregeparating the Central plain
and the northeast region. The Chi River joins thenMRiver in Ubon Ratchathani
province, flowing eastwards to join the Mekong Riet the Thai-Lao PDR border.
The Mun Basin is the largest one with a coveraga af 69,711 kf followed by
57,422 knm for the Kong Basin and 49,477 knfor the smallest Chi Basin
(Wirojanagud and Sriwaoramat, 2000).

Irrigation infrastructures have been built to impgowater availability for
agricultural production and generate hydropowectatsty throughout the kingdom,
but the northeast region received less attentigdhenearly days. Water improvement
schemes have allocated resources to this regiae 4960, but the usefulness of and
access to irrigation facilities is still very lired. Although the northeast has the
largest rice producing area of the country, only &0its paddy fields were irrigated
in 2005 (Figure 2.21). Inadequate access to ifagdbrces agricultural production to
depend mainly on highly variable rainfall and swsfel crops are still relying on “a

bet on the monsoon” approach.
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Figure 2.20 Hydrosystem map displaying three mbgmins, Kong, Chi and Mun, in

northeast Thailand.

%

60

50 1

40 1

20 1

Central North South Northeast

Source: Agricultural Statistics of Thailand, Centre for Agricultural Information, Office of Agricultural Economics,
Ministry of Agriculture and Co-operatives, Bangkok.

Figure 2.21 Share of irrigated farm land by regibmailand (2005).



56

Before the 1960s, all the major irrigation projeicts hailand were located in
the central and northern regions. The northeastdsydtem was neglected until the
systematic development of irrigation systems baggim the first National Economic
Development Plan (1961-1966). The first large-saalgation project completed in
the northeast in 1965 was the Nam Phung Dam in @aklakohon province, upper
northeast Thailand. Following this project, the -®hin Basin saw the construction of
the Ubolrattana, Sirinthorn and Chulaporn hydropod@ms and reservoirs, and a
number of irrigation dams and weirs, including tlean Pao, Lam Pra Phloeng, Lam
Takhong, and Lam Nang Rong dams. The Pak Mun Daimeisatest multi-purpose
irrigation project and started to operate in 19Bdb(e 2.6).

In 1978, a water policy for the northeast regiors yéanned in the National
Master Plan. It followed a two-pronged approach:tlie effective distribution of
available water resources from large reservoirs elidble rivers to the people
adjacent to these sources, and (ii) the developwofesthall water resource projects to
meet basic water requirements of the local comnasmitving some distance away
from large reservoirs and reliable rivers (Asiastitiute of Technology, 1978; The
World Commission on Dams, 2000). As a result, moredium-sized irrigation
projects were constructed in the northeast redgetween 1980 and early 2000, some
of those projects were located in Ubon Ratchatpemrince (Table 2.7).

Because the topographic and soil characteristidbehortheast are not well
suited to large-scale irrigation projects, the entrwater resources development plan
in the Chi-Mun Basin confirms a strategy centredttoa development of small-scale
water resources (Khon Kaen University, 1994; Pregréechnology Consultant Co.
Ltd., 2005). For instance, in Ubon Ratchathani proe, small-scale irrigation
infrastructures at the community level have beewoeraged since 1981 (See
appendix 2).

At the household level, the development of on-favater resources based on
tens of thousands of small farm ponds (storing &imam of some 1,260 nof
water), under the responsibility of the Agricultutzand Reform Office (ALRO),
Ministry of Agriculture and Co-operatives, has beegll-adopted by farmers during
the past 15 years.
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Table 2.6 Medium-to-large scale irrigation infrasture built in northeast Thailand
(1965-1994).

Cqmpleted Project name Primary purpose Location Storagee cagp acity Irrigation area
in year District Province (10°x m*) (ha)
1965  Nam Phung Dam * Hydroelectricity Phupan Sakon Nakhon 165 na
1966 Ubolrattana Dam* Hydroelectricity Ubolrat Khon Kaen 2,263 48,000
1969  Lam Pao Dam’ Irrigation Muang Kalasin 2,450 50,288
1969  Lam Phra Phloeng” Trrigation Pak Thong Chai Nakhon Ratchasima 152 na
1969 Lam Takong Dam * Irrigation SiQue Nakhon Ratchasima 324 20,406
1971  Sirinthon Dam * Hydroelectricity Sirinthon Ubon Ratchathani 1,996 24,320
1972 Chulabhon Dam* Hydroelectricity Khonsan Chaiyaphum 188 11,376
1982  Lam Nang Rong Dam?  Irrigation Lahansai Buriram 150 18,098
1994 Pak Mun Dam * Hydroelectricity Khong Chiam Ubon Ratchathani na 25,600

na: not available
Source: ' Electricity Generating Authority of Thailand, Ministry of Energy, Bangkok.
% Royal Irrigation Department, Ministry of Agriculture and Co-operatives, Bangkok.

Table 2.7 Medium scale irrigation schemes buildbon Ratchathani province (1951-
2003).

c Location Storage ) _Planned ) _Actually Ac_tan/Predicted Cost
ompleted Project name Type capacity irrigated area irrigated area  irrigated area
in year
Sub-district District (10°x m) (ha) (ha) (%) (x 1000 euros)
1951 Nong Lao Hin Reservoir Sank Hao Khung Nai 23 160 107 67 na
1953 Hua Wang Deang Reservoir Pho Sai Phibunmungsaharn 0.7 88 88 100 na
1953 Nong Chang Yai Reservoir Hua Raue Muang, Ubon 7.7 720 689 96 na
1953 Sa Ming Reservoir Nong Bok Laosuekok 1.0 120 23 19 na
1984 Hua Tum Kae Reservoir Kum Chareon Trakarnphutphon 13.7 1,863 1,863 100 na
1986 Lam Dome Yai Reservoir Muang Det Det Udom 1.6 240 na na 550
1987 Hua Jun La Reservoir Klom Pradit Num Yeun 16.9 2,000 2,000 100 na
1988 Lower Hua Phalan Sua Reservoir Klom Pradit Num Yeun 27.7 932 932 100 na
1994 Hua Wang Yai Reservoir Klom Pradit Num Yeun 8.0 576 na na na
1999 Hua Bang Koy Weir Kam Pom Khemmarat 1.0 320 na na 780
2003 Hua Den Ha Reservoir Hua Kar Buntharik 12.0 na na na na
2003 Hua Saphongnoi Reservoir Hua Kar Buntharik 15.0 na na na na

na: not available
Source: Irrigation Office, Region 7, Royal Irrigation Department, Ministry of Agriculture and Co-operatives, Ubon
Ratchathani (2006).

A study conducted by the Progress Technology Atargs (2005) quantified
and ranked the water-related poverty of each efsthb-basins in the Mun Basin by
use of the Water Poverty Index (WPI). The WPI hmen conceived as an
interdisciplinary index integrating both physicaldasocial parameters in a structured
framework to identify and assess poverty in relatio water resource availability
(Sullivan and Meigh, 2007). A low WPI score meanBigher degree of poverty in
relation to water resources. A low WPI also indesathat agricultural production is
not only constrained by the natural conditionsdlab by poor water management. In
this WPI assessment of that study, there were sdragcomings due to the lack of
relevant environmental data to meet WPI critekmwever, the study is useful in that
it provides an overview of water- poverty relatiansthe Mun Basin. In this basin,
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low WPI assessments have been recorded in manfedasub-basins in contrast to
the sub-basins with large dams, such as Lam TakadgL,am Dome Noi where the
Lam Takong and Sirinthon dams are located respygtiFigure 2.22). This figure
also shows that the Lam Dome Yai watershed is adjato a high WPI, the Lam
Dome Noi watershed. But the Lam Dome Yai is stitiaag relatively low WPI sub-
basins because of the unavailable irrigation néivirmm the Sirinthon reservoir.
Irrigation projects in the northeast are likelyeteolve from a state-controlled
and centralized type of management (large dams) tonore decentralized, often
individual type of management like in the caserafl farm ponds. However, water
accessibility through irrigation is still not regiwide. Relying on erratic rainfall
causes instability of farm production leading tsaoure household income. These
resource-poor farmers have to find other sourcesinobme through off-farm
employment, which becomes more convenient due te tell connected

transportation network.

Legend
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Source: Adapted from northeast regional hydrosystem map, Geographic Information System Centre, Faculty of
Engineering, Ubon Rajathanee University, Ubon Ratchathani (2002), and Water resource management plan in the
Mun Basin, Progress Technology Consultant Co. Ltd. (2005).

Figure 2.22 Water Poverty Index (WPI) of sub-basimsthe Mun Basin, lower
northeast Thailand (2005).
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2.3.4. Change in Communication Infrastructure Badple Mobility
Transportation links emerge to serve the increadegyees of commercialization and
industrialization, raising health and educatiomdtads, and changing government
policies (Hornby and Jones, 1993). These linkseiasingly become an important
interacting component to support commodity trantgtiom and to stimulate people
mobility.

The most convenient way to deliver agriculturalutgoand products across the
northeast region is the road network. Other tygdsansportation, such as trains, are
hardly accessible because they serve only a fewimmes. Historically, the regional
transportation system was planned to mainly semeepurpose of military defence
during the “Vietnam War” and to move labour to urlameas and factory sites in the
central and eastern regions.

Completed in 1992, the railway was the first maensgportation system to
connect Bangkok and Nakhon Ratchasima, followedNbgg Khai in the northern
part, and Ubon Ratchathani in the southern padniRry et al., 2003). However, this
early development stagnated, limiting accessibibtyailway. Only two main railway
tracks link ten provinces in the northeast to Barkgkn contrast, the road network
has been extensively developed to link the regidth Bangkok through regional
hubs in Nakhon Ratchasima and Khon Kean provinéegsife 2.23).

The road network has been continuously upgradeidgitine past decades. Its
current high quality is an important factor in ttelivery of agricultural inputs to
remote areas and collection of farm products; maeoit facilitates the flow of

workers from any village to large cities becaus@séccessibility.
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Source: Adapted from northeast regional transportation network map, Geographic Information System Centre,
Faculty of Engineering, Ubon Rajathanee University, Ubon Ratchathani (2002).

Figure 2.23 Road and railway networks in northd@&stiland.

2.3.5. Land Use
National population and economic growth and expamddptions for the use of
modern technologies have influenced changes indaedand land cover. Figure 2.24
shows that during 1970-90, the forest cover deegkdmecause of the demand for
timber and farming land. Up until the 1970s, thetimeast region was the largest
producer of cassava and kenaf. After the 70s, toelyction of kenaf decreased
rapidly due to declining prices while cassava wesmwmted because of the high
demand from the European Union until the late 80se forest area stabilized
following a ban on logging in 1989 and launch ak#orestation policy by the Thai

government.
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Figure 2.24 Evolution of production areas for ricassava, kenaf, and forest area in
Thailand, the northeast region (1976-2005).
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The northeast farm land covers about 8.9 millionwith rice occupying one
third of this area (Figure 2.25). Nevertheless, réheare various regional
agroecosystems determined by landform charactxistelated to different soil
conditions and water availability. The hill land® dound in mountainous areas of the
southern part at the Panomdongruk and Sankampammges, the west at the
Petchaboon range, and the north at the Phuphae.rdhg soils found in these areas
are more fertile than other systems (KKU-Ford CrogpSystem Project, 1982).
Consequently, the hill lands generally produce ggettls of maize, upland rice and

various crops in the rainy season.

%
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30 T

25 1

20 1

15 A1

10 1

Rice Fieldcrops Fruittrees and vetgetables Forest Human settlement

Source: Agricultural Statistics of Thailand, Centre for Agricultural Information, Office of Agricultural Economics,
Ministry of Agriculture and Co-operatives, Bangkok.

Figure 2.25 Main type of land use in northeast Emai (2005).

The mini-watershed is the most common agroecosystammughout the
northeast region covering about 4.9 million ha.urFmicro-landscapes are defined in
a mini-watershed. The upper, middle and lower pegldnd the upland area for cash
crop production (Grandstaff, 1988; Polthanee, 199Ne non-flood plains cover
about 2.9 million ha on the lower terrace, withyela and fertile soils, and sufficient

water accumulation for rice transplanting in JutyAugust. Moreover, with a heavy
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clay layer beneath the top soil, the water tabtenly 1-2 metres preventing water loss
through infiltration (KKU-Ford Cropping System Pec}, 1982). This agroecological
zone is suitable for RLR cultivation. The flood ipls.cover about 1.1 million ha along
the Chi and Mun Rivers and are inundated by theuanfiood caused by the
overflowing of the river banks. The pattern of oudtion is very similar to the non-
flood plains, RLR being the main crop with a suhssat crop of vegetables on part of
the land. Because 85% of rice in the northeastrasvig under rainfed conditions
(Jongdee et al., 2006), the characteristics of Rid@system and common local

farming practices in mini-watersheds need to beipee

2.4. Characteristics of Rainfed Lowland Rice Prodution

The world's 40 million ha of RLR account for 29%rafe land and 19% of
rice supply (Wade, Fukai et al., 1999). Most of RIeR areas are located in Asian
countries, particularly in the South and Southddsarly 75% of the rice produced in
the wet season is grown in rainfed areas where ooongain is the only source of
water supply (Food and Agriculture OrganizationQ£20 Out of about 10 million ha
of rice land in Thailand, RLR is the predominamggyaccounting for 67% of the total
rice land area; RLR accounts for one third of riaad in the northeast region
(Jongdee et al., 2006). The rainfed lowlands afendd as areas where rice is grown
in unirrigated, level to slightly sloping bundecelfis that have non-continuous
flooding of variable depth and duration caused dip water (Wade, 1999; Zeigler
and Puckridge, 1995). RLR production in this regimas low productivity at an
average of 1.8 t Aa(Somrith, 1997). Figure 2.26 shows the lowest noeld

produced in the northeast region compared to odwons. .
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Source: Agricultural Statistics of Thailand Centre for Agricultural Information, Office of Agricultural Economics,
Ministry of Agriculture and Co-operatives, Bangkok.

Figure 2.26 Rice planted area and production bypre@2007).

2.4.1. Mini-watershed Characteristics

Local farmers manage their farm production basedhendifferences of landform

reflecting soil types and water availability (FiguR.27). In a mini-watershed, the
uplands account for 20-30% of the area and coabkistbunded fields where cassava,
sugarcane, kenaf and upland rice are cultivates;ufplands are also favoured for
cattle grazing and house settlement. The upperigaddhere cultivation depends
critically on rainfall are used to produce earlytarang rice only in some years. Some
farmers grow direct-seeded rice in this area tadcatiee problem of insufficient water

availability at rice transplanting. There are sdia@ners producing one or two non-
rice upland crops during the rainy season in uggeeddies. The middle paddies
probably contain the most productive land sincentas have more water control with
less risk of flooding. In lower paddies, farmersneoonly grow late maturing rice

varieties every year during the rainy season. Rasad cropping systems dominate
the middle and lower paddies; in some years andhane limited areas, they also

dominate upper paddies if water is available.

2.4.2. Local Agricultural Practices in Rainfed Land Ecosystems

The soil and water characteristics of differendi@mnms play a role in the selection of

different cropping systems and farming practicagufe 2.27). The middle and lower
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paddies are planted with rice, followed by vegeitahih some areas. Figure 2.28
shows cropping calendars of different agroecoldgmanes found in northeast
Thailand. For rice-based cropping systems, laegaration and rice establishment
normally start in mid-June. Water in farm pondss@metimes used to supply
nurseries for early rice establishment in May. Bt water is mainly used to alleviate
drought effects if a dry spell occurs. Farmers ldtely to use the transplanting
technique and choose to grow medium to late magwamieties including the famous
aromatic jasmine rice in its glutinous variety (RO non-glutinous (KDML105)

type. Some rice farmers use direct seeding in avdare water is likely to be

inadequate such as upper paddies. Labour scalsttyddaves farmers to save time by

broadcasting seeds.

Upland Upper Middle Lower
paddies paddies paddies
Soils Paleustult g:::::tﬁ{( Paleaquult Paleaquult
Rice . .
Sugarcane, (early (mediErlgeor late (mediu?i’:aturin
Crops Vegetable gardens cassava, kenaf, maturing maturin varieties) 9
water melon varieties), . 9
cassava varieties) followed by vegetables
Drought, erosion, low organic matter Insufficient . - Low soil fertility, occasional
Problems content water, weeds Low soil fertility flooding

Figure 2.27 Cropping system, soil and ecologicalbfams in relation to spatial
organization of mini-watershed in rainfed lowlanider ecosystems of northeast
Thailand.
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Figure 2.28 Cropping calendars and main cropslatioa to different agroecological

zones in northeast Thailand.
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Transplanting activity starts once the rice seeggliare 30 days old and the
soil in the paddies is saturated. After farmersibégnsplanting, the length of this
activity mainly depends on the availability of fdyiabourers. To allow rice to
accumulate enough biomass, farmers usually compiatesplanting before mid-
September. The early maturing types are alwaysptanted first in upper paddies
that are close to a temporary storage cottageamnu jondfollowed by transplanting
late maturing rice in lower paddies. This locakricansplanting practice is carried out
in response to the decreasing water level in paddieen harvesting time comes.

According to the agronomic traits of photosensititee varieties, early
maturing rice ripens in late-October to early Nobem At this time, water logged in
upper paddies usually dries out allowing the fasrerharvest rice more easily and
with lower risks of the paddies getting wet causadowering of quality. In late
November (21 November for KDML 105), farmers begin to harvestel maturing
types that are commonly produced for sale. Theeeftarmers with high land and
labour ratio usually hire additional labourers hessa the sooner they can finish
harvesting, the higher the paddy quality, whichum leads to higher prices at sale.
These cropping systems and common farming practiee® emerged from the
agricultural evolutions influenced by natural chesgrelated to demographic,
political, and socioeconomic factors. The next ¢bapvill specifically address the
recent agricultural transformations and land usaghs at the study site.
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CHAPTER 3
RECENT AGRICULTURAL TRANSFORMATIONS
AND LAND USE CHANGE AT STUDY SITE

Important factors causing the transformation of ARSude: (i) demographic
pressure due to population increases; (i) statkcipe and related projects or
regulations; (iii) innovative agricultural changésough the employment of new
technologies; (vi) infrastructure development, ecgnsportation systems facilitating
integration, and (v) socio-cultural factors relatedhe northeastern people’s ways of
thinking, and inherited beliefs (Vityakon, Subhadret al., 2004). As a result of these
interacting factors, the agricultural area of neas$t Thailand expanded rapidly after
the early 1960s (Figure 3.1). Since then, farmengehincreasingly depended on the
state’'s support via financial loans drawn from tBank for Agriculture and
Agricultural Co-operatives (BAAC), and private lbazapitalists to purchase farm
inputs and consumer goods. Many farmers have besonrelebted that their income
received from agricultural production is insufficteto meet their basic needs. The
best recourse of these farmers is to migrate takdar off-farm employment to help
pay back their debts.

millions of ha

10

1961 1970 1975 1980 1985 1990 1995 2000 2005

| —e—Forestarea = Farmland |

Source: a) Forest area 1961-73 from Royal Forestry Department, Ministry of Agriculture and Co-operatives,
Bangkok.
b) Forest area and farm land 1986-2005 from Office of Agricultural Economics, Ministry of Agriculture and
Co-operatives, Bangkok.

Figure 3.1 Evolution of forest area and farm lamaiertheast Thailand (1961-2005).
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This section specifically documents the charadiesisof the study area,
including: the evolution of transportation netwqritse agricultural production system
and land use changes based on interpreted findnogs farm surveys; and the
analysis of secondary data using Geographic InfobomeSystem (GIS) and remote

sensing tools.

3.1. Location of Study Site

Ubon Ratchathani (often referred to in short asdbor “Lotus City”) is the
country’s easternmost province. This province cevis,744 kriand consists of 25
districts in nine watersheds. The Lam Dome Yai v&ited, where my study area is
located, is the largest. It is located in the spativering seven districts and parts of
five other districts over a total area of 4,8032kfRigure 3.2). According to the
demographic records of NSO (2005), the total pdprian Ubon was 1,806,000 with
only 14.6 % living in urban areas. The mean sizéadsehold was 4.6 while the
population growth rate was 0.83%. The working agepulation (13-60 year old) was
68.32% and roughly 46% of them were engaged ircalgural production.

3.2. Development of the Local Transportation Netwde in Relation to
Agricultural Production and Labour Mobility

One key development that has influenced the livasi@al dwellers has been
the extensive expansion of the transportation ndtwiche first major communication
axis was the railway, which was completed in 198@onnected the central plain to
Ubon, through the lower northeast, ending in trs¢rdt of Warinchamrap. Following
the railway, a major road, the so called “friengshighway”, was constructed during
the Vietham War to provide better accessibilityrdiational defence purposes.

The Office of Rapid Rural Development (RRD) wasabkshed in 1965 to
build more roads to connect people who lived in otamareas to provincial cities
(Figure 3.3).
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Figure 3.2 Provincial map showing district admirasitve boundaries and the study

site in the Lam Dome Yai watershed, Ubon Ratchathan
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Figure 3.3 Expansion of the local road network o Ratchathani over the past

four decades.
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In the early 1970s, the road network provided axd¢esa hub at Det Udom
district to people living in the southern part dletprovince. This was also the
terminal of a major transportation network namecdkchai-Det Udom”, which
greatly enabled the delivery of agricultural prodyespecially rice and kenaf, to the
regional hub in Nakhon Ratchasima province. FiguBeclearly shows the extensive
expansion of the road networks built in Ubon during following decades. Because
of this transportation network, the access to rmmfemployment out of any village
is widening. Career change and the movement ai faorkers to non-farm sectors
have increased, resulting in changes in the udecaf natural resource and farming

practices.

3.3. History of Local Agrarian System and Land Us&€hange

The study area is located inside the Lam Dome Yaerghed covering 1,680
km? and taking in Det Udom district and the northernt p& Na Chaluay district. Its
topography is flat (about 1% slope) with an elematihat varies between 120 and 170
meters above mean sea level (MSL) and relativelgpselevation between 170-220
meters above MSL in the southern part (Figure FHlly areas are found in the
south, and a mini-watershed landform dominatesgalba Lam Dome Yai River. The
dynamics of the agroecological features and soom@wic dimensions in this area
are typical of those observed in the lower northesgion. Information related to such
socioeconomic changes matching agroecological foanstions is displayed in
chronological order in the historical profile (Frg3.5).

3.3.1. Self-subsistence before the First Natiomalnemic Development Plan
1961-66
The first settlers of Ban Mak Mai village migratéem Srisaket province around
1940. They settled on uplands and establishedpackeies in lowlands for family
consumption. Small-scale diverse agricultural pobidu in mixed gardens was
practiced to provide different kinds of food. Therdst surrounding the village was
also a source of construction materials, fuel, wiadl plants and additional food
items. Cattle and buffaloes were raised and usedtads animals in paddies and for
transportation. Their manure was an important soofcorganic fertilizer. Due to its

remoteness, Ban Mak Mai village was not affectedhieyrailway or the arrival of rice



trading managed by Chinese tradesmen.
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However, owedr transportation

encouraged people from other provinces to settl¢hion Ratchathani province.
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Figure 3.4 Topographic map of the study area inh&yn Ubon Ratchathani province.
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Socioeconomic and state’s policy changes

Agro-ecological transformations

Railway Ubon to Bangkok railway

High birth rate

Dependent on mutual help to manage farm
production

First rice mill built in south of Ubon
Ratchathani province

Logging business promoted

Ban Mak Mai village officially established
with 90 households in 1961
Establishment of the agriculture and
cooperative bank

First rice merchants purchase rice from
villagers

Mutual help inclined

Indebtedness caused by accessibility to
financial credit through the agriculture and
cooperative bank

Extensive farming by slash and burn.
RLR production

New road connecting Det Udom district to
UbonRatchathani province

Introduction of kenaf as a new cash crop
Improvement of local transportation network
by Rapid Rural Development Office
Drought in 1967

Cassava was promoted to replace kenaf
production in the late 60s

Dirt road connecting Ban Mak Mai to Det-
Udom district

Logging company came in the village. ¢ High deforestation rate
Some villagers migrated to Bangkok and 1970 + e Outbreak of brown plant hopper in rice
Middle East countries. e Use of chemical inputs and farm machinery
Establishment of the Agricultural Land promoted by state agencies to increase rice
Reform Office produciton
European Nation (EU) market for cassava
Family control program launched

e Road improved to all weather road with

asphalted surface

Promotion of cashew nut by state agencies e Lam Dome Yai weir completed
and private companies 1980 + e Installation of electricity in the village
Logging business banned in 1989 ¢ Introduction of integrated farming

e Initiation of small scale water storage

Reforestation projects initialized and
operated by Thai Army: commercial
eucalyptus plantations.

Dry season work provision schemes in rural
areas to reduce seasonal migration to
Bangkok implemented on a large scale.
Economic crisis in June 1997

Some migrants returned

Village fund (one million baht per village)
provided by Thai government

Ban Mak Mai village in 2006: 484
households with 2,435 residents

(farmpond) in Det Udom district by ALRO

Decrease in cassava production

Increase in cashew nut plantations.

More small and medium reservoirs
constructed

More pulp and paper Eucalyptus plantations
Drought in 1992

Flood in 1994.

More integrated farms and individual
farmponds

Para-rubber plantations promoted

2000

Huay Jode weir built near the village
Drought in 2004

Figure 3.5 Evolution of socioeconomic and agroegiclal characteristics of Ban Mak
Mai village in Klang sub-district, Det Udom districUbon Ratchathani province
(1930-2000).
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3.3.2. Expansion of Farm Land for New Cash Crogpnl1960s and 70s, and
Emergence of Labour Migration for Off-farm Employmhén the Seventies
In the early 1960s, there were only 90 househaidBan Mak Mai village. During
this period, Thailand issued its first economic eélepment plan that was geared to
influence changes in APS throughout the whole kimgd This national economic
development plan aimed to promote an industrialiegedansion of crops such as
cotton, kenaf, cassava, sugarcane, maize, etc. BA&C established in 1966,
provided loans to local farmers at low interest.

The APS of Ban Mak Mai village were affected bysehanges. Kenaf and
roselle, which were long fibre crops used to predgunny bags, were the first cash
crops introduced to local farmers in the early X6@aching its peak production
seven years later. The Chokchi-Det Udom road wasmgoortant economic route
because many gunny bag factories were establishedg athis road. As a
consequence, some farmers abandoned their lan@jtatento work in these factories
and settle nearby. Since the labour demand was kiighwage was considerably
higher than the income received from rice. Gragudhe traditional mutual help
system was replaced by hired labourers (Promjay. €2003).

In 1967, the production of kenaf decreased dusstddclining price caused by
international competition, and because the Thaeguwent shifted its policy: cassava
exports were now being subsidized for the Europearket. Cassava became more
favoured by farmers because of its higher priceugint tolerance and less labour
intensive production compared to kenaf. However producing areas in lowlands
were not affected by the expansion of these upleash crops and continued to
expand. In the study area, these cash crops wengroduced at a large scale in this
period due to its remote location until the firgtt doad to connect this area to Det
Udom town was built in 1975. Dense forest cover st@dsfound in the more distant
areas to the south of study area, while rice prooluavas the dominant use of land
near Det Udom town (Figure 3.6). These two typekod cover were dominating in
my study site (Figure 3.7). Farm and labour prodiigt was higher than during
previous decades because of the expansion of fgrmwth draft animals

(Manarangsan, 2002).
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Figure 3.6 Land use map highlighting the five miaimd use types of the study area in
1973 based osupervised classification of Landsat MSS imagery.
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Human settlement Water bodies

(1,926 ha) (2,545 ha)

Forest
(59,844 ha)

Paddy fields
(102,608 ha)

Non-rice crops
(1,078 ha)

Figure 3.7 Five main land use types in the studg #rom a 1973 land use map.

Following the promulgation of the Land Code in 19%#4d the Land
Allocation Occupature Act in 1957, the Agricultutadnd Reform Act in 1976 was
gazetted. The land tenure policy aimed at improwagership and tenurial rights,
and the opening up of land for new settlementsth&t same time, demographic
pressures were increasing as a result of the cadleffects of national population
growth and migration. Many farmers began to contrestforest to upland field crop

areas and claim their tenurial rights on the cleareas.

3.3.3. High Deforestation for Cassava and Timbeydé&ction Leading to
Forest Conservation Law, and Eucalyptus and Casiue\Wwlantations in the Eighties
The high rate of deforestation between 1979 an® 8% caused by: (i) legal timber
concessions; (i) rapid improvement of the transgdmn network, and (iii) the
demand for farm land, especially to grow field casbps in upland areas (Faculty of
Economics Kasetsart University, 2000). Figure sh8ws that the dense forest area
that existed in the southern part in 1973 was alncompletely replaced by field
crops in 1989. This was a consequence of stateigelemphasizing rapid economic
growth through agro-industrialization to serve ttemand of international markets.
The 8" National Economic and Social Development Plan @mgnted during 1982-
86 focused on export-led growth, while ensuring sheply of affordable food and
relatively low prices of rice to maintain low cosit labour in the industrial sector.
The development plan effectively sought to maintdie country’s comparative

advantage in international competition.
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Figure 3.8 Land use map that highlights the fivemtand use types of the study area
in 1989 based on supervised classification of Lan@® imagery.

Since producing rice did not provide enough incaimemeet basic human
needs, cash crops with high-economic returns swctkemaf and cassava were
extensively grown in the 70s and 80s (Barnaud, ditétb al., 2004). Furthermore, the
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extensive road network stimulated more labour ntigmato the industrial sector.
Because migrant workers from this area were ndteskworkers, their jobs were not
secure and wages were low. As most of the mignaate ethnic Lao, their means of
subsistence remained strongly linked to rice, d&y tmaintained close contact with
the rest of the family in their home villages. Tpettern of seasonal migration was
increasingly prominent. Once the RLR growing seastanted, the seasonal migrants
returned home to help with the transplanting anddsting to ensure adequate rice
production for their family consumption and a suspfor sale.

The loss of biodiversity, particularly rice vareti is another emerging
concern. In 1977, an aromatic glutinous photoseesirice variety, RD6, was
introduced to the farmers. With its excellent gairality and adaptability to the harsh
agro-ecosystem of the northeast, this rice variedg gradually replaced many
traditional glutinous varieties used as staple foodnortheast Thailand. This
photosensitive rice is usually planted in lower giad where water availability is
more secured. The lower paddies are also favowedariother aromatic but non-
glutinous main variety, KDML105. KDML105 is mainjyroduced for sale due to its
high demand on both domestic and world marketshagid market price (roughly a
third higher than other cultivars), while some itiathal early-maturing varieties are
still produced for family consumption. In 1978, Ri)1a non-glutinous, aromatic,
early-maturing type, was introduced and considgrajgbwn to be sold in early
markets (Bureau of Rice Research and Developm&#9)1 Because of its early
maturing trait, RD15 is also a choice for farmamsaileviating labour constraints
during harvesting time.

Because water availability was the focus of develept schemes by Thai
governments, small-scale irrigation infrastructunese built in this area. Apart from
weirs and community reservoirs, farm pond consitbactvas first subsidized by the
ALRO in the late 80s. This water improvement mdthfarmers to purchase more
motorized water pumps. Draft animals were graduadjylaced by two-wheel hand
tractors to accelerate land preparation. Thesegdsaprovided local farmers with
spare time, enabling them to be hired by their meogirs or even migrate to work off-
farm jobs. In 1989, rice producing areas and noe-darops were the dominant land
uses, while forest cover had sharply decreasedi(&ig.9).



80
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Forest
(27,374 ha)

Non-rice crops
(12,068 ha)

Paddy fields
""" (122,244 ha)

Figure 3.9 Five main land use types in the studg &#tom a 1989 land use map.

Rising agricultural production costs, rising demdad consumer goods and
other domestic products, and the availability oédir from BAAC were major
reasons for the increasing indebtedness of farniéwexefore, family workers had to
migrate to look for off-farm employment to generasepplementary income;
moreover, workers still faced the ever present asknemployment because of the
nature of the local industrial sector and its loapacity to absorb a labour force
(Manarangsan, 2002). Successive Thai governmeet$ to implement policies to
alleviate rural poverty and to curb labour migraticAmong these policies, the
conversion from monoculture crop systems to mixeopging systems has been
widely promoted since the early 1990s.

3.3.4. Promotion of Reforestation and Diversiimat of Agricultural

Production Systems in the Nineties

In 1989, the logging business was banned and the€l Issan” project was
launched. Thanks to the new legitimacy of forestsepvation, people were no longer
allowed to encroach on forest areas. At the same, treforestation was initiated by
the Royal Thai Army. The aims were to plant comnatréast-growing trees such as
eucalyptus, and to conserve community forests.rip@akplantations like eucalyptus
and cashew nut were promoted. Figure 3.10 showss flekl crop area in 2002
compared to 1989, while more tree plantations @uned in the northern part near Det
Udom town. In addition, some field crops were cated into paddy fields in the

southern part. Despite the declaration of the logdian, deforestation in some parts
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continued, mainly through agricultural encroachmamd the development of water
resources sponsored by state agencies (The Worldr@&sion on Dams, 2000).

Because of the success of family planning schedesapgraphic pressures on
the land decreased. Economic policies increasifgdgame the determinants of
changes in land use type. For example, the refdritmeoCommon Agricultural Policy
(CAP) of European Union (EU) in 1993 was particiylanfluential. This falling
cassava demand greatly affected the exports of ddsmava product since two thirds
of the total production of cassava was exporteth&o EU before. The “Si Prasan
project”, a joint-venture project between staterages and private companies, was
implemented in late 1987 to solve the problem oflideng cassava prices by
replacing cassava areas with cashew nut plantatidosever, the project had very
limited impact.

The failure of centralized water management by stede was disputed to
effective water control during the severe 1992 dhaufollowed by floods in 1994. A
long protest against the existence and negativactspof the Pak Mun Dam ensued
and dragged on for many years. These movementsiemrelooked upon as a major
turning point in water management (Chantawong.ef8D3). As a result, small-scale
water infrastructure, in particular on-farm resarsowas extensively built in this area
while rice still shared the largest portion of lagigure 3.11). In recent times, the
Thai government has been promoting Para rubbetatians in this region. This on-
going project is likely to be adopted by large-dizearms because of its high
investment costs.

Apart from economic incentives and infrastructurapiovement driving
changes in land and water use, the so-called “Nkeoify” of farming patterns has
also affected northeastern farmers. This theoryiniiated by His Majesty the King
of Thailand to emphasize the self-reliance of fagninits. The basic principle of this
“theory” is the allocation of land to serve diffatehousehold needs, with water as the
most important component. “New Theory” types of AR “integrated systems”)
have emerged and are now being promoted and extahdeughout the country,
especially in the northeastern region where poventy water shortage are still serious
problems (Jitsanguan, 2001). This theory was fimsbduced to Ubon’s farmers in
1984. However, its adoption is still limited becawd inadequate water availability.
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Figure 3.10 Land use map showing the five main lasel types of the study area in
2002 based on supervised classification of Land$M imagery.
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Figure 3.11 Five main land use types in the studg #om a 2002 land use map.

Due to the Thai traditional inheritance system, sgbg all children inherit
land from their parents, an increasing number oélslandholders has resulted in
recent times. The number of workers working on dafgrms has become critical.
These farmers have had to rely on agricultural nm&ck to alleviate labour
shortages. Small holders are a source of labourniedium to large farming
households. Well-off farmers have invested in nf@avy equipment such as pick-up
trucks and have used them to trade agriculturadymts between this community and
cities. Tree plantations and fish production are atso found on large-sized farms.

Figure 3.12 shows the evolution of land use and leover in the study area
since 1973. Non-rice crops covered only 0.64% efarea in 1973 and reached their
peak production at 7.18% of total area in 1988pgdnag sharply to 2.79% by 2002 as
a result of declining prices in the market. Mear&hrice-growing areas increased
gradually, and forest cover quickly decreased frb873 to 1989 in response to
population growth and increased trade in timber rooufities. Limited deforestation
was seen in 2002 compared to the previous dechdekd to the ban on logging. As a
result of water resource improvement, the areaaiewbodies increased from 1.5%
in 1973 to 2.64% of the total area in 2002.
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Figure 3.12 Changes of land use and land cov#rarstudy area based on Landsat
images taken in 1973, 1989 and 2000.

For these three decades, the people living in #éinésa remained strongly
attached to RLR production, even if the economigrrewas not adequate enough to
meet their basic needs. Various strategies—suctivassification into annual, or
more recently perennial, cash crops—have been hgedommunity members to
increase their agricultural output and secure aaeghousehold incomes. However,
for the majority of households who are small hadgddabour migration has been
perceived to be the most successful choice in regatconomic goals, even if they
have had to leave their land and water underusetipat their children in the care of

elderly people at home in the dry season.
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CHAPTER 4
LABOUR MIGRATION IN LOWER NORTHEAST THAILAND
AND ITS IMPACT ON FARMING PRACTICES

Farmers working in RLR ecosystems commonly uset lngachinery such as
hand tractors, threshers and motorized water puingestments in such machinery
are made to alleviate labour scarcity in the prtidacof rice. However, labour
demand is always high during RLR transplanting laavest. The labour required for
these two activities can hardly be replaced byuhee of farm machinery due to issues
of limited accessibility that are caused by irregudmall undulating plots with high
bunds. Although the demand for labour is relagiv@gh in the rice-growing season,
most farm workers are rarely employed after thee ritcas been harvested.
Consequently, many of them often migrate to workitres. The availability of farm
labour is generally determined by two key migratgatterns; these forms of
migration can be classified as seasonal and maragreent migration. Migration
transitions have been closely related to Thailaed@omic growth. From the 1960s,
labour migration was seen as a social problem hyynsaholars, and this perception
did not change until recently. This migratory exan is important in understanding
the migration decision-making processes that leathanges in farming practices that

alleviate labour scarcity when and where it occurs.

4.1. Transitions in Migrations in Relation to Econanic Growth

Originally, the purpose of the repeated movemefitthe Thai-Lao ethnic
group in the Korat Basin was to reclaim better I&mdRLR cultivation. Alongside
Thailand’s recent economic growth, these rural fiowho were subject to out-
migration, were perceived to be economic needyestbjthat could supply cheap
labour to the industrial and service sectors. Fthia economic perspective, three
periods can be defined in relation to labour migrat
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4.1.1. Before Rapid Economic Growth from Self-gsifent Systems to a More
Export-led Economy
Before the late 1950s, RLR production in the nahewas managed by family
labourers, mutual help through kinship networksg dhe use of draft animals.
Producing rice was mainly undertaken to satisfy ifi@anconsumption. This
subsistence economy still predominated throughdig tegion before national
economic strategy shifted to export-led growth ®82, with vast transportation
development being a centerpiece of Thailand’s fifttional economic development
plan (Manarangsan, 2002). As a result of this charige national GDP increased
rapidly during the late 1980s and early 1990s (fégul). In the period between 1970
and 1980, rural-urban migration from the northeagton to Bangkok and the central
plain increased by 21% (Richter, Chamratrithirohgle 1990)
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Figure 4.1 Growth of Thailand’s Gross Domestic Ricid1981-2005).
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4.1.2. During the Rapid Economic Growth Decad&386-1996

Rapid economic growth resulted from massive amoaht$irect foreign investment
and the investments from the private sector fatdd by public investment in major
infrastructure projects (Figure 4.2). By the la@8Qs, low agricultural prices, land
scarcity, and a growing population created the @k for massive rural-urban
migration. In addition to these push factors, thpamsion of industry and service
sectors in Bangkok and its peripheral areas playetnportant role in pulling those
migrants from rural areas (Matsumura et al., 2003)w wages, progressive
reductions in trade barriers, and years of cons&e/anacroeconomic management
resulting in low inflation and a somewhat stablerency exchange rate, attracted
mega investment, especially from Japan, after thezaP Accord (Siamwalla,
Vajragupta et al., 1999).
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Figure 4.2 Evolution of investment by sector in iTdrad (1980- 2004).

However these investments did not benefit all negiequally, and regional
inequalities and rural poverty rates increased dkerperiod. The Gini coefficient
indicates that the Northeast region suffered fréms skewed income distribution
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(Figure 4.3). Remittances generated by migranta i8ay to transfer money from
urban to rural areas in order to equalize inconstridution at the national level
(Skeldon, 1997). But this source of income is oftederestimated or ignored because
accurate data on remittances are extremely diffimulobtain, particularly in cases
where there are exchanges in kind. The negativadtspcould be seen at both the
sending and receiving communities. For a sendimgneonity, the adverse impact of
the social cost related to left-behind family memsbeand loss of development
capacity due to an increasing number of more eddcand younger migrant labours
is prominent (Chantavanich and Risser, 2000). Oymrfation at a receiving
community, which causes many social and econonmablpms, can be generated by
the flux of migrants. For a migrant sending region like Nartheast, the problem of
farm labour shortages leads to limitations in todégricultural output and the
underutilization, or abandonment, of farm landalffo causes share-cropping, and the

renting out of land (Paris, 2003).
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Figure 4.3 Trends in income inequality by regiodicated by the Gini coefficient
Thailand (1996-2004).
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The establishment of a securities market (SET), anskries of economic
policy reforms to open Thai capital accounts, featiéd a rapid increase in short-term
borrowings from abroad (Coxhead and Plangpraph@®3)1 The sudden outflow of
these investments caused a major economic crigistiaig the labour market in 1997.

4.1.3. Thailand’s Economic Crisis in 1997 andRo#owing Recovery Period
GDP decreased sharply in 1997 due to the lack ofralbon rapid capital outflow
initiated by short-term borrowing from internatibmaoney markets to finance the
private sector. In June 1997, this massive capitlow caused Thailand’s, and more
broadly, Asia’s, economic crisis. A direct impactasw rising unemployment,
particularly in the non-agricultural sector. A lalsdforce survey conducted by the
National Statistical Office (2007) shows unemployé&ends from 1977 to 2006
(Figure 4.4). Suhadhira (2004) estimates that “ado&9% of the migrants returned to

their northeast rural villages once the economgisoccurred”.
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Figure 4.4 Unemployment trends in Thailand (19726)0
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Changes in the numbers of in- and out-migrants Wwon Ratcahthani
province from 1993 to 2006 reflected this situatidime number of out-migrants
became lower than in-migrants once the crisis &ftdct (Figure 4.5). But the rapid
recovery of migration flows was seen again in 208 has since continued to the

present.
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Figure 4.5 Evolution of numbers of in- and out-raigs in Ubon Ratchathani
province, Thailand (1994-2006).

Previous studies have shown that the most dommagration stream over the
last three decades was a ‘rural area to rural gratérn. But this migration stream
became less prominent due to the decline in thiadnlay of land (Goldstein, 1987),
which has been considered an important factor $atimg Thai migration (Cochrane,
1979). Part of the flow to rural areas had beemrsgduwon by a government sponsored
resettlement scheme. Later, the migration streaamgdd to a rural-urban flow as a
result of national policy that promoted export-lgcdowth via the industrial and
booming service sectors. These labour migratiomsttians explain the recent
migratory context in relation to spatial and tengdamobility, as well as national

policies implemented to deal with labour migration.
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4.2. Recent Context of Labour Migration

Because the decision to migrate is a complex @ng,essential to understand
labour migration patterns and potential migrantrabgeristics. Also, in this particular
case, relevant migration policies launched by ssmencies attempting to curb or

redirect the migration flow need to be examined.

4.2.1. Definitions of Migration in Relation to S@ and Temporal
Dimensions
In Thailand, around 2.6 million people migratedviestn regions in 2002 in search of
off-farm and non-farm employment (National Statigti Office, 2002)F. Labour
migration in this study refers to the mobility oéqple seeking employment by
crossing the provincial boundary from a place dfjiar (residence) to a place of
destination, and staying there for longer than fanths. It is necessary to refine the
classification of migratory patterns by integratitigs spatial movement with its
temporal dimensions. A suggested typology of migret proposed by Kok et al.
(2003) has been adjusted to present existing noigrgtatterns found in Thailand and
is presented in Table 4.1.

Table 4.1 Typology of spatial and temporal mignasi@ncompassing circulation and

permanent mobility

Temporal dimension Spatial dimension
Change in place of Migration defining
Broad category Example Description residence? Description _|boundary crossed? Classification
) ) Short—term circular moves Short distance ) )
Daily work trips with no change of No No Daily commuting
. moves
residence
Return to place of residence Shortterm circular moves
to wqu on ﬂ’ne mlgrams _ |that do not necessarily No Local weekly commuting
farm in particular during rice-|. .
. involve a change of home Long distance
growing season and 3 Yes
migrate to work at the place address butinvolve a moves
. X of gesh’nah’on when ricz— change of place of v Short-term seasonal
Circulation . residence es migration
growing season ends
Labour absences from Long-term circular move. No :é:;:'long-term labour
home: usually return home |A move taking place at . lity
P L Long distance
only for visiting and return to |the beginning or end of Yes moves
place of employment after a |an extended migrant-
eriod of stay at the origin  [labour period Yes Long-term more-
P permanent migration
Short or long-term No Residential mobility
. X Short or long
Permanent move |New family setlement residence at place of Yes .
L distance moves o
destination Yes Permanent migration

Source: Adapted from the typology of spatial mobility by Kok et al., 2003.
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In particular, two patterns—short-term seasonal dodg-term more
permanent labour migration— are emphasized in shisly because they strongly
influence the fluctuation of available family farlabour at places of origin at my
study site. In my case, permanent migration becamasvant since a family usually
prepares itself to encounter permanent labour ahasgd therefore discontinues its
farming activities. In this study, all analyses amtjng labour migration refer to a
place of origin and destination of specific migrgtonoves within the country. It is
often defined as interregional labour migration,iclhis the dominant migration
stream in northeast Thailand (Chamratrithirong,h&r@nitkul et al., 1995). All forms

of forced or compulsory migrations are excludethis study.

4.2.2. Characteristics of Potential Migrants indfen to Migratory Patterns
According to the Migration National Survey (Chamithtrong et al., 1995), the
definition of a potential migrant is based on demapdic characteristics, education,
and current occupation. Migration peaks at thead@®-24 for both men and women,
but this peak largely reflects the single-move miign pattern, usually a result of a
new family settlement or education. Seasonal raras fairly constant for men
aged 15-34 and women aged 15-24. These periodsatedihat men are more likely
to migrate than women, especially in terms of skemih moves at older ages. This
may be due to childbearing and increased familgarsibilities among women aged
25 and over.

Married men are much more likely to migrate seabpnBersons living with
their spouse are less likely to migrate, especfaliyvomen; however, men undertake
a fairly high rate of seasonal migration. Unmalfrieen and women have stronger
intentions to migrate. A person with an educatiogater than primary school level is
likely to be a more permanent migrant because #neyperceived to be more highly
skilled workers; non-farming economic sectors degntreir labour. Most seasonal
migrants are marginal and small farmers at theicglof origin (Paris, 2003).

Beyond internal characteristics, external socioleatic factors also
potentially motivate labour migration. Both men amdmen migrating to cities are
often driven by the need for additional income mley to send remittancesnd

because of unavailable job opportunities at thksice of residence. Social contact at
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destination is a determinant in the facilitation tbok eventual movement to the
destination. In the Thai context, migrants oftemdfemployment and lodging near, or
with, relatives and friends for better accessiilib information and sponsorship
(Fuller, Lightfoot et al., 1985). Experienced migts play an important role in
attracting and facilitating new migration flows Wween sending and receiving

regions.

4.2.3. Migration Related Policies and Directionlatierregional Migration at
the National Level
Migration-related policies in developing countriesually aim toward limiting the
volume of movement (Skeldon, 1997). By and largbplur migration itself can act to
alleviate poverty in the rural sector. Policies eihat restricting population migration
may be counterproductive and not in the best iateref the rural poor. In the context
of Thailand’s economic growth, many rural dwellersre encouraged to work in non-
farm economic sectors, causing a rapid transfedabbur from agricultural to
industrial and service sectors (Figure 4.6). Topkeages low, a key comparative
advantage of the country in modern, competitiveerimational markets, Thai
governments managed to keep the price of stapktsfao affordable levels for these
labourers. Such state policies became a bedrbladbour migration in this country
(Richter et al., 1990).

Concerns around the issues of migration were prentiy addressed in the
fourth national plan (1977-1981). The main conceis to redirect migrants to
intermediate-sized towns, in accordance with a fnepole strategy. However, the
evaluation of this policy showed that this strategs not successful. There was little
impact on the reduction of migrant volume to Barigkecause disparities in regional
incomes and job opportunities between Bangkok asiigdated regional hubs, such
as Khon Kaen and Nakhon Ratchasima provinces, stédréoo large (Ad Hoc Sub-
Committee of Population, 1981; Matsumura et al30Moreover, the mismatches
between the demand for educated and skilled lalmotirese regional hubs impeded
such a move by many unskilled or semi-skilled woslagriginating from the northeast
region (Feeny, 2003).
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Figure 4.6 Labour force working in three main eaoiwsectors in Thailand (1977-
2006).

Some business interests have also encouraged wot&eseek overseas
employment, and following the Asian economic criglis became a government
policy. One reason for promoting overseas work besn to increase the level of
remittances (Hewison, 2004). However, this polieg la serious drawback in that it
may cause increased indebtedness of these potengigints. People who invest their
money through a job broker often encounter the afdeing exploited. This situation
was illustrated by a renowned Thai lawyer, Thongbaongpao, in the following

newspaper article:
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Farmers face collateral damage

Like the majority of the people in Thailand, theidents of Ban Koyang, Prasart distri¢t,
Surin Province, lower northeast, earned just endagjet by but not enough to improve
their way of living in a substantial way due maindydroughts. In 1986, Suchai, a lodal
rice farmer, was convinced by the light at the eftlnnel. Seeing his neighbours WTO
went to work aboard were able to send home hefyghmecks, Mr. Suchai decided fo
follow suit through a job broker in Surin Provindéghe commission of 40,000 baht was
demanded. His family had to pledge the land aswstl against such amount of mongy.
After a year Suchai never got sent to work aboBil.reported the job broker to the
police and a public prosecutor filed a lawsuit wilile Surin court against the job broker
for violating the Job Seeking Act. In 1994, theiBwourt found the job broker guilty a
charged but an appeals court later reversed thgrahd dismissed the case.

[

It turned out that the job broker used his lani tias well as of others, as collateral|to
borrow from Krung Thai Bank around 200,000 bahamatnterest rate of 15 percent per
year. Under the loan contract, if the job brokelethto repay the debt, Suchai’'s land
could be seized and put up for sale to repay thé des can be expected, Suchai had{no
way of repaying such a huge sum and his land,edlsas of others, was finally seizgd
and will be put on the block at the end of this thorAnd it is quite imminent that langd
put on the block is generally snatched up quickls gery low price by wealthy people,
to be returned to farmers or resold for a handsproéit. The same thing is happening
all over the country, in direct challenge to goveemt’'s asset-capitalization policy and
war against poverty.

Bangkok Post, 15 May 2005 by Thongbai Thongpao

Previous policies to manage labour migration hae¢ Ibeen successful
because the motivation to earn an income, andaheejved lure of job opportunities
at industrial sites around Bangkok and the Eask&aboard, is still high. Moreover,
the migratory behaviour of former and potential keys shows that they always look
for a job in places where they have worked beforayhere their relatives and friends
are present. Therefore, the labour outflow fromNlwetheast remains unchanged. To
better understand this labour flow, it is essenttallook closely at the migration

decision-making process.

4.3. Migration Decision-making Processes
Several studies have exclusively examined and remtléhe cause-effect
relationship of migration through the lens of eammmincentives and disincentives. It

has been suggested that economic factors are dheaonses of migration. However,
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the decision to migrate is a complex process dgalith multiple factors. Economic
determinants only are not enough to completely arpthis process. But these
economic-based migration studies have provideduadation in the formation of
later migration theories integrating non-econonatedninants.

4.3.1. Migration Models Based on Economic Factsra Cause of Action
The neo-classical school of economics, or equiitimodel suggests that migration
is caused by geographic differences in labour suppd demand, and by the resultant
wage differentials (Kok et al., 2003). Accordingtlas theory, an individual migrant
makes his decision based on an assessment of fteterdials as push and pull
factors. Unlike neo-classical economics, the newnemics of migration suggests
that migration decisions are seldom made by isolatelividuals (an assumption
central to the micro-economic perspective), bubeatoy families. In the northeast,
the decision about migration usually involves alinfly members (Hewison, 2004;
Richter, Guest et al., 1997). In order to self-nesthemselves against income,
production and poverty risks, or to gain accessstarce investment capital,
households send one or more workers into the labmarket (Chantavanich et al.,
2000). The shortcoming is that this model doespnetlude migration to areas with a
minimal or negative wage differential. Moreoverijsitseen to simply assume that all
individuals within a household have the same irstiste

The neo-classical and the new economics models mgration as a rational
calculation process of individuals and families response to the labour market.
Segmented or dual labour market theory considerstionomic structure of highly
industrialized regions as a pull factor of migratiKok et al., 2003). This theory
states that labour migration is demand-driven,esithe demand for migrant workers
results from the structural needs of the induse@nomy, while wage differentials
are neither necessary nor sufficient for labourratign to occur.

Historical structural theory addresses the histbreconomic development of
any receiving region, determining its present ecaigostructure; it is the present
economic structure which creates conditions forratign. (Baldwin-Edwards, 2008).
Economic factors perpetuating migration can be doun migration system theory

(Massey, Arango et al., 1993). This theory examiaéslimensions of the relation
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between emigration and immigration regions. It ggépes the close links between
flows of people, capital, commodities and technglégm less intense and stable
areas to relatively intense and stable ones. Thoslelnencompasses the whole
migratory process. It combines many existing apgnea in order to create a more
comprehensive and inclusive model of migration wtud

The Thai cultural context, the sets of interper$dies connect migrants,
former migrants, and non-migrants, in both origml @aestination areas, through ties
of kinship, friendship, and shared communities afjin (Chamratrithirong et al.,
1995; Massey et al., 1993). Making migration decisi depends on their (or their
relatives’ or friends’) migration experience, thesocial connections with other
migrants, and their households’ collective inpuoithe decision making process
itself. This leads to another theory, culture ofjration; the theory states that as a
result of the knowledge and experiences gained ftoenfirst migratory attempt,
people are likely to migrate again (Chantavaniclalet2000). Even if these social
networks seem to take non-economic parametersartount, key reasoning behind
the migratory move is still driven by economic dintials.

A drawback in applying these macro economic- oriadonetwork-based
theories is that migration is considered an inddpat variable, which not only
regulates other societal changes, but control¥ {isek et al., 2003). In this study, it
is important to understand that the migration denisnaking process involves
interactions between economic and non-economimffgciessentially occurring at

micro (household or individual) level.

4.3.2. Model of Micro-level Migration Decision Mg
While macro and aggregate models of migration glewroad perspectives for the
planner, the micro approach offers more insightsaoysing on the decision-making
behaviour of individuals (Hoong and Chang, 1981)otivations are the basic
elements of a micro-level theory on migration decianaking. These motivations
are usually goal-driven and often refer to persamakituational strength of goal-
oriented behavioural tendencies (De Jong and Fawk&®81). Besides, macro factors
can be examined at a micro-level by integratingéhfactors into individual decision-
making processes (Gardner, 1981). A particular @ggr, called the Value-
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Expectancy (V-E) model, is proposed to represermgration behaviours. The V-E
model has been empirically used to study migratitatision-making in many
developing countries, including Thailand, by De gof1997; 2000; 1981) and
Gardner (1981). These authors have shown thatmpertant causes of migration at
both micro and macro levels operate indirectly tiglo people’s values and
expectations.

The V-E model is derived from cognitive theoriesd adecision-making
approaches in psychology, aiming at a better utaleisg of how individuals
evaluate their residence in relation to personallegvalues, and aspirations (Figure
4.7). The concept is based on a combination ofsgthadt people have in mind and

expectations that one wishes to achieve if theydeeto stick to their goals.

Individual and household
demographic characteristics - ----- - - - - - - - - - - - - - -\ -\ - ————— — — — — — ———————
e.g., life and family cycle,

— socioeconomic status,
employment, own/rent home,
land availability, ethnicity,
household crowding

Value (goal) of Unanticipated
migration: constraints and - ——————
Societal and cultural norms categories of values facilitators :
— e.g., sex, roles, political climate > and disvalues , their 1
and policies, community norms strength, salience | :
and centrality | *
Migration y
= behavioural =P Move or stay
Personal traits e.g., risk Expectancy of intentions A
— taking, efficiency, adaptability attaining values: :
to change, etc. certainty of outcome |_[ | |
to self or others in :
shortterm and long | _ In situ |
term i adjustment :
Opportunity structure A A |
differentials between areas :
|| e.g., economic or marriage o |
— opportunities, status Information: |
advancement, amenities, o extent, relevance, :
activities, etc. ™ - perceived validity |
|
T |
4 |
| 1
Notes

1. Family as unit with separate analyses for members: e.g. single-adult siblings, family unit moves
2. Expected strength of explanatory path:
Strong
Moderate
_______ Weak

Source: De Jong and Gardner, 1981.
Figure 4.7 The Value-Expectancy model of migratiegision-making.
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Pairs of the value-expectancy components have &phedtive relationship
for specific items, and the products are summed aWé¢he items being considered in
order to obtain the strength of migration behawbuntentions. Individual and
household demographic characteristics are the noft®n mentioned factors
determining migration behaviour. These factors ¢en used to summarize the
compositional thesis of populations, some with bBigland some with lower
propensities to move, which explain why certainaaréave higher migration rates
than others (De Jong et al., 1981). Societal aftdralinorms have similar impacts on
migration decision-making as the demographic char@tics. Personal traits are
another set of predictors for values, expectancisl migration. However, the
influence of personal traits, and societal anducaltnorms, on migration decision-
making is difficult to measure satisfactorily.

The differentials of opportunity structure are kéysgenerating expectancies
for attaining goals in the place of origin compatedalternative destinations. In my
case, the differential on economic opportunity playkey role in the expectation for a
better livelihood. With this approach, linkagesvibetn macro-level indicators and
micro-level V-E dimensions can readily be postudatand tested (De Jong et al.,
1981). Information about areas is seen as a fatt@ar moderates the effect of
opportunity structure differentials. Unanticipatamhstraints and facilitators may refer
to abrupt change in the family structure (e.g. tlde& spouse, divorce, or marriage) or
change in other factors such as the cost of mov@wpstraints and facilitators
(especially the unexpected ones) intervene betvirgimtions and the decision to
move or stay. In situ adjustment mainly indicates tauses of staying rather than
moving. Migration is a purposive behaviour in whtble potential migrant first makes
a conscious decision on whether or not to migrateugh a process by which
perceived consequences are weighed and evaludied. a second decision is made
regarding the choice of destination.

The V-E model is built to represent individual nagon decision-making by
integrating micro-level with macro-level determitamto the same model. In 2000,
De Jong developed a general model of migrationst@timaking based on the V-E
model and used it to study migration in Northeaktilend (Figure 4.8). In this

model, migration intentions are a primary determtraf migration behaviours, along
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with migration networks, and behavioural constminand facilitators. The
values/expectancies of attaining important life lgaa the rural villages compared
with Bangkok, along with family migration norms, Havioural constraints and
facilitators, and residential satisfactions areeclr determinants of migration

intentions.

— Migration network: Family and friend ties

Individual human
capital attributes
(sex, education etc.)

— Family migration norms

Value/expectancies 4 Y

L : Iég?nrg-:;wealth _| Migration > Migration

Hous<_=,h_old " » |e Stimulation intentions behaviour
characteristics and e Affiliation 7 \ 7

resources (income,
dependents etc.)

— Residential satisfactions

Community
characteristics Behavioural constraints/facilitators
(Available e Prior migration experience
employment) ~|e Money to move

e Labour contract/job transfers

Source: Adapted from De Jong'’s general model of migration decision, 2000.

Figure 4.8 General model of migration decision-mgki

Among the value/expectancies, the income/wealtlabkr plays a crucial role
in determining migration intentions in the casenoftheast Thailand. Local residents
with low income expectancies at their place of iorignd less satisfaction with work
opportunities have greater intentions to migratée Tcomfort, stimulation and
affiliation associated with the value of the liviegvironment have a weak influence
on migration intentions because essential faglitsaich as schools and public health
stations, are sufficiently provided in, or nearbjlages. Also, friends and family at
the place of origin do not strongly influence th&entions to migrate because of better
communication and transportation. In contrast,nfitee and family at a place of
destination, who provide a source of informatiod aponsorship, are always positive
factors in the increase of migration intentionseTgresence of children or elderly

dependants is an important family norm that affecigration decision making
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differently according to gender. This family nomtreases migration intentions for
men but reduces them for women because they asdlyisisked to look after these
dependants.

Because rural Thai migration behaviour is subjetbef@mily control, women
tend to work in villages and have low opportunitiesmigrate from their families.
Thus, among the behavioural constraints and fatwlis, prior migration experience is
a highly significant predictor of future intentioft® women but not for men. None of
the household resources or community charactesistgnificantly related to changes
in migration intentions, except community crop losdich is positively related to
migration intentions. The individual capital attriibs regarding demographic
characteristics (e.g. marriage, age and genderjrgrertant determinants of family
migration norms, while education, wage differenti@ahd migration experience are
considered to directly influence the migration iritens.

Value-expectancy and residential satisfaction amportant predictors of
migration intentions; they are significant predrstoof more-permanent, but not
seasonal, rural out-migration behaviours. Individuaith high migratory intentions
are commonly skilled workers with migration expade, and have social networks at
places of destination. These migrants are likelyhatwe more secured working
conditions. Low household income has a higherctlieffect on seasonal migration
than on more-permanent migration.

This general model takes into account both econcamd non-economic
causes of migration with the integration of V-E mabdo include individual,
household and societal determinants of migratibns B comprehensive migration
model that has been tested with migrants from &hdik northeast. Moreover, this
model focuses on the migration decision-making @sses of individuals, which is
appropriate for the purpose of representative nliogel of heterogeneous
stakeholders. In this study, an individual havitsyspecific characteristics (e.g. age,
gender, marital status, education, and prior migmagxperience), and evolving over
time, is a central migration decision-maker. Suchralividual’s migration intentions
are modelled to represent consequences of thexati@ns between its characteristics
and other components at household (migration nédwaand community level
(employment availability). Then, the outputs of maigpn intentions (high, low or no
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intention) are used in relation to household inc@ame presence of family dependants
to determine the migratory pattern (seasonal, rperesanent migration, or stay
home) of the individual.

Because the migration of local farmers is closelated to possible labour
shortage on farming households, new farming prestltave emerged to cope with

this problem.

4.4. Change in Farming Practices in Relation to Labur Migration

Although the northeast of Thailand is the largést-producing region in the
country, the production still largely depends ommlam power. Therefore, a lack of
farm labour has resulted in the emergence of newif practices, which have been
adopted by rice farmers to cope with labour scaré®teneral migration impacts on
both sending and receiving communities should laésmentioned.

The lack of labour during high demand periods sERLR transplanting and
harvest have resulted in the introduction of nemwnfag practices adopted by rice
farmers to cope with labour scarcity. The loss aferilabour may result in the decline
in farm production where only females and smalldzten are left to look after the
farm. But remittances can be spent on the farnotopensate for the loss of labour
through the employment of hired farm workers foample (Shinawatra et al., 1996).
On farms where the share of remittance income frelatives employed in cities and
aboard is increasing, income from rice farming ésdming relatively unimportant.
Such remittances are often spent on consumptianghmprovement and education,
while only a small portion is invested in farm puation (Deshingkar, 2004).]

Changes in farming practices in relation to labougration depend on the
type of RLR management determined by the land ad®wur ratio. In the case of high
land-labour ratio at an average of 1.9 ha perainidbour, labour shortage is a major
constraint. Well-off farmers often invest in maain to replace human labour, but
this is not feasible for RLR transplanting due taek of water control; moreover, the
use of machinery at harvest is still limited toesting. Combined harvesters are used
in the western part of lower northeast Thailand ittt in Ubon Ratchathani as yet.
Farmers also grow two or more rice varieties wiffecent durations so that they are

able to better manage labour at harvest. Some farhwe/e also adopted the direct
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sowing technique for RLR establishment, insteatheflabour intensive transplanting
one. Few farmers downsize their planted areas yngeout their paddies. But such
practices to cope with labour scarcity usually aperalongside the additional hiring
of labourers. Thus, the availability of laboureos fire in their community still plays
a crucial role in local rice production.

In the case of low land-labour ratios, ranging froré to 1.6 ha per unit of
labour, a key strategy on such small holdings isntwrease labour productivity
through on- and off-farm employment, including naigon. Many farmers adopt
integrated farming systems combining diverse prbdaos (rice, fruits, vegetables,
fish etc) at a small-scale around a farm pond tetnfi@mily needs and generate a
small surplus for sale. Smaller numbers rent marel [to grow rice. A frequent
practice to get more cash is to accept off-farm legmpent on larger neighbouring
farms during RLR transplanting and harvest.

To facilitate the representation of these diffedand and labour management
strategies and practices in a model, the constructi a farmer typology based on the
different socio-economic objectives and managensémategies of a few types of

farms is a useful tool.
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CHAPTER 5
ANALYSIS AND CLASSIFICATION OF FARMING HOUSEHOLDS, AND
THE IMPORTANCE OF LAND & WATER AND LABOUR INTERACTI ONS

As the understanding of on- and off-farm decisioaking processes is
paramount to explain local RLR management practicesliversity of APS needs to
be taken into account. However, it is very diffictd do so because all farms are
different. Nonetheless, a holistic view of thesemiag systems can be taken in order
to analyze the functioning of APS by focusing orteractions between local
agroecological and socioeconomic dynamics; frora #pproach, a farmer typology
can be adopted. Essentially, a comprehensive kungwlef APS functioning in their
diversity and their classification into a farmepdogy is necessary in the initial
conceptualization stage of my modelling processremeer, it is important in the
selection of participating farmers.

An APS is defined as the whole structured setlafts, animals, and other
activities selected for production by a farmer ¢hiave his or her objectives (Trébuil
and Dufumier, 1993). APS analysis enhances my stalailing of the system and
problems at stake. The goal of this analysis igrtmp farmers into a limited number
of types according to similarities in their socioeomic objectives/goals, and
strategies to achieve those goals through a raiancan agro-ecosystem and specific
means of productions.

The sample of farming households analyzed in 2088 the same sample
used in two previous studies conducted at thisisit94 and 2000. Twenty farming
households were selected to cover the broadestsdiweof cropping and animal
rearing systems presented at the study site. Kesmgive diversity within the sample
is required to uncover the different objectives atmategies of the various types of
APS (Trébuil, Kam et al.,, 1997). In 2004-2005, tfarm surveys with semi-
structured guidelines were carried out to gathea @& the different main types of
household-based APS and to examine the determiméritdour migration among
these different categories of farming households.

The second farm survey carried out in April 20@gdfically addressed the
relationship between labour migration and the sesridrought of the 2003 crop year
(Naivinit, 2005; Naivinit and Trébuil, 2004). Based this knowledge, diagrammatic
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representations of APS were produced to illusttiagerelationships among farmers’
objectives, strategic APS management practices, nagans of productions. Then,
based on the comparison and identification of sirties and differences between
these APS functioning diagrams, several main tygesrmers were defined into a

typology.

5.1. Characterization of Main Combinations of Prodwctions on Agricultural
Production Systems

Recent agricultural transitions in the study akghere the mini-watershed is
the dominant landform, has seen the forest coveredse and be replaced by upland
crops such as cassava and long fibre crops (Figue But rice is still the major
crop. The growth cycle of rice is central in detanmg other on-farm and off-farm

activities. Three main combinations of productiarese found in this village.

Lam Dome Yai river

1973 Road Villfge Road *
e Mo ghe 1 A,
Upper Lower Forest Lower Upland Upper

paddies paddies paddies crops paddies
1984 Rfiad V'"fge Road
‘ B mp W T W @
Upper Lower Upland Lower Upper
paddies paddies crops paddies paddies
1996 Riad V'"fge Road
— w ¥ ahe 8 ﬂ
Upper Lower Upland Lower Upper
paddies paddies crops paddies paddies

Source: Aerial photographs taken in 1973, 1984 and 1996 by Royal Thai Survey Department, Royal Thai Army,
Ministry of Defence, Bangkok.

Figure 5.1 Land use change along a transect in \Bak Mai village, Klang sub-
district, Det Udom district, Ubon Ratchathani proe (1973, 1984, 1996).

5.1.1. Rice-based Systems with On-farm and Offiif@mployment Including
Labour Migration
The majority of APS found in this village belongsthis category. Rice production is

first and foremost done for family consumption aodsell any surplus. This rice-
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based system often lacks the production of croperahan rice, due to limitations
related to irrigation and inadequate cash resefoeghe diversification of farm
production. Furthermore, additional income can d&®&j is, generated by means of
labour migration. Rice production is usually managed by family labowhich
employs transplanting techniques. There are smafietable plots for family
consumption near the house. Livestock rearingredyaeen.

Because of very small land holdings, debt burdearsj lack of local
employment alternatives in agriculture, farmers kirgg in exclusively rice-based
systems commonly migrate to search for more ptaét@mployment in cities during

the dry season and between periods of transplaatiddharvest.

5.1.2. Rice-based System with Diversification ouRice
Non-rice productions are found in this kind of AH8ce is commonly produced in
lower and upper paddies, while cash crops suclassaga or perennial plantations,
such as cashew nut, are grown in upland areas. tyfigeof perennial cash crops
grown is often promoted by the government, and somtem are supported by
private companies offering price support prograasshas been the case of cashew nut
plantations. Cattle and buffaloes are also rdisedale. Well-off farmers often invest
in fish farming and fingerling production. The usiemore farm machinery is being
seen on large farms to alleviate labour shortage.

In the last decade, Para rubber, which was praimagea new perennial cash
crop for the northeast region, has extensively asgd annual cash crops and
eucalyptus because of their higher economic retiNosetheless, it was not rapidly
adopted by poor farmers due to a lack of fundsotec the initial high investment,
longer harvesting times, and a lack of skill neettedvork with such plantations,

compared to other traditional cash crops (PhupdKTdreerapongtanakorn, 2006).

5.1.3. Rice-based Systems with Integrated Farming
Since 1995, the northeast region has been thettafdsoth government and non-
government organizations for the promotion of indégd farming systems, an
alternative to seasonal migration for off-farm eayphent (Wigzell and
Setboonsarng, 1995). Integrated farming is defeed household-based APS with a
diversity of complementary agricultural productiolesenhance the efficient use of
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limited resources (Faculty of Economics Kasetsamversity, 2000). The aim of
integrated farming is to assist farmers in prodgcior home consumption and a
surplus for sale, according to the principles ok thsufficiency economy”

(Mongsawad, 2007).

Rice is still the main crop produced for familynsomption and sale. Other
cash crops and vegetables are grown near wateurcesp which are also used for
livestock rearing. Thus, reliable water availakilis central to integrated farming.
Small water retention programs have been carriedmsaupport the construction of
individual farm ponds. However, changing from cami@nal to integrated farming
still requires substantial investment, with farmeesaping benefits from such
investments only after a few years. This has catisedlow diffusion of integrated
farming practices among relatively poor farmerssiide the proof that farmers
adopting this system have become more self-relidmgt, evidence gathered so far

suggests that integrated farming has had only igelthimpact on labour migration.

5.2. Farmer Typology at Study Site

Based on the above-mentioned main combinatiomsaafuctions, three kinds
of APS were identified, forming the basis of a farntlassification system, or
typology; moreover, the farmers’ socio-economicechyes, strategic choices of farm
and non-farm practices, and means of productioms @algo integrated into the farmer
typology. These farm types represent the diversitiarming households in the study
area (Table 5.1).

5.2.1. Farm type A: Very Small Rice-based ands&ténce Oriented Farms

The farmers’ main constraints in this category laigh indebtedness and the very
small size of their land holdings, ranging from 1061.8 ha (3.2 ha on average). Their
objectives are to produce enough rice to meet fafodd requirements (in rice first)
and make cash income through the sale of rice ssep| and the full employment of
family labourers. Almost 70% of local farmers bejam this farm type. These very
small farms evolved from the medium-sized rice-dasem holdings (4-6 ha) with
limited off-farm activities found in 1994 (TableZ).



Table 5.1 Characteristics of the three main tyggdarmers in Lam Dome Yai watershed, Ubon Ratcitprovince (2004).

Type

A: Very small rice-based and subsistence oriented farms

B: Medium-sized rice-based and
integrated farming, more market-
oriented farms

C: Large market-oriented farms with
diversification out of rice or high
remittances

Farm size (ha) 1.6-4.8 48-9.6 8-19
Family size (person) 4-6 5-7 6-8
Farmed area per family labour (ha/labour) 0.64-1.6 22-4 1.7-2

Objective

Family staple food security and income through selling
surplus aromatic rice and full employment of family labour

Produce non-glutinous aromatic rice
for sale and increase land productivity
through integrated farming

Increase labour productivity through
diversification out of rice

Strategy « Motorized farm equipment is used for land preparation  Late-maturing (non-glutinous, * Late-maturing (non-glutinous,
and water management. KDML105 and glutinous, RD6) rice for [KDML105 and glutinous, RD6) rice for
« Late-maturing non-glutinous (KDML105) rice for sale sale, sale
« Early-maturing (traditional glutinous) rice for family « Early-maturing (traditional glutinous) | Early-maturing (traditional glutinous)
consumption rice for family consumption rice for family consumption
« Cattle and buffalo are raised and sold when cash is « Hire | labourers to harvest late « Use farm machinery e.g. hands
needed maturing rice tractors, rice threshers to alleviate
« Fish and poultry is for family consumption and sale. Off- | Products of integrated farms for family labour scarcity
farm employment is important source of income to support |family consumption and sell surplus
on-farm activities. « Livestock is raised for savings and
sale
Sub-types Al: A2: A3: B1: B2: Cl: C2:
« Low access to e Poor accessto |* Good accessto |* Good access to |+ Very good « Upland crops « Large rice-based
water water water water access to water e.g. cassava farms

* Migrate
seasonally for non-
farm employment

* More-Permanent
off-farm labour
* Receive medium

« Migrate
seasonally for non-
farm employment

* More-permanent
off-farm labour
* Relative high

* Raise livestock
for sale
* No migrants

 Plantation crops
e.g. cashew nut,
para rubber

« Permanent off-
farm employment
or entrepreneurs

* Receive low to high remittance |+ Receive low remittance « Fish production |[in village
remittance remittance to maximize « More-permanent
labour productivity |off-farm labour
* No migrant « Relative high
remittance
Volume of water stored in ponds (m°) 170 450 1950 2160 2400 4500
Investment capacity Insufficient Limited due to debts High

Average annual gross income (euros)

1,150 (min: 400 - max: 1,600)

2,100 (min: 650- max: 2600)

4,900 (min: 1,700 - max: 7,700)

Share of off-farm income (%)

66 (min: 50 - max: 71)

22 (min: 0 - max: 31)

6 (min: 0 - max: 29)

Share of Debts (% of annual gross income)

31 (min: 25 - max: 57)

31(min: 17 - max: 46)

4 (min: 0 - max: 6)

80T
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Farmers belonging to this type play an importahe in supplying labour to
larger holdings because their land per labour iiatiow. Even if the harvesting time
of the famous aromatic jasmine rice, KDML105, ie #ame for all farms, they finish
their own harvest sooner and subsequently sellr tlagiour to larger holdings.
However, the share of farm land planted to KDML18Bd glutinous rice is
determined by the family consumption requirememtsich needs to be met first
(highest priority). If the family consumption iscsged by an adequate amount of
stored glutinous rice, these farmers are likelplamt a higher share of glutinous rice
and KDML105 to increase their household incomegemstly when rice prices are
high, such as in the 2008 wet season.

Livestock is rarely raised on this farm type.tlis present, the herd is small
(2-5 heads) and the purpose is mainly for saviAgsess to water is another factor
determining the RLR cropping calendar, but not¢heice of non-rice productions.
However, water use is carefully managed since thpgse of having small ponds is
to store water and use it to water RLR nurseriesase of dry spells. Rice is always
the major crop even if the land is located in uppa&ddies where water is even less
accessible. A way to increase their on-farm lakmoductivity is to rent more farm
land. The rental payments can be made in cash treiform of a sharecropping
arrangement.

The farmers’ capacity to make investments is nomevery limited, and
indebtedness is high. Off-farm, including non-faemployment is a very important
source of income. More permanent and seasonal labmations are key strategies
used to cope with financial difficulties. But itrisky to rely mainly on migrant labour
because most of the workers are unskilled, andnithestrial and service sectors are
normally unable to absorb a large number of labhgurender secure contracts.
Therefore, the seasonal migratory pattern is comfmomembers of this farm type.

Three sub-types of farmers were identified acewydo their access to water
resources and off-farm income, both factors inftisnin their choices of farm
production. Farmers belonging to sub-type A3, \whoe better access to water, have
usually adopted integrated farming practice. Sealsamd more-permanent migration
is found, but the migratory patterns do not sigaifitly relate to their current access
to water. A1 and A3 farmers usually migrate sealbpbat migrant workers generate
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relatively low income. A2 farmers receive highemrgtances but they often use it for

home improvement and their children’s education.

5.2.2. Farm type B: Medium-sized Rice-based, amegrated Farming; More
Market Oriented Farms
This farm type evolved from medium-sized farms mddin 1994 through the
increased adoption of farm machinery along an englwajectory (Table 5.2). This
type of farmer’s main objective is to produce hgglality KDML105 rice for sale and
to increase land productivity through integratedmiag. Unlike farm type A, their
size is not a main constraint. Thus, it is possibltethese farmers to consistently set
aside enough area planted to glutinous rice to ria@ely needs, while adjusting the
KDML105 area to cope with climatic risk. The keynstraint here is labour shortage
at peaks of labour demand periods of the RLR crgglec Type B farms are
employing local labour during RLR transplanting daivesting periods, as these two
operations cannot be fully mechanized under looaditions. Their implementation
by manual labour also ensures a better qualithefproduct, particularly at harvest.
This is very important as high-quality paddy caiphe compensate for the low yield
achieved in this RLR agroecosystem. For exampke gtivernment- supported price
for quality aromatic jasmine rice is 19,000 bahtfimr 2008 main harvest, compared
with only 12,000 baht/ton, and 9,000 baht/ton fadimary non-glutinous rice and
glutinous rice respectively (Thai Rice Mills Assakon, 2008).

Their integrated farming activities are generatiyrid near the house where it
is easy to monitor them and collect products fanifa consumption. Because the
farm area is relatively large (7.2 ha on averagj®, lowlands are planted to rice,
while cassava and long fibre crops are producedpland areas. But many farmers
have replaced those other crops with cashew nutesik996, and Para rubber
plantations since 2000. However, cashew nut proalut¢tad limited success because
of low yields. Para rubber, on the other hand, sesrare successful because of the

support of state agencies, and its current higtkebgrice.



Table 5.2 Change among the three main types ofefiaimm_am Dome Yai between 1994 and 2000- 2004.

Type

A: Very small rice-based and subsistence oriented

farms

B: Medium-sized rice-based and integrated
farming, more market-oriented farms

C: Large market-oriented farms with
diversification out of rice or high remittances

Changes between 1994 and
200-2004

Change

Consistent

Change

Consistent

Change

Consistent

Family situation

« Smaller farm size
* More rental of land

« Rice producing farm.
« Self-subsistence farm
« Cattle as saving
asset

« Rice produced for both
family consumption and sale
of surplus

« Diversified farm
productions

« Rice produced for both
family consumption and
sale

« Smaller farm size * Low land per labour [« Larger farm « Labour shortage * Larger farm « Labour shortage
ratio size causing size causing
As strategic « Lack of cash flow for [higher land per higher land per
constraints investment labour ratio labour ratio
Determinant * Poor access to water
s of family resources
choices * More water storage and « Extra labour for off- | More farm * Good access to water * More farming |+ Diversify farm
As strategic use of agricultural machinery [farm jobs machinery used [resources contracts productions.
potentialities e.g. motorized water pump B High « Good access to water
remittances resources
* Integrated farming * Produce rice « More livestock |+ Produce rice « Fish production [+ Produce rice
) introduced rearing « Integrated farming « Perennial « Integrated farming
Choice pf « More poultry and fish plantations (para-
productions productions for family rubber)
consumption
« Rent more land and « Use mainly family * More use of - ¢ Invest more in [+ Use farm machinery and
agricultural machinery labour including chemical inputs international hired additional labour
Choice of » Become major source of  [returned migrants to |and farm migration of
management hired labour in village produce rice. machinery. family labour
Strategy » More migrants working off- * More hired
farm labour
« Off-farm and on-farm * Glutinous rice for - * Glutinous rice for family * Fish and * Glutinous rice for family
employment to improve family consumption consumption fingerlings consumption
Choices household income * Non-glutinous * Non-glutinous jasmine rice [produced for sale [* Non-glutinous jasmine
concerning the |+ Products from integrated jasmine rice for sale for sale  Products from [rice for sale
production farming for home « Livestock rearing for sale  |perennial « Products from integrated
system consumption * Products from integrated  |plantation for sale|farming for home
farming for home consumption
consumption

TTT
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Livestock rearing is also an important source ofome. Therefore, a
significant herd of cattle and water buffaloes @lDheads) is usually raised. Water
availability through the presence of individual narponds makes year- round
production of fruits and vegetables through integgdarming possible. Furthermore,
it is often used to water RLR nurseries at the fr@gQg of the rice-growing season. To
better match farming activities with the labourc®ravailable, sometimes farmers
lease part of their land to relatives or type Aghéiours.

Although off-farm employment can be an importaxididonal source of
income for some farmers, most of them are likeliaep all available family workers
to manage their own farm activities. But some fagre&ve more-permanent migrants
who do not return home to help their family membergrow rice. These migrants
generally remit money back home so that their faain hire additional labour when
needed. Even if indebtedness is a problem, thesesfaave some capability to invest
in agricultural production through savings assétegtock herd) on B2 farms and

relatively high remittances in some cases (B1 spit

5.2.3. Farm type C: Large Market Oriented Farmith \iiversification out of
Rice or High Remittances
These are the most well-off farms, having evolveasinf the extensive rice farming
holdings studied in 1994 (Table 5.2). This farmetyip characterized by relatively
large holdings, averaging 8.6 ha. Their objectséoi maximize labour productivity
through diversification out of rice into Para rublpéantations, livestock rearing, and
fish and fingerling productions. If the diversiftaan out of rice is not used to increase
labour productivity, more-permanent off-farm emptent is an important strategy
used to increase household income. Because famkergobelonging to this farm
type have a generally high level of education, tiaywe access to better paid
employment opportunities e.g. working abroad andyagernment officers. Thus,
their family members in the village usually receregular remittances.

Two sub-types can be distinguished under this figgpe. Both are large rice-
based producers who try to rely on family laboud d&rm machinery rather than
hired labour. But they differ in the strategiesdige increase labour productivity. C1

farms use farm diversification out of rice; thesmuseholds can keep all members
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busy on their own farm. In contrast, C2 holdinghkjcl have a long experience in off-
farm employment, often sell labour according to keademands, and thus receive
high remittances. Rice is grown on a large area fanch diversification is less
developed.

Of course, this farmer typology is an oversimpliffi presentation of the
diversity of situations, and where all individualrmers cannot be represented in a
model, but it does depict major differences among holdingdimited sample of
different farms from among the three core farm $ypan be used to represent the
heterogeneity of the greater farming community. uFég 5.2 summarizes the
functioning of these three main farm types to digphe relationships between the
families’ objectives, opportunities/constraints ahdir respective selected strategies.
The economic outcomes resulting from such relakigoss and choices are an
important determining factor of migratory patter@nce households in a particular
village are classified, it is possible to typifyethvillage by aggregating the
characteristics of the households (Rindfuss, Jatapakt al., 2004). Farmers
belonging to the same type are likely to have simdecision-making processes
regarding farming activities and migration pracsick is important that the processes
are integrated into a model. Furthermore, this @rrtypology is useful in the
selection of potential participating farmers; thgdlogy aims to ensure a broad
representation and participation of the whole fagncommunity in the Companion

Modelling activities described below.

5.3. Importance of the Interaction between Land & Water Use and Labour
Migration for Local Rural Development

Understanding land and water use in relation boda migration in this RLR
ecosystem is a very complex issue because of thenmuws interacting components
involved, such as the biophysical and socio-econatynamics. Labour migration
has emerged from agroecological constraints ligifiarm productivity, shaped by
natural endowment and its deterioration, in intkomc with state policies,
interventions and other socio-economic factorsaA&snsequence, the labour shortage
occurring in the village is an outcome of migraipfeading to changes in farming

practices affecting the use of land and water nessu
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The scarcity of farm workers on some holdings hasegative impact on
medium and large farms because of the higher labosts, but a rather positive one
on small holders as it provides an alternative s®wf income. In my case, a brief
account of land and water use influenced by laloigration will illustrate the key
human-environment interactions leading to compyexiUnderstanding these
interactions by involving the concerned stakehdadsrcritical to discover acceptable

and appropriate local rural development pathways.

5.3.1. Complexity as a Result of Interaction bemwd&ainfed Lowland Rice
Ecosystems and Socioeconomic Dynamics
According to Woodhill and Réling (1998), the comptg with which humans have
had to deal with has escalated as forms of knowlegipand, and as social and
environmental influences become global. Thereftwrejnderstand a current complex
phenomenon, it is necessary to look at human-emwviemt interactions as a cause of
complexity through social learning and knowledgehange involving all concerned
stakeholders.

The concept of reductionism has been used to explatural phenomena
based on deterministic, linear, equilibrium-baseédjctable interactions among
objects and forces, and oriented towards sequecti@hge. Model implementation
under this physics-based concept represents otdyactions between natural forces
that have been proved to be accurate (Mann, 18fiyever, this concept has limited
explanatory power when dealing with non-lineagversible dynamics and evolution
often found in biology, economics, or in socialesaies. In this case, the key focus is
on human behaviour in the system characterizedibjgstivity, uncertainty, and self-
organization resulting from interactions among taieneous components. To
overcome these limitations, the concept of compl@aptive systems was introduced
by scholars in the field of economics and socia@msmes. Complexity is related to the
various manifestations of life, and the emergenica complex system at a macro
scale always involves interactions between micnojmonents in the system (Janssen,
2002; Nicolis and Prigogine, 1989).



Type B
Medium-sized rice-based and integrated farming,
more market-oriented farms

Type A
Very small rice-based and subsistence oriented farms

Type C
Large market-oriented farms with diversification out of rice
or high remittances
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consumption Share of annual gross equipment is used for e.g. hand tractors,
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equipment is management alleviate labour
used for land e Livestock raised as shortage. Sometimes
and water saving asset and for hire labour
management sale Sh : I Diversify farm
e Off-farm and e Products of integrated are °. annual gross productions out of
non-farm Wages farm produced for family Income rice: Live stock, fish
employment is 66% consumption and sell production and/or Share of annual gross
important source © surplus perennial tree income
of income to Debts «  Often hire labour to W Debts plantation
support on-farm 31% alleviate labour ages 31% Non-farm Wages Debts
activities shortage 22% employment 6% 4%
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* Insufficient cash flow for investment.
e Carry out seasonal migration

N2

e Limited investment due to the debt
e Carry out more-permanent migration
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farm production

* High efficient to invest both in farm and non-

pattern pattern or no migrants e Carry out more-permanent migration pattern
with high investment (e.g., international labour
market)
Legend

I—_ Opportunities/Constraints

I:I Family objectives

Strategies D Outcomes of economic results

Figure 5.2 Diagrammatic representation of the fiomotg of the three main types of farming housdeaoh Ban Mak

Mai village, Klang su-district, Det Udom district, Lon Ratchathani province (20C

GTT
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Four decades ago, the agroecosystem in the LameDa@nwatershed was not
very complex due to fewer interacting componentd aotors aiming only at the
exploitation of natural resources for self-subsisee Today, this system is a very
complex one as a result of more diverse actorslwedoat multiple levels and
interacting with change within a larger system karng. The next section will
provide insight on interactions between land andewase, and labour migration in

this study area through cause-effect relationships.

5.3.2. Causal Relationships between Land and Waltse and Labour
Migration in the Study Area
In this study, labour migration is seen as an adaptanagement strategy for
resource-poor farmers to mitigate climatic risk alldviate poverty. Migrating to
seek relatively better paid employment and rengttimoney to the place of residence
is theoretically a way to stabilize household ineo(Rattanawarang and Punpuing,
2003). In the context of Ban Mak Mai residents,nfaworkers are motivated to
migrate as a result of poverty because of feelimgy ffrelatively) rather than because
of absolute deprivation (Skeldon, 2002). Increasingsehold expenses through farm
inputs, such as chemical fertilizer, pesticidesmfanachinery, and the purchase of
more consumer goods by the day in an increasingigneercialized Thai society
drives local farmers to search for additional ineom

Figure 5.3 depicts the causal relationships obuabmigration by linking key
factors at macro and meso-levels. According to lassaal economic theory, macro
factors like the low price of farm products, angidaindustrial growth are key pulling
forces. Meanwhile, local residents feel relativplyor as a result of low residential
satisfaction due to an unfavourable agroecosystem anavailability of job
opportunities. Interregional income inequality la¢ thational level also pushes farm
workers to migrate to seek better paid jobs.
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A

Need for consumer goods
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throuag"r(l) ;r;z;::pnm (i.e., Bangkok and its periphery, in markets Labour migration
large share and Eastern Seaboard) A
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i Non-agricultural sectors

-3 Factors at regional
¢ and national levels

Factors at village and
household levels

Figure 5.3 Causal relationships of labour migratieflected by macro and meso

factors influencing farm production in northeastilénd.

like Ban Mak Mai. Labour shortage for farm prodoatiis an eminent problem at

Figure 5.4 depicts the consequences of labouratmigr on a sending village

household and community levels once family workdexide to take off-farm

employment outside of the village. Migration of figmwvorkers changes the pattern
of allocation of work within a household (Shinaveatt al., 1996) and affects the
ways that land and water are used. These macromasd- factors of land and water
use related to labour migration provides a holistewv of the situation under study.

However, this causal relationship inadequately es@nts the migration decision-

making process at micro level. Integration of thdistic knowledge into the V-E

model (see detail in chapter 3) provides a more prehensive and integrative

migration model that enables the implementatiomdividual migration decisions in

my model.



118

‘ Relatively poor ‘4 .........................

r-—- = =" - push
- Social problem |
(i.e., more . o
| fragmented |< -—resultinn — - — Labour migration income: alleviate
i families)
- —— = - find and take
Off-farm or non-farm

employment

Government cause —_——
interventions regarding ' Local labour |
farm mprovernent (ie. | Farm labour Shortage | «-.—alleviate-—- market at the |

water resource ! | community level |
improvement) : | — = |
’ drive
Leewinfluence------------- »| Change in land and water use

involve

!
i
| !
I
e Crop calendar change |

e Cropping systems === — genérate
o Farming practices

Figure 5.4 Impact of labour migration on changéaimd and water use at household

and village levels in a sending community.

Regarding changes in cropping systems, medium@rge farmers (types B and
C) who usually grow dry season crops face seri@a®ur shortage since many
farmers migrate to cities during this period. Tieye to downsize the area planted to
dry season crops or even stop producing them (P233). For changes in farming
practices, some local rice farmers adopt directlisgetechnique to mitigate the
labour shortage problem at RLR crop establishmehile well-off farmers often
invest in farm machinery to replace human laboee (shapter 3 for more details
about changes in farming practices in relation dabolir migration). Because of
advanced market integration and competitive lalvearuitment, mutual help among
relatives does not exist anymore. Instead, a lo@aket for hired labour has emerged

in response to the increased demand for farm weitkelnelp alleviate labour shortage
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at the village level. Moreover, pools of illegaréign workers from Laos and

Cambodia are also becoming available for hireaelocost at RLR harvest.

5.3.3. Need for Comprehensive Knowledge aboutadcteons between Land
& Water Use and Labour Migration prior to Implematiin of Major State
Investments in Water Resources
Most of Thailand’s agricultural development progedtave been implemented by
focusing on improving agroecological conditions, ilwhusually ignoring the
socioeconomic dimensions. In the northeast regibe, improvement of water
availability has been the focus of many past gawemis. Regional irrigation projects
have aimed at improving local farmers’ livelihoodg extending their ability to
produce farm products for sale, particularly in dng season. However, the success of
state attempts to support all-year round farm pecodan is limited as seen by the
consistent flow of labour migrations from the nesit to Bangkok and other urban
areas.

Moreover, the establishment of local administetorganizations (TAO) to
manage local resources according to the natioralypof decentralization makes the
participation of locals in any development projeattshe community level mandatory
(Charoensutipun, 2001). Recently, without a cleadanstanding of such interactions
among key components of the system, and a lackvalvement of locals, the Royal
Thai Government has been preparing an extensiverwgaid system to ensure that
sufficient volumes of water feed huge areas ofdmentry, in particular the dry and
impoverished northeast region (Molle and Koma, 2085500,000 million baht (one
billion euro) mega infrastructure project to divevater from the Mekong river
through a “hydro-shield tunnel” is often cited (Bgok Business News, 2008;
Matichon, 2008).

Such top-down development approaches cannot hasdidh complex
interactions. An in-depth understanding of thesg keeractions acquired through
truly participatory approaches is definitely reguirto ensure the design of useful,
acceptable and practical development plans prighéxr implementation. Initially,
this understanding is also necessary to improvepngyiminary knowledge before

model implementation. The results from subsequiemilations can answer questions
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related to possible future scenarios. The explomadf scenarios with local farmers is
a promising way forward for researchers, decisi@kens, and policy makers to

begin future interventions in a collaborative anorenbottom-up fashion.
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PART 2 COMPANION MODELLING (COMMOD) TO UNDERSTAND T HE
INTERACTION BETWEEN LAND & WATER USE AND LABOUR
MIGRATION

CHAPTER 6
COLLABORATIVE MODELLING APPROACHES
FOR RENEWABLE RESOURCE MANAGEMENT

Collaborative or participatory approaches emergeda response to lengthy
and top-down planning processes in rural developrpesjects and to the failure of
the transfer-of-technology model which had beem@n@nant from 1960 to the early
1980s (Neef, 2005). Such technological transfaes lkely to fail in highly
heterogeneous and marginal areas when top-downogevents are implemented
regardless of the involvement of concerned stakksnsl(Ashby and Sperling, 1995).
However, when stakeholders are involved, invitihgn to participate is often not
genuine: they are merely sought to increase thénegy of developments projects
(Bishop and Davis, 2002).

Genuine implementation of participatory processegquires the use of
interactive techniques. Organizing workshops basedcollective model building,
scenario development and exploration represents ahdhe most promising
techniques to set up a communication platform geimgy multi-directional flows of
information between stakeholders (Stringer, Dowggithl., 2006)

In this chapter, collaborative modelling referstte process of designing
and/or using models collectively, as distinguisi®d Renger, Kolfschoten et al
(2008). Several similar terms are used to refetheosame general principle: group
model building (Vennix, 1996), mediated modellinyafi den Belt, 2004),
cooperative modelling (Cockerill, Passell et aD0@&), and participatory modelling
(Hare, Letcher et al., 2003). This chapter begintf \yeneral considerations about
models and the modelling process. The collaboratnaglelling approach is then
introduced and to illustrate its diversity, a comgti@e analysis of six collaborative

modelling case studies is subsequently presentttdsichapter.
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6.1. Diversity of Models, Sequentiality of the Modéng Process

6.1.1. Characteristics of Models
A model is a simplified representation of an actsydtem, a synthesis of what we
know about the system with references to the probl stake (Banks, 1998;
Jorgensen and Bendoricchio, 2001). There is a dugesity in the types of models
and many criteria can be considered to proposepaldgy of models. The most
commonly referred criteria are briefly reviewedd»el

A physical model is a real manipulable artefaathsas a scale model of an
aeroplane used for aerodynamic testing in a wimthel (Jorgensen et al., 2001). In
contrast, models without a physical existence akeda “abstract” models. This
category can itself be classified into three subgaties: conceptual, mathematical
and computational models. Conceptual models areplsindrawings: diagrams.
Mathematical models make use of equations to dethiet reference system.
Computational models are designed by using progiamrianguages or specific
software.

Time is another dimension to characterize mod&lsn(and Banks, 1998). In
static models, the changes in variables definiegstfstem are not dependent on time,
which is the case for dynamic models. Dynamic mn®dah be further classified into
discrete-change and continuous-change models. gdt@krepresentation is also used
to classify types of model. Spatially-explicit méglefrequently used to tackle RRM
issues, provide a representation of space. Howewnany disciplines use the term
‘spatially explicit’, but in different ways. Fouests are proposed by Parker (2001) to

determine whether a model is ‘really’ spatially kcip

6.1.2. Objectives for the Implementation of a Mode
The objectives for the design and use of a moaebtien specific to each case study.
Therefore, like model characteristics, they are alery diverse. Yet publications
presenting models do not always provide clear atthas about the objective related
to the models. This is an issue, as the objectives the design of a model and has to
serve as the main justification for modelling clesicFour main objectives often cited
are: (i) to understand the system or problem inrtual laboratory (as explanatory
devices); (ii) to determine critical elements, caments, and issues and to estimate
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performance measures (as an analysis tool); diilepresent system operation and a
means of communicating science and the resultsciehee (as a communication
vehicle), and (iv) to predict the consequencesroppsed scenarios. (Carley, 1999;
Epstein, 2008; Jorgensen et al., 2001; WainwrigdtMulligan, 2004).

Nonetheless, to investigate the complexity of hove@avironment interactions
at work in socio-ecosystems, abstract simulatiordet® are usually implemented.
The modelling objectives are then to gain bettefeustanding about the system under

study, to promote communication, and to supporisttatmaking.

6.1.3. The Sequentiality of the Modelling process
Figure 6.1 shows the key stages of the modellinggss as proposed by Voinov and
Bouman (2004). Different modelling stages have bemposed by several authors
(Banks, 1998; Jakeman, Letcher et al., 2006; Komkiand Puckdeewattanakul,
2005). Unlike model characteristics and objectivasscriptions of the modelling
process share strong similarities. The various deused to identify the modelling
stages can be grouped irttwo main phases: model design and model use. It & als
commonly stressed that the modelling process ikelglto flow linearly but rather
comes and goes iteratively between stages.

6.2. Collaborative Modelling Approaches

There are some stages in the design and/or us@aéls that involve several
persons. The term ‘collaborative’, or ‘participatormodelling refers to such group
model building situations where model designers/@ndsers are actively involved
(Eden et al., 1996).

6.2.1. Collaborative Modelling Background
Collaborative modelling approaches stem from sysdgnamics, and usually refer to
integrated ecological modelling. The idea is thaystem’s point of view is helpful to
‘lift’ observers to the system’s level and to ceeat holistic view. Several methods
have been developed to support such an idea, @figim problem structuring and
the system’s conceptualization (e.g. cognitive nnagp to the construction of
computer models simulating the behaviours of stakkhs interacting within a

complex socio-ecosystem.
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Figure 6.1 An example of the sequentiality of thedelling process.

In ecology, hard and soft systems are often refieto (R6ling and Wagmaker,
1998). Hard systems are treated as if the systeraflyrexist. The systems’
boundaries and goals are assumed to be given. gisagd problem solving focus on
goal seeking and the best technical means to re@dal. The crucial assumption is
that system goals are not given but contested, thatl system boundaries are
negotiated. The soft systems methodology emphasizgeoup of actors who are
faced with a shared problem to engage in a colleddiarning process. A combination
of both systems methodologies (soft and hard sesnand participatory action
research can theoretically facilitate the integraf various disciplines and different

types of knowledge. Such a combination is consistath the definition of soft
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systems methodology, and is referred to as col&her modelling (Purnomo, Yasmi
et al., 2003).

6.2.1.1. Diversity in Collaborative Group Comimsi

The types of disciplines and number of collabosatowvolved in the modelling
process can determine the base of knowledge ineshmto the model. Frequently,
modelling has primarily been used by natural s@é&ntas a means of capturing and
predicting aspects of complex systems, usually iwithonodisciplinary boundaries
(e.g. crop models, hydrological models). These «iraf “expert models” are
inadequate to understand non-linear, complex amdhmdic systems such as in the
field of economics where several components of lierevironment interactions are
involved (Prell, Huback et al., 2007). Thus, ecomsisnhave adopted modelling in
different ways to integrate the product of seveliatiplines into an economic model.
However, these multidisciplinary models are usuaiplemented and used within the
scientific arena. This kind of modelling approach bhased on optimization and
‘factual knowledge’ that is insufficient for mulievel and multi-actor involvement,
in particular rural development (Prell et al., 2P07The involvement of lay
stakeholders throughout the model development psoiseproposed to avoid relying
exclusively on knowledge derived from policy-makarsl scientists (Purnomo et al.,
2003). Therefore, the engagement of non-scientifiakeholders is needed if
investigation of a RRM issue is targeted.

Participation of non-scientists in the producti@amd use of scientific
knowledge was introduced by social scientists whbelse that science is socially
constructed and should not be restricted solelthéoscientific arena. Research on
participation in science pay more attention to mEynsupport for decisions and
enriching assessments with lay-knowledge and opsiwan Asselt, Mellors et al.,
2001). Involving non-scientists in the researchcpss is increasingly important in the
analysis of complex issues. Such issues conceamged web of related problems
(multi-problem), lie across or at the intersectioh many disciplines (multi-
disciplinary), and the underlying processes intemc various spatial and temporal
scales (multi-scale) involving different stakehaoklémulti-actors) (van Asselt and

Rijkens-Klomp, 2002). However, indigenous knowledg®ne is not sufficient
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(Ostrom, Schroeder et al., 1993). Thus, integratimgwledge from different sources
through collaborative processes can be a promisangfor all relevant stakeholders

to gain better understanding of the current situratif the system under study.

6.2.1.2. Collaborative Model: the Integration vibe¢n Local and
Scientific Knowledge
Knowledge integration that combines local and ddierknowledge is a challenging
issue in scientific research (Neef, 2005). Locawkledge is primarily concerned with
sustaining people’s livelihoods in harmony withurat It is closed, non-systematic
and bound to subjectivity, common sense or supierstiin contrast, science is open,
systematic and objective, rigorous and analytical.

Because local knowledge is deeply embedded isdhml, cultural and moral
context, it is important to better understand thisrmative base of a society. Such
information is needed to facilitate communicatiord alecision-making resulting in
the creation of an environment. This is conducigecollaborative processes that
bridge the divide between local and scientific kiexlge. Thus, in a collaborative
modelling process, stakeholders play a proactieatral role in the design team,
working together with modellers that can result more practical designs and
acceptable development (Schuler and Namioka, 198Bjough the collaborative and
communicative platform, the knowledge-sharing ativis enhanced leading to
shared representation developed among heterogerstaksholders (Ashby, 2003;
Narayan, 1996; Pahl-Wostl, 2006; Selener, 1997)he Tollaborative modelling
process also supports capacity building (Fitzplatand Sinclair, 2003), helps to
resolve conflicts and build consensus (Walkerded()62, and creates networking

opportunity (Roux, Rogers et al., 2006).

6.2.2. Collaborative Modelling Phases
Collaborative modelling process is a continuousasf collective decision cycles
generally consisting of five main phases: probletentification and structuring,
model conceptualization, model implementation aalidation, scenario exploration,
and monitoring and evaluation of the model usedn{€hand Ferrand, 2006). The
degree of stakeholder involvement, in the collabeeamodelling process, is varied.

They can engage exclusively during the model depiggse or simply be the end
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users of the model; the model can also be co-degigmith, and used by the

stakeholders.
6.2.2.1. Model Design Phase

Problem identification and formulation

This phase underlies the theory to elicit the vithlial perceptions to
determine the nature of the situation where thélpro is found, what elements are
important to the problem, and how participantsedadithese elements to be related to
one another over a variety of scales (Daniell et2006). The aim is to create a
shared understanding about the identity and extettie problematic issues. It also
allows a group of people to become acquainted wdbh other along with the
development of problem structuring (Andersen anch&dson, 1997; Winz and
Brierley, 2007).

In this phase, the involvement of a broad reprediem of stakeholder groups
affected by the problem is essential. While thebjam is collectively structured, the
objectives to be achieved or situations to be adiare also often determined. Once
objectives are elucidated, potential processestesfies or plans can be designed. The
preliminary findings at this phase are useful fornfalizing an initial conceptual

model.

Model conceptualization

The model conceptualization is an analytical thsit abstracts the system into
a model described by elements of the system, thearacteristics, and their
interactions (Musselman, 1998). The representatibithe users’ perceptions and
conceptions in relation to the system where theasuseside is reflected in the
conceptual model (David, 2002). Maintaining stakdbr involvement and using
information provided by participants during thiage can create trust in the modeller
and the model-building process (Ford and Sterm@®8)L A conceptual model can be
presented in various kinds of visualization rangmogn simple and organized writing
or diagrammatic flowcharts to computer-based appbos. It can be used as a tool to
facilitate effective and efficient communicationtleen participants regarding a

model’s structure, components and operations (vasela et al., 2001). Once the
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initial conceptual model is formalized to sufficignrepresent the system under study,
it is developed to become an artefact aiming tth&uranalyze the effect of potential

actions may occur under defined problematic Siouneti

Model implementation and validation

This modelling stage captures the conceptual mosielg the constructs of a
simulation language or system. Translation of thenceptual model into a
programmed model constitutes the process of pragiagito build an executable
simulation model. Additional information beyond thaitial thinking is usually
obtained during this model co-constructing activitly includes re-examining the
hypotheses used in the model, and refining the wbnkodel development through
verification and validation procedures. Three digant steps in the modelling
procedure need to be defined in this section. Tdmeycalibration, verification and
validation (Jorgensen et al., 2001). Calibrationais attempt to find the best
accordance between computed and observed data rigtiora of some selected
parameters (Hansen and Heckman, 1996). If notmibeel is adjusted by modifying
the values of certain parameters. Verification isdeterminant of whether the
computer implementation of the conceptual modebisect. It is a test of the internal
logic of the model, and a subjective assessmetfieobehaviour of the model.

Once a model is operational after verificatiortitgs the model needs to be
checked for its validity and whether or not it ig@d model of what it is supposed to
represent. Validation is a determinant of wheth® tonceptual model can be
substituted for the real system for the purposexplerimentation (Balci, 1998). An
objective is to test how well the model outputstiie data. Since the model is co-
constructed with field collaborators, the modelidation is often carried out in
parallel with model implementation. Involving sthkéders can ensure that the
content of the model is believable, its outcomemugble, and that it sufficiently
represents the problem being examined (Danielll.et2806). Successful projects
depend on valid models, sound statistical analys®s cogent reasoning (Musselman,
1998). It is important that model validity is actsp by stakeholders. Once the
programmed model is completed and valid, it is yeadbe used for running virtual

experiments. The process of experimenting withsiheulations is to evaluate system
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behaviour, to analyze model sensitivity, to deteerfunctional relations, and to train

people involved in the modelling process (Balci98p

6.2.2.2. Model Use Phase

This phase focuses on producing scenarios and rearey options by using the
model. The scenarios to be analyzed should bectioibdy identified and explored by
stakeholders. Possible solutions for desirable timpist are collectively analyzed
through the outputs of simulations. However, no elodan replace individual
thought. Thus, the purpose of using models at phase of the collaborative
modelling process is to support the collective siea-making process, not to
supplant it (Daniell et al., 2006). Neubert (20p@)posed two efforts that should be
taken into account once carrying out scenario eagpitm. First, the discovery-
oriented effort is to produce new knowledge abowganizational or institutional
innovation processes. Second, the literacy-oriestéatt is to build individuals’ and
communities’ capacities to handle their problemgnibelves. In reality, both
discovery- and literacy-oriented efforts are ofieterlinked.

After exploring interesting scenarios, the synih@s$ preferred actions drawn
from desirable scenarios can be collectively agsk&sr the purposes of making a
final decision and a collective agreement to immatnan action plan. As
stakeholders actively involved in the model desipase, their acceptance of and
commitment to a model’'s outcomes is high. Othertp@soutcomes can be increased
independence, self-awareness, and empowermentakéhstiders to address local

problems independently.

6.2.2.3. Monitoring and Evaluation
The monitoring and evaluation activity plays an artpnt role in assessing the
success of the collaborative modelling processs &ahtivity is proposed to ensure that
tasks are carried out according to the action phary. problem encountered can be
treated on an ongoing basis through adaptive mamagle As an intervention
measure, if the evaluation is carried out by theigpants, they will be required to
think about what is occurring in the process wigan then potentially change their

behaviour and have further impacts on the procedsita outcomes (Daniell et al.,
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2006). As an aid to the overall utility, outcomesl erceptions of the process can be

used to determine how such a process can be inghrove

6.2.3. Methods and Modelling Tools
Although the participants collaboratively workingitiv modellers is important,
methods and modelling tools used are also a detarqifactor in successful
collaborative modelling. Group discussion is ofteprimary method in collaborative
modelling. Other participatory methods (individuatkerviews, focus groups, etc.) can
be used in the collaborative modelling process @& Wools can be simple drawings
or complicated computer simulations, or combinabbboth.

Methods and tools used in collaborative modellirg to examine the system
under study qualitatively and quantitatively. Faratitative methods, the cognitive
mapping using software packages such as Decisiploiex and DANA, and problem
structuring methods such as the Soft Systems Methgy and Strategic Choice
Approach are usually acknowledged. There are margthods dealing with
guantitative investigation raging from static regmetation for instance, spatial
mapping through public participation GIS, to moggmamic models such as System
Dynamics (STELLA and VENSIM), Multi-Agent SystemsCQRMAS and
REPAST), Multi-Criteria Analysis (PROMETHEE meth¢ddsnd Probability and
statistical methods, such as Bayesian Networksi@Dast al., 2006). Six case studies

with different methods and tools used are analyreticompared in the next section.

6.3. Comparison of Six Case Studies in the Field &ollaborative Modelling for
RRM

This section presents the production collaboratiwedelling in six case
studies under the RRM study domain. In the casthefqualitative method, causal
loop diagrams were a main tool for a collaborativedelling conducted by Purnomo
et al. (2003). These diagrams were used to edtalbkationships between key
components, integrate different stakeholder petsme; and agree on performance
indicators of forest management in Indonesia. Anttoge map integrated with critical
system thinking was used to develop a “facilitatidevice” in lower Mekong delta,
Vietnam (Nico Hjortsg, 2004).
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For the system dynamics, several studies have syistdm dynamics models
to facilitate group discussion, particularly fortalacquisition and decision support
purposes (Gilbert, Maltby et al., 2002; Mayer arelJong, 2004; Voinov and Gaddis,
2008; Winz et al., 2007). An increasing numbertafiees have adopted gaming, and
computer simulation models, in particular the ABblfacilitate social learning aimed
at understanding current situations that has tihenpial to lead to better management
decisions through a collaborative modelling prog@&areteau and Bousquet, 2000;
Becu, Perez et al., 2003; d'Aquino, Le Page e8D3; Liu, Takeuchi et al., 2007).
For the GIS-based collaborative modelling, Gonz¢k802), Ranbalsi (2005), and
McKinnon (2005) used GIS technology to integratdigenous knowledge into a
scientific one with a group of local stakeholdemnsl &1S experts through participatory
GIS map-generated development. These methods datigrease the participation of
domain experts in the modelling process to supmoeative, interdisciplinary,
collaborative exploration, and promote better desigThey also enable domain
experts to validate that their domain is represkmi@rectly in a conceptual model
(Sullivan, 2004). Six case studies with differenethods used in collaborative

modelling are presented.

6.3.1. Cognitive Mapping and Soft Systems Methogyl|
The study site of the Damdoi Forest Enterprise (DédSe was located in the lower
part of the Mekong delta, Vietham. Nico Hjortsg @&t (2005) studied the
implementation of a buffer zone to protect agalasie-scale mangrove deforestation
caused by the expansion of shrimp production amdlico between shrimp farmers
and DFE over the establishment of a protected &methis case study, the objective
was to find a method to prepare facilitators oftipgratory inquiry and decision-
making processes. This preparation and deviceupest was proposed to help
facilitators obtain an in-depth understanding oé tkituation before conducting
participatory activities. Eventually, the reseatelam aimed to draw a buffer zone
without critical conflicts with stakeholders. Theafptd Stakeholders and Conflict
Assessment (RSCA) methodology, which integrates dthatds— stakeholder
analysis, conflict assessment, problem structuramgl, critical system thinking—was

used.
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The soft systems methodology was applied to siracthe problem with
participation of concerned stakeholders. The Gognimapping (CM) method
(Axelrod, 1976; Mendoza and Prabhu, 2006a) was ueedapture parts of the
personal construct system by modelling the peroaptof each group member in a
CM developed during interviews to represent thevoet of concepts (notes) used to
form chains of argumentation. All CMs were produbgdising the software package
“Decision Explorer”. A facilitator analyzed theseaps to indentify clusters of related
concepts and merged them into a “facilitative devithat was used in problem
identification and negotiation.

In this case study, CMs were useful for capturatgkeholder perceptions,
their sense of dependency on the natural resoysters and their interactions with
other stakeholder groups, including existing antépioal conflicts. However, without
a temporal dimension, CMs made it difficult for peipants to explore their
interesting scenarios. Besides, without the spdimension evolving through time,
participants had difficulty pinpointing where thmpact was worse that urgently
needed to be look after.

6.3.2. System Dynamics
Tidwell et al. (2004) applied system dynami¢SD) to plan community-based water
management in the Middle Rio Grade, north-centralvNMexico. The problem was
the imbalance between water supply and demandsrsémi-arid region, and lack of
stakeholder involvement in making development plafise objective was to create a
water resources model for community-based planniihgs SD model was proposed
to enable participants to quantitatively explordermative water management
strategies, educate them on the complexity of éggonal water system, and engage

them in the decision process.

® System Dynamics (SD)s a concept based on systems thinking where digniameraction between
the elements of the system is considered to stuelyp&haviour of the system as a whole. As the name
suggests the behaviour of the system is monitoved time and is thus dynamic. The concept of SD
was introduced by Forester (1961). The main idegysfem dynamics modelling is to understand the
behaviour of the system by the use of simple mathieal structures. SD concepts can help: (i)
describe the system; (ii) understand the systeipdévelop quantitative and qualitative models) (i
identify how information feedback governs the bebavof the system and finally, (v) develop control
polices for better management of the system.
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Causal loop diagrams were used to represent layegits influencing water
supply and demand. The SD model was produced &indjo Expert 2001 and 2003.
The model represents dynamics water budget as udt rafsinteractions between
surface and ground water stored in the basin vgrgimually in response to changes
in the associated inflows and outflows. The modefelopment process benefited
from interactions with a community outside of th@delling team. The scientific
knowledge was derived from water professionals soentists. Public feedback from
water forums, where various schools and univessitiévic and professional groups
participated, was integrated into the SD modelthis case study, SD provided a
framework to integrate the disparate physical andas systems important to water
resource management. The SD model was able to & fas interactive public
engagement.

6.3.3. Multi-Agent Systems
The Multi-Agent Systenfs(MAS) played a key role in “the participatory couter
simulation to support collective decision-makinghducted by Becu et al. (2007) in
Mae Sa watershed, Chiang Mai, northern Thailande Phoblem was conflicts
regarding water use between upstream and downmsivélages as a result of water
scarcity. The objective was to test the assumphanstakeholders can be confronted
directly with an abstract computer model of humaasgstem interaction. The
research team also intended to use this abstrad¢lnag an explorative and decision-
support tool to facilitate the negotiation overurat resources between stakeholders
with conflicting interests.

The research framework of this case was one fhantollaborative modelling
family, the Companion Modelling (ComMod) approa@alreteau, 2003b). An ABM

® Multi-Agent Systems (MAS) originally came from the field of artificial intégence (Al). At first, it
was called distributed artificial intelligence (DAIThe objective was to reproduce the knowledge and
reasoning of several heterogeneous entities caigeint’ that need to coordinate to solve planning
problem. The coordination of actions or the corddtom of systems represents the consequences of
interactions between relatively independents aridrewmous agents operating within communities in
accordance with what are sometimes complex modepafation, conflict and competition in order to
survive and perpetuate themselves. Organized stegcemerge from these interactions, which in turn
restrict and modify the behaviours of the agentse Tharacteristic of emphasizing interactions and,
more precisely, of analyzing the interaction sysewhich exist between agents is what distinguishes
MAS from the more classical approaches, in thafepe@ce is given to emergence, and action and
interaction are considered as the motor elemerttsistructuring of a system taken as a whole.



134

was built on the CORMAS platform by the modellehisSTABM was used as a tool to
facilitate communication among stakeholders. Threeccessive rounds of
participatory simulation workshops were organizedlow stakeholders to validate
the model, and to engage stakeholders in the regoti process about water
allocation.

Simulation of water shortages stimulated knowledgguisition. For instance,
stakeholders found that the expansion of sweetgreqytivation in the downstream
village would solve the problem of water shortagethe village while a shift to
gerbera in the upstream village would increase wslt®rtages for both villages.
However, due to the complexity of this ABM, it wasficult for stakeholders to

familiarize, and to create a sense of co-ownership.

6.3.4. Multi-Criteria Analysis
Multi-Criteria Analysi€ (MCA) was combined with participatory modelling to
increase participation of local communities in Birenanagement and make them
realize the benefits from a forest through a resssharing program in the
Mafungautsi Forest, Gokwe District of the Midlanddmbabwe (Mendoza and
Martins, 2006b). The conflict of interests betwetate agencies trying to protect the
forest and local communities exploiting the foress a problematic issue. The

research team attempted to carry out a group nmdkling to develop a combined

" Multi-Criteria Analysis (MCA) is a general approach dealing with problems thatlire multiple
dimensions or criteria. MCA's ability to incorpoeamultiple views from different stakeholders makes
it an excellent tool for participatory planning addcision-making. MCA'’s ability to deal with mixed
data add some rigor to what otherwise would beghlhisubjective and qualitative planning and
decision-making process. In a formal model, thasiee-making problem can be described as:

Optimize Z = ff1, X2, -1 %n) where ff1, %2 -..,%n) iS the objective function.

Formally, MCA is an extension of the problem ddsed above, accommodating multiple objectives or
criteria. That is, the problem can be describefblmwvs:

Optimize Z = f1 (xu, 2 -1 Xn)
Optimize 2 = f (1, X2, -+, %n)
Optimize 4 = fx (xw, X2 ---»xn)  Where 4 Z, ..., Zcare the different criteria.

Each criterion has varying degrees of importan@ehEcriterion must be measured, and their relative
effects individually evaluated. MCA also providée structured process, and the means to measure the
cumulative impacts of all criteria. That is, MCAfefs a systematic (organized and structured) and
systemic (embracing individual and collective efécprocedure to measure and reflect not just
individual effects, but also the cumulative impaatsll criteria.
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MCA and SD model with all concerned stakeholdergeil assumption was that
MCA can fill a gap in participatory modelling by fefing the structuring and
analytical capability to the open and collaboratnagure of participatory modelling.
As a result, the acceptable resource managememhatitves among all concerned
stakeholders can be obtained.

The participatory modelling process at the inisége was carried out by
using CMs in the Co-View software to produce ategge planning ‘SWOT’
(Strengths, Weaknesses, Opportunities, and Thieatsling Indicators). Then, a SD
model (stock and flow) was developed based on ailesne the SWOT obtained from
the CMs. The MCA and its projected values basedhenimpact of the action plan
were produced by core participants (governmentfitess and researchers), and
applied to SWOT elements structured in the SD model

Core participants grasped the potential of thepkgnmodel as an analytical
tool that could help them in planning and in theisiens they have to make, often
based only on intuition and past experiences. énethd, the participants were more
confident in their ability to use the model in gatang insights, especially with
respect to impact assessments. However, a shoiigonas the composition of the
core group that may have minimized the possibibfydivergent opinions, and
increased the ‘black box effect’ on non-participgtistakeholders leading to low
potential for compromise. This was because nonehef participants from local
communities in the modelling process was indicatbde the projected values were
decided for MCA.

6.3.5. Probability and Statistical Method
In Sri Lanka, Cain et al. (2003) conducted a sttalyest a tool called a Bayesian
Networks$ (BNs) to see if it could be accessible to non-&ists and able to provide
generic, flexible framework for the constructionafiecision support system (DSS).

The objective was to provide agricultural policykees with a DSS so that they could

8 Bayesian networks (BNs)wvere originally developed as a formal means obsimg optimal decision
strategies under uncertainty. Bayesian Networkscamposed of three elements (i) a set of nodes
representing system variables, (ii) a set of linrggresenting causal relationships between nodels, an
(iii) a set of probabilities (one of each node) cifyéng the belief that a node will be in a partau
state given the sates of those nodes which affatitactly (its parents). These are called conddio
probability tables (CPTs) and can be used to esgrews the relationships between the nodes operate.
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identify problems and assess feasible and pradiicat management solutions for
farmers working in the Deduru Oya river basin.

In this case study, BNs are assumed to be moessitdte for non-specialists
to analyze a complex system. This is because theeptual model to produce BNs is
presented in diagrams of cause-effect relationstuipgroup discussion. In addition,
BNs embedded with Bayesian probability theory (ésyand Bretthorst, 2003) allow
subjective data elicited from stakeholders to bedutogether with more objective
data. Therefore, stakeholders can construct BNsregoresent their different
perspectives, and facilitate discussion of conteistissues so that conclusions can be
reached and solutions are acceptable to all parties

Two participatory workshops with different type$ participants, policy
makers and farmers, were organized. Participanta the government were formed
into 4 groups. Each was guided by a set of instyastand facilitated independently.
The participants managed to construct BNs by themseAnother workshop with
participating farmers was organized into two subrksbops held in different places.
Instead of letting the participating farmers constr BNs by themselves, semi-
structured discussion was used to elicit the infdram necessary for the facilitators to
construct a BN flow diagram. Questions similar bode used with governmental
participants were asked. Two BN flow diagrams, omeduced during the
government workshop and another one interpretedfalylitators in the farmer
workshop, were compared. It was clear that nonéhefgroups were immediately
comfortable with expressing their logic diagramrmaty. But none of them had
difficulties in capturing their ideas in terms ofanables (nodes) and giving
guantitative states (values) to those variables.

A pitfall found in this experiment was the subjeetassessments made by
individual groups and simple specification of stateBNs that could contribute to

misleading results.

6.3.6. Spatial Mapping
In 2002, Gonzalez carried out a joint learning Gi¥#h multi-actors living and
working in steep mountainous area in lfugao pro#jnthe Philippines. This unique
landscape with handcrafted paddy terraces (UNESG®IdAHeritage) is facing a
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decline in traditional workgroups to conserve theaaas a result of labour migration,
and unsuccessful development paths proposed bg siahorities. The research
objective was to integrate spatial analysis capglahd people's knowledge of their
own space to understand the current problematigesssthus leading to group
discussion about feasible and practical development

The primary medium of this participatory designswaonversation. Aerial-
photographs (1951 and 1980) and SPOT image (20|aticeg were used for the
participatory image interpretation. GIS-generategpsusing ILWIS GIS software
were operated with stakeholders. Shared GIS-insighth the stakeholders were
developed and evolved into local learning.

The most important outcome of this study was tiecessful communication
among stakeholders about the fragile space in wihief live. This was necessary in
striving for the collective management of a comnspace. This study demonstrated
that a participatory approach in designing a Gl8la@rovide tools to facilitate
thinking, negotiation, active social constructionnatural resources, and collective
decision-making (joint learning, social learningamilaborative learning). However,
the limitation of this method was the lack of a dgmc dimension. Since maps
represented only a ‘snapshot’ of the dynamic pmc#sey could not be used to
analyze the changes in short discrete time stemth®n short-coming was the

expensive software and hardware including matesiat as satellite images.

6.3.7. Analysis of Six Case Collaborative Modelfatudies

This section presents the production of an analgtisix collaborative modelling
processes in RRM. These case studies were andblimding a proposed integrative
methodological framework developed by the membdrshe “CGIAR Challenge
Program on Water and Food (CPWF) PN 25: Companiodeting for resilient
water managemetitproject in 2008. This framework is based on thpegiences of
the CPWF-PN25 team who use a collaborative modglline so-called Companion
Modelling (ComMod) approach to understand individaad collective decision-
making processes and practices (Barreteau, 2003lsdBiet, Barreteau et al., 1999).

Two main categories were defined in this framewdgpkgeneral description and the

® The detail of the CPWF-PN 25 project is providetitsp://www.ecole-commod.sc.chula.ac.th.
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structure of the modelling process, and (ii) pgraats and their involvement through
collaborative methodological stages.

The general description was proposed to specifygtad(s) and output(s) of the
collaborative modelling process. The analysis a thodelling process structure
focused on: (i) key original characteristics, §i@quence of methodological steps, (iii)
tools & techniques used, and (iv) mode of learr{ihgble 6.1). The second part was
to reveal the type of participants and analyzer trespective degree of involvement.
Two keys, decision-maker and flow of informationtiween stakeholders and
modellers, were defined with 6 degrees of stakedralavolvement ranging from no
direct interaction to total control (Table 6.2)heldecision-controller refers to the one
who decides which information should be transfegedxchanged at a specific stage.
For instance, if ‘Information’ is the degree of atvement, it means that a modeller is
transferring his/her information to stakeholdefhese levels were analyzed at each
of the predefined methodological stages from “peablidentification” to “decision on

next step”.

Goals and outputs found in these case studies rfaoigetheoretical testing to
RRM problem-solving through the development of efi#int tools for either
gualitative or quantitative method or combinatioh mth methods. Tools and
techniques used for each case are determined lyotiie and outputs (Table 1). The
sequence of methodological steps is similar ircafles. Their first step is to identify
problems at stake, and gather information for ti&tesn identification. Then, the
development of models is carried out with stakebiddTable 1). Finally, models
produced are used to reach the defined goals rarighm testing assumptions (Becu
et al., 2007; Gonzalez, 2002), to developing asiecisupport system (DSS) leading
to an action plan (Mendoza et al., 2006b; Nico td@ret al., 2005; Tidwell et al.,
2004), or combination of theoretical testing andSOfgvelopment (Cain et al., 2003).



Table 6.1 General description and the structutb@imodelling process of 6 case studies.

Structure of modelling process

Category Method Model produced Problem Goals and outputs
Original characteristics Tools and techniques Sequence of methodological steps Mode of learning
« Thematic + Large-scale of « Develop a facilitative « Develop facilitative device [+ Stakeholder analysis « Gather information + Single loop learning: many
cognitive map mangrove deforestation|device through the integration of « Conflict assessment « Produce specialist cognitive map participants involved during the
« Create a detailed element of soft systems and |+ Problem-structuring (soft systems « Interview planning problem identification, and
g Cognitive understanding of different critical system thinking with  [methodology): Cognitive map and « Producsetakeholders' cognitive map. exposure of the existing and
5] Mapping and stakeholders’ use of the [stakeholders’ engagement in |qualitative questions « Final analysis to carry out produce a new potential conflicts but no further
? Soft Systems mangrove the modelling process. « Critical systems thinking cognitive map for developing facilitative device [stakeholders' participation was
& Methodology « Cognitive map software package organized.
“Decision Explorer”
« Causal loop + Imbalance between |+ Create a water « Many presentations of « Causal loop diagrams and software + Define problem and the scope of analysis « Multi-learning loop: different
diagrams water supply and resources model to assist |interim versions of the SD package “Studio Expert 2001 and 2003" + Development of a description of the system  [tools used (causal loop diagrams
« A system demand in community-based model to allay the disparity in |» Conceptual model represents dynamic  |in casual loop diagrams used to understand the system
System dynamics (SD) + Lack of stakeholder |water planning understanding between water budgets of interaction between « Casual loop diagrams to system dynamics and a SD model used to explore
Dynamics model involvement in making modellers and the public surface water and groundwater stored in  |context conversion scenarios). No furhter iterative
development plan the basin + Model review participation was indicated.
« The use of model by the public
« An agent-based |+ The conflicts « Test assumption « Direct confrontation of « “Field work” for “primary data collection |* The Companion Modelling (ComMod) « Multi-learning loop: three
model (ABM) between upstream and |whether stakeholders can [stakeholders with the ABM.  |for model calibration”. involves an iterative feedback loop (“field participatory sessions focusing
down stream villages  |be confronted directly « Examine the socio-political | “Field work” for subsequent interactions |work” -> “modelling” -> “simulation”) between |on co-learning through collective
. has took place as a with an abstract computer |issues (on negotiation and with stakeholders “to refine the model” researchers and stakeholders discussion
Multi-Agent result of water scarcity. [model and use it for collaborative decision- during participatory simulation sessions
Systems scenario exploration making) linked to the use of |+ ABM as a tool to facilitate
ComMod communication among stakeholders
« A model « Conflicts of interests |+ Increase participation of |+ A development of « SWOT strategic planning and MCA « Identification and exploration of the problem [+ Multi-learning loop: iterative
integrating Multi-  |between state local communities in integrating MCA with SD « Cognitive mapping « Soft or qualitative value elicitation modelling process to develop an
Criteria Analysis |agencies trying to forest management model was conducted under |+ A computer-assisted model called “Co- |+ Model building with implementation of MCA  [action plan
(MCA) with protect the forestand  |throguh a group model participatory modelling View software” to transform cognitive + Use of model with MCA capability
2 Multi-Criteria  |system dynamics [local communities building process with iterative, cyclic |maps to a SD model - Development of an action plan
g Analysis  [(SD) model exploiting the forest and iterative within and
'E among five steps process
5
« Cause and effect | Agricultural policy « Test BNs if it can be « Enhance participatory « Cause and effect relationship diagrams |+ Identify the problems: Express problems as |+ Single learning loop: local
relationship makers need a accessible to non- analytical capacity by * BNs flow diagrams objects (nodes) farmers
diagrams decision support specialists and able to integrating a quantifiable tool + Give value to each problem object + Multi-learning loop:
« Bayesian system (DSS) to provide generic, flexible  [(BNs) into participatory « Discuss potential solution objects government officers planed to
Networks (BNs) identify problems and  |framework for the process to develop a « Give value to each solution object reuse BNs model as a DSS.
Probability |flow diagrams assess feasible and construction of a DSS. decision DSS. + Construct a diagram showing the cause and
and Statistical practical farm effect relationships
method management solutions + Discuss and give values to any other things
for farmers. that the proposed solutions will affect
« Evaluate the likely degree of impact of each
solution in numeric terms
* GIS map « Decline of traditional |+ Integrate spatial « GIS makes available real- |+ Aerial-photographs of 1951 (scale « Step 1: Establishing boundaries « Single learning loop: No furhter
integrating folk GIS|workgroups to analysis capability and world data to others and help |1:40,000) and 1980 (scale 1:60,000) « Step 2: Re-tracing the “water district” iterative participation was
X conserve the unique people's knowledge of discuss and build a common [+ SPOT image (20 m solution) « Step 3: Participatory image interpretation indicated.
Spatial handcraft paddies their own space. view « Scanned topographic map of Ifugao « Step 4: Provincial link-up
Mapping terraces (scale 1:50,000)

« ILWIS was the available GIS software.

6€T



Table 6.2 Participants and their involvement ra6e studies at each of the modelling stages.

Participant to modelling process
Degree of involvement
Category Method ) . . Preliminary " . .
Selection method Diversity Number | proplem synthesis / First design Model Definiton | ceonsrio | Decisionon
. o ) ; of conceptual | . y of -
identification | diagnosis & data implementation ) exploration | nextsteps
3 mode/ scenarios
collection
. Kelv ir:jSﬁw‘gonsl and inforn;ams Damdoi Forest Enterprise (DFE) 2 4 4 4 4 4 4 na
involved in the planning an —
management of the zoning strategy Coastal management specialists 2 4 4 4 0 4 4 na
Government agencies 2 4 4 0 0 4 4 na
é MCog{v/ﬁve 9 Farmers (agriculture-fishery farming) 7 4 4 0 0 4 4 na
8 lapping an
‘E Soft Systems Landless people 2 4 4 0 0 4 4 na
S Methodology Small-scale agriculture 1 4 4 0 0 4 4 na
Fruit producer 1 4 4 0 0 4 4 na
Bag-net fishermen 2 4 4 0 0 4 4 na
Near-shore fishermen 2 4 4 0 0 4 4 na
* Key institutions involved in the Sandia National Laboratories (SNL) na 0 0 4 4 4 4 na
e development of water planning model [; i e Rio Grande Water Assembly (MRGWA) na 4 4 4 4 4 4 4
ystem - - -
Dynamics the Mid Region Council of Governments (MRCOG) na 2 2 0 0 4 4 na
the Utton Transboundary Resource Center na 0 0 0 0 0 5 na
Public na 0 2 0 0 4 4 na
« Farmers from upstream and Northern Thai farmers /lowland irrigation water user na 2 2 0 4 4 4 4
. downstream village, village headmen, " —
Multi-Agent representatives of the TAO and the Hmong ethnic farmers / upland irrigation water users na 2 2 0 4 4 4 4
Systems manager of water company. Village households / domestic use of water na 2 2 0 4 4 4 4
Drinking water company / industrial use of water na 2 2 0 4 4 4 4
+Based on at least 10 years working | District foresters 2 4 4 2 4 5 4 na
N MultCriteria  |paregt within the Mafungautsi [ e itural extension officer 1 4 4 2 4 5 4 na
E Analysis Social scientist 1 4 4 2 4 5 4 na
g Provincial officer 1 4 4 2 4 5 4 na
§ * No specific criterion is provided for | The Irrigation Department na 5 5 5 5 5 5 5
selection qf_sta_te agencies. The Department of Agrarian Services na 5 5 5 5 5 5 5
« The participating farmers were
invited by field workers from the The Department of Agricultural Development Authority na 5 5 5 5 5 5 5
Probability and Departm:l;tongrariafr}Services tg The Department of Forestry na 5 5 5 5 5 5 5
Statistical represent the range of farmers an The National Water Supply and Drainage Board na 5 5 5 5 5 5 5
method farming activities in the area. - ———
The Department of Public Administration na 5 5 5 5 5 5 5
Representatives from Pradeshiya Sabawas na 5 2 0 0 0 0 na
Farmers at the head of the basin 9 5 2 0 0 0 0 na
Farmers at the tail of the basin 11 5 2 0 0 0 0 na
« No specific criterion is provided for |Students 2 2 2 2 4 0 0 na
Spatial Mapping participant selection. Ifugao’s farmers 6 2 2 2 4 0 0 na
Ifugao provincial government board na 2 2 2 4 0 0 na
na = not available
Degree of stakeholder involvement in modelling process: Bold character represents decision-controller. Arrow represents flow of information.
0 = No direct interaction 1 = Information [Stakeholder ¢— Modeller] 2 = Consultation [Stakeholder — Modeller]
3 = Co-thinking [Stakeholder €<> Modeller] 4 = Co-designing [Stakeholder <> Modeller] 5 = Total control [Stakeholder <> Modeller]

orT
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In the CM, a single learning loop was found. Mamytigipants were involved
during the problem identification, and exposurehaf existing and potential conflicts,
in order to produce the facilitative device. In ttase of the SD, multi-learning loop
was likely to happen through many presentationsiarim versions of the model.
Multi-learning loop was also found in the MAS cdsecause of the repeated use of
the same model that was improved according to ktdéders’ comments. In the
MCA case study, multi-learning loop was generatedabse the iterative modelling
process was conducted to develop an action plan.

Two learning modes were found in the probabilitg atatistical method using
BNs. The policy makers could be facilitated to B&¢s to build a DSS while farmers
could not. As a result, the policy makers planreedarry out more BNs experiments
enabling them to have multi-learning loops. In tdase of static representation of the
system using GIS, the learning process was limieshly a single learning loop as a

result of the difficulty in exploring future sceias through the model produced.

The different types and degrees of stakeholderlvewoent in each modelling
stage play an important role in justifying how fae selected method participating
stakeholders are engaged in the modelling pro@esgnthetic illustration of six case
studies was produced to address the relationshipebea types of stakeholders and
degrees of their involvement at each modelling estiigking to the methods used
(Figure 6.2). The participants were classified idézision-makers and lay people, or
public involvement. Based on table 6.2, farmers fisttermen are considered as lay
participants. Participants working for government academic institutes are
categorized as decision-maker participants. Ircttse of decision-maker participants,
multi-degree of involvement was often found, fostance “no direct interaction” and
“consultation” at problem identification stage. dach a case, only higher degree of

involvement was kept; hence, “no direct interactivas dropped off.
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Collaborative modelling methodological stages
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No direct interaction (0)

Information (1)

Consultation (2)

Co-thinking (3)

Co-designing (4)

Total control (5)

Degree of decision-maker participants’ involvement

No direct interaction (0)

Information (1)

Consultation (2)  f=======+ @@ SFI?SNéA'\AS “GMJ

Co-thinking (3)

P MAS CM, SD CM, SD
- i el CM - [ S —— L ’ ! ’ ’ -l MAS Jammeeaad]
Co-designing (4) Q CD ‘G'\D MAS MAS <

Total control (5) ®

Degree of lay participants’ or public involvement

Collaborative modelling methods

CM = Cognitive Mapping MCA = Multi-Criteria Analysis
SD = System Dynamics PS = Probability & Statistical method
MAS = Multi-Agent Systems SM = Spatial Mapping

Figure 6.2 Relationship between types and degrestakeholder involvement in 7
collaborative modelling methodological stages found6 collaborative modelling

methods.
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In this analysis, lay people or public involvemenhot identified in the MCA
case study. Regarding the degree of involvemeatflttw of information controlled
by the modeller and the co-thinking defined as @tay information flow controlled
by the modeller are not presented in any case'lfg@emation’ and ‘Co-thinking’ in
Figure 6.2). This indicates that the modellers hadabsolute control in these six
collaborative modelling processes. But the modealéar control which information is
useful to be obtained. In this case, participatdy p consultant role as found in the
‘Consultation’ (Figure 6.2).

Both lay and decision-maker participants of MASd &M methods hold
consultations to identify problems (problem idanéfion). The consultation may
indicate the need for modellers to better undedsthe context of problems prior to
moving forward to the next stage. For other methpdsticipants engage in two way
information flow either ‘Co-designing’ or ‘Total atrol’, whereby stakeholders are
decision-controllers. Due to the simple causal iiags found in the CM and range of
variable values determined in probability and stetal methods (PS) using BNSs,
these features are not so difficult for the pgpacits to engage in. Only the SD
reported no direct interaction between the modailhet lay or public participants.

For the preliminary synthesis/diagnosis and dati@ction, the involvement of
decision-maker participants is not different frdme problem identification stage. For
the lay participants, CM was used to get them wewlat co-designing, while
consultation was found in other methods. This nmadicate that most collaborative
methods are often used to gather data from laycpaahts at this modelling stage.
During the problem identification and preliminarynghesis/diagnosis & data
collection, the causal loop diagram is often usedttucture problems derived from
collective agreement among participating stakehsldd@he joint use of CM, SD and
MCA is an effective method. The CM is initially o& on a piece of paper with
simple casual diagrams while maps are used in SMsd features easily allow for
lay people to get involved.

At the first design of a conceptual model, theislen-maker participants
seem to have different degrees of involvement. Heweit is different for the lay
participants who are not involved (no direct intdi@n) in this stage except for SM.
The non-participation of lay people at this staggy/rbe caused by the difficulty of the
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tools used for communication with lay people (ofmmputer software) when the
initial conceptual model is produced. But the SMdisnaps, which are more easily
understood by lay people.

Once the modelling process reaches the model ingri&ation stage, the lay
participants are often left out in all methods. YYMAS and SM is used with lay
participants to implement the model by exchangirigrmation with an equal amount
of controlling power (both are decision-controller$his is a critical stage that all
participants should take part in as participatianthis stage could help them to
understand the model and lessen the “black boxt&ffeThe sense of co-ownership
could also be effectively built through this stageurthermore, the model co-
constructed with participants consistently provés validity. This validity is
important before moving to the scenario identifmatand exploration. With the
simulation capability of methods such as MAS and, $#y people are able to
participate in defining scenarios and scenario @agpion. Without simulation, CM is
likely to stimulate participants’ creativity throlngimagination in definition of
scenarios and scenario exploration. Only the papeut MAS reported the next step
(Decision on next step) decided by the modeller padicipants. The MAS also
shows all participants taking part in all stagesadlg. As a consequence, the gap
between participants generated from partial paeioon is not likely to occur.

However, as stated by Asselt et al. (2002), tieereo best method to conduct
group model building; it is preferable to think abaollaborative modelling as a
flexible approach where a facilitator can make c@as from a toolbox which
contains many methods and tools to guide the psodasmy case, the Companion
Modelling (ComMod) approach is used. Throughout grecess, the conceptual
model representing interactions between land & wage and labour migration is
enriched as a consequence of the development otiat=d tools, namely a Role-
Playing Game (RPG) and ABM, with local participanthis ComMod process aims
to enhance dialogue between researchers and pating farmers, integrate local and
scientific knowledge, and build a shared represiemtaof the system under study

where researchers themselves pose as stakehaldbesgystem.
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CHAPTER 7
COMPANION MODELLING APPROACH AND METHODOLOGY

In the field of integrated renewable resource mganaent (IRRM), complexity
and problems are consequences at macro level elgefigim diverse individual
human-environment interactions. Understanding sotgractions, particularly from
the demand side or resource users, is neededdovdisa practical development that
is likely to be accepted and adopted by concersedsuHowever, this understanding
varies due to multiple stakeholders (scientistgisien-makers, and different local
resource users etc.) with different objectives, ceptions, interests etc. and
involvement at multiple scales (individual and ingtonal level). Building a shared
representation of a complex system focusing onlpnog being examined among
these stakeholders is an important stage priaundhing an IRRM program.

The companion modelling (ComMod) approach for veamide resource
management (RRM) is a highly interactive collabeeimodelling process. For the
ComMod process, such a shared representation caonstructed by researchers in
collaboration with local stakeholders through atowrous co-learning, knowledge
exchange and dialogue enhancement. Through theegspcstakeholders better
understand each other as well as becoming more retwpsive in their
investigations into problematic situations. Based such a shared representation,
possible solutions of their choice can be collegyivdentified and explored through
the use of simulations (Trébuil, 2008). Through phecess, trust among stakeholders
is also built leading to the development of moracfpical and acceptable IRRM. In
this chapter, | present the origin of ComMod, itsthedology, and recent topics of
concern and interest regarding the ComMod appraadhts use.

7.1. Origin of Companion Modelling

Since 1993, the GREEN research team (managememinefvable resource
and environment) founded by Dr. Jacques Weber leas lleveloping modelling
activities to better understand the interactiongwben social and ecological
dynamics. This group of researchers consideredhleagxisting methodologies of the
1980s to study IRRM were always drawn from either aingle of “an ecological

system subjected to anthropologic disturbance”dmjagists, or the angle of “a social
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system subjected to natural constraints” by ecosemGREEN research team looks
at IRRM in a more integrated and inclusive way tigio the design of a trans-
disciplinary research approach that investigates db-viability of ecological and

social dynamics by eliciting key interactions amohegterogeneous stakeholders
having diverse interests, perceptions and decisiaking processes on a given

problem (Figure 7.1).

Agroecological
dynamics

Socioeconomic
dynamics

Interactions
and
points of view

Figure 7.1 Schematic representation of the fo¢@oonMod.

The researchers’ objective is to try to understtral interactions between
these key processes. Because of the complexitymért RRM problems and the
rapidity of change, system modelling needs to bedust a time when innovative
powerful tools emerging from computer science arailable to represent human-
environment systems and simulate their co-evoluibrébuil, 2008). Through the
construction of a model, knowledge sharing betwstakeholders can be facilitated
leading to the integration of knowledge from vas@ources.

This team selected Multi-Agent System (MAS), a domof distributed
artificial intelligence, to develop their modellingols because the MAS concept also
focuses on interactions among different agents e different representations of
the common system to be managed (Figure 7.2). Antag a computer system that is

situated in some environment, and that is capablautonomous action in this
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environment in order to meet its designed objestivin agent can be described as
autonomous because it has capacity to adapt whenenvironment changes
(Wooldridge, 1999). The coordination of actionstlee construction of systems are
consequences of interactions between relativelgpaddent and autonomous agents,
which operate within communities in accordance withat are sometimes complex
modes of operation, conflict and competition in esrdo survive and perpetuate
themselves. Organized structures emerge from th@seactions, which in turn
restrict and modify the behaviours of the agenexrl{Er, 1999). MAS can simplify
problem-solving by dividing the necessary knowledde subunits, by associating an
intelligent independent agent to each subunit, Bpdcoordinating these agents’

activities (Bousquet and Le Page, 2004).

Environment

Source: adapted from Ferber 1999.
Figure 7.2 Schematic representation of a Multi-#tdeystem.

Historically, one of the first ComMod experimenasvcarried out in Senegal
River valley to study the viability of irrigated sgms with a scientific model
(SHADOC) presented to local farmers as a RPG (Bzateet al., 2000). The core
purposes were to understand how different coondinatpatterns among
heterogeneous stakeholders affect the viabilitthefr common irrigated system, to
encourage them to discuss their irrigation scheamgd o support the improvement of



148

coordination within irrigated systems. The concaptumodel, SHADOC, was
translated into three different artefacts aimespaific purposes.

To better understand the dynamics of the systemgconceptual model was
implemented into the computer-based MAS-SHADOG alslled SHADOC. It was
designed to simulate scenarios with different oj@nal rules in an irrigated system.
To introduce it to rice growers, the SHADOC modelsviranslated into an RPG, thus
fulfilling a second purpose: to communicate thetenhof the conceptual model with
concerned stakeholders. Afterwards, another coeniAS was developed based on
the structure and rules implemented in the RP@iniied at testing the possibility of
using it as a negotiation tool in a group discusdeading to the formulation of
collective rules for the collective management of iarigated system. In this
experiment, the RPG opened the black box (Barre®ausquet et al., 2001) in MAS
simulations while MAS simulations allowed partiaips to better understand the
overall behaviours of the system under differemiditions.

Following the SHADOC case study, the SelfCormapeexnent was also
conducted in Senegal (d'Aquino et al., 2003) asliective conception of the model
that aimed to facilitate discussion on decentrdlizand allocation issues among local
and representative stakeholders. This time, the mlajective was to test directly the
design of these modelling tools by stakeholder# as little prior design work by the
modellers as possible. First, players designed megaccording to their own
representation of their territory. The "self-desigrperiments were organized in field
workshops Then researchers were able to organize a gamingioseso help
participants simulate a scenario by using theirdesigned RPG.

These two experiments demonstrated the poterdrathe joint-use of RPG
and ABM. This combining of the associated tool® GRABM), in interaction with
field work in a collaborative modelling process aig to facilitate stakeholders’
knowledge exchange about IRRM in complex systems waled “Companion
Modelling” (ComMod) by the GREEN research team.

In Thailand, ComMod and Integrated Natural Resoile@agement (INRM)
was first introduced in late 1998 with the firsaifing course in Asia organized by
CIRAD at the Multiple Crop Centre (MCC), Faculty #fgriculture, Chiang Mai

University. Following this first training courseeweral short training courses
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sponsored by CIRAD, IRRI and the Asia IT&C programEU were organized in
Thailand. Researchers and lecturers from diffeagatdemic backgrounds working in
South and Southeast Asian countries participatedese workshops. Several of them
decided to apply the ComMod approach in their neteprojects.

The first ComMod case study in Thailand lookedaatl use change due to the
expansion of sugarcane plantation in upper paddggiof Nam Phong district, Khon
Kaen province (Suphanchaimart, Wongsamun et aD5R0Another pioneer case
study was conducted in the Akha village of Mae Salaf Mae Fah Luang district,
Chiang Rai province. In this experiment, a soptégéd MAS model was first
implemented by researchers. It was later conventeda simpler RPG to allow local
highland farmers to be able to validate the moadel B examine the risk of land
degradation through soil erosion in parallel witle ttommercialization of the local
farming systems (Trébuil, Shinawatra-Ekasingh e2&l02).

After several years of experience and the impleatemt of several case
studies on various resource management topicsffameit continents (Asia, Europe,
Australia, Africa), a ComMod network of practitiasewas founded in 2003. Its
initial purpose was to clarify the scientific poastuto define a deontological
framework for guiding the correct use of ComMod whaealing with multi-actor
processes. The first version of the ComMod chavees published in 2003 (Barreteau,
2003b).

7.2. Companion Modelling Approach
The following section presents the theories relatedCcomMod. ComMod

principles, objectives, methodology and tools usecde also explained.

7.2.1. Main Theoretical References
Several theoretical references inspired the dewednp of the ComMod approach and

support its operating principles.

7.2.1.1. The Science of Complexity
Complexity is usually referred to a condition ofnmerous elements in a system with
numerous forms of relationships among the elem@itolis et al., 1989). Definition

of complexity is often tied to the concept of asegm’. Complex systems tend to be
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high-dimensional, non-linear and hard to model.yTban be biological, economic

and technological systems etc., or in fact, a métf them. In a complex system,

the properties at macro level emerge from intemgctomponents and therefore,
cannot be observed at individual or micro levelng3®n, 2002). The science of
complexity highlights that the behaviour of a coexpbystem due to emergence and
self-organization is dynamic, uncertain, and ungtalle. The ComMod approach

attempts to better understand interactions amorggesy components that cause
changes in a complex system, and modify them tdoexgow to lead the system

towards more desired states through simulationsoulgh the modelling process,

ComMod field collaborators (farmers, researchets aere able to adapt themselves to
better manage the system once they are facing t@nges. Such adaptive

management can protect the system from collapse.

7.2.1.2. Resilience and Adaptive Management

The definition of resilience can be considered wo tdisciplines. First, the
engineering resilience refers to efficiency, cohtconstancy, and predictability - all
attributes at the core of desires for safe andnwitiperformance. The second
definition of ecological resilience focuses on pesce, adaptiveness, variability,
and unpredictability - all attributes embraced awlebrated by those with an
evolutionary or developmental perspective. The @mmaecologist C. S. Holling
emphasized the differences between these two tlefisi as tradeoffs between
efficiency on the one hand and persistence on ther,oor between constancy and
change, or between predictability and unpredidtgbiResilience is defined as the
capacity that an ecosystem can tolerate the detadowithout collapsing and return
to a single steady or cyclic state. This definitafrresilience assumes that behaviour
of a system remains within the stable domain thatains this steady state.

Resilience is conferred in human and ecologicalesys by adaptive capacity,
which, in ecological systems, is related to gendiversity, biological diversity, and
the heterogeneity of landscape mosaics (CarpenteGainderson, 2001; Gunderson
and Holling, 2002). In social systems, the adapt&pacity refers to the existence of
institutional social networks that learn and stkn®wledge and experience, create

flexibility in problem solving and balance powertinn and among social groups
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(Berkes, Colding et al., 2003). Adaptive managemdantifies uncertainties, and
then establishes methodologies to test hypothesaseming those uncertainties
(Walters, 1986). Several managing tools are uséamly to change the system, but
as tools to learn about the system. The need #onileg and the cost of ignorance are
major concerns, while traditional management isi$ecl on the need to preserve and
the cost of knowledge. Adaptive management impfiegibility, diversity, and
redundancy in regulation and monitoring activilesding to corrective responses and
experiential probing of the ever changing circumsés of a SAES.

Resilience can be achieved by an adaptive manadecagacity that can
determine how vulnerable the system is to unexpediturbances and surprises that
can exceed or break the system. (Holling, 200bmRMod was inspired by the
adaptive management approach, recognizing thattisdagapacity is dependent on
knowledge generated by a co-learning process: tagnthrough free exchange
among different actors (Bousquet and Trébuil, 200%)erefore, such knowledge
exchange can result in the integration of diversmtp of views. Through the co-
learning process, a proposed management model €atolkectively agreed upon

among multiple actors.

7.2.1.3. Collective Management of Multi-actor €&sses
Collective action is the pursuit of a goal or skegoals by more than one person. It is
a term that has formulations and theories in marmgasa of the social sciences.
Theories of collective action emphasise how groepalwiour can, in some sense, be
linked to social institutions. Collective actiont tactions taken by two or more
people in pursuit of the same collective good” ggically framed as resulting in
some shared outcome, or public goods (Bimber, gianat al., 2005). ComMod
emphasizes coordination and negotiation mechanemmsng stakeholders through
continual collective exchange and learning procegbeough interactions within
social networks; from such interactions, soluti@merge. The knowledge is also

constructed through the collective learning proesss defined in constructivism.

7.2.1.4. Constructivist Epistemology
Constructivism is an epistemology supporting therdeng process, and views all of
my knowledge as "constructed". It assumes thatctflg any external "transcendent”
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realities is not necessary, and convention, huneoeption and social experience is
contingent. The common thread between all formsawistructivism is that they do
not focus on an ontological reality, but insteadtba constructed reality. Reality
appears as something actively constructed (Rolirad.,€1998) and is often perceived
and managed differently by individuals depending tbeir perceptions of the
environment, which in turn may lead to conflict@n@Mod realizes the importance of
different stakeholders’ perceptions when looking aatcommon IRRM problem.
ComMod attempts to integrate not only various ddiendisciplines, but also the
various points of views of local stakeholders iatgshared representation regarding

the problem at stake through a communication antkle@arning process.

7.2.1.5. Post-normal Science
Post-normal science characterizes a methodologyaefiry that is appropriate for
cases where "facts are uncertain, values in digpstkes high and decisions
urgent"(Funtowicz and Ravetz, 1993). It is primasgken in unpredictable long-term
issues where we possess less information than widwike. Post-normal science
postulates that works (research, development abraglans etc.) based exclusively
on scientific knowledge under normal science carde#l with conditions of high
uncertainty. It is necessary to promote the comaative rationality on the basis of
shared learning, collaboration, and the developraEnbnsensus about action to take
between experts and local people (Roling et aB8)9 The role of interdisciplinary
teams, including natural and social scientists,tasunderstand and strengthen
collective decision-making processes through afgulat of interactions among
stakeholders. ComMod takes into account such raesupport the integration of
interdisciplinary knowledge from diverse sourcescdl, expert and scientific ones).
In the ComMod approach, shared learning betwedwIstdders is supported through
the use of mediation tools such as RPG and ABM t#hatlve through the
collaborative modelling process. As a consequestakeholders better understand
their situation and each other, and a common reptason about problems being

examined by stakeholders is also developed thrthaglevolving mediation.
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7.2.1.6. Patrimonial Mediation
The patrimonial approach is defined by Ollagnoro)%as “all the material and non-
material elements that work together to maintainl alevelop the identity and
autonomy of their holder in time and space throwglaptation in a changing
environment”. Patrimonial mediation contributeshe understanding and practice of
co-management of renewable natural resources. ki@dies a negotiation approach
that brings in a neutral party to facilitate agreamamong different parties in
conflict. From the patrimonial mediation approa€lomMod was influenced by the
importance given to its analysis of a system’s etwoh in the search for acceptable

solutions to common problems.
7.2.2. Principles and Objectives of ComMod

7.2.2.1. Fundamental Characteristics of ComMograach

a. Researchers’ posture:

ComMod is an action-oriented research approach #haays involves
multiple stakeholders throughout the process tairenthat the diverse perceptions of
a given common RRM problem are included. Becausewedealing with complex
and very dynamic research objects, which are uaicerand consist of multiple and
legitimate points of view, the ComMod researchetdmees an actor of the system
under study, and a facilitator of exchange amongigyaating stakeholders. The
researcher plays a dual role: (i) to generate neawlkedge on a system or on the
ComMod approach itself, and (ii) being an actoth&f system, to improve it through
changes in the stakeholders’ perceptions, intenastiand actions (Trébuil, 2008).
Therefore, the ComMod researcher needs to avoidriskeof manipulating local
actors, or being manipulated by them. To responduith concerns, the ComMod
charter recommends the systematic monitoring okffects and impact of ComMod
activities, and the hypotheses made in the ComModegss should be transparent and
explicit to all participating stakeholders.

b. A back and forth iterative and continuous psscbetween laboratory and
field activities:

ComMod calls for continuous and iterative confrdiota between theory and
reality. It is based on iterative back and forttapds between the laboratory (model
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implementation), and field activities (interviewspecific field surveys, and/or
participatory modelling and simulation workshopsgngrating a succession of

evolving loops (Figure 7.3).

New questions raised/ New questions raised/ New questions raised/
Hypotheses revised Hypotheses revised Hypotheses revised

Initial
problem/
question

ll....

Participatory

Participatory
simulation?

simulation?

Participatory
simulation®

v . .
! Adjustment Field Field Field
L of model investigation investigation investigation
N

Construction
of model’

Changes in

Changes in
model’

model’

' Conceptual model, ? Role-Playing Game or/and Agent-Based Model

Source: adapted from Barnaud, 2006.

Figure 7.3 Representation of a ComMod process.

There are three main stages in a ComMod processcéambe repeated as
many times as needed (Bousquet et al., 2005).

1. Field investigations and a literature search suppfiyrmation and help to
generate explicit hypotheses for modelling by rajsa set of initial key
guestions to be examined by using the model.

2. Modelling, that is, the conversion of existing krledge into a formal tool
to be used as a simulator.

3. Simulations, conducted according to an experimergedtocol, to
challenge the former understanding of the systedhtandentify new key
guestions for new focused investigations in thielfie
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7.2.2.2. Dual Objectives and Specific Contexts té ComMod
Approach
When practicing the ComMod approach, two objectaes (i) to develop simulation
models integrating various stakeholders’ pointsiefv to improve understanding of
interactions related to a RRM problem being studiaad (ii) to use simulation
models within the context of platforms for colleetilearning to facilitate dialogue
among multiple stakeholders, and support coordinaand negotiation processes
leading to collective decision and action plansniitigate RRM problems. Thus,
ComMod can be used in two specific contexts.

a. Knowledge production on a complex system:

The context of knowledge production depends onpecial relationship
between actual circumstances in the field and thdain Such knowledge can be built
through the co-construction of a shared representaif the system in forms of
models. These models can be conceptual ones, eepedsby diagrams, RPGs,
ABMs, or a combination of various types. In generdle researcher starts by
formalizing the existing knowledge to diagrams edlUnified Modelling Languad®
(UML) (Fowler, 2004). These UML diagrams are suhsadly implemented into
RPGs and/or ABMs that are used by research teafasitbate group model building
among stakeholders. The discussions lead to newvlkdge and questions, forcing
the researcher to revise his/her initial hypothemas enrich the conceptual model.
This cyclic process generates a family of modelsregenting the outcomes of
repeated interactions between researchers andciiilmborators. Models also aim at
seeking mutual recognition. Such mutual recognit®rgradually and collectively
perceived during the model implementation in thikaborative modelling process.

b. Facilitation of collective decision-making in a cplex system:

This second specific context implies methodologreslearch to facilitate the
joint management of a complex system. ComMod ieiee$ upstream of any
technical decision to support the deliberation ohaerned actors towards the
production of a shared representation of the proldestake. Based on such a shared

representation, stakeholders are able to identiigsible collective management to

19 The Unified Modelling Language (UML) is a family graphical notations, backed by single meta-
model, that help in describing and designing saftveystems.
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mitigate the problem. The ComMod process tries uppsrt the management of
ecological and social uncertainty by local actoM/hile guiding them towards an
agreement on desirable long term objectives thrainghcollective exploration of
scenarios, it prepares them to be ready to adpest behaviour and actions on the
way, in agreement with the principles of an adapthanagement approach. ComMod
does not include the other possible steps of thaiatien process, particularly those

dealing with more quantitative expertises (Bouseiet., 2005).

7.2.3. Main ComMod Methodological Steps in Asstora with Key Tools
Used
The ComMod methodological phases, and choices aé tosed are, in fact, very
flexible. Five phases presented in this sectioncaramonly implemented. But it is
not obligatory for ComMod practitioners to exadityiow these phases. Adjustment
and rearrangement may happen depending on thextohteach case study at a given

time, and on the evolution of the process.

7.2.3.1. Initialization of a ComMod Process
Stakeholder involvement is needed as early as lgessven if it is in the initial
stages prior to launching the ComMod process. Fefinitions of problematic issues
or questions to be examined have to be precisdiyetk Then, it is beneficial for the
researchers to acquire from stakeholders enougbrmtion about human-
environment interactions related to the definebjmms and questions formulated in
the first step. This information also fills gapsthre researchers’ knowledge. At the
same time, stakeholders are also clearly informemliathe types of activities that
they are about to engage in the ComMod process.edder, this initialization
provides a chance for the researchers to be mareecsant with potential future
participants in the ComMod process. Several teclasqagrarian system diagnosis,
stakeholder analysis etc.) are used to establish aupreliminary knowledge, and
mutual trust. These preliminary findings during thetialization are useful to
formalize an initial conceptual model, and to sekgpropriate participants for the

subsequent ComMod process.
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7.2.3.2. The Co-construction and Conceptualipatid Models with

Stakeholders

This step is considered the entry point of the CadMrocess that usually starts from
conceptualization followed by the construction dRRG and ABM. The preliminary
knowledge is usually elucidated in the conceptuateh through the use of UML
diagrams. UML diagrams have proved that they aeéuligh encouraging participants
to exchange their arguments. UML diagrams are alyaaf graphical notations,
backed by a single meta-model, that help in desgiland designing software
systems, particularly software systems built usihg object-oriented (OO) style.
Furthermore, UML diagrams are useful to verify wiggtthe model implemented is
working (Fowler, 2004; Rumbaugh, Jacobson et &#99)l UML diagrams are
grouped into two main types:. static and dynamicgdims. The structure and
relationship between components in a system isllys@gpresented by a static UML
class diagram. Meanwhile, the dynamic part of tygesn such as decision-making

processes is often depicted by UML sequences aadfmity diagrams.

7.2.3.3. Implementation and Validation of ComMdddels
Based on the initial conceptual model, a simple RR&d ABM are implemented to
be used in gaming or /and participatory simulasessions (Trébuil, 2008). Figure
7.4 shows the linkage and cyclic use between RPG& ABM in ComMod
methodology. A number of studies have employed Ri3Ga mediation tool to
synthesize stakeholders’ perceptions toward theepusituation including decision-
making rules to accomplish a given task under @mgienvironment assigned in the
game. Outputs from the game are used for validatr@himprovement of the model.
The model is then used as a tool for scenario exipm with stakeholders. Neither
the types of tools, nor sequence and number of tis& is restricted in the ComMod
methodology. Other tools like GIS, surveys, intews, debate, and small focus group
discussion, are also used as needed. Different ioatns of tools are used
depending on the objectives set for a field agtivit general, the RPG is used when
the objective is to examine interactions amongi@pents, and data acquisition,
while the ABM is usually used for data elicitati@and scenario exploration.
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Source: Barreteau, 2003b.

Figure 7.4 Linkage between actual circumstancesctimceptual model and its use in

role-playing games and agent-based models in tineM&al approach.

Regarding model validation purposed by GilbertO@0 two areas need to be
examined when validating models: (i) the fit betweetheory and the model of that
theory, and (ii) the fit between the model and tbal-world phenomenon that the
model is supposed to simulate. The first one isluatad by comparing the
distribution of expected simulated results with aiety of parameter settings to a
number of propositions about the form of the relahips expected between
variables derived from theory used. Comparing thedeh and empirical data is
another validation technique. In cases where atisimadel$' , whose objective is the
development of theory, are used, no empirical da¢aneeded to compare with the
model. For the middle range modé|sthe criterion is if the simulation generates

outputs that are qualitatively similar to thoseesd in the social world. It is only

1 Abstract models aim to demonstrate some basi@lspobcess that may lie behind many areas of
social life. These models are not intended to beduss empirical descriptions of any real-world
phenomenon. They are seen as part of the procéiss dévelopment of a theory

12 Middle range models aim to describe the charasttesi of a particular social phenomenon, but in a
sufficient way that their conclusions can be apphgdely, rather than just one set of circumstances
The generic nature of these models means thatniotisisually possible to compare their behaviours
exactly with any particular observable instancestdad, one expects to be satisfied with qualitative
resemblances.
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the facsimile modetg that require empirical data to be compared to Kitians. In
this case, the model is the regression equationohwdomputes the predicted values of
the dependent variable. Models implemented throaugbomMod process are often
classified as middle range models.

RPGs and ABMs are the most frequently used toasally in association,
because of their similarities derived from the saroeceptual model. RPGs and
ABMs are particularly well-suited to representingnmplex situations and doing
prospective studies, as they are able to incorporahdomized and somewhat
unpredictable dynamics. Actually, RPGs are modeékctual situations, and they are
much closer to reality and easier for people toths& ABMs. However, RPGs are
rather cumbersome to build and operate, quite Ydstuse, and cannot be used to
provide continuous support in evolutionary decisioaking processes. Moreover,
RPGs do not allow the set up of sufficiently incesmtal and iterative processes that
progressively integrate new information and knogkdlhus, RPGs are usually used
to help participants engage in the design of thelehas well as to facilitate their
understanding of ABMs to be used later for simolagi

The RPGs are thus able to simulate scenarios teamagined by participants
and to generate group discussion of possible ictierss between users and resources.
ABMs are used to explore issues more rapidly astegyatically, with the richer and
more incremental processes. Based on the SelfCarpesiments RPGs were tested
as a progressive way of designing novel ABMs tmatraore suitable for integrating
perceptions of the people involved.

Because of the similarities between these two todlsis possible for
participants to relate to the RPG to ABM and thsteayn under study. Playing games
can help participants to understand the structacke agperations implemented in the
ABM, and reduce its “black box effect” for partiaipts. Table 7.1 summarizes the
importance of the initial conceptual model and jps®s a classification of situations
based on mode of association between the conceptgsl, the RPG, and the ABM.

13 Facsimile models are intended to provide a reprtioln of some specific target phenomenon as
exactly as possible, often with the intention ahgsit to make predictions of the target’s fututats,
or to predict what will happen if some policy ogutation is changed.
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Table 7.1 Classification of types of joint useanf agent-based model and of a role-
playing game based on the differences and simdardf their conceptual models and

time of use.

The conceptual model is Different Same

¢ ABM supports the game ¢ The game is the model
¢ ABM included into the game

¢ The game is a communication tool
between ABM and reality

ABM and RPG are used
at the same time

¢ The game helps to learn how to * ABM of the game to replay gaming
use the ABM sessions

¢ Game used to design ABM

e Game used to validate ABM

¢ ABM used to design the game

¢ Co-construction of ABM and the
game

ABM and RPG are used in
succession

Source: Barreteau, 2003b

Special attention is drawn to the validation prece$ the models. Since
concerned stakeholders are involved throughoutebearch process, the co-designed
models are consistently and collectively validatgdhese participating stakeholders.
ComMod relies on simulation tools to implement symrticipatory analyses and
scenario explorations, to facilitate individual acdllective learning, as well as to
mediate conflicts and to engage people in negogatiollective action. Therefore,
ComMod models (RPGs or ABM) are mainly seen astdhad simulation tools
built to facilitate communication among stakehofddirough the exchange of their
multiple points of view and perceptions of phenomen a given issue and at a given

time.

7.2.3.4. Scenario Identification, Exploration akekessment
Through the ComMod process, participants are ugsaale to relate the virtual world
to real circumstances. Their creativity also inse= enabling them to identify
interesting scenarios to be simulated to discoheir tpossible choices of RRM.
ABMs are favoured in this activity because they faremore time and cost efficient
than RPGs for such a purpose. The ABM can run fasteepeatable, and presents
more synthetic outputs (maps, histograms, diagrspneadsheets, etc.) with better

visualization. These benefits leave more time foeirt joint assessment that is
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generally organized in either small homogeneousiggoof stakeholders, or in a

plenary session.

7.2.3.5. Monitoring and Evaluation (M&E) of Commld=ffects and

Impact
There is not yet a specific M&E methodology to assthe effects and impact of such
highly interactive and dynamic ComMod processed. &uing 2006-2008, a project
specifically addressing this M&E issue was carioedl This M&E methodology will
look at the various ComMod effects on the partiotpain terms of learning on the
system, on oneself and others, and their interdigrese, on the ecological and social
dynamics, but also on changes in communicationigbotetwork), perceptions,
decision-making, behaviour, and finally, practi¢@sirung, Promburom et al., 2008).

Regarding activities implemented in a ComMod seqagehe Page proposed a
more detailed 12 stage sequence, highlighted ifolleaving box (Box7.1).

Box 7.1 A ComMod sequence with 12 stages.

1. Sensitizing activities: introduction of the ComModpproach to ke
stakeholders requesting to look into a given dewalent question, and
assessment of its suitability and possibility feeun the local context.

2. Definition of the key question to be examined, hg process leaders and,
sometimes, other stakeholders as well.

3. Inventory of relevant scientific, expert, and inglgus knowledge available

through literature review & complementary diagnostirveys to fill the gaps,

Knowledge elicitation for modelling via surveys anterviews.

Co-design of the conceptual model with stakeholdsvacerned by the

guestion being examined.

Choice of the tool (computer-based or not) and rhiogiglementation.

Model verification, validation and calibration wikhical stakeholders.

Identification and definition of scenarios with &dstakeholders.

Exploratory simulations with local stakeholders.

0. Dissemination of the outputs to stakeholders wit ribt participate in the

process.

11. Monitoring - evaluation of the effects of the Comd/ijprocess on participants
(awareness, knowledge, communication, behaviowisas, practices, etc.)

12. Training of interested stakeholders on using thast@roduced during thg
collaborative modelling process.

ok

RO~

A1

Source: Personal communication with Christophe Le Page, a pioneering ComMod practitioners.
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7.3. Current Hot Topics on ComMod

Up-scaling and out-scaling

As a bottom-up approach, ComMod and its tools wstsh begin to tackle a
problem at the individual level to create a shamgatesentation of an aggregation of
individuals. Most ComMod case studies are site aodtext specific. This has
brought about robust discussion on the hot topideafling with the possible scaling-
up and scaling-out the use of ComMod process amidls.tdScaling-up is an
institutional expansion, based on positive feedp&am adopters (often grassroots
organizations) to other key stakeholders (policykens, donors, development
institutions) who have the power to out-scale ttaxess (Prell et al., 2007). Scaling-
out is the spread of project outcomes (i.e., chengigch as the use of a new
technology, a new strategy, etc.) from farmer tontr, community to community,
within the same stakeholder groups. In other wosdgling-up is the process by
which policies, norms, mental models, etc., chaimgeuch a way as to support a
scaling-out (adoption) process.

The possibility to upscale the use of ComMod applnois being examined. A
case study in Nan province, northern Thailand, stigated the conflict between the
National Park authority and villagers over foressaurces, which was so high that
they rarely communicated to each other. ComMod antaybrid simulator (RPG-
ABM) successfully initiated the communication beémethese two groups of
stakeholders (Ruankaew, Le Page et al., 2008).céke study has shown that the
National Park officers gained an increased awasenéshe villagers’ circumstances
and points of view. Likewise, the villagers leamiiout the consequences of the
proposed regulations by the National Park, and -agabogical dynamics and
socioeconomic equity issues.

| have observed changes among participating stédtets who have adopted
new strategies or technologies as a result of kedgd exchange among participating
stakeholders in many ComMod case studies. Howaeenrding to the limitations of
M&E of ComMod effects, the pioneering M&E projeat®re used to systematically
examine such changes in some ComMod cases (Gutualg 2008). Some cases,

such as a conflict over water sharing between eastrand downstream villages in
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Bhutan (Gurung, 2006), have indicated successfutitutional expansion, a
consequence of up and out scaling of the use aftdmMod process and tools.

To successfully generate the up- and out-scaexsff ComMod practitioners
often underline the need for more sensitizing &ad prior to engaging all concerned
stakeholders in a ComMod process. Such sensitaatigities are also important to
better facilitate a bottom-up dialogue between Igssverful stakeholders and

stakeholders at higher institutional levels.

Power relations and local ComMod practitioners

The legitimacy of the designers, and its faciitat and models in the
ComMod process is often discussed among ComModitwaers when dealing with
multiple stakeholders with different levels of pavie a community. The recognition
of the underlying power dynamics and motivationsgdarticipation are precondition
for a successful process (Prell et al., 2007). Tdle and management of power
relations in a ComMod process is being debated gnt@omMod practitioners. A
study by Barnaud et al. (2006) has specificallyragsed the analysis of power
relations in a ComMod process carried out in Madaefa village, Chiang Rai
province, Northern Thailand. One main limitationtbht ComMod implementation
was the different way of thinking about the samebfgm between ComMod
participants and non-participating villagers. Thathar suggested that before
launching a ComMod project, more sensitizing atitsi about ComMod
methodology and project objectives should be cdroeit with all stakeholders
equally. The author also mentioned the need to difdcal people and train them to
become an autonomous and neutral facilitator, wdro aontinue applying ComMod
methodology and developing tools, in particular RPi@ the village. This concern is
especially acute once a ComMod process has bedenmapted. A qualified person
(educational background, current job, etc.) isroftet easy to recruit. Besides that, it
takes time to train and develop a personal mentalenabout the ComMod approach
and methodology to be able to apply it without wextently manipulating the
process.

A ComMod experiment carried out in the Lam Domd Watershed, Ubon

Ratchathani province, Thailand, definitely confemhtthese challenges mentioned
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above. However, a researcher who took several Cainbtert training courses
thought that ComMod is a promising approach to epetinderstanding human-
environment interactions in this watershed. The ®looh process of the Lam Dome
Yai case is presented in the next chapter.
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CHAPTER 8
THE FOUR SEQUENCES OF THE COMPANION MODELLING PROCE SS
IMPLEMENTED IN THE LAM DOME YAl WATERSHED

The research team was inspired by an initial disicun with villagers during a
field survey in the Lam Dome Yai watershed condadigtethe dry season of 2000,
and by attending several short training coursedVioiiti-agent systems, computer
science and INRM in 2002-2003. In the study al@aour shortage is an important
limitation to farming as many working-aged peoplgnate to other regions to seek
more profitable employment, leaving only childrerdalders in the village. Based on
those initial discussions with villagers, the reshateam decided to analyze the
problem of labour shortage in relation to land arader use because 80% of the land
is dominated by agricultural uses, requiring atredédy high number of labourers.
Fundamentally, the ComMod process was implementedisastudy site because of
the researchers’ poor understanding of interacti@t&een land/water use and labour
migration that could lead to the failure of stateded development of water
infrastructures in the Lam Dome Yai Watershed.

From the researchers’ point of view, the main clbje of the ComMod
activities was to better understand the interastioetween land/water use and labour
migrations across diverse farm types. The restiltsi® research could then guide the
design and adaptation of local water resource dewednt projects in the future at a
time when government authorities are planning aoistand costly projects in this
field. In this ComMod process, RPGs and ABMs hagerbthe main modelling tools
used with the various stakeholders to create sedha@presentation of the system via
a platform of knowledge sharing and collective h&ag process used to co-design
integrative models with local rice farmers. Sucthared representation promotes the
importance of stakeholders agreeing on the funictgpof the system under study and
thus being able to be in a position to efficiergiplore possible future scenarios of
their choice. At the same time, stakeholders’ adaphanagement capacity can also
be improved through this modelling process.

Following a preliminary diagnostic-analysis on tloeal agrarian system—
comprising a review of the existing literature amdarm survey to fill knowledge

gaps—carried out in 2004, an initial conceptual elagas formalized in early 2005
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and used to design a first RPThe first participatory modelling workshop usingsth
RPG was organized in July 2005 and was the entmyt pd the four successive
sequences of that ComMod process. In this chagpieiselection of the study site and
the participants are first presented. Then, detanéormation on the process design
and implementation is provided, before a final isecthat recapitulates the evolution

of the modelling tools over the whole three yearcpss.

8.1. Selection of Study Site and Participants in llma Dome Yai Watershed

Ban Mak Mai village is located in the north of them Dome Yai watershed.
This village was selected for a series of parti@pa workshops because it is
representative of the dominating RLR ecosystem afel northeast Thailand.
Participants were farmers living in this villagepresenting diverse farm types. Based
on the farmer typology (See chapter 5), these @paints were selected to cover all
existing farm types found in this SAES. A total Idf farming households (husband
and wife) were invited to participate in this Com@iprocess. Eight small holders
belonged to farm type A, two households represetyee B, and one was a type C
farmer (Table 8.1).

Table 8.1 Characteristics of the farming households from Bk Mai village who

participated in the ComMod process.

Household Farm type Area planted to rice (ha) Farm 3pond 'Annual gross Social Number of family members
number KDML105 RDG (m?) income (euros) | Network Workers | Dependents

1 Al 0.8 0.8 0 400 No 3 3

2 Al 0.96 16 300 510 Yes 5 1

3 Al 16 0.8 144 860 No 2 2

4 A2 16 16 500 970 Yes 3 1

5 A2 0 16 158 570 Yes 6 0

6 A3 3.2 1.6 240 1,550 Yes 6 2

7 A3 24 1.6 450 1,300 Yes 5 3

8 A3 16 16 1,350 850 Yes 2 4

9 B1 7.04 1.92 2,400 2,200 Yes 2 4

10 B2 4.8 1.92 2,200 2,500 No 5 0

11 c2 6.4 2.4 3,840 2,900 Yes 5 1

A wealthy large land owner belonging to sub-typeviEk also invited, but she
did not join in the activities because this ComMwdcess was initiated during the

rice transplanting period when she was too budempaddies. The same reason also
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limited the number of participating type B farmarsd sub-type C1, who had labour
shortage problems. On the other hand, due to &s®ul constraints, more type A
farmers could join the process. This selection aksoresented the majority and

minority groups of farmers existing in the village.

8.2. Process Design and Implementation

A farm survey was conducted in 2004 to charactettie different main types
of household-based agricultural production systams the determinants of labour
migrations among these different categories of fiagnmouseholds. The data showed
that the farmers’ decision-making regarding land Efour management was similar
among the farmers belonging to the same type @irielihood objectives, farming
strategies and means of production). These deeisaking processes were essential
to conceptualize the operational rules in the ComiMmdels. In early 2005, an initial
conceptual model was formalized by using the diagnatic UML.

A key feature of ComMod processes is the iterasifernating between field
and laboratory activities. After each field workphdield investigations were carried
out, to acquire additional information (includingnew farm survey in 2005 during the
prolonged drought of the 2004-2005 crop year), e & monitoring and evaluation
activities to analyze the effects of the ComModwéots on participating farmers as
well as to keep in touch with them (Figure 8.1)r Rwre details about monitoring
and evaluation activities carried out in this ContMwocess, see Thongnoi (2009).

In this ComMod case study, throughout the cyclmcpss, different modelling
tools, rooted in the same underlying conceptual ehodere used with different
complementary objectives. RPG and ABM used in aason support each other in
the system analysis and gradual improvement ottimemon underlying conceptual
model (d'Aquino, Barreteau et al., 2002). The ahitonceptual model, with key
interacting components and the sequential opeatadrkey activities in this RLR
ecosystem, was depicted in complementary UML Cl&sguence and Activity
diagrams. The design and implementation of the RBGs ABMs will be fully
described in the following RPGs and Ban Mak Mai AgBased Model chapters
respectively. The four sequences of ComMod aatisitmplemented in this process

are presented below.



Gradual improvement of the co-designed conceptual model through integration of indigenous knowledge

Formalization of the initial

conceptual model in Unified Conceptual Conceptual Conceptual Conceptual Co:(lzre‘altual BanBMI\;“I;IMal
Modeling Language (UML) model v2 model v3 model v4 model v5 P (BMM)
diagrams based on model model
academic knowledge H H H H H
9 ' A ' A ' A E A E A
N Y i = =
" 1 1 1
Conceptual Conceptual model Conceptual model H H H
model for Role- | for RPG 2 for RPG 3 ] 1 1
Playing Game ! 1 1 : : :
(RPG) 1 H ! ' H ! !
""""" wTTTT T 1 1 1
: | Farm survey | : | Monitoring | : | Monitoring | : | Monitoring | : | Monitoring | : | Monitoring
' ; : ' ' '
1 i i 1 ! ! -
1 1 v H H Realistic
r x__ 1 L ¥y i [ RgentBased Model | : i
7] RPG1 | [——— == - ) ] ]
L _ 1 I_RPG 2 + Computerized [ ' | (ABM) 1: | 1 !
z 2 | replayofRPG2 | [ - — — —i— — LamDomeYai (LDY) Y
[T —_—_——_——_——— RPG 3 | _ Mmodel | I amm o Barnairre v
ir < L — - — — ABM 2: BanMakMai | Y
5 | (BMM)model | “ABM 3: BanMakMai |
E -7 | (BMM)model |
| More
To validate research To validate existing To understand farmer To validate the To identify precise To identify possible abstract
team understanding of | | knowledge with returned || use of farm ponds or a representation of parameters’ & values of | | scenarios with varying
8 interactions between migrants & to examine large community pond interactions between model components and | | levels of water and
2 land/water use and players’ decisions during || across farm types, and | | rice management and | | explicit algorithms used | | labour availability with
® labour management severe drought or with to build a shared labour migration by by rule-based agents all types of farming
%‘ across different types | | irrigation, and familiarize || understanding of water | | using ABM1 with with three small groups | | households, and to
o) of farms with RPG1 farmers with computer dynamics as an complex spatial of farmers by using assess the possible
representing actual simulations by replaying intermediate step settings representing ABM2 representing consequences of such
farms managed by RPG session in silico on || towards full computer actual farms owned four abstract virtual scenarios collectively.
participating farmers. computer. simulations. by the participants. farms.
July 2005 April 2006 October 2006 April 2007 August 2007 May 2008
Date of use »-
Legend: i ________i Modified conceptual model I'_ _ _] Tools used :l Field investigation  <sf==== Design and build <= Improve

of co-constructed models, the specific objectiviesuacessive workshops and the tools used 2005-2008

Figure 8.1 Description of the ComMod process im@atad in the Lam Dome Yai watershed showing théuéon
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8.2.1. First Sequence: Researchers’ Knowledged¥din by Local Farmers
This sequence started once the UML diagrams weneplated in early 2005 and
ended in July 2005.

8.2.1.1. Objective
The aim of this sequence was to validate the reBe@am’s initial understanding of
the interactions between land/water use and lab@magement across the farm types
in the local RLR ecosystem. Another purpose was t@idrain a team of assistants to

prepare and operate ComMod field activities.

8.2.1.2. Method and Tools
To be able to validate the research team’s undeistg of the system of interactions
under study through local farmers’ actions, the UBlihgrams were simplified to
implement a first RPG (Figure 8.1). This simplifiddML omitted scientific
hydrological processes, and depicted only RLR gngwactivities and labour
migration practices. The yearly climatic cards wased to simply represent different
rainfall conditions. This RPG was used with farmers first participatory modelling
field workshop on 9-10 July, 2005. The researcimteaed new information derived
from local farmers’ decision-making processes dytime gaming session to enrich
the initial conceptual model. The underlying theioced assumption was that with the
transparent structure and rules of the RPG madiableato stakeholders, this tool
would support the validation of the underlying cepiual model and its improvement
through the acquisition of new knowledge on thdesys while facilitating exchanges
and collective learning among stakeholders.

The two-day workshop was made up of two main sass{Box 8.1), starting
with a gaming session in the first day. The gangaguence was based on the main
rice-growing phases: nursery establishment, tramsjplg, harvesting, and the post-
harvesting period, including labour migration. Yigatlimatic conditions (wet, dry,
and very dry years) were drawn by a player. Thggikl decisions were driven by
rice-growing phases associated with specific rdirdanditions, and their related

actions were displayed on a 2D game board (Figwe 8
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Box 8.1 The first participatory modelling workshapd its artefacts.

The first participatory modelling workshop using RPG1
Date: 9-10 July 2005
Meeting place:Ban Mak Mai School.

Participants:

Seven researchers, one NGO representative, onasexieworker, seven research
assistants and eighteen local farmers from eleeeisdholds; eight households came
in pairs (husband and wife), and three householdese wepresented by only one
member.

Objectives:

To validate the research team’s understanding ol | water use and labour
management on the different types of farms, angaio and engage villagers in the
action research process. Moreover, to initiate lective learning process on land,
water and labour management.

Main issue:
Focus on rice-growing steps and labour managenseimflaenced by internal factors
such as age, education, and household income yaradnfall variability.

Gaming sessions:

(1) First day: the research team leader introdticegroject in the first session. Then
the RPG session started, moving through rice-grgwimases that affect the players’
decision making regarding land, water and laboer tifie main phases in the game
focussed on key rice growing stages: nurserieq esbablishment by transplanting,
harvesting, and the post-harvesting period, indgdiry season activities. Four
rounds were played to simulate four crop years dier hours. The players had
different roles: farmers, migrants, and hired |aleos

(2) Second day: ninety minutes were spent on iddali interviews of players,
followed by two hours of plenary discussion witte tparticipants to discuss the
results of the previous day’s gaming session asgdiple next steps.

Equipment and materials:
Thailand map; tokens; fake money, role cards; dmamputer software (Excel
package); flipchart; post-it notes; camera; vidamera and recorder.

Artefacts:
Game boards; game cards; writing pads to recoggeadecisions.
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Figure 8.2 First participatory modelling workshoasbd on a role-playing game in
Ban Mak Mai village on 9-10 July 2003 pp left: players allocating rice-growing
areas;Top right: players located where their migrant workers weoekimg on a map

of Thailand.Bottom left: a player selling his rice at the ‘markeBpttom right:

plenary discussion after the gaming session.

Four rounds, equivalent to four successive cropgsyeaere played. On the
second day, a plenary discussion and individuahuntws were held to compare what
happened in the gaming session with actual circamests, and to clarify the players’
actions during the gaming session. In addition, ititerviews were used to identify
concrete water, land and labour management stestegtually employed on the
farm. The findings of follow-up individual interwies were used to enrich the initial
conceptual model and to design and build an imgt@ezond RPG. The players were
divided into two groups during the individual intesws. Each group consisted of six
players and one researcher. One research assistarviewed a member of each

household with the help of a semi-structured gungetlocument.
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8.2.1.3. Main Results
The first field workshop held in Ban Mak Mai villaglemonstrated the feasibility of
using such key ComMod collaborative modelling amdusation activities with 21
local farmers and two development officers. Theeaesh team (the process designer
and his seven assistants) gained precious exper@mmtiow to facilitate such events
to be used in the following sequences. The resetam’s understanding of the
interaction between land & water use and labour agament & migrations was
validated, and our initial conceptual model wasiaed,particularly, decision-
making to hire extra farm workers and changes ajratory patterns across farm
types when encountering different rainfall condiso Differences in means of
production available, especially farm size and fgrsize and composition, played a
crucial role in determining the availability of &@ labour in the gaming session. The
introduction of very dry annual conditions pusheatniers to migrate because
inadequate water availability for farming cause@¢mployment.The risk linked to
unpredictable wage levels introduced in the gameugh the drawing of a “received
wage” chance card when a player decided to migdakenot influence the players’
migration decisions.

Diverse farming households played different rateshe local labour market
since different farm types have different croppgadendars and farm sizes, resulting
in different labour needs. These differences alakarsome farmers, in particular less
farm size farmers being available for hiring. Whayers hired labour, it was found
that they based their decisions in the game om #utual practices. Due to their small
farm sizes, type A farmers generally spent a shaimee completing rice-growing
activities and were then hired in this game by darfarmers during the high peak
labour demand periods of transplanting and harvestsimulated drought years,
farmers who produced rice only (small farm typet@hded to provide more out-
migrants.

Although the spatial setting of the gaming board wather abstract (Figure
8.2) and the rules quite simple, farmers considénatthe game provided situations
similar to their reality. A friendly relationshipebiveen the research team and the other
participants was also reinforced throughout thighlyi interactive activity. The
participants realized that a RPG wast only for kids but could also be useful for
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knowledge sharing, in particular when unpredictatamfall conditions and wage
levels were introduced in the game.

Meanwhile, the participating farmers underlined ttedurned migrants should
also be able to participate in such gaming workshogcause they wanted to share
their perceptions of the issue at stake with theggrant workers. Therefore, they
suggested holding another similar workshop justraftid-April when the migrants

return home to celebrate the Thai New Year.

8.2.2. Second Sequence: Elicitation of Farmerstifden-making Processes
Regarding Migration in Relation to Water Availabyli
The second sequence was implemented similarlyggthvious one. A revision of
the conceptual model was produced to integrate fihéings during the first
participatory modelling workshop, and the secondnfaurvey carried out at the
beginning of this sequence.

8.2.2.1. Objective
This second ComMod sequence aimed at validatingtiegi knowledge with
participating migrant workers. Another objective svtb observe and investigate
changes in the players’ farm and labour manageneisions under different rainfall
conditions, in particular prolonged drought and lyewmtroduced irrigation canal

scenarios.

8.2.2.2. Methods and Tools
Three methods were implemented in this second sequé\ specific farm survey
was carried out in August 2005 after the exceptlpriang drought of the 2004-2005
crop year. This survey aimed to understand farnsisions regarding the impact of
drought on farm management including labour migratpractices in order to
integrate these decision-making processes intmiti@ conceptual model.

A second improved RPG, designed according todkised conceptual model,
was implemented in early 2006 and used with farmestsafter the Thai New Year, at
the end of the dry season when many migrants diite village. The organization of
this participatory modelling workshop was similarthe previous one (Box 8.2). The

first day was devoted to an RPG session with featuules, and materials similar to
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the first RPG. But in this workshop, the impact vehter availability (scarcity or
abundance) on farmers’ decisions was particulatbmened through the creation of
two successive drought years and the introductfcendrrigation canal in the game.
Six rounds (corresponding to six simulated croprgewere played. In addition, this
time a computer simulator was introduced to repley gaming sessiom silico in
front of the players on the second day to facditakchanges and discussions about
their actions in a plenary session (Figure 8.3).

Follow-up individual interviews were conducted louf research assistants at
the end of the field workshop, and more intervievese conducted by RPG designers
one month after the workshop. The follow up intews aimed at gaining a more in-
depth understanding of farm and labour managemenisions made under the
prolonged drought and abundant water scenariosiaietlduring the gaming session,

and to compare those decisions to reality.

8.2.2.3. Main Results

The players’ decisions to deal with prolonged didugere not different from what
was observed during a very dry year in the firsiGR$ession. Under the irrigation
canal scenario, type A small land holders were naol@ptive in take advantage of
better access to water. They planted more casls énajne dry season and there were
fewer migrants on their farms. The returned miggayers did not participate in the
first RPG, but their decisions on on-farm and affah employment for their
household labour were not different from those s participants in the first RPG
session. The fact that the decision regarding labmigration is a collective

agreement among household members was confirmed.
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Box 8.2 The second patrticipatory modelling workshog its artefacts.

The second participatory modelling workshop using RG2
and a computer model

Date: 20-21 April 2006.
Meeting place Ban Mak Mai School.

Participants:
19 people, only one of them being a returned migfamm 11 farming households. Nine
households were represented by pairs and two sengke member. Seven people were
members of the research team. One extension wakdr four research assistants
participated in the workshop.

Objectives:
(1) To validate existing knowledge with the new raigt player, a member of a family
who had participated in the first gaming sessions;
(2) To investigate the players’ decision-making gesses regarding farm and labqur
management under prolonged drought and irrigatamalcscenarios;

(3) To train the research team in the action redeg@arocess;

(4) To introduce replays dghe gaming session by the computer as a colletdiming
support tool and to validate the model.

Main issue:
Farm management with returned migrants, and urelesre drought and irrigation cangl
scenarios.

Gaming sessions:

The gaming sessions were carried out over two days:
(1) On the first day, the RPG was used to simwatmarios with and without irrigation
canals, taking five hours to complete six round®gcyears): four crop years under
rainfed conditions and the last two crop years \aithirrigation canal. During the gaming
session, traditional songs (Mo Lum) were sung bydie players to entertain the other
players. The wage chance cards were removed aftembrning session because of the
lack of players’ interest in them; this helped pead the game up.
(2) The second day started with a three hour pjedigcussion about the proceedings jon
the previous day’s gaming session and the replagetuter simulation was projected on
the screen to help local farmers understand whatABM was doing and what wals
happening during the simulation. Later on, indigbuterviews with 11 households wefe
conducted by four research assistants.

Equipment and materials:
Thailand map; tokens; fake money, role cards; dmmnputer software (Excel
package); flipchart; post-it notes; camera; vidamera and recorder.

Artefacts:
A game board and Excel package were used with dahee bjectives than in the firg
sequence.

—*
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Figure 8.3 Second participatory modelling workshi@sed on a role-playing game
and computer simulation replaying the gaming sessio 20-21 April 2006 eft:

players receiving income from migrant workelRgght: plenary discussion about the
players’ actions in the gaming session, with a quigd replay of the computer

simulation.

This second RPG also helped the farmers to uradetdhe rules and sequence
of operations of a computer simulation thanks ®réplaying of the gaming session.
This helped them to better understand their ownasin compared to others, and to
examine the causes of actions made by other plafrhe participants were eager
to share their knowledge during the replay sesdioiking the RPG session to this
computerized replay helped participants becomeli@mvith a computer simulation.

The irrigation canal scenario was useful in stetialy the player’s thinking
about what additional farm goods should be prodwfegt rice production, but this
kind of infrastructure is not readily available rieality due to the high investment
required. According to the players’ comments, a mmm pool resource, such as
ponds, should be added as a new feature in the wexkshop. Farmers’
representation of water dynamics in relation tofidi conditions was still needed to
validate the hydrological processes and irrigafiorction in the model. This specific
topic was taken into account when designing thel tRPG that was to be used in the

next ComMod sequence.
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8.2.3. Third Sequence: a Shared RepresentationWater Dynamics
Interacting with Labour and RLR Management
This longest sequence was implemented between M@§ and March 2008 and its
key events were three participatory workshops hrette village.

8.2.3.1. Objective
The activities aimed to gain a more in-depth undeding of the players’ decisions
regarding the management of individual farm and roomity ponds, in relation to
labour and RLR management. The RPG used in thiseseg was designed to
provide the participating farmers with further iatton in the use of learning through

simulations of scenarios before the introductiofudf computerised simulations.
8.2.3.2. Methods and Tools

The third RPG

Box 8.3 describes the third field workshop heldBan Mak Mai village on
10-11 October 2006. During the first day, partiajzaplayed an RPG designed to
acquire their perceptions about water dynamicsaiahidpes and individual farm ponds
in relation to weekly rainfall conditions. The wégkrainfall conditions were
announced, and their related pictograms were pasted public calendar bulletin.
Then, the players were asked to draw the waterldeok paddies and ponds on
decision sheets prepared by the game designehésetond day, simple graphs and
tables comparing the players’ decisions duringfifst day’s gaming session were
presented and collectively analysed. Similar pastevithin the rice-growing calendar
and dates of water pumping from individual farm g®@nrvere grouped and discussed
to verify if the successive water levels indicabgdthe players in the gaming session
were correct.

To create a singular situation, all participantsoahad to build a shared
perception of water levels when using water fromoemunity pond. Because only
one assistant participated in this workshop, atstpeestionnaire was used instead of
individual interviews. The objective was to checktipants’ understanding of the
features and dynamics of the gaming session anddifferences from the two

previous workshops was distributed to all play@tse plenary discussion was carried
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out after the gaming session to collectively defireger availability of the community
pond in relation to weekly rainfall conditions usedthe game. The collective
agreement derived from this plenary discussion weasl to validate the water level in
the ABM. Figure 8.4 shows the activities and malsrused in the gaming session.
Even if the water use practices were better unoetdsacross the farm types,
the water level of individual farm ponds and paddias still difficult to be assessed
qguantitatively to sufficiently validate the hydrgioal processes of the ABM. This
ABM integrated the water module of a previous ABMiIlb to represent the
hydrological processes in this RLR ecosystem (Ldmorand Naivinit, 2005). It
became necessary to present it to the playersiéon to validate the water dynamics
of ponds and paddies. Therefore, | decided to dlize this first ABM, named
“LamDomeYai (LDY) model” after the local river, the participating farmers in the

following ComMod activities.

Participatory simulation workshop using the Lam o¥uai (LDY) ABM

The LDY model was implemented to validate the kisalge and
representation of interactions between water dyogrand labour migration through
the use of computer simulations. Three major sitepise LDY simulations were rice
establishment, rice harvest and dry-season aetvitBox 8.4). To learn how the
simulation worked, the participants were guidedmrtooking at simpler (model
configuration with two virtual farms only) to mommplex (model configuration
with eleven virtual farms) simulations.

The two virtual farms were introduced in the mogisession on 24 April
2007. The hydrological module with homogeneous-baleed agents was presented to
validate the representation of water dynamics ilatien with RLR production
practices. Two different paddy fields were dispyaith or without access to a
pond. Players were ‘rice-growing consultants’ whelivieered comments and
suggestions to moderators acting as inexperiericedfarmers. After looking at the
weekly rainfall conditions, the participants wersked to guess the outputs of
simulated water levels in the paddy fields and fdren pond. This was the chosen
way to validate this water module of the ABM witical ‘RLR experts’.
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Box 8.3 The third participatory modelling workshapd its artefacts.

The third participatory modelling workshop using RPG 3
Date: 10-11 October 2006.
Meeting place Community building in Ban Mak Mai Moo 17.

Participants:

21 local residents participated; three of them weew participants from thre
households. Nine research team members were irdvadvehe implementation of th
activities.

DD

Objectives:
(1) To acquire knowledge on players’ water use labdur migration strategy across
farm types when encountering different water abdlits;
(2) To improve agents’ water-use rules in the LD¥d=l;
(3) To provide the players with a supporting toad fearning about simulations and
scenarios through a new RPG before introducing Bl Aimulation.

Main issue:
Agreement on a common representation of water digsam

Gaming sessions:
(1) First day: three key phases of the rice growingle (crop establishment, harvest
and dry season activities) were built into the gaRainfall pictograms were used by
the facilitator to visualize the amount of rainfalh a weekly basis. Players wefe
assigned to produce rice under two predefined sicesnaith individual small ponds of
a larger community one. Six rounds of play werelengented for each of them;
(2) Second day: simple illustrations to compare dleeisions among players wefe
prepared and presented to them for participatoafyais. Similar patterns within th
rice-growing calendar and dates of water pumpingnutividual farm ponds were
grouped and presented to the players for collecliseussion. A short questionnaire on
their understanding of the features, contents efgame, and its differences with the
ones used in the two previous workshops was givetl players.

11

Equipment and materials:
Post-it notes; camera; video camera and recorder.

Artefacts:
Players’ decision sheets to record their decisiovexkly rainfall condition bulletin
board, pond and paddy field water level boards.
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Figure 8.4 Third participatory modelling workshoasked on a role-playing game in
Ban Mak Mai village on 10-11 October 2006p left: a couple discussing before
drawing the water level in their paddies and pondfre decision sheet,op right:
players deciding the amount of rice produced bepasting bag pictograms on their
decision-sheetBottom left: decision sheets completed by a couple of players f
the same householBpttom right : pictograms on a public bulletin board showing the

weekly rainfall conditions during the rice crop 8/.c

This simple setting was also used to refresh ppaints’ memories of the
LDY co-designed activities implemented during threvyious workshop in October
2006. In the afternoon session, a more complexlation with eleven virtual farms
representing the actual holdings belonging to pigdints was introduced (Figure 8.5).
The simulation displaying heterogeneous groupsuté-lbased agents representing
diverse farm types was run to validate the intéwacbetween water dynamics and

labour migration with these expert farmers.
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Box 8.4 The participatory simulation workshop usihg LDY model.

Participatory simulation workshop using the LDY model
Date: 24 April 2007.
Meeting place Community building of Ban Mak Mai Moo 17.

Participants:
21 local residents; three of them were new paditip from three households. Nipe
research team members were involved in the impléatien of the activities.

Objectives:

(1) To validate the understanding of interactioasseen on-farm or community pond u
and labour management;

(2) To calibrate the hydrological module of the Mbdel, representing the water
dynamics according to rainfall and players’ decisio
(3) To discuss the on-farm and community pond stesavith the players, and to define
other futurescenariosto be explored by using ABM simulations.

2]
(4

Main issue:
Community and on-farm pond water use and interastigith labour management.

Simulation sessions:
Three major steps of the LDY model simulations wdpe crop establishment, rice
harvest and dry-season activities. The sessions arganized in two parts:

(1) An initial part introduced a simple scenarichwonly two different paddy fields: on
with a pond and the other without. Players wereingctike consultants, giving
recommendations for rice transplanting to the maiderwho acted as an inexperienced
farmer;
(2) A more complex configuration showing eleveruatfarms was introduced in the last
gaming session. The moderator asked the partidgamstions concerning the decisigns
farmers made with regard to rice-growing practiaesl water pumping, household by
household across all farm types.

D

Equipment and materials:
Camera; video camera and recorder.

Artefacts: Players’ decision sheets to record their decisiovegkly rainfall condition
bulletin board, pond and paddy field water levedtns, and ABM simulation.
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Figure 8.5 Participatory simulation workshop uslki@gY model on 24 April 2007,
Top left: simple interface with two virtual farms and warels in paddies and pond
introduced in the morning sessiompp right: local farmers looking at a LDY
simulation.Bottom left: interface with eleven farms used in the afternsession;

Bottom right: exchanges among participants during a simulation

It was found that the simple configuration withotwirtual farms was more
effective in stimulating collective exchanges aearhing than the more complex one.
| also had difficulty conducting model validatiotegs with highly heterogeneous
participating farmers. Therefore, to enhance paditts’ communication, | decided to
organize smaller participatory simulation meetinggh homogeneous groups of
farmers belonging to the same type of farm to impréthe model calibration and

validation.
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Fine-tuning the Ban Mak Mai (BMM) model with smatid homogeneous groups of
farmers

The name of the ABM was changed from Lam Dome (¥BiY) to Ban Mak
Mai (BMM) to truly represent the decision-makingopesses of field collaborators,
and to give them a higher sense of ownership sfrthiv model representing the local
rice farming conditions in Ban Mak Mai village. Her visits were made between
August 2007 and March 2008 to refine the first v@rof the ABM, with three small
homogeneous groups of farmers belonging to the $ametype participating.

Two different artefacts, a set of simple drawingsl successive versions of
the BMM model itself, were used. In August 2007#ethgroup discussions on the
model algorithms of rule-based agents were orgdrizeusing drawings (Figure 8.6).
The underlying assumption was that while the ABkdation was spatially explicit
enough to display changes in land use as a refsnltepactions between the computer
agents and their virtual environment, the algorghused to operate the computer
agents and their dynamics had to be made expligcituking simple drawings.
Furthermore, this was also a preparation stag@ddicipants before exposing them
to fully computerised BMM simulations.

The proceedings included: (i) the presentationigdrthms that were built in
UML diagrams and later used to implement the ABMeY were translated into
simple drawings projected on transparencies andt detn algorithms of agents’
decisions during RLR crop establishment, RLR hdraesl post-harvest period; (ii)
the participants were divided into three small goutwo groups of four type A
householders (eight people) and three househakipdsple) of farm types B and C
in the last group.

Among the two scenarios used, the first one wasdy@n the current actual
situations faced by farmers; one situation offettezl use of a pond, while the other
situation did not. The second scenario simulatedreedrought conditions, and ‘what
if’ questions were asked to stimulate the partictpato think beyond their actual
circumstances. This second scenario also aimeddettifying other ‘what if’
situations that would lead to new relevant scesatdobe simulated with the players.
The workshop was implemented at the house of a fégesentative for this village
on August 5, 6 and 10, 2007. The meeting placéh®morkshop needed to be quieter
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and darker than previous locations. Among the 2alléarmers who participated this
time, one was a returned migrant and another orsgeanaobserver. Two researchers

and one research assistant were also present.

Figure 8.6 Participatory modelling workshop usimmgwings on 5-6 and 10 August
2007, Top left: a drawing showing initial location of transplamjiractivity and

indicating no water use for this practidep right: a drawing to discuss the hiring of
additional farm workers to harvest ridottom left: a drawing to discuss migration

practicesBottom right: small groups of participating type A farmers.

Similar sessions were implemented a second tilnheasame place, on 5-6
February, 2008. A smaller group of participants wagted, based on their capacity to
follow simulations and their degree of involvementthe discussions during the
previous workshop. This time, the BMM model wasedily used with participants
without more explanations given on drawings (Fig8ré). The aim was to validate
the model with a focus on identifying precise valug several key parameters and
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variables, as well as useful indicators to be oleerduring simulations and to be
included in the BMM model. During the run of thé/BI model, the moderators
operated the simulation slowly to allow the pap#sits to observe, discuss and
propose changes in the dynamics visualized on ¢hees. The decision process on
hiring labour during RLR transplanting and harvestiods could not be successfully
validated because of the lack of diverse farm typdgke room. Larger farms (type B
and C) often hire additional farm workers from snfafming households (type A)
during RLR transplanting and harvest periods. Tioeee a last field work of this
sequence focusing on this topic was organized imcM&008 with four selected
households covering the three main farm types.

i
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Figure 8.7 Participatory simulation workshop using BMM model on 5-6 February
and 19 March 2008Top left: moderator operating the simulationBop right:
interface of the BMM model showing four differemtrins.Bottom left: a participant
describing the features displayed on the BMM irtesf Bottom right: a small
group of participating type B and C farmers.
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8.2.3.3. Main Results

Results from the third RPG session

For very small land holders, water is conserveldeased in cases of long dry
spells that affect rice seedlings’ growth, whildet farm types also use water to
establish nurseries. However, this decision is dspendent on the location of the
farmer’'s paddy fields. Farmers who grow rice on dowaddies, where water is
naturally adequate, usually use water to estallisseries no matter how large their
paddy fields are. In the gaming session, the diffee in water use between wet and
very dry years was in the frequency of water pumpiim the community pond
scenario, improvement in water availability effgety provoked an increase in farm
intensification on very small holdings but not fother farm types facing labour
constraints. As a result, the number of migrarasfvery small holdings decreased
when water availability was improved, while the rhen of migrants from the other
two types of farms did not change.

The display of weekly rainfall conditions providetbre precise information
to the participants who felt more confident whercideng what water-related
activities in RLR production practices should belemiaken. From the participants’
point of view, the pumping of water from ponds ®LR production introduced in
this game made it closer to reality. The collecipend was effective in stimulating
knowledge sharing. Different water use strategiepending on water availability,
across the farm types lead to different croppinigradars for rice crop establishment
and regulation of the availability of hired laboduring RLR transplanting in this

village.

Results of participatory simulations using the Lin¥del

The LDY model allowed the moderator to introduggual farms, and all
participants were able to collectively criticizeetlactions of rule-based agents and
suggest modifications. Since the LDY model was trocted based on the same
conceptual model than the previous RPG, the ppaints had no difficulty in
understanding its structure and operating rulese Tho virtual farm versions
successfully encouraged communication among paaints. Water levels in the
paddies and pond were displayed on screen on alybakis and used for rice-
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growing activities. Participating ‘experts’ help#te moderators, who were acting as
inexperienced rice farmers, handle the changingasdn. As a result, | quantified
these water level changes and used that data ify wed calibrate the hydrological
processes represented in the LDY model.

The version that simulated eleven realistic farmisnet stimulate a collective
discussion about the interactions between watemamycs and labour migrations;
instead, the participants focused on correctingtwiey perceived as ‘mistakes’ made
by the model displayed on the screen, rather thanrgy opinions on the proposed
representation of the interactions between wateaadycs and migratory behaviours,
and discussing desirable scenarios to be examated As a result, these interactions
were not sufficiently validated at this stage armd stenarios to be explored were
identified. The lessons learned from this experimiegiped the researchers think

about better spatial settings to stimulate knowdeslgaring and learning.

Results from participatory simulation to fine-tuhe BMM model

Drawings of the rule-based algorithms helped p@dints to get a clear
picture of the cause-effect relationship of theicaxst operated by agents. Several
parameter values were precisely identified durihng BMM model fine-tuning
activity (See details of this model in the descoiptof the Ban Mak Mai model
chapter below). At the end of this ComMod sequetiee BMM model was validated
by small groups of participating farmers, but itsweot yet used to identify interesting
future scenarios to be simulated and assessedtoatly. However, the players better
understood the principles of ABM simulations ant thhabled the research team to
use simulated scenarios exploring ‘what-if’ cormh. Based on these results and to
achieve the objective of knowledge discovery, theed-tuned BMM model was

selected as the key artefact to be used in thedetuence of this ComMod process.
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8.2.4. Fourth Sequence: The Final BMM Model amsl Utse with Local

Farmers

8.2.4.1. Objective
This last sequence of the ComMod process usedcipatiory ABM simulations to
validate the BMM model with all participants, amdidentify and explore scenarios of

interest proposed by local farmers.

8.2.4.2. Method and Tools

A last participatory simulation field workshop waganized on 13-14 May 2008 and
was made up of two sessions (Box 8.5). The firssis@ aimed to validate the model
and identify possible scenarios of interest withtipgoating farmers, and the second
one used simulations to explore these scenarios. BMM model was improved
based on the results of the previous ComMod segseand was here used to
facilitate discussion among participants (Figui®).8The spatial characteristics of the
baseline scenario represent land use types (padubesi, and human settlements:
house, village, city). Four farming households wdifferent number of members in
each household were rule-based agents. There wergmall farms (3.3 ha) and two
large ones (6.5 ha) with different pond sizes.

A ‘Household’ is made of heterogeneous ‘Memberératg having different
demographic characteristics (age, gender, and ahatatus). The ‘Household’ is a
key decision-maker responsible for assigning speifes (farmer, seasonal migrant,
more permanent migrant or dependent) to its memfarse RLR is planted, it grows
from seedling stage to maturity. Three main deosmaking processes are: (i)
decisions during nursery establishment and transip (ii) decisions at harvest, and
(iif) decisions after rice harvesting, including gration (See details on the BMM

model description in Ban Mak Mai model chapter bglo
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Box 8.5 The final participatory simulation workshoging the BMM model.

Participatory simulation workshop using the BMM model
Date: 13 -14 May 2008.
Meeting place Ban Mak Mai School.

Participants:
21 participants: 15 people from eight householdsGmembers of the research team.

Objectives:
(1) To validate the final version of the BMM modeild;
(2) To explore to scenarios with varying availdgibf water and hired labour.

Main issue:
The gradually co-constructed BMM model to be vabkdaby local expert farmers.

BanMakMai model: The BMM model included:

(1) A spatial configuration consisting of two smi@tms (21 rai or 3.36 ha) called farm

and B, and two large farms (41 rai or 6.56 ha)echfiarm C and D, and different far
pond sizes;

(2) Farm A had 3 labourers and 3 dependents, fatmad4 labourers and 2 depender
farm C had 2 labourers and 1 dependent, and fahad8 labourers and 4 dependents;

(3) Different rainfall distribution patterns, whésedaily and weekly rainfall were fed int
the simulation and displayed by explicit pictogramnsthe projected main interface.

Simulation sessionsThe steps of the sessions were:

(1) Introductory VDO presentation about the pregiauorkshops to refresh the playet
memories;

(2) Running the BMM model slowly, step by step, afidwing the players to identify al
its features and sequential operations in the sitiai to discuss them and to propd
possible scenarios to be simulated (for exampli@rdhs with no individual ponds and
farms with individual ponds, hiring labour among ttepresented farms, and hiring labg
from outside the village);

(3) A final plenary discussion about the scenarios be simulated proposed &
participating farmers.

Equipment and materials:
Camera; video camera and recorder.

Artefact: the BMM model

A
m

8.2.4.3. Main Results

The BMM model running the baseline scenario wasdastd by the local farme

rs

who accepted that this model sufficiently represénthe system under study.

Participating farmers used the BMM model to ideniiiteresting scenarios to

be
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simulated. They were interested in examining thecé$ of: (i) a recent increase in
the number of cheap foreign labourers from Lao PR Cambodia who can be
hired during RLR transplanting and harvest periodad (ii) adequate water
availability, thanks for instance to an irrigatioanal, on the system dynamics. The
simulations were used to explore the consequentcéseointeractions between the
model components on the emerging behaviour of thnelated system under the

specific conditions (see details in chapter 9).

Figure 8.8 Participatory simulation workshop usthg BMM model in Ban Mak
Mai village on 13-14 May 2008left: moderator operating the simulations and
discussing with participant&ight: the main interface of the BMM model growing

four rice farms.

8.2.4.4. BMM Model Presentations to Scientistd bgal Farmers

The BMM model constructed with local farmers foolkwiedge sharing and discovery
was put to use in two special meetings between facmers and scientists. On 11
June 2008, four representatives of the particigafi@mmers used the BMM model to
exchange knowledge with a delegation of internai@tientists working for the PN

25’'s ‘Companion modelling for resilient water maaagent’ project of the CGIAR

Challenge Program on Water and Food (CPWF). Intaddia special seminar was
organized at the Faculty of Agriculture of Ubon &banee University on 18 October
2008 to give nine of Ban Mak Mai collaborators tpgortunity to present the BMM

model in front of researchers and 70 master stsdstudying in the Information

Technology for Agricultural and Rural DevelopmeftAR) program (Figure 8.9).
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Figure 8.9 Local farmers using the BMM model to lexage their knowledge with
scientists and master students in two special mgeflop: Four representatives of
the participating farmers explaining the model featuesisiting scientists by using
the BMM model.Bottom: Nine representatives of participating farmersngghe

BMM model for discussions with lecturers and mastadents at the local university.

8.3. Recapitulation of the Evolution of the Co-corteucted Model along the
ComMod Process

Based on the typology of relationships between ®R@Gd computerized
models proposed by Barreteau (2003a), in this sas#y, the three RPGs and two
ABMs used in succession were based on the samelyinde gradually improved
and shared conceptual model. In addition, the tlliflerent modes of gaming to
support the co-construction of the ABMs were: @nees used for mutual knowledge
acquisition and model design, (ii) games used asmamunication tool between a
model and real circumstances, and (iii) games wsed medium to explain the

contents of a computer model; in this case the gaasea simplified version of the
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computer model. Even if RPGs were proved necegsasypport the implementation
of an ABM they have been time-consuming and coskly.overcome such RPG
limitations, an ABM was introduced to participatifegmers once | was confident that
they were able to understand and follow computerukitions. Using an ABM
enhanced collaborative support in design and aisalgé the conceptual model
because such ABM entails the repetition of rapitkvents repetitive and time
consuming RPG sessions, and provides results afiaied experiments for collective
assessment (Barreteau, 2003a). The first protoBM& model (the LDY model)
was implemented and completely replaced the ugd@s in April 2007. Since then,
all the remaining co-designing activities were iegrout by using BMM computer
simulations.

The attempt to integrate a map of the study siie the spatial interface of the
first ABM was found in the LDY-GIS model. This wasoposed to represent the
realistic spatial entity of the study site and depet with local farmers. However, the
map scale was too large to be used to observe ehaighe micro level, which was
reserach focus. Later, | downsized to look at feewel with a model representing the
eleven actual participating farming households.réfoge, the model named “LDY-
RPG model” was introduced to the participating farsn during the second
participatory modelling workshop after the RPG gms$fiad been played (Table 8.2).
During the gaming session, data regarding decisinade by participating farmers
were recorded in the Excel spreadsheets. The diomlavas only operated and
displayed based on these data. Thus, this compintedation can be considered as
just a replay of the gaming session and not annamtous ABM simulation. This
replay by the computer was used to stimulate kndgdeexchange and discussion of
individual actions taken during the gaming sessidnis exercise was also a learning
step toward helping participating farmers to retaeeRPG to computer simulations.

The first prototype ABM (the LDY model) was used the participatory
simulation workshop organized in April 2007. Theualization was implemented to
represent elevens farms resembling the actual $a&zes, farm components and farm
locations (upper, middle and lower paddies) beloggito each participating

household. Another modification was made to thengnfrom a weekly basis used in
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the LDY-RPG model to a daily basis in the LDY ABRhus corresponding to daily
decisions made by local farmers.

As the complex and too realistic spatial configimrmaused in the LDY model
did not provide good results, | decided to simplifyto represent only four virtual
farms with differences in size, and water resour@ggure 8.9). These abstract
landscape settings were designed to enhance disicusg shifting the participants’
focus from sticking to their own actual situations being ‘experts’ on the
management of virtual RLR farms and providing comtaeon their agents’ actions
observed during simulations. However, the main qgipile of the landscape
configuration in this simplified BMM model (toposgéence and land use types) was
not different from the complex one. The BMM modehsnfinalized after the
workshop on 13-14 May 2008 and was used for scenatentification and
exploration with farmers, and in the laboratorye¢Sable 8.2 for characteristics of

these two models).

Table 8.2 Characteristics of the family of ageasdd models constructed durithg

ComMod process in the Lam Dome Yai case study.

Model name LDY-GIS LDY-RPG LDY BMM
To represent the whole study |To replay players' actions To assist model validation To fine tune the validation of
Objective area based on field survey during gaming session for through participatory the ABM and explore
discussion in plenary session |simulations scenarios
Source of spatial configuration Study area (GIS map) 11 farms like the game board 11 farms & ab_slracl spatial 4 farms & abs.tracl spatial
setting setting
R tati f di P Created randomly based on 11 households with their actual characteristics 4 archetypes of farm types A,
epresentation of diverse farms demography and farm types Band C
Cell size 400x400m (16 ha = 100 rai) 20x20m ( 0.04 ha = 0.25 rai)
Area displayed on interface (sq.km) 1680 1.92 1.44 0.45
Land use types 5 (paddies, other crops, 3 (paddies, water bodies and human settlement)
forest, water, settlement)
Tank size (sg.m.) 160,000 None 400 2,800- 9,600 (at random)
. Ponding tank proces, Infiltration - None Infiltration - Plant-soil system water
Hydrological 9 P evapotranspiration - run-off evapotranspiration - run-off outflow & run-off
features and N N
processes Water storage tank Evaporation & run-off None Evaporation & run-off
Root zone tank Percolation None Percolation None
Subsoil tank Discharge None Discharge None
Time step (days) 1 7 1
Covers all main land use Easy to understand as all Fully autonomous agents &  |Enough to represent the
types with actual location in settings are same than in the |representation of space, system and stimulate
Strengths - J N X ”
the study area. game. calendar, water levels similar |discussion to identify
than in the game. scenarios & to explore them.
Cell size too large to Cannot accomodate changes |Participants focus on specific |Most abstract spatial settings
represent land use at farm as data directly fed from the |situation of their own farm with simple water balance
Weaknesses . - b .
level. Slow simulations. game to the simulator. displayed on screen and do  |assessment.
not discuss the simulations.
Use in simulation workshops (date) No 20-21 April 2006 24 April 2007 13-14 May 2008
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Figure 8.10 Evolution of the spatial configuratiook the main interface of the
successive computer models in the Lam Dome Yai sas#y: from singularity to

abstraction.
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Another major difference between the first ABM ahe final BMM model
was the adoption of a simpler hydrological moddlbe representation of complex
hydrological processes related to the water balanseil, such as evapotransipation,
infiltration, percolation, and diffusion that wedeveloped to precisely simulate the
availability of water in paddy fields and ponds am initial model were finally
discarded. | took this decision to keep the BMM eilagaks simple as possible. | also
had difficulty in making these hydrological processtransparent to participating
farmers in the co-designed modelling process. Mareo during this long
collaborative modelling process, it was found tlaamers decide what action should
be taken mainly by observing the daily rainfall ditions. As a result, this complex
hydrological module was replaced by a unique patante remove 10 mm of water
as daily outflow from a paddy field (See detailghe description of the BMM model
in chapter 10). However, | retained two virtual fgldgical surface tanks (ponding
tank in paddies and water storage tank in pondptrate the run-off and evaporation
processes. Another important outcome of this coliative modelling experiment was
the various types of effects generated by the Codhlslctivities on this sample of
participating farmers and their social network. ifhenowledge acquisition, and
changes in perceptions, decision-making, behavjcaumd actions, were monitored
and evaluated under the ComMod monitoring and ewal activities. The details of
all results generated by this specific ComMod psscare provided below in a

specific chapter on the assessment of ComMod’stsffe
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PART 3 RESULTS

CHAPTER 9
THE THREE ROLE-PLAYING GAMES IMPLEMENTED
IN LAM DOME YAI WATERSHED

Role-Playing Games (RPG) are an interactive toolstipport knowledge
sharing through simulated action and dialogue; tiatulation might, in effect,
influence action and practice in actual circumstan{Daniels and Walker, 1996).
Participants assume certain roles and determinie dlicions based on their roles
within the rules designed in a game. For the pwepad research, RPGs can be used
to synthesize stakeholders’ (as ‘game players’¢gmrons when they interact freely
with each other under a given set of assigned geomslitions. Both the game
organisers and players can learn from each othguch an interactive pattern (Hare,
Heeb et al., 2002).

Games are certainly simpler than reality, but gaman simulate some
complexity, which is partly controlled and thus da@ studied (Barreteau, 2003a).
Simplified representations of complex systems emgrgrom a multiplicity of
interactions between social and ecological procease useful in that they can help
us better understand complexity (Barreteau, Le Ragal., 2007). Within games,
players behave as they do in reality. They makeécesowithin contexts and in roles,
bringing with them their own habits and strategiBise key goals of using RPGs in
this study was to enhance interactions among pdaged to provide support for an
ABM design and analysis leading to better undedstaof the real world system.

The RPGs used for the purposes of this study cadefieed as a kind of
model representing a part of an RLR ecosystem, avithcus on interactions between
land & water use and labour migration. During thRIeG sessions implemented in
this study, the relationship between the reseaamtand participants was promoted
through interactive knowledge sharing activities.ithVmore transparent RPG
structures and rules for the stakeholders, the RM€8 also a tool used to facilitate
the knowledge exchange among players. At the same the initial conceptual
model representing the system under study waslettias a result of the knowledge

generated from the RPG sessions leading to theoveprent of an ABM.
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In order to understand better the RPGs implemenitedhis study, a
background to the Overviews-Design concepts-Det{@BD) protocol is provided
below. Moreover, the Unified Modelling Language (UMliagrams used to represent
the conceptual model of the RPGs are also presemtescriptions of the three

successive RPG sessions implemented in this stedyan provided.
9.1. Materials and Methods

9.1.1. Overviews-Design Concepts-Details (ODD)tévol
The ODD protocol was developed by a group of medelto be the standard format
for describing an Individual-based Model (IBM). Hever, it is also possible to use
this protocol to describe any bottom-up simulatinadel such as ABMs and RPGs
(Grimm, Berger et al., 2006). Three blocks of eletaewithin the protocol were
defined: Overviews, Design concepts and Details.

The aim of the Overviews block is to provide suéitt information about the
model to readers so that they would be able tan@ement the skeleton of the
model. This block has three elements: (i) Purp@eState variables and scales, and
(iif) Process overview and scheduling. First, thepose of the model is to inform
readers what is to be done with the model. Thes statiables and scales outline the
structure of the model, specifying all types ofitegg and their low-level state
variables® in the model. The spatial and temporal scales uséde model are also
covered in the Overviews block. The process andduding section are described by
listing all the processes that occur in the moael how they are scheduled (Polhill,
Parker et al., 2008).

The Design concepts block deals with a wide ranighigh-level concepts
related to the field of Complex Adaptive SystemsA8} such as emergence,
adaptation, fitness (objective), interaction, sastltity, and observation etc.

The Details block aims to describe key entitiegcpss and scheduling in
detail so that the model can be completely re-pteduThe Details block has three
elements: (i) Initialization, (ii) Inputs, andijiiSubmodels. The initialization deals

with how the environment and the individuals areated at the start of a simulation

14| ow-level state variables cannot be deduced fréimerostate variables because they are elementary
properties of model entities. For example, indialdumight be characterized by age, gender, location
etc.
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run. Environmental and economic conditions sucprasipitation and product prices
that influence all entities in the model are coastdl as “inputs”. All submodels
representing the processes listed above in “Prooeses/iew and scheduling” are
presented and explained in detail. Additionally, reasommended by some ABM
modelers (Le Page and Bommel, 2005; Richiardi, Lsromi et al., 2006), Unified
Modelling Language (UML) diagrams are complemehtaused with the ODD

protocol.

9.1.2. Unified Modelling Language (UML) Diagrams
The UML is a family of graphical notations useddiescribing and designing object-
oriented data modelling (Pukdeewatanakul and Komkl@005). Most UML tools
are intended for an audience who will translateUMy diagrams into programming
code, and most UML tools do not offer support foteeing simple data to validate a
data model (Schank and Hamel, 2004). The UML aassified into structural and
dynamic diagrams.

Among structural diagrams, the static UML classghan is always
implemented to display the structure and relatigngfmong components within a
system (Fowler, 2004). The dynamic diagrams dispheyactivities of objects in a
system. It reveals the dynamic of the system. Twalk of dynamic diagrams are
often used for this purpose: activity and sequahagrams. The activity diagram is
used to model computations and workflows of an @bjelhe sequence diagram is
used to display an interaction, as a two-dimensiarart, between a vertical
dimension showing time (the lifeline) and a horitadrdimension showing interacting
objects (Rumbaugh et al., 1999).

UML class diagrams are used to show the structirehe model, thus
completing the static representation in the Ovevsieof ODD protocol; UML
sequence diagrams are used to elucidate the progeessew and scheduling. In this
case study, these diagrams were produced to reprédse conceptual model to
implement an ABM. As a result, the diagrams aredomplicated to design a simple
game. They were simplified to sufficiently covee thpecific objectives of each RPG

implementation.
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9.2. Description of the Successive Role-Playing Gasi Used in This ComMod

Experiment
9.2.1. The First RPG Session

9.2.1.1. Overviews

The purpose of the first RPG session was to vaiddte research team’s
understanding of land/water use and labour managgearethe different farm types,
and to train assistants to prepare and run ComMad Wworkshops. This RPG was
structured by four main groups of entities: spagiaup (2D game board), operators
(moderator, job broker and market manager), pasgk@up (annual rainfall
conditions and map of Thailand), and player as showthe UML class diagram
(Figure 9.1).

Low state variables were rice production cost{@,baht per ha) and daily
labour cost. Daily labour cost for hired workersnfr other villages at transplanting
was 250 baht per person, and 300 baht per persoanatsting, as indicated by Ban
Mak Mai farmers. The five main steps of the ganeeendesigned to correspond with
as many key stages of the rice-production cycledisglayed in Figure 9.2. Four
successive crop years were played. The gaming ssceed scheduling were driven
by the change of events operated by the moderatgshawn in the UML sequence
diagram (Figure 9.3).

9.2.1.2. Design Concepts
The players’ adaptation had to be observed wherndahedry year card was drawn as
the players may change the respective sizes ahglig and non-glutinous rice areas.
The lower rice yields and low incomes were desigimethe very dry year, and thus
more migrant workers were expected to generate mmome and compensate the
rice production losses through off-farm employmenie interaction among the
players across households had also to be obserhe whe players looked for

additional farm workers during transplanting andvkating periods.
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2D Game Board < allocate rice areas for early and late-maturing varieties
N
m;ll rice
Paddy Feld Pond
< hire extra workers from other village
R =@  <send some members to work outside village Player 1 perform> 1 Role
< allocate migrant workers T

Figure 9.1 The first RPG conceptual model in a Ublass diagram displaying key
entities and their relationships.

Draw rainfall
& allocate
rice areas

Step 1
Step 3

Gaming session:
3 wet years + 1 very dry year

Step 5
. Compute
__household income
=T

at market deskI

Figure 9.2 The five successive steps in the fiRGR
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moderator ‘Qlayer‘ ‘ZDgame board ‘ ‘mpofThailand ‘ ‘other players ‘ ‘iob broker ‘ ‘market‘

1: annouce "rice cycle begins': a player draw ad annual rainfall conditions card

2: decide rice areas for parly and Iatg—nﬁaturing varieties
3: announce: "time to transplapt fice" ;

4: get remi&ance and decide to call back migrant workers or not?

ate return migrénts 'H

6: decide to hire labour in village

5:

=4

».

7: decide to hire labour outside villag;H

8: allow players to migrate

©

;| decide to send: migrant workers outside village and payimigration fee

10: locate migrant workers

»

ce"

11: announce:"time to harvest

12: decide to call back migrant workers

13: lgcate return E]T ants

14: decide to hire labour in village

.

»

15: decide to hire labour outside village

16: announce: "dry season begins"”

.

17: decide to send migrant workers outside village and pay migration fee

18: sell rice 'H

e

Figure 9.3 UML sequence diagram of the first RR@wEng the successive activities

implemented by the different game entities throwglzocrop year.

The stochasticity was predefined for two annuaifaii conditions (wet and
very dry), and three chance cards that stipulabedl¢vel of wage received (low,
moderate or high). These wage level chance cards designed to take into account

the risk of varying economic returns on migratié¢nlow wage card led to a low



202

remittance later on. The rainfall and wage variabiere drawn by players during the
gaming session. The diversity of farmer types waeen into account when two
villages were assigned into groupings of five adh®useholds respectively in the

gaming sessian
9.2.1.3. Details

Initialization

The initialization had five households in village and six households in
village 2. Each household had different means oflpction as specified in Table 9.1.
One household had two players. There was no tyfer@er in village 1 because a
sub-type C1 farmer did not come. The gaming sesstarted; the players allocated
family members to be on-farm workers on a 2D gawerd) and migrant workers on
a map of Thailand. The gaming room was set as showigure 9.4. The players in

each village were separately located on the plapershes.

Table 9.1 Players’ characteristics at initialinati

Village | Player | Farmtype | Farm land area (ha) Farm pond (m®) Household size

1 Al 1.6 no farm pond 3

; 2 Al 2.6 300 6
& 3 A3 3.2 1,350 4

> 4 B1 9.0 2,400 6

5 C2 8.8 3,840 5

6 Al 2.4 144 5

~ 7 A2 3.2 500 5

% 8 A2 1.6 158 4

E 9 A3 4.8 240 8
10 A3 4.0 450 9

11 B2 6.7 2,200 5

Inputs

Wet and very dry conditions were annual climatiputs. The sale price of
glutinous and non-glutinous (8 baht per kg for miutinous KDML 105 variety) at

market was based on information obtained from |éaahers.
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L

Job
broker
desk

Two 2-D game boards
representing two villages

Players’ benches i I

Market

desk j
1) -

&

Video recorder

1

Map of Thailand

Figure 9.4 Setting of gaming room for first RPGssa&s on 9-10 July 2005 at Ban

Mak Mai school, Det Udom district, Ubon Ratchatharavince.

Submodels

The submodels correspond to the five main stegpgepl by participants during

one round of play in the session (Figure 9.2)his RPG session, the annual rainfall

conditions card was drawn by a player at the beggaof each crop year.

Allocation of rice areas

Players allocated the size of their paddies fotigbws and non-glutinous rice. A

game assistant recorded each player’'s decisiomsrmtepad (one game assistant per

two players; see Figure 9.5).
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Figure 9.5 The first RPG gaming session on 9-19 4005 at Ban Mak Mai school,
Det Udom district, Ubon Ratchathani provinGep left: a player drawing an annual
rainfall condition cardTop right: the 2D game board to allocate rice areas and on-
farm workers.Bottom left: a game assistant locating migrant workers on map.
Bottom right: players’ decisions recorded by game assistan&iokers and pasted

on the players’ notepads

Labour at transplanting and receiving remittance
The moderator announced that it was time to tramsplTo manage labour, players
were allowed to contact other players to get aolo#i farm workers if needed. |If
none of them was available, players who needed éxirour had to hire labour from
other villages at the job broker desk. Once a pldygshed managing labour for
transplanting, he/she went to the job broker desketeive remittance if there were

migrant workers in his/her household (Figure 9.6).
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Figure 9.6 The first RPG session on 9-10 July 280Ban Mak Mai school, Det
Udom district, Ubon Ratchathani provindgp left: a player receiving remittance at
the job broker deskjop right: Excel spreadsheet operated by the job broker to
manage labour and compute remittance and migrdées. Bottom left: a player
selling rice at the market desBottom right: Excel spreadsheet operated by the

market manager to compute income generated fragrsates.

Transplanting rice, and allocating on- and offafdabour
After completing transplanting during this stepaydrs were able to allocate their
members to work outside the village via the jobklerodesk. The players were also
supposed to pay migration fees (travel and jobiegidn costs etc.) if they decided
to send someone to work outside of the village, thig minor step was missing
during the gaming session. The players then hatesmgnate a receiving destination
for each migrant worker, and draw a wage level caarard. All decisions and cards
drawn were recorded in a pre-designed Excel spheatisised by the job broker (see

in Figure 9.6).
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Labour at harvest and paying migration fees taojatker
Labour management at harvest was similar to thesplanting stage. At the end of
the harvesting, the players were able to allocatenbers who wanted to migrate at
the job broker desk. The migration fee was paid anehge level card was drawn if
someone in a household decided to migrate. Allsi@es were recorded in the job

broker Excel spreadsheet (Figure 9.6).

Computing household income at market desk
Rice yields were computed according to the rain€alhditions in a pre-designed
Excel spreadsheet used at the market desk (seegureF9.6). Rice yield was
2.5 t-ha'in a wet year and 1.8 t-ian a very dry year. Based on individual harvested
rice areas, different data for total rice produaaste given to each player, and he/she
had to decide how much rice they wanted to se¢h@imarket desk. Fake money was
paid to players for rice sales. All data were kigpthe market Excel spreadsheet.

After all players had completed the sale of thie,ra new crop year could begin.

9.2.1.4. Results from the First RPG Session

The diversity of farming systems plays a major riolanaintaining the local labour

market since different farm types have differerdp@ing calendars and farm sizes.
Due to their small paddies, type A farmers can deteptheir transplanting and

harvesting faster, and are thus able to be hirethéy neighbours. In the gaming
session, it was found that interactions betweegeland small farm players occurred
when they had to negotiate labour costs. The pdaipetonging to type A farmers

(small holders) were hired by the players belongmd@arm type B who had a high

farm size per labour ratio. With this available éoyment opportunity, a few of the

farm type A players decided to migrate after trdansjing had been completed.

The farm type C player managed his family labouhwut hiring extra farm
workers when rice was produced. His strategy wagrtov various rice varieties.
According to the different agronomic traits of eaate variety, the harvest time is
different. The type C player distributed his famigbour accordingly. Permanent
migration was found in type B and C farming housefid=ven though the payment
of migration fees after transplanting was not seted, those players said that this
missing minor step did not affect their migraticecision.
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Players’ adaptation under different climatic condits: change of rice area
allocation, number of migrants and migratory patter

Regarding rice production in relation to climationditions across the farm
types, players did not change the proportions @if tijlutinous and non-glutinous rice
paddies when playing in the wet year condition.ciSa change was observed when

the very dry year card was drawn in the fourth y&agure 9.7).

ha

Glutinousrice | Non-glutinousrice Glutinousrice | Non-glutinousrice

Wetyear Very dry year

| OFarmtype A FarmtypeB BFarmtypeC |

Figure 9.7 Amount of area allocated to differane varieties in relation to climatic

conditions across farm types in the first RPG sessn 9-10 July 2005.

More glutinous rice for consumption was planted &®$ non-glutinous rice
for sale as a general strategy to reduce the fiskaught on rice productivity and
household food security. The priority of these play who are of Thai-Lao ethnicity,
is to secure family food stocks if they believetthee yields may not be enough as a
result of drought for example. However, only th@eyC player decreased both
glutinous and non-glutinous rice-growing areas. HWinore market oriented
objectives, the type C player usually sells bote warieties. When facing very dry
years, both varieties were produced less to mir@rthe risk of productivity loss, but

the glutinous rice produced was still enough feonifg consumption.
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Regarding labour migratory patterns in relatiorclinatic conditions across
the farm types, all participating farmers decidedgé¢nd their members to work more
in the very dry year because of inadequate wataitadility for farming (Figure 9.8).
In this situation, the players lost their incomea@gted from rice sales. Thus, the off-
farm income from migrant workers was needed to amepte income lossekype A
players indicated that they recalled seasonal migneorkers to help produce rice

because of the financial burdens of hiring addéldabour.
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Figure 9.8 Number of migrant workers categorizedbgratory patterns in different

annual climatic conditions across farm type infirst RPG session.

Because type B players had higher land per lakatio, none of their family
members were migrant workers in the wet year cammdit The migratory pattern was
more-permanent on farm type C as migrant workedsndit return to help family
during the rice production cycle. However, a seabongrant belonging to the type C
player was found in the very dry year, a year incitthe player had no permanent
migrants. The player explained that this was bgedbe permanent migrant worked
aboard and it was the end of a 3-year working eshtHe had to return home in the

very dry year, so he decided to seasonally migaigork in non-farm sectors. This
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reflected the fact that the participating farmelaypd the game according to what
they would actually do in reality.

The results from this RPG were used to enrich dhginal conceptual
diagram. Based on the modified conceptual diagramgrototype ABM was
constructed to represent stakeholders’ decisionimggikrocesses. During the plenary
session, the players suggested to have anothesshapkwith new types of players:
migrants returning home during the Thai New YeaR@06. Besides that, variations
in water availability (prolonged drought and watesource improvements) were not
explicitly introduced in the first RPG session. Bezond RPG session was organized
to investigate the impact of variations in watemi&@bility on players’ farm and
labour management decision-making processes ancbrsequently improve the
conceptual model. The participants’ requests wis@taken into account.

9.2.2. The Second RPG Session

9.2.2.1. Overviews

The purpose of the second RPG session was to [gata the research team’s
understanding of land/water use and labour managiewiéh a new migrant player,
and (ii) investigate the players’ decision-makinggesses under two successive very
dry years, and irrigation canal scenarios. Theestatriables and scale, as well as
process and scheduling was similar to that of iis¢ RPG. This time, a sequence of
six successive rounds of play with different rainfanditions was performed: a first
wet year, followed by two successive very dry yeamsl then a wet year, followed by

a dry and very dry year with access to an irrigattianal respectively.

9.2.2.2. Design Concepts
The design concepts were also similar to that ef ghevious RPG. To take into
account the unpredictability of rainfall conditigresrainfall card was drawn after the
players had already allocated rice areas for eadety. The purpose was to observe
how players managed unpredictable rainfall cond#iafter allocating rice areas. The
number of migrant workers was expected to decreasthe players adapted their
farming strategies to produce more farm commoditidgen the irrigation canal

scenarios were played.
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9.2.2.3. Detalls
Initialization, inputs and submodels were not ddfe from that of the first RPG. For
the irrigation scenario, an irrigation canal wassented, and | presumed that the
water was always available for the players.

9.2.2.4. Results from the Second RPG Session

This participatory modelling workshop was organized 20-21 April 2006 after a
period of prolonged drought (2004-2005 crop yebfdpst of the village’s migrant
workers did not return since RLR production coudd start. Thus, only one returned
migrant could join this workshop. The returned raigr player's farm and labour
management decisions were not different from dessmade by his parents who had
participated in the first RPG session. He explhirieat the farm and labour
management decisions were usually made with thet iop household members. In
particular, it was a collective agreement if someean his family was sent to work
outside of the village.

Unlike the first RPG session, rice areas allatdte each variety were not
different in the first wet year and in the secoraywdry crop year of the second RPG
session. However, similar rice area allocatiothet of the very dry year of the first
RPG session was found in the subsequent very duy(tldrd year of the second RPG
session). The players explained that they wouldbeoable to adjust rice areas to fit
the very dry conditions of the second year playker dhe rainfall card was drawn
because the nursery was already established.drtaélse, it was thought that a second
nursery establishment would be needed if the eesllings died as a consequence of
the drought. But once they experienced the unfaldarconditions, they adjusted
their rice areas in the following year (forth yedirthe second RPG session) to grow
more glutinous but less non-glutinous rice. Thesoea given for this course of action
were the same as those of the first RPG session.

The introduction of an irrigation canal in the Hiftand sixth crop years
stimulated the players to think more about the ojpities of growing cash crops
and vegetables in the dry season. The resultsifisEgure 9.9) show that type A
players were the most responsive users under ¢bisasio, growing vegetable crops

after rice. Farm type B and C players became mespansive in the sixth year
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because they had observed that more dry-seasos wesp produced by other players
in the fifth crop year. However, they could notmilaheir desired amount of dry-
season crops because the main source of laboulystygpe A farmers, was actively
engaged. Thus, the improvement of water infrastrecelone may not efficiently
support all farmers in their attempts to intensifgir farm production because it may

induce problems of labour scarcity.
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Figure 9.9 Average dry season crop area across tigres after the irrigation canal
scenarios were played in th& and &' crop years in the gaming session on 20-21
April 2006.

The number of migrant workers also decreased whenirrigation canal
scenarios were played (Figure 9.10). This was lsalayers needed farm workers
once they decided to produce more farm goods (abtet, cash crops etc.) in the dry
season. The type C player had no migrants in thetfoear because migrant workers
returned home after their job contracts abroad @nBeat a member decided to sign
another work contract and migrate to work in théhfiyear. The game rules were

slightly modified: the wage level chance card wasaoved in the irrigation scenario
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gaming sessions because the players did not taferedit wage levels into

consideration when deciding to migrate.
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Figure 9.10 Number of migrant workers categorizgdnfigratory patterns across
farm types under different water availability camahs in the second gaming session
on 20-21 April 2006.

During the individual interviews, players askedréplace the irrigation canal
with farm ponds and artesian wells; this was cargid to be a more feasible, realistic
water improvement scheme for their village. Broadual rainfall conditions did not
allow the research team to investigate the dynarofc®ach main rice-growing
activity, especially the players’ water use stratelg actual circumstances, rainfall
distribution is more important than its total volerbecause the players make timely
decisions under current rainfall conditions as teew a given activity should be
performed. | also found difficulty in validating éhdecisions to use water from
players’ water sources to alleviate drought effecthis RPG session. Because of this
limitation of the initial gaming sessions, a new@®as designed to better represent
the interaction between water dynamics and farmagement (rice practices and

labour use).
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9.2.3. The Third RPG Session

9.2.3.1. Overviews
The purposes of the third RPG was to (i) to impramderstanding of players’ water
uses and labour migration strategies across farpestyunder different water
availability conditions, (ii) use that knowledgeitoprove agents’ water use rules in
the Lam Dome Yai model, and (iii) introduce play&ydearning through simulations
of scenarios prior to introducing full ABM simulatis. The game was designed to be
as simple as possible so that 11 households (3&nglacould play it with little help
from two game assistants. No Excel spreadsheetuses. Players directly recorded
their decisions on three pre-designed sheets: estgblishment, harvesting, and dry
season sheets respectively.

The size of a community pond was a new state mariat was 20 times larger
than a standard farm pond (1,266) iouilt by the ALRO, Ministry of Agriculture and
Cooperatives. All players were able to freely asagater from this community pond.
The three main steps of the game are shown in &i@uil. The process and
scheduling of the third gaming session is showrthe UML sequence diagram
(Figure 9.12). The game scheduling proceeded oreekhy basis. Weekly rainfall
conditions were displayed by pasting related picog on the calendar board;
players were asked what decision they made regaritiea production after looking at
the weekly rainfall conditions. Two scenarios wplayed as follows: (i) individual
farm ponds under a succession of wet, very dry digdyears respectively, and (i)

free access to a community pond in a dry yearvia@hb by a very dry year.

9.2.3.2. Design Concepts
Farm type A players were expected to adapt to m®@dnore farm goods during the
community pond scenarios. Fewer migrant workersevedso expected because of the
demand for more labour to produce more farm pradusice water was made
available. It was also expected that water shastrafegies would emerge during the

community pond scenario.
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Step 1: Rice crop
establishment

2 Gaming sessiong

Figure 9.11 The three main steps designed in ihg RPG.

9.2.3.3. Details

Initialization

Figure 9.13 shows the setting of the gaming rodm.promote knowledge

exchange, players were located around a table.plders from the second RPG

participated again in the third RPG session. Piaykew the sizes of their paddy

fields by painting glutinous rice areas red (earlgturing) and non-glutinous (late

maturing) rice areas black on the crop establistimsbreet, shown in Figure 9.14.

After all players had completed their drawings, thederator began to reveal rainfall

conditions week by week. The moderator explained ho draw water levels by
using a paddy and farm pond water levels bulletvard that depicted five
quantitative water levels with qualitative desaops in Thai (Figure 9.15). For
instance, the players drew the water level at bélthe pond’s volume (before

pumping) if they believed that there would be erfougter to be pumped to supply

their nursery.
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2: draw rice areas

3: paste weekly raipfall pictograms
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5: tick weeks that working in paddies (rice crgp |establishment stage)
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7: tigk weeks that water is gumped
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16: indicate dry season activities includin@ migration - L

Figure 9.12 UML sequence diagram of the third RIPGwing successive activities

among its entities throughout a crop year.



216

Public bulletin boards
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Figure 9.13 Setting of the gaming room for thediRPG on 10-11 October 2006 at

Ban Mak Mai community building, Det Udom distrittbon Ratchathani province.

Inputs

Weekly rainfall conditions shown as pictograms evpasted on the 52 week
calendar board (Figure 9.15). The amount of wegdilyfall quantity determined four
climatic conditions based on thresholds as showhRigure 9.16. These thresholds
were defined according to the average of 27 yehextal rainfall data in the wet
season (April to September) obtained from the magjimneteorological centre located
in Ubon Ratchathani province. Rainfall data in timg season was not used because
the rainfall quantity during the dry season is vl (almost zero). If it had been
used, the threshold values would have been too Based on climate records, three
years of actual rainfall data were selected: 19875 and 1989 to represent wet, dry
and very dry years respectively. To help playersnorize weekly rainfall conditions,

weekly rainfall pictograms were not removed frora talendar.
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Figure 9.14 Crop establishment sheets used to deaoplayer’'s decisions from
nursery establishment to transplantingop: a blank sheet.Bottom: a sheet

completed by a player.
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Figure 9.15 Bulletin boards used to provide infatiorato the playersJop: weekly
rainfall pictograms on a calendd@ottom: descriptions of water levels in pond (left)

and paddies (right) under different situations.
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Figure 9.16 Thresholds used to characterize weealtigatic conditions and

Pictogram used ‘

pictograms used in the game.
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Sub-models

Rice-crop establishment
Each simulated week, players were asked what traydvdo after weekly rainfall
conditions were announced. Once the players decm&ebrk in their paddies, they
had to indicate whether they wanted to use waten ftheir farm pond or not. If water
was pumped, a blue mark had to be made on thatgatalendar section of the crop
establishment sheet. Once the blue mark was drplayers needed to define water
levels in their pond and paddies before and aftateswwas pumped. The players
received small pieces of paper, which were calledtér level indicators”, so that
they could overlay a new “water level indicator” ¢ime previous one when they
decided to pump water more than one time. The rurobthe water level indicators
related to the blue marks in the calendar sectiah¢ating how many times a player
pumped water from the pond. If no water was usddlayers were working in their
paddies, a red mark was made (Figure 9.14). Andilaek mark was drawn in grey
boxes indicating that players hired labour in thatek.

Family workers were managed by the players wittgjg colour stickers for
each household. The light blue stickers are showfigure 9.14. One sticker was
equivalent to one worker. Players were able to birer players as extra labour. A
player who was hired had to paste his/her stickethé hired labour box of his/her
employer. If additional labour from other villagess hired, players had to manage
this situation through the job broker. Speciallstrs with two colours were used to

indicate labour from outside the village.

Rice harvesting
Similar procedures were used as above. Once pldgerded to harvest rice, they had
to indicate their working weeks by red marks, aefirg the source and number of
farm workers by using coloured stickers on the ésting sheet shown in Figure 9.17.
Players had to indicate how much water remaingtierfarm pond before harvesting
rice and estimate their rice production at the ehdrop year by pasting specific

stickers on the harvesting sheet.
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Figure 9.17 Harvesting sheet used to record a ptagecisions during rice harvest.
Top: blank sheetBottom: a sheet completed by a player.
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Dry season activity
The focus of this step was labour management and faoduction in the dry season.
Players were asked to allocate family labour ihte¢ categories: working in village,
migrating to the city, and just staying at homedaplayed in Figure 9.18. Players
who wished to produce farm goods indicated keyrmftion on the dry season sheet
(number of livestock heads, size of vegetable gaete.). At the completion of the
dry season activity, the moderator collected a# thecision-making sheets, and
started a new crop year. The same process and udicigedvas used for the
community pond scenario. However, instead of playire game individually, players
discussed how high the water level should be incttramunity pond. Players also

had to negotiate how to best use the water froncohn@nunity pond.
9.2.3.4. Results from the Third RPG Session

Water use strategies across farm types

Figure 9.19 shows the frequency of water pumporgss farm types, with the
exception of the sub-type Al players who did natehtarm ponds. The sub-type A2
players conserved water in individual farm pondsnitigate possible drought effects
on rice-seedlings. Less frequent water pumping ffamm ponds among the sub-type
A2 players was also noticed. However this was hetdase for sub-type A3 players.
Farmers belonging to this sub-type, by and largeghess water constraints in reality
than other type A farmers. This sub-type A3 player, instance, has farm land
located in lower paddies, where water is ample ghdo be used more often in the
dry and very dry year. How sub-type A3 players pthyhe game reflected their
actual practices. Consequently, type A farmersewase strategies varied depending
on where their paddy fields are actually locatedeality and the water availability

typically available in those locations.
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Figure 9.18 Dry season sheet used to record amdagecisions after rice harvest.
Top: blank sheetBottom: a sheet completed by a player.
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Figure 9.19 Water pumping from farm ponds acrassiftypes in relation to climatic
conditions during rice crop establishment (April August) in the third gaming
session on 10-11 October 2006.

Farm type B and C players used water from themfponds more frequently
to grow healthy rice seedlings no matter what fhmeatic conditions were. However,
the results from the very dry year shows that wet@s pumped on fewer occasions
than for type A players. This was because the &mnd C players had to manage
large paddy fields and diversified non- rice farmoqucts. They had to use water
carefully to ensure that they would have enoughteir farm production.

During the gaming session, it was observed thayges directly discussing
with each other what water levels would be requigedthe paddies and pond once
deciding to establish a rice nursery. The desaoniptf water levels on the paddy and
farm pond bulletin board helped the players to meitge what water level they had to
draw on the decision-making sheets.
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Different decision-making processes in the indigidand community pond scenarios
Figure 9.20 shows the results of the individuahfgponds compared to a new
water infrastructure, a community pond. In the wdlial farm pond scenario, the
water use strategies were different across farrastyghich lead to different patterns
of rice crop establishment. The farm type B and I&ygrs who had less water
constraints than type A players decided to estalaliaursery earlier, even in the very
dry year. In the community pond scenatrio, all ptayhad to discuss their perceptions
of the water level at the time (simulated weekiy)l @ollectively agree upon pumping
water from the community pondlmost all of the players decided to use water at
almost the same time. This was because they weail dlfiat there would be no water

left for them in the subsequent crop year.
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Figure 9.20 Water pumping from farm ponds and wagkin paddies over the weeks
and months across farm types for the two scenafims, individual pond use in the

very dry year scenari@ottom: community pond use in the very dry year scenario.

Nonetheless, three type A players decided to pwatpr one week after other

players (they all discussed that move before geliis their decision). Because they
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had small areas of land (less than 3.2 ha), theget less water to grow rice. They
also wanted to be hired by their neighbours bestagting their rice production so
that they would have additional cash to spend eir tite production. This confirmed
my preliminary findings that type A farmers congelk wage as an important source
of income, and that they are a key source of Habdur in this village.

The improved water availability through a communppnd seemed to
stimulate more dry-season crop cultivations fomfdype A and B players (Figure
9.21). But smaller production areas were observedng type B players, a situation
brought about by labour constraints. Only the tgpelayer perceived that water in
the community pond would not be enough to produgesdason crops. The risk of
growing dry-season crops with an inadequate wateplg was too high, and he was
simply not interested. Besides, he receives a heghttance from migrant workers.
There is no financial pressure, especially the yeyat of debts, pushing him to

produce more farm commodities in the dry season.
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Figure 9.21 Average dry season crop area acrosstigues after the community pond

scenario was played in the third gaming sessiohahl October 2006.
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By the end of the third RPG session, farmers asleuged that it was easy
for them to relate the simulated games to thetyealitheir situations, mainly because
of the delivery of weekly rainfall information. r8ie the local farmers have
experienced being participants in the “player-bagedilations” of the RPG sessions,
they are expected to be able and comfortable fatigwand discussing computer
simulations; they will be able to relate the “agbased simulations” with their
experiencesHowever, the weekly time step controlled by the sratbr through the
announcement of weekly rainfall was still too brdastxamine participating farmers’
decision-making processes because they make decigdogrow rice in relation to
labour and water availability on a daily basis. tRarmore, the standard calendar
based on the solar (western) system was not easlgem to follow because they are
accustomed to using the traditional one based erluhar system. These concerns
were taken into account when building the ABM. dreate better communication,
this calendar needs to be modified to the lunaresyswhich is traditionally used by
local farmers. To efficiently investigate the demis and actions of local rice farmers,
the weekly time step has to be replaced by a diailg step. However, the daily time
step could limit the use of an RPG because the RB@d be too detailed, taking a
very long time to play out. An ABM might be a praimg tool to overcome this

limitation.
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CHAPTER 10
THE BAN MAK MAI AGENT-BASED MODEL

An ABM is a computational model that allows for thienulation of actions
operated by autonomous entities (called “agentstgractions among multiple agents
and between the agents, and the virtual environwhete they are located. From
components interacting at the lower (micro) levélao MAS, system properties
emerge at a higher (meso) level. Individual agemtgse knowledge and perceptions
are limited, are presumed to be acting according/tat they perceive as being in
their own interest (Axtell, Andrews et al., 2008gents in an ABM may experience
learning, adaptation, and reproduction (Bonabe@01p

In the field of computer science, the research gkSMefers to game theory,
complex systems, computational sociology and ewmiaty programming. The idea
of agent-based modelling was developed as a relgtsimple concept in the late
1940s since it required computation-intensive pdaces (Gilbert, 2008). A further
step was made when the mathematician John Conwegdirced the well-known
‘Game of Life’ operated by tremendously simple sule a virtual world in the form
of a 2-dimensional checkerboard (Conway, 1970).

ABMs are nowadays widely used to investigate hasidmicro mechanisms
generate macro structures (Epstein and Axtell, 199%ith such a perspective,
relations and descriptions of general/system vhagalare replaced by an explicit
representation of the micro features of a systemallys considered in a discrete
space-time (Gross and Strand, 2000).

The BanMakMai (BMM model) ABM was developed withettCORMAS
(Common-pool Resources and Multi-Agent Systémsplatform, which was
specifically developed to deal with renewable reseumanagement. It uses
Smalltalk object-oriented language under the VISWXDRKS environment
(Bousquet, Bakam et al., 1998; Green Research Poit3). CORMAS provides the
developer with a built-in facility that includessat of pre-existing entities and agent
control procedures, and different types of intezfe visualize simulation results.

Through the above mentioned collaborative modglipmocess, the BMM

model was co-constructed to achieve a representafithe reference domain shared

5 CORMAS and source code of BMM model are availalettp://cormas.cirad.fr.
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by all the participants in the modelling processjuding researchers. A sense of co-
ownership of the BMM model therefore emerged assult of the collaborative
model construction process. The description ofBM8M model, and its verification
and validation are presented in this chapter.

10.1. The Challenge of Describing an ABM

Describing the implementation of an ABM is oftamtbersome: its structure,
characterized by intertwined interactions and hdsed algorithms, is difficult to
unfold. Compared to traditional equation-based ngdeBMs are undoubtedly more
difficult to describe, communicate and analyze ditranal equation-based models are
easy to communicate because they are formulatéteimnambiguous and universal
language of mathematics. Unlike mathematical modsmputer simulation models
such as ABMs have no standard language or protémolcommunication, so
published descriptions of ABMs are often hard tadreincomplete, ambiguous
(without clear indication of rules and schedules)] therefore less accessible (Grimm
and Railsback, 2005). Consequently, to reproduceABM from its published
description remains problematic (Hales, Rouchieraket 2003), which seriously
guestions the scientific status of such tools.

To help readers understand the structure of ABMseneasily, and enable
them to re-implement such types of models, a stanpgieotocol entitled Overviews-
Design concepts-Details (ODD) has been proposedther description of both
individual-based models (IBMs) and ABMs (Grimm &t 2006). IBMs differ from
ABMs in that they generally model non-human erditimteracting within an
ecological system (Grimm et al., 2005), while ABM#&en model human actors
making decisions (Gilbert and Troitzsch, 1999).e Tescription of the BanMakMai
ABM below is, hence, based on the ODD protocol.
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10.2. Description of the BMM Model

10.2.1. Overview of the BanMakMai Agent-Based Mode

The first purpose of the BMM model is to inform deas about what is to be done
with the model. Then, the low level state variailes all entities (see Table 10.1)
and the spatial and temporal scales outline thestsire of the model. A UML class
diagram showing the structure of the ABM compldtes static representation (see
Figure 10.1). Finally, all the processes that ocourthe model are listed and
indications about how they are scheduled are giwenUML sequence diagram (see
Figure 10.4).

10.2.1.1. Purpose of the BMM model
The BMM model is a communication tool that is udsdscientists and local RLR
farmers to exchange knowledge about the interasto@miween land & water use and
labour migration in the RLR environment of lowerrth@ast Thailand and integrate

that knowledge into local practices.

10.2.1.2. State Variables and Scales
The BMM model is made of five key interacting emest Individual (Member),
Household, Village, Rice, and Water tanks. Indialdu(Members) and Households
are rule-based agents representing local rice farfnem Ban Mak Mai village. In
the BMM model, the heterogeneity of the householigregating member agents,
whose age, gender, marital status and migratioereqre are different, depicts the
diversity of existing farming households as theigseix reality.

The age of an individual (Member entity) influeadts labour status and role
(dependant, farmer, or migrant) while gender, rahgtatus and migration experience
influence an individual’'s decision to migrate ort.ndhe age and the migration
experience of an individual change over time. Fegaf.2 shows the relationship
between the age and labour status (role) of avishail. The performance (area per

day) of an individual performing the Farmer roleaatlepends on the individual’s age.

16 | ow level state variables cannot be deduced frttmerostate variables because they are elementary
properties of model entities. For example, indialdumight be characterized by age, gender, location
etc.
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The algorithm simulating the decision of an induadl member to switch its role to

migrant is described below in the “details” sectadrthis chapter.

Table 10.1 List of parameters classified by entigicating their default values and

sources.

Parameter Default value Unit Source & main tool used
Minimum age of farmer villagers 15|years Field workshop based on BMM
Maximum age of farmer villagers 65|years model in 2007
Minimum age of migrant villagers 17|years Authors' farm survey in 2004
Maximum age of migrant villagers 45|years
RLR transplanted area 0.16|ha/day
RLR harvested area 0.08|ha/day Field workshop based on BMM
RLR transplanted area by young farmers 0.16|ha/day model in 2007
RLR transplanted area by old farmers 0.08|ha/day
Age threshold for RLR transplanting 50|years
Beginning of RLR nursery establishment the Royal Ploughing Day|day Field workshop based on RPG1
Average annual net income per household 20,000|baht NSO, 2007
Average farm input cost excluding labour cost 20,000|baht/ha OAE, 2007
Average annual consumption expenditure 9,600|baht/per capita |NSO, 2007

Paddy for self-consumption 350|kg/person/year |Authors' farm survey in 2004
Daily rainfall threshold to initiate RLR nursery establishment 30/mm

Daily rainfall threshold to start transplanting 20/mm Field workshop based on RPG3
Daily rainfall threshold to stop harvest for one day 10/mm

Daily wage at RLR transplanting 120|baht/labour Field workshop based on BMM
Daily wage at RLR harvest 150|baht/labour model in 2008

Minimum daily rainfall of a wet day at nursery stage 10/mm Field workshop based on ABM2
Duration of dry spell for water stress to occur in RLR nurseries 12|day Field workshop based on ABM1
Average RLR paddy yield in Ubon Ratchathani province 1,970(kg/ha OAE, 2007

Age of RLR seedlings ready for transplanting 30(day Field workshop based on RPG1
Duration of transplanting after rice seedlings reach 30 days 21|day Field workshop based on ABM2

Last week to establish RLR nurseries

3 week of July

week

Last week for RLR transplanting

2" week of September

week

Field workshop based on RPG1

Starting date for harvesting of glutinous rice (RD6)

10" November

day

Starting date for harvesting of non-glutinous rice (KDML105)

21% November

day

Bureau of Rice Research and
Development, 1999

Maximum harvesting date to get high quality paddy

1% December

day

Field workshop based on BMM
model in 2007

plant system

Maximum harvesting date to get fair quality paddy 10" December|day
Farmgate price of high quality paddy 18|baht/kg
Farmgate price of fair quality paddy 12 |baht/kg Thai Rice Mills Association, 2008
Farmgate price of low quality paddy 9|baht/kg
Water quantity needed to establish a 0.04 ha RLR nursery 80|m’ Field workshop based on BMM
Water quantity needed to supply a 0.04 ha RLR nursery 40|m® model in 2007
Depth of water storage tanks (farm ponds) 3|m

Authors' farm survey in 2004
Height of ponding tanks (paddy fields) 20(cm
Minimum depth of water level needed in water storage tanks as 10]0% Field workshop based on RPG1
percentage of water storage tank depth
Daily volume of water deducted from a ponding tank by the soil- 10lmm BMM model calibration
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Age threshold of RLR transplanting
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Figure 10.2 Relationship between the age of inldiais and their labour status.

The Household entity, made of individual membessa key decision-maker
in the BMM model. All main RLR-producing activitiese decided at this entity level
by considering the need for and the availabilitynaiter whenever it is relevant (for
instance there are thresholds of daily rainfall start the nursery bed, to start
transplanting and to pause harvesting; see Tahlb).18tate variables embedded in
this entity include average farm input cost (usedthe calculation of income
generated from rice sales), average annual neteholds income (used in the
migration decision algorithm), and annual areaaufdy for self-consumption.

The Village entity is an aggregation of househalgents functioning as a
registration desk where all potential farm workars listed for hiring. The daily
wages for transplanting and harvesting rice are dbfined at this level. The Rice
entity comprises two photo-sensitive late-matunmageties: glutinous (RD6 variety)
for self-consumption, and non-glutinous (KDML105reg#y) rice for sale. The key
dates and durations related to the successive phafséhe RLR-based cropping
system (seedling stage, transplanting, harvestang)presented in Figure 10.3. For
instance rice seedlings can be transplanted omgeate 30 to 51 days old. After 51
days, the rice seedlings are too old for transpignt

The lack of water at critical points of the croppitalendar (establishment and
maintenance of nursery beds, start of transplantiesults in partial (maintenance of
nursery bed) or complete (establishment of nurgeny and start of transplanting)
failure. To facilitate the comparison of simulatisonenarios, the yield is set to a
constant value of 1,970 kg per ha (Office of Agitieral Economics, 2007). Three
different selling prices of late maturing rice &y are set to represent a delay
between maturity and harvest: the faster the hangess completed, the higher the
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quality of the paddy (see Table 10.1). The thrékemdint prices of rice also take into
account the effect of the duration of harvest andhality of paddy. The volumes of
water needed to establish a nursery and to aleeaay drought effects, and the time
constraints of rice-growing practices at each igcewth stage are also low level

variables (see details in Table 10.1).

April May [ June ] July August September October November December January February March

‘ Establish RLR nurgery

V77772 27 o

?x’z‘: Harvest glutinousirice RD 6

LS A

Harvest non-glutinous rice KPML105
H[ F P

Quality of paddy
H = High

F = Fair

P =Poor

Figure 10.3 Rainfed lowland rice (RLR) croppindecalar in the BMM model.

In the BMM model, Water tank entities are eithadgy field ponding tanks
(20 cm deep) or farm pond storage tanks (3 m déép.water level in the tanks is
updated on a daily basis by adding the rainfall ambtracting the evaporation read
from external data files (see below in the “inpsgction in this chapter). When the
water level exceeds the height of a water tankptleflowing water is shared among
the lower level neighbouring water tanks (run-ofBdditionally, an estimated
constant volume (10 mm per day) is subtracted filmenponding tanks to account for
water used by the soil-plant system. A minimum wé¢eel (estimated at 10% of
storage capacity) is needed in the ponds. Otheraviseusehold cannot operate the
irrigation function.

The spatial resolution was set to 0.04 ha (6mgan’, a traditional Thai
measurement of area), and is represented by é&lelsmallest homogeneous spatial
unit of the model) on the BMM interface. Elevati@nges from 97 to 133 meters and
represents a regular slope from lower to upper igaddo represent a typical portion
of a RLR ecosystem, 2 small (3.6 ha) and 2 largea/farms are plotted. Each farm
is made of a collection of paddy fields in sizesgiag from 0.28 to 0.96 ha.

The BMM model is a discrete time step model. Ayéine step was chosen
because in reality, participating rice farmers atljtheir decisions according to

climatic conditions on a daily basis. However, tong extent this model is also event-
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driven since occurrences of water stress duringntiveery stage trigger household
agents’ reactions. The time horizon was set to &s/¢o enable an assessment of
scenarios simulating diverse climatic situations&carried out while limiting the
impact of demographic change: within such a reddyivshort period of time, the
reproduction and mortality of individual memberdhieh are not the focus of this

model, are not taken into account.

10.2.1.3. Process Overview and Scheduling
A simple hydro-climatic process aggregating rainfavaporation, run-off and soil-
plant consumption is run on a daily basis to updhee water levels in all water
storage tanks and to determine water availabibtyrfce cropping. The operations
related to rice production are also considered dailg basis by the household agents.
Figure 10.4 shows the sequence of farming actss/iteoughout a crop year that was
set to start on the first of April. The key succesdarming activities are as follows:
establishment of RLR nurseries and production afdbegs, transplanting, and
harvesting. After RLR harvest, each household ade¥ the results of the rice
season. This updated household income and the noeesef dependants in the
household is taken into account when each memblkesmaigration decisions during

the dry season.

10.2.2. Design Concepts
This section intends to specify how concepts suchtachasticity, adaptation, fitness
(objective) and interactions are addressed in thdvVBmodel. The BMM model is
purely deterministic. Randomness would be incoremy confusing when the main
objective of the model is to enhance communicatimong participants.

Household agents are able to memorize daily rhiodaditions and therefore
detect the occurrence of water stress in nurseviesn the last effective rainfall
occurred more than 12 days ago. Additionally, imeagient with the objective of
managing rice production and paddy quality, houkklagents adapt to labour
constraints and can hire extra farm workers atspkamting and harvesting if needed

(they are able to anticipate the need).
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household member rice ’ paddies ‘ ’village ‘ ’ city ‘

1: establish nurseries

_,__2: activate rice growing cycle

3: rice seedlings are 30 day old

4 call back seasonal migrants

. seasonal migrants return home

6: transplant rice seedlings

.

7: hire extra farmworkers if needed .

8: rice seedlings are transplanted 'H

9: change rice-growing stage from seedling to grovith and development

10: rice is ripe (rice growing stage:change to mature)

11: harvest rice

12: hire extra farny workers if needed =

N

13: rice is completely harvested

14: calculate household income H

15: provide updated household data (income, number of dependents)

16: make migration decision

17: do not migrate

v

18: migrate

v

19: update members'iage and migration experience

Figure 10.4 Scheduling of the BMM model operatidosng a crop year represented

by a UML sequence diagram.
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The BMM model integrates three aggregated socgadel$s: individual,
household, and village. A list of farm workers dable for hiring is updated at the
village level, and made accessible to all houselagdnts. The household agents
directly interact in the process of hiring extrenfiaworkers.

Observation of visual outputs is an essential ufeatof collaborative
modelling: for the farmers to be able to comforyafllow a simulation, a set of
specific interfaces were developed. To facilitdte tnderstanding of the chronology
of a simulation, an interface depicting the trawmhiil calendar was displayed week
after week with the corresponding rainfall disttibn (Figure 10.5). It also displays
the dates of key ceremonies used as milestonetebyatmers, such as the Royal
ploughing ceremony in early May and the Thai NewatYen the 18 of April.
Rainfall information is also updated on a dailyibaslustrated in the right corner of
the simulation interface (close to household A2).

Water levels in farm ponds are also displayedhenBMM main interface to
facilitate discussion and assessment by particigatarmers (Figure 10.6). Other
types of spatial settings are constant, and arel tseindicate the role of their
occupants (dependant, farmer, or migrant) via tlse wof different coloured
pictograms.

To visualize what is happening at any time step efmulation in a way that
makes sense to the participating farmers, thefagemrepresenting the space includes
other elements. As shown in Figure 10.6, roaddarated at the highest elevation,
next to upper paddies, while lower paddies areectosa natural stream located at the
lowest elevation. Additionally, to allow for thesualization of the labour status of
individual members by deduction from their locaipmuman settlements are also
represented: one house per farm (location of deg@ndhembers), one village

(location of unoccupied farmers) and one city (tmraof migrants).
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Figure 10.5 Display of rainfall conditions on ailgéasis (left) and weekly basis

(right) on the BMM model main interface.
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Figure 10.6 Spatial configuration of the BMM modgpbresenting two small farms
(Al and A2) and two large farms (B and C) durirggriransplanting, and water level

in farm ponds updated daily during simulation run.

The visualization of paddy fields changes accordmghe stage reached by
the rice crop. For instance, during rice establishina light green colour indicates
fields planted to glutinous rice (RD6) while darkegn refers to non-glutinous rice
(KDML105). Once the rice is ripe, yellow is useditmlicate that it is ready to be
harvested. Each growth stage is associated withrelift colours on the simulation

interface at different times of the simulated cyer (Figure 10.7).
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a) Paddies at rice seedling stage b) Paddies at growing stage

c) Paddies at maturity stage d) Post-rice

Figure 10.7 Display of paddy fields on the BMM irfiéee during simulation of a rice

cropping year.

10.2.3. Details
The last part of the ODD protocol aims to provid®wgh details so that the model
can be re-produced from scratch. The details ampgd into three sections:

initialization, model input, and sub-models.

10.2.3.1. Initialization
As | experienced some difficulty in meeting the ralksl purpose when introducing
the 11 households and their actual means of prmfudparticipants were just
concerned with the household initialized in theituation, looking for perfect
similarities between the representation of thermfaand their actual conditions), a
simplified initialization to have only four virtudg&rms was designed. Two households
(Al and A2) represented type A farmers (the majaritfarming households found in
the study area) while types B and C were repredehte households B and C
respectively (see Figure 10.6 and Table 10.2). Béybe farm size, the land/labour
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ratio to represent each main farm type accordintp¢oresults of my on-farm survey
and farmer typology was taken into account. Theradtaristics of each individual
member were chosen to represent the heterogenfefgimily members living in a

household (Table 10.3). The initial water leveponds was set to 0 cm.

Table 10.2 Characteristics of simulated househafdisitialization.

Family labour
Farm size | Pond volume More- Family
Household (ha) (m?) Farmer Seasonal permanent dependent
migrant .
migrant
Al 3.3 no pond 3 1 0 2
A2 3.3 no pond 3 0 1 2
B 6.5 7,200 2 0 0 1
C 6.5 4,800 2 1 0 4
Table 10.3 Characteristics of individuals fromleaousehold at initialization.
Household Name Gender Age Marital status Migration experience

M1-1 Male 55 Married Yes

M2-1 Female 55 Married No

Al M3-1 Female 30 Married Yes
M4-1 Male 25 Single Yes

M5-1 Female 10 Single No

M6-1 Male 8 Single No

M1-2 Male 55 Married Yes

M2-2 Female 52 Married Yes

A2 M3-2 Female 32 Married Yes
M4-2 Male 29 Married Yes

M5-2 Female 10 Single No

M6-2 Female 6 Single No

M1-3 Male 50 Married Yes

B M2-3 Female 45 Married No
M3-3 Male 5 Single No

M1-4 Male 50 Married No

M2-4 Female 45 Married No

M3-4 Male 30 Married Yes

C M4-4 Female 14 Single No
M5-4 Male 12 Single No

M6-4 Male 5 Single No

M7-4 Female 2 Single No

10.2.3.2. Input

Daily rainfall and potential evapotranspiration {PElata used in the model to vary

the climatic conditions affecting agents’ decisiotts establish rice nurseries,
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transplant and harvest, were obtained from theoregimeteorological centre located
in Ubon Ratchathani province. The same set of syf®91-1995) was used for all

simulation experiments. This set was selected Isecdhey are the most recent
successive 5 years with complete daily rainfall 8&I data. Figure 10.8 shows the
accumulation of daily water balance each year detexd by daily rainfall subtracted

by daily PET. This daily water balance inputs aade water availability retained in

farm ponds. The price of rice was set based onrnmdtion obtained from the Thai

Rice Mills Association (Table 10.1).

10.2.3.3. Sub-models
The sub-models correspond to the key activitiestfmed by local farmers during the
rice production cycle. In the BMM model, once tledestion of rice varieties to be
grown has been made, the cycle starts and ends ngigh post-harvest activity
including updating Household and Member variables labour migration.

At the beginning of a simulation run, rice vamstiare selected. Depending on
land per labour ratio, either a single or two negieties are produced. If the ratio is
lower than 2 ha, only KDML105 variety is grown. @tlvise, two rice varieties (RD6
and KDML105) are planted. However, this ratio mdyamge over time as family
members update their labour status every year.afé® planted to varieties for self-

consumption depends on the needs of all househedbars.

Nursery establishment

The location of nurseries is set such that, dkarreality, it is neither far from
the house nor from the pond (when it exists); higbkaces are better for water
control. When there is no pond, the nursery istextan the middle of the farm.
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Figure 10.8 Accumulation of daily water balanceun@mnm) for water availability in

farm ponds used in the BMM model.

The annual RLR production cycle begins in the sdoseek of May, after the
Royal ploughing ceremony held in Bangkok. From ttate on, if the quantity of
daily rainfall is higher than 30 mm, a nursery ®ablished (Table 10.1). If the
guantity of daily rainfall is lower than this thredd, water from the pond can be used
for nursery establishment (80°fina), provided the water level is above 10% of the
pond’s depth (Figure 10.9). This activity takesyoohe day, and must be performed
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before the § week of July (limit date for nursery bed) to ersthat rice being
produced has enough time to accumulate biomassdded the target yield. This
activity is visualized on the simulation interfagz® light and dark green cells for RD6
and KDML105 varieties respectively (Figure 10.7a).

[2nd week of May (after Royal plouighing ceremony held in Bangkok)]

[daily rainfall >30 mm] [i]

(1] l
(establish nurseries )

[water level in farmpond > 10% of pond depth, and
wolume of water is enough|(80 cubic meter per ha)]

[3rd week of July] (pump water to establish nurseries )

%(mial failure of nursery )

Note: i =inverse

Figure 10.9 Algorithm for the establishment ofi@@mursery bed in a UML activity

diagram.

Irrigation water requirement for the maintenand¢eaonursery was defined
through two thresholds: a daily rainfall threshtiddefine a dry day, and a number of
successive dry days (12) needed to cause wates streice seedlings (Table 10.1). A
water stress triggers a household to operate wat@ping (40 nYha). The seedlings
in nurseries require 30 days to be ready for tham$ipg. Seedlings may become too
old (over 51 days) for transplanting when a long dpell occurs. Participating
farmers said that water from the pond could onlyubed during the nursery phase,
and not for transplanting. In case of water stokssg the nursery stage or too long a
period before transplanting, d°2nursery establishment needed to be established
(Figure 10.10). According to the participants’ gesgtion, the algorithm takes into
account when a"2 nursery is needed, 1/3 of the whole nursery aridlabes resown
because local farmers have never experienced aletamursery failure.
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[i] ? [seedlings are over 51 day old]

[12 successit% dry days] (establish new nurseries (1/3 of entire nursery area needed))

@-s

[water level in farmpond > 10% of pond depth, and
wolume of water is enough|(40 cubic meter per ha)]

(pump water into nurseries to alleviate drought effe ct )7

li

Note: i =inverse

Figure 10.10 Algorithm for the maintenance of eernursery in a UML activity

diagram.

Transplanting

Once rice seedlings are 30 days old and readydosplanting, Rice entity
sends a message to the household agent who cheekisewor not the daily climatic
conditions are suitable for transplanting (dailinfall higher than 20 mm). The last
date for transplanting was set to September 1&r #fat date the duration of the RLR
vegetative phase would be too short to achievesfaatory yields. In case this
situation could not be avoided, some paddies waeeidain without rice. Once a
household starts transplanting, its seasonal mignambers return home to take part
in this activity. Additionally, a household can cpate if additional workers are
needed to be able to complete transplanting on t®nee a household has completed
transplanting, no more rice activity will be donatib November. Thus, farmers
belonging to such households are located in thagel area, ready to be hired by

other households who have not completed transpaygt (Figure 10.12).
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Figure 10.11 Members of household Al and A2 béingd by household B during
transplanting of KDML105 variety on the BMM modaeterface.

Participants were requested to transplant the RBiety first if it was
produced. The transplanting of the RD6 start friwe aipper paddies downwards to
the lower ones and its paddies has to be closehtmugse (or temporary storage hut).
Because this RD6 rice variety is harvested eaitler, KDML105, which is growing,
must not block the path to deliver RD6 paddy bacthe storage hut.

The KDML105 variety is transplanted from lower pgaas upwards to upper
ones to ensure enough water for this farm gate ki¢ater is collected at lower
paddies and usually increases rapidly to upperipadd August when rainfall is high
and the water table is rising close to the grodriee detail of transplanting activity

algorithm is provided in appendix 11.

Harvesting
Farmers return to the paddies to harvest at foaes defined in table 10.1.
These dates correspond to the harvest time of thest®-sensitive late-maturing rice

varieties. For the RD6 variety, the harvest timedsto the 10 of November and 10
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days later for the KDML105 variety. In the BMM mdgdearvesting stops if the daily
rainfall is more than 10 mm. Farmers will let theerdry for one day after a wet day
before restarting the harvest. The number of dajakes to complete the harvest is
important in determining paddy quality, resulting different prices that affect
household income generated from KDML105 sales, Wwhie turn influences
migration decisions. Hiring labour could therefdrve considered as a necessary
practice for all farms to accelerate harvestingthsd this activity can be completed
before the T of December to ensure the highest paddy qualityu(E 10.13). The
recruitment of hired labour is often competitivetins period, resulting in a higher
daily wage than during transplanting (see Tabl&)10.

Participants requested rice to be harvested inrtbdel from upper paddies
towards lower ones. This practice is carried ouestlity to avoid poor paddy quality
because of high moisture. While rice is harvegpeddies will gradually dry out from
upper to lower areas. The detail of harvestingvagtialgorithm is provided in

appendix 12.

Labour migration

Once rice harvest is completed, two key operatiames made in sequence.
First, households update their household net incante members update their age,
and migration experience. Then household membearsdeaide whether or not to
migrate. The household income is generated fromsates and wages earned during
rice production. The farm expenses are calculatesgdb on farm inputs used. This
household income will be updated. The annual haldefet income is computed as
follows: (income from rice sales + wage receivedarm inputs cost + labour cost +
household expenditures). The level of updated ¢lmnid net income affects the

selection of migratory patterns decided by membetise household.
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Figure 10.12 Members of household Al and A2 béingd by household B during
harvesting of KDML105 variety on the BMM model infiece.

The migration decision involves multi-level facdtdrom individual to village
levels. Individual characteristics of members awnsidered as well as their
household’s social and economic status to determirether they migrate during the
dry season (seasonal migrant), migrate to thevadityout returning home to produce
rice (more-permanent migrant) or do not migratgfe 10.13). An important social
constraint is the presence of the elderly or/anttien (dependant) who need to be
looked after by an adult member. During the pastitory simulation workshops, we
could not reach an agreement about the minimum amofiannual net income
needed for farmers to stay at home. This criterorlearly different among the
participating farmers. As a result, | decided te tise average annual net income for
Northeast Thailand (20,000 baht per household)nddfiby the National Statistical
Office (NSO) in 2007. At the end of a simulationignants will move to the city.
However, household B did not have any migrants lseawo of its workers (45 and
50 year old respectively) were too old to migrateilethe other one was only a 5

year old.
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(m’grate to city during the dry season ) [recent annual household financial condition >

Average annual net income per household]
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/\,/\
Note: i =inverse

Figure 10.13 Algorithm representing individual @&an to migrate or not in a UML

activity diagram.

10.3. Calibration, Verification and Validation of the BMM model

Calibration is any parameter’'s value used to adjne model's outputs in
correspondence to the expected values. This moresimilar to adjusting a
measuring instrument using a calibration standakfter the model has been
constructed, one begins the model verification @sscof checking that it is correct
(Gilbert, 2008). The verification process investggathat the simulation program
implemented in an operational model correctly repnés its conceptual model, and
ensures that the model satisfies what it is dedignelo (Banks, 1998; Ferber, 1999).
Simply, model verification deals with building theodel right (Balci, 1998).

Once an ABM model has been developed, it is elsdaatcheck its validity.
Validation is a determinant of whether the concaptaodel can be substituted for the
real system for the purpose of experimentation kBafh998). Model validation deals
with building a right model (Balci, 1998). Howevdrpth theory and practices of
validation are complicated and controversial. Tégues are related to the various
objectives purported by modellers, which imply eiffnt criteria for validation and
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the insufficiency of social empirical data, whick usually hard to quantifiably
acquire to allow systematic validation (Troitzs@004). It is important to recognize
that my ability to validate a model directly depsmah how much we already know
about the system under study (Deaton and WinebraR@9). The calibration,
verification and validation are carried out wittveml techniques to assess credibility
at each stage of the life cycle of a simulatiordgt(Balci, 1998). These processes are

often iteratively carried out once the programmaextiet is implemented.

10.3.1. BMM model Calibration and Verification
Many models are difficult to verify because theg aften compounded by random
number generators resulting in different outputevery run. Only the distribution of
results can be anticipated by the theory (Gilberle 1999). But that is not true in
this case because the BMM model is purely detestimi Therefore, the outputs of
this model can be determined based on its initi@iuis of selected parameters.
Several verification techniques were used to acdismghe verification purpose
including debuggintf, cause-effect graphif§ and functional testirlg (Balci, 1998).

During the BMM model’s co-construction with parpiating RLR farmers, the
‘debugging’ was also consistently carried out. Taeise-effect graphing to verify
water balance in ponding and water storage tankth@fBMM model was also
conducted. During the test, only the complex hglimeatic processes were executed.
However, various difficulties were discovered. lartcular, many values belonging
to unidentified parameters were used. Such diffiesil impeded the model
verification process. Consequently, | decided topdify the hydrological processes
(see details in chapter 8). Instead of undergrowater losses, the water outflow
caused by the soil-plant system (10 mm per day) avaslibrated value used to
balance water availability in the ponding tank tdfisiently represent the water
dynamics based on farmers’ perceptions (see ineTHRM).

" Debugging is an iterative process whose purpoisetit uncover errors and misconceptions causing
the model’s failure and to define and carry outrtitedel changes that correct the errors.

18 Cause-effect graphing assists model correctnessssiment by addressing the question of what
causes what in the model representation.

!9 Functional testing is used to assess the accarfamydel input-output transformation. It is virthal
impossible to test all input-output transformatmaths for a complex simulation model. Therefore th
technique aims to increase my confidence in modadleninput-output transformation accuracy as
much as possible.
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Besides that, functional testing was carried duspreadsheet was produced
and used to check: (i) the day that RLR establistirbegins, (ii) the occurrence of
water stress which triggers the irrigation functinothe BMM model, and (iii) the day
that run-off is operated (see Table 10.4). Under shme initial input values and
thresholds, the simulated results of the BMM modete compared to the outputs
generated by the spreadsheet. It was found thaBihhkl simulation provided the

same outputs than those of the spreadsheet.

10.3.2. BMM model Validation
Similar techniques to model verification were usedachieve this task. Debugging
and functional testing has often been conductdtieniaboratory at the same time as
the BMM model verification. However, in this ComMaskperiment, the BMM
model was commonly validated throughout its co-tmmsion with participating
farmers. Additionally, two techniques were usdte face validatiof! and turing
test* (Balci, 1998).

Thanks to the principles of these techniquesp#récipating farmers are RLR
grower experts who are knowledgeable about the Btdsystem under study. They
observed the BMM simulations and analyzed the oné&sbased on their mental
models derived from their indigenous knowledge argerience. According to the
iterative continuous loops of this collaborativedaliing process, less differentiation
between the BMM model and participants’ mental ni®deas identified. Likewise,
the responses from participating farmers providehliable feedback for correcting
model representation. The BMM algorithms were timeproved accordingly and the

validity of model was gradually increased (see &dlf).5).

% Face validation is often carried out within a teafrembers and people knowledgeable about the
system under study. The objective is to compareemnadd system behaviours under identical input
conditions and judge if the model and its resulésraasonable.

2L Turing test is based on the expert knowledge efdystem under study. Without identifying the
simulations prior to its run, the experts are astedlifferentiate between their mental model and
simulation model.
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Table 10.4 A spreadsheet produced to generate utputs of 1986 to verify the
BMM simulation outputs under the same value of peters and thresholds, with the

18" of May highlighted for the beginning date of RLRrsery establishment.

1986
Accumulated |Accumulated
Accumulated water_ water_ Daily rainfall Water level
. Accumulated volume in volume in (mm) s .
Parameters’ value input day |water level in \;vater_ farm ponds | farm ponds  |with highlight (mn:j) n Water Ru(;z_oﬁ n
farm ponds fvo ume in i enough to [ is enough to date to ponding stress | paddies is
larm ponds . - . tanks happens? | operated?
(mm) m3) build mitigate establish (paddies)
nursery? drought? nursery
(m3) (m3)
Initial water level in farm ponds Apr-01 118.30 189.28|NO YES 23.40 108.30|NO NO
100 | mm Apr-02 112.60 180.16|NO YES 0.00 102.60|NO NO
Apr-03 107.00 171.20|NO YES 0.00 97.00|NO NO
Pond size Apr-04 101.60 162.56|NO YES 0.00 91.60|NO NO
1600 | m2 Apr-05 95.40 152.64|NO NO 1.00 85.40|NO NO
Apr-06 87.60 140.16|NO NO 0.00 77.60|NO NO
Farm size Apr-07 80.80 129.28|NO NO 0.00 70.80|NO NO
40 | rai (0.16 ha) Apr-08 76.20 121.92|NO NO 0.00 66.20|NO NO
Apr-09 70.10 112.16|NO NO 0.00 60.10|NO NO
Nursery size Apr-10 63.71 101.94|NO NO 0.01 53.71|NO NO
4 | nagn (0.04 ha) Apr-11 57.21 91.54|[NO NO 0.00 47.21|NO NO
Apr-12 51.01 81.62|NO NO 1.50 41.01|NO NO
Water volume needed to establish Apr-13 46.21 73.94|NO NO 0.00 36.21|NO NO
320 I m3 Apr-14 41.91 67.06|NO NO 0.00 31.91|NO NO
Apr-15 34.91 55.86/NO NO 0.00 24.91|NO NO
Water volume needed to mitigate drought _ |Apr-16 30.61 48.98|NO NO 0.00 20.61|NO NO
160 | m3 Apr-17 23.61 37.78|NO NO 0.00 13.61|NO NO
Apr-18 17.81 28.50[NO NO 0.00 7.81|NO NO
Water staroge tank height (farm pond depth) |Apr-19 10.01 16.02|NO NO 0.00 0.01|NO NO
3000 I mm Apr-20 251 4.02|[NO NO 0.00 0.00|YES NO
Apr-21 0.00 0.00{NO NO 0.00 0.00|YES NO
Water to be kept in farm ponds Apr-22 0.00 0.00[NO NO 2.10 0.00|YES NO
0 % of farm pond depth  [Apr-23 0.00 0.00{NO NO 0.01 0.00|YES NO
Apr-24 3.90 6.24|NO NO 5.90 0.00|YES NO
Apr-25 0.00 0.00{NO NO 0.00 0.00|YES NO
Apr-26 5.20 8.32|NO NO 11.90 0.00|YES NO
Apr-27 0.00 0.00[NO NO 0.00 0.00|YES NO
Apr-28 0.00 0.00{NO NO 0.00 0.00|YES NO
Apr-29 0.00 0.00{NO NO 0.01 0.00|YES NO
Apr-30 0.00 0.00{NO NO 0.00 0.00|YES NO
May-01 0.00 0.00[NO NO 0.00 0.00|YES NO
May-02 0.00 0.00(NO NO 0.90 0.00|YES NO
May-03 0.00 0.00[NO NO 0.00 0.00|YES NO
May-04 0.00 0.00[NO NO 0.00 0.00|YES NO
|May-05 0.00 0.00{NO NO 3.60 0.00|YES NO
|May-06 0.00 0.00{NO NO 0.00 0.00|YES NO
|May-07 29.00 46.40[NO NO 32.20 19.00|NO NO
May-08 61.80 98.88|NO NO 35.70 51.80|NO NO
May-09 60.40 96.64|NO NO 3.90 50.40[NO NO
May-10 54.70 87.52|NO NO 0.00 44.70|NO NO
Beginning of RLR nursery establishment May-11 47.70 76.32|NO NO 0.00 37.70|NO NO
|May-12 40.80 65.28|NO NO 0.00 30.80|NO NO
|May-13 32.50 52.00|NO NO 0.00 22.50|NO NO
|May-14 24.30 38.88/NO NO 0.00 14.30|NO NO
May-15 16.00 25.60[NO NO 0.00 6.00|NO NO
May-16 28.20 45.12|NO NO 19.10 18.20|NO NO
May-17 51.20 81.92|[NO NO 28.30 41.20[NO NO
May-18 95.00 152.00|NO NO 85.00(NO NO
May-19 96.30 154.08| NO NO 5.40 86.30|NO NO
May-20 101.50 162.40|NO YES | 10.30] 91.50|NO NO
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Table 10.5 Feedback and parameter values fromcipating farmers used to

validate algorithms of the BMM model.

Algorithm Feedback Parameters and their values
« Paddies with ponds: Nursery locates upper « The ratio of rice nursery bed area to transplanted
paddies near pond area is 1:40
« Establishing nursery determined by accumulated [+ RLR transplanted area by young farmer: 0.16
daily rainfall, not measure soil moisture ha/day/labour
» Grow two varieties: * RLR transplanted area by farmer older than 50
- Glutinous rice (RD6): Transplant from upper |year old: 0.08 ha/day/labour
- paddies near house downwards to lower ones « Pump water to establish a 0.04 ha RLR nursery:
S RLR management - Non-glutinous rice (KDML105): Transplant 80 cubic meters
g from lower paddies upwards to upper ones « Pump water to supply a 0.04 ha RLR nursery: 40
% » Grow only one variety (KDML105): Transplant cubic meters
< from lower towards upper paddies « 1/3 of the whole nursery area will be resown if
® » Complete failure of nursery never happens water stress occurs
g * No water pumped from farm ponds for « Daily wage at RLR transplanting: 120 bath/labour
(@) transplanting

« Migrant workers belonging to type A farming
households return home when transplanting starts
Migration practices « Few farm workers migrate after transplanting

« Stop harvesting and wait for a day if there is a * RLR harvested area: 0.08 ha/day/labour
heavy rainfall « Daily wage at RLR harvesting: 150 bath/labour
« Extra workers are not needed to harvest RD6
variety

RLR management « Extra workers are hired to complete harvesting
KDML105 variety as soon as possible to get high
quality rice for high price

« Age of potential migrant: between 17 to 45 year
old

Migration practices « Limited age to be a migrant worker for a male
and married villager: older than 40 year old

Rice harvest and post-rice harvest

Once the BMM model was validated by participatiagmers to sufficiently
represent their current situations, it was intenttede used for scenario exploration
exercises. The use of the BMM model through tisé @ its sensitivity, field-based
simulation and participatory analysis, and discgvef diverse scenarios in the

laboratory is presented in the next chapter.
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CHAPTER 11
EXPLORATORY SIMULATIONS
WITH THE BAN MAK MAI AGENT-BASED MODEL

According to the sequentiality of the modelling@ess (see details in chapter
6), after the design phase, simulations are runake use of the model for knowledge
discovery. The exploration of the dynamic behaviolithe model is usually firstly
oriented towards a systematic investigation ofséesibility of the models to a set of
key parameters. This first step allows pointing @atrameters that drastically
influence the dynamic behaviour of the model. Udtialy, it may give indications to
narrow down the spectrum of scenarios interesbrtgetexplored by simulation.

Scenarios are described as possible future alteesathat take into account
the interactions of various heterogeneous compsradrd complex system (Wagener,
Liu et al., 2006). Rather than relying on predietiocof such alternatives, scenarios
produced in a collaborative modelling process amep@ted to enable creative
thinking to prepare stakeholders to face an uniceftdure events (Schwartz, 1996).
Scenarios simulated provide a dynamic view of thespective events by exploring
different trajectories of change (Means, Patriclalet2005). Two types of scenarios
are often referred in the literature: explanatorgd aanticipatory scenarios.
Explanatory scenarios are used to describe theefattcording to known processes of
change and given extrapolations from the past. 8laes scenarios with no major
interventions or paradigm shifts along their pragien (McCarthy, Canziani et al.,
2001). Explanatory scenarios were usually produtmdexamine future trends
projecting forwards in time using trend experienaar some past period, and
imagine upcoming change that significantly variesf the past (Hulse and Gregory,
2001). Anticipatory scenarios are based on diffedasired or feared visions of the
future. They correspond to a specific future teachievable only if certain events or
actions take place (Godet and Roubelat, 1996).

In the context of companion modelling, “scenaris’ straightforwardly
understood as an operating mode for the simulatiodel, or more precisely a set of
factors which are going to modify its operation:cartain stakeholder behaves

differently, certain ecological dynamics are dibtd, certain variable of social or
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economic clamping is changed. Changes in how ictieres are organised is also
frequently envisages (new exchange systems, neatinggn protocols).

From a methodological point of view, the sensiyivanalysis helps to detect
specific characteristics, critical determinants &ag parameters that drive the system
under study. These elements are considered to fatengcenarios identified by
model users. Once the scenarios are run, the etgilantitative and/or qualitative
information would subsequently be analyzed for iot@ssessment. Scenario analysis
focusing on identifying the consequences of intitsas among the boundary
conditions, driving forces, and system componens process of evaluating possible
future events through the consideration of altéweapossible outcomes and their
implications (Wagener et al., 2006). Because unguatied conditions have more
chances to occur over a long period of time, largat scenarios have more
uncertainty than short-term scenarios. Besideslitoinate some constrains, such as
demographic change (see details in chapter 10y,%simulation years were run.

This chapter starts to use the BMM model for &f Htenario exploration in
field-based simulations and participatory analyBiowed by laboratory-based

simulations and analysis.

11.1. Field-based Simulations and Participatory Anigsis

In general, scenario analysis is primarily a dtiieneffort, employing a
variety of statistical and other analytical techu@g to examine the scenarios. In my
case, the baseline scenario was first presentétetéocal farmers. During the same
workshop, they proposed alternative scenarios whae run on the spot, leading to

extensive and intensive discussion among themsahesvith the scientific team.

11.1.1. Scenario Identification
During the participatory simulation workshop orgasd in May 2008, two scenarios
were identified by participating RLR farmers (seetails in chapter 8)The first
scenario was characterized by the presence of 3apchwage-earners from
neighbouring countries (no labour constraint saeharhe second one was featured

as no water constraint situation as a result ohfaonds always full of water.
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11.1.2. Scenario Exploration and Participatorglygsis

In the "“no labour constraint” scenario, the simiolat showed higher income

differentials across farm types compared to theslbees scenario (see details of the
baseline scenario in chapter 10). Income from sakes of small farms was not
significantly different, but they lost on-farm inoe received from large farms

compared to the baseline scenario. In contrashowttlabour constraints and despite
higher labour costs, large farming households ehirigher incomes from selling

high quality paddy thanks to faster harvests. H@ueparticipating farmers argued
that small farms may not lose on-farm income ashmas it was shown by the

simulated results. It was also argued that immigwaosrkers are not likely to be hired

because they are not as meticulous as local rioeefa. Furthermore, local farmers
prefer to hire labour within their kinship networks

In the second scenario with guaranteed accesstto viao large virtual farms
could not complete the transplanting of its entioe land when heavy rains came
late, and by then some rice seedlings were todmloe used. This counterintuitive
result (one may expect that water abundance wouahprave rice-growing
performances) occurred because the pumping of irater a pond for transplanting
activity was not possible in this model, accordyntg the insights of local farmers.
Besides, due to a lack of knowledge regarding d¢amdi where there is no water
constraint, none of the participating farmers paihout the usefulness of full water
levels in the pond for transplanting.

Nevertheless, this result discloses an unobvioossequence of the
synchronization of rice farming activities: whet lalkcal farmers start nursery at the
same date (because all of them have access tationgwater), they are all busy
transplanting at the same time and consequently avalability of labour is
temporarily lower than under desynchronized riaedpction, which in the simulation
led to the problematic situation described abowati€tpating farmers did react to
such exhibition by the model by arguing that theomplete transplanting resulting in
fallowed paddies is unlikely to happen in realigchuse rice farmers have practices
not related to the use of water to avoid that lilgegiestablishing new nurseries, or
buying healthy rice seedlings from neighbours. iBigdants were also aware of the
risky decisions based on a water availability tisabnly made possible by erratic
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rainfall distribution. To clarify the point regarding extra nurseries, édified the
BMM model to integrate the risk of rice nurseryldag (all rice seedlings become
unusable, and a second rice nursery has to beliss&at) into the model, and
discussed the results with farmers. Once they gbddhe simulation, they disagreed
with the total failure of the first nursery sindehas never happened under their real
circumstances. They proposed to let only a maximsimare of 1/3 of the rice
seedlings to die, or become worthless, for traméplg. The algorithm was modified
in the model to take their comments into accounthBcenarios illustrate how water
dynamics and labour availability are intertwinedsulting in varying amounts of
household income, which is a key determinant ofratign decision. To deepen the
investigations about this mechanistic relationshipther explorations by simulation
with the BMM model have been conducted back tddbgon a scientific side only).

11.2. Laboratory-based Simulation and Analysis

11.2.1. Sensitivity Analysis of the BMM model
Sensitivity analysis is aimed at understandingabeditions under which the model
yields the expected results, and estimating uniogytgparticularly in integrated
modelling studies (Gilbert, 2008). The principlehlgl is to systematically change
the values of the initial conditions, parameterd aputs of the model by a small
amount and rerun the simulation, observing diffeesnn the outcomes (Balci, 1998).
The purposes of sensitivity analysis are to: (Bt teehich parameters dominate a
certain response to eliminate insensitive pararadtereduce model complexity and
calibration burden, (ii) to test how well paramstare defined, or to test where
additional effort should be placed to reduce uratety, and (iii) to test if parameters
are sensitive in period where the processes thanesent are assumed to dominate
(Wagener et al., 2006). The results of sensitiaityalysis are useful to narrow the
range of parameters’ value by selecting only theresting ones to input in the BMM
model for scenario exploration. This analysis moabften purposed to test “what if”
scenarios. Likewise, it can be used to identifysthoput variables and parameters to
the values of which the model behaviour is verysgem. As a result, model validity
can be enhanced by assuring that those valuegpeacdied with sufficient accuracy
(Balci, 1998).
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11.2.1.1. Selection of Parameters for the SenitgitAnalysis of the
BMM model
It should be noted that even with only a few par&mse a sensitivity analysis can
require an astronomical number of runs and thusdldl a practical strategy is
challenging (Gilbert, 2008). As a result, the sevity of the BMM model was tested
by limiting the range of values at some points whenajor changes in the
simulation’s behaviour were expected (e.g. cromidisthment). Referring to the
baseline scenario, | assumed that the successéutrop establishment in the BMM
simulations was likely to be sensitive mainly taufoparameters: (i) the earliest
starting date of RLR nursery establishment (notsiimbs to establish a nursery bed
prior to that date even when the conditions reg@rdwater requirements are
satisfied). In Thailand, the Royal Ploughing Dayiathis used to justify when the
RLR production is supposed to start is, in facarged every year. | decided to test
several dates in May (month of the Royal Ploughiday), but also in April to
evaluate the strategy “start as soon as possifilg'the initial water level in farm
ponds, tested with values 0 (default value usetierbaseline scenario), 1, 2 and 3 m
(full capacity); (iii) the daily rainfall thresholdo enable starting RLR nursery
establishment (when irrigation water is unavailghtested with values 15, 20, 25, 30
(default value), 35 and 40 mm; and (iv) the daibinfall threshold to start
transplanting, tested with values 5, 10, 15, 2@aéevalue), 25 and 30 mm.

Because the main factor impacting the dynamicghef BMM model is
undoubtedly the input of rainfall and PET patterttse influence of these four
parameters has been tested under: (i) 27 indepectieratic years (Table 11.1) to
investigate how these independent climatic conaiitiare affecting farm management
across farm types, and (ii) 19 sets of successiwindatic years (Table 11.2) to
investigate the effects on the migration patterdsciv evolve through time (each
household member reconsiders its migration stagufid end of every rice cropping
season). The spatial and agent settings defingdeirbaseline scenario were reused

(see details in chapter 10).
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Table 11.1 Summary of 27 climatic years of accutnutaof daily water input

influencing water level in farm ponds.

All seasons Rainy season
(May-September)
vear Quantity at the Average Maximum Minimum Average
end of each year
(mm) (mm) (mm) (mm) (mm)

1966 0.00 481.68 1081.70 0.00 625.48
1967 0.00 0.00 68.20 0.00 0.00
1968 0.00 97.62 745.50 0.00 122.69
1969 0.00 0.00 433.20 0.00 113.37
1970 0.00 200.85 738.50 0.00 221.94
1971 0.00 0.00 405.50 0.00 111.01
1972 0.00 222.02 698.50 0.00 184.18
1973 0.00 0.00 315.30 0.00 0.00
1974 0.00 130.20 568.10 0.00 114.00
1975 0.00 98.39 500.70 0.00 39.88
1976 0.00 68.56 425.40 0.00 77.90
1977 0.00 0.00 202.10 0.00 0.00
1978 151.60 449.18 1020.10 0.00 341.75
1979 0.00 194.50 735.90 0.00 273.05
1980 0.00 215.05 598.20 0.00 183.05
1984 355.54 493.19 1087.38 0.00 308.70
1985 0.00 120.17 485.42 0.00 89.65
1986 0.00 137.86 579.85 0.00 47.63
1987 0.00 105.49 544.80 0.00 28.95
1988 0.00 0.00 252.71 0.00 100.51
1989 0.00 7.97 369.67 0.00 38.14
1990 40.24 245.05 641.53 0.00 153.81
1991 0.00 105.83 581.64 0.00 0.00
1992 0.00 199.67 607.47 0.00 141.53
1993 0.00 0.00 171.25 0.00 0.00
1994 235.82 432.97 939.80 0.00 386.15
1995 0.00 0.00 230.00 0.00 73.37

Note: Daily water input is computed on quantity of daily rainfall subtracted by quantity of daily potential
evapotranspiration (PET).

To measure the impact of each combination of patens@nder each climatic
condition listed in tables 11.1 and 11.2, four aadors were defined: (i) number of
nursery re-establishment, (i) number of pumpingendo establish nursery, (iii)
number of pumping water to alleviate water strassl (iv) percentage of paddy field
without rice transplanted. In fact, as already noered, the event depicted by the last
indicator never happens in actual circumstancesausec RLR farmers can buy
healthy seedlings from their neighbours, but it wapt as such in the model to

clearly display the impact of extreme drought ae production.
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Table 11.2 Summary of 19 sets of 5 successive tny@ars of accumulation of

daily water input influencing water level in farmomas.

All seasons Rainy season
(May-September)
vears Quantity _at the end Average Maximum Minimum Average
of the first year (mm) (mm) (mm) (mm)
(mm)
1966-1970 0.00 69.27 1081.70 0.00 171.56
1967-1971 0.00 26.00 745.50 0.00 98.01
1968-1972 0.00 55.77 745.50 0.00 119.16
1969-1973 0.00 61.20 738.50 0.00 117.71
1970-1974 0.00 78.56 738.50 0.00 105.46
1971-1975 0.00 56.51 698.50 0.00 81.45
1972-1976 0.00 30.98 698.50 0.00 34.87
1973-1977 0.00 68.83 1020.10 0.00 61.13
1974-1978 0.00 122.61 1020.10 0.00 113.02
1975-1979 0.00 136.75 1020.10 0.00 124.53
1976-1980 0.00 144.42 1020.10 0.00 141.45
1984-1988 355.54 121.83 1087.38 0.00 87.11
1985-1989 0.00 115.81 939.80 0.00 94.86
1986-1990 0.00 102.75 939.80 0.00 93.23
1987-1991 0.00 98.85 939.80 0.00 98.30
1988-1992 0.00 98.02 939.80 0.00 106.96
1989-1993 0.00 116.95 939.80 0.00 107.89
1990-1994 40.24 135.11 939.80 0.00 119.51
1991-1995 0.00 113.12 939.80 0.00 112.65

Note: Daily water input is computed on quantity of daily rainfall subtracted by quantity of daily potential
evapotranspiration (PET).

11.2.1.2. Results of the Sensitivity Analysigted BMM model

The beginning of RLR nursery establishment

“The beginning of RLR nursery establishment” paggan was set to range
from 1% April to 3™ May with intermediate values every 5 days: 351usitions (13
different dates tested under each of the 27 availelmatic years) were run. The
overall results show that the beginning of RLR euysestablishment set in April
triggered more nursery renewals than in May. Taiparticularly marked in case of
households B and C (see Figure 11.1). Howeverrdabelt was slightly different for
households A1 and A2. Since these small holders@requipped with farm pond in
the baseline scenario, they have no opportuniglleviate water stress by irrigating

the nursery. However, fewer number of nursery taldishment does not necessarily



259

yield better outcome. As shown in Figure 11.2,fgbecentage of paddies without rice
planted was higher when the beginning of RLR nyrestablishment was set in May
than in April. This could be a result of the shortene to manage transplanting
activity by household B who has labour constraiefiobe reaching the last week for
RLR transplanting.

With no water initially in farm ponds (as set imetbaseline scenario), only
very few simulations had irrigation water used lmp$eholds B or C (4 occurrences
only to establish nursery and 7 occurrences twialle water stress). Thus, | decided
to run additional simulations to assess the infbeeof different initial water levels in

farm ponds.
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Figure 11.1 Influence of the earliest date to starsery establishment on the

accumulated number of nursery re-establishments
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a) Household B: the beginning of RLR establishment set in April
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Figure 11.2 Influence of the earliest date to stastsery establishment on the
percentage of paddy filed without rice transplanteausehold B) under 27 climatic

years.
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Different initial water levels in farm ponds

Four values (0, 100, 200, and 300 cm) were setherinitial water level in
farm ponds. After running 108 simulations to témsse values under the 27 available
climatic years, the result shows that water wasakygunore frequently used as soon
as the initial water level was higher than 100 eee(Figure 11.3). Because the farm
pond belonging to household B is larger, it coufttes more water volume leading to
more irrigation occurrences. When water is avaddftitial water level > 100 cm),
logically there are fewer nursery re-establishmemsause water stress can be
mitigated (Figure 11.4).

i) Household B i) Household C

Number of water pumped
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~ 5 99 ;: ~

Figure 11.3 Influence of different initial watevkls in farm ponds on the number of

nursery bed irrigation occurrences.
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Figure 11.4 Influence of different initial watewkds in farm ponds on the number of

nursery re-establishment occurrences.
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Daily rainfall threshold to initiate RLR nurserytablishment

Six values were assigned to the threshold of dailgfall needed to initiate
RLR nursery establishmenthe higher value of this parameter is likely toyide the
fewer number of nursery re-establishments becauwdgcient water collected in
ponding tanks of paddy fields could prevent thesaty failure caused by water stress
(Figure 11.5). However, such important daily rallsfare unlikely to happen during
the early rainy season. This could lead to eitherihadequate length of time for rice
seedlings to be ready for transplanting, or detaggplanting as a result of the long
dry spell. It, therefore, would affect the percgetaf paddies with unsuccessful rice

transplanted as shown in Figure 11.6.
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Figure 11.5 Influence of the daily rainfall threfhoto initiate RLR nursery

establishment on the Cumulated number of nurseegtablishments.
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i) Household A1 and A2
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Figure 11.6 Influence of the daily rainfall threthao initiate RLR nursery on the
percentage of paddy filed without rice transplaniader different 27 climatic years.
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Daily rainfall threshold to start transplanting

The daily rainfall threshold to start transplagtiwas varied with six values.
Increasing values of this parameter cause littleeemaccurrences of nursery re-
establishment (Figure 11.7). This is because tlheydé start of transplanting caused
by long waiting for the daily rainfall to reach thiereshold lead the rice seedlings
ready to be transplanted (30 days old) for too Igmgre than 15 more days) in the
nursery. However, this parameter is unable tagéngthe complete (for the entire
paddy fields) failure of rice transplanting (Figur#.8).

To explain the slight differences (in years 1988 4991) between households
B and C in the percentage of paddy without ricadpdanted, the availability of farm
workers has to be investigated. Because househ@dti one with the most labour
constraint (only two family members who are farmrkess), it suffers more failures
to complete transplanting than any other housekdidse land and labour ratio is
lower and therefore is able to complete more triamépd paddies. This result leads us
to deepen the exploration of the effects of inteoas between water and labour
availability on rice production of the householdsi @n the migration patterns of their

family members.
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Figure 11.7 Influence of the daily rainfall threkhdo start transplanting on the

accumulated number of nursery re-establishment.
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11.2.2. Exploration of Scenarios based on WatdrLaour Availabilities

11.2.2.1. Scenario ldentification
Nine scenarios were proposed to examine interatlmetween water and labour

availability, as shown in Table 11.3.

Table 11.3 Coding of the 9 scenarios defined tolagpthe interactions between

water availability and labour availability.

W ater availability (W)

Two large farms (B and
C) have farm ponds All farms have farm ponds

0 (@

No farm has farm pond

()

No hired farm workers
from outside the village WnLn WiLn O Waln
(n)

Labour 10 hired farm workers
availability | from outside the village WnLi WiLi Wali
L ®

20 hired farm workers
from outside the village WnLa WiLa Wala
@)

Three levels of water and labour availability afefined as none (n),
intermediate (i) and all (a) availabl@hese 9 scenarios represents intermediate
situations from an extreme case of water and labmitation (WnLn) to an extreme
case virtually without limitation of water and labo(Wala). For water availability,
the 2 farm ponds in all three scenaMisare the one assigned to households B and C
in the baseline scenario. However, in all threenaciosWa, a similar pond (0.16 ha
with 3 m deep) is assigned to each household.llacaharios with farm ponds, the
initial water level in all farm ponds is set to 20@. This value is based on the result
of the sensitivity analysis: there is no differerafewater use once the initial water
level in farm ponds is higher than 100 ciHere, to ensure that water is adequately
available over 5 successive years, 200 cm of initzder level in farm ponds was set.

For all the other parameters, the values are thee shan in the baseline
scenario (see chapter 10 for more detal#$Je indicators defined at the household
level will be analyzed: (i) income generated fraoersales, (ii) labour cost to produce
rice, (iii) wage received by family members who amed by other households, (iv)

number of seasonal migrants and (v) number of peemamigrants.
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The duration of a simulation is set to 5 succesgeae's are used so that the evolution
of labour status of households’ members can bestigated. To account for the
climatic variability, the 19 sets of 5 successiearng presented in table 11.2 have been

run for all 9 scenarios.
11.2.2.2. Scenario Analysis

Income generated from rice sales

The result shows that the labour availabilityalhthree setdVn, Wi andWa
scenarios, influences positively and significanttye household income generated
from rice sales (Figure 11.9). This is because nfi@n@ workers can accelerate the
rice harvest leading to high paddy quality and tpghbe in the market.
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Figure 11.9 Average (over 19 simulations undefed#nt climatic conditions) of
accumulated (over 5 years) household income fraze sales per household per
scenario.

However, the most significant income differentati is between “no

additional labours from outside the villagen]” and “10 hired workers from outside
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(Li)". There is no difference between and “20 hired workers from outsidead)”

This is indicating that more workers may not previlfferent outcome once the all
paddy was completely harvested befoteDkcember for high paddy quality. Even if
such completeness was reached long before thehdashold, it would not increase
the income generated from rice, but on the oppasibee cash would be spent for

hiring extra workers as shown in Figure 11.10.
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Figure 11.10 Average (over 19 simulations undéfedint climatic conditions) of

accumulated (over 5 years) household labour cadtqesehold per scenario.

Hired wage received from on-farm employment to poedice

In contrast to the household income, the diffeagioin of hired wage received
by small holders Al and A2 is significantly foundtWweenLi andLa: the difference
betweenLi andLn appears insignificant (Figure 11.11). Based orufggll.9 and
11.11, it seems that the balance between housefumcthe and wage earned from on-
farm employment needs careful considerations datlileshousehold income from rice
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can be satisfying while the wage income of smaltléws is not decreased. Besides,

based on this synthesis, such balance seems tthizvable.
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Figure 11.11 Average (over 19 simulations undéfedint climatic conditions) of
accumulated (over 5 years) household hired wageloyment per household per

scenario.

Number of migrants

The number of seasonal migrants is clearly infbeehby the availability of
hired farm workers from outside the virtual villages shown in Figure 11.12, when
farm workers from outside are unavailable (scemsawidh Ln), the seasonal migrants
is significantly lower than when farm workers frayatside are available. This could
be caused by an indirect effect of more househotme received from wage
employment on migratory patterns.

However, the effect of water availability on lalbanigration is not clear. Only
when considering then set of 3 scenarios, it can be notice that wheigiasd with

ponds plenty of wateM{aLn), small holders have more seasonal migrants. Agywa
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further investigation is needed to deeply examine interaction between water

availability and labour migration.
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Figure 11.12 Average (over 19 simulations undéfedint climatic conditions) of

accumulated (over 5 years) number of seasonal nigyper household per scenario.

The monitoring and evaluation of this ComMod psxcés presented in the
next chapter. It deals with the assessment of thNlod effects on participants,
mainly different types of local rice growers ana thnalysis of effects across farm

types.
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CHAPTER 12
ASSESSMENT OF COMPANION MODELLING EFFECTS
IN LAM DOME YAI WATERSHED CASE STUDY

Under the Agriculture et Développement Durable P3DComMod Project
(2006-2008), a series of monitoring and evalua#otivities to evaluate the diverse
effects of ComMod process on participating farnagrskam Dome Yai was conducted
after five successive participatory workshops helBBan Mak Mai village. This
evaluation was mainly carried out by Ms. Manitchdiaongnoi as part of the
requirements for her Master degree in Integratedmire at the Faculty of
Agriculture, Ubon Rajathanee University. Three soofkere used for data processing:
observations, interviews and story telling. Théadanalysis started at the coding of
the transcripts to build families of codes corresfing to different types of effects.
Afterwards, the analysis process of effects pee typfarm, across farm types and for
other categories of stakeholders (TAO, extensionkaroetc.) was carried out. For
more details, see Thongnoi (2009). This activigrtstd on April 2006 after the"®
participatory modelling workshop had been organize@®an Mak Mai village, Det
Udom district, Ubon Ratchathani province. Sincenthafter each workshop, the
monitoring and evaluation activity was executedascessive field investigations to
analyze the effects of ComMod on participating farsn

The quality of transdisciplinary research was &samined, especially: (i) the
fit of the ComMod process to the local context,eesally its legitimacy, and (ii) the
knowledge sharing, and the local ownership of tben®lod process. The analysis of
the immediate effects of the ComMod process wasethout to look into effects
among the participating stakeholders, mainly défertypes of local rice growers.
ComMod effects on participating farmers are presgnn the first section of this

chapter, followed by the analysis of ComMod effesteoss farm types.
12.1. ComMod Direct Effects

12.1.1. Learning about the Issue Being Examined
The ComMod activities helped the participants tottdse understand their
interconnectedness in the village. Participatingnfxs realized that the migration
situation created labour shortage at the houseaottl village level. Public water
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infrastructure, such as community ponds and inégatcanals, could also cause
conflicts among villagers. The ComMod activitiestimated participating farmers to
share ideas regarding future water resource dewedop and also how to avoid
possible water sharing conflicts. One suggested faayninimizing conflicts would
be for the villagers to engage actively in watepliavement schemes before any
contractual commitments were made. Participatinghéas were also stimulated to
think about how to better manage rice transplantmgelation to variable water
availability (in farm ponds and rainfall).

The ComMod process facilitated the sharing of Kedge, and as a
consequence, learning of new agricultural practi€asing the ComMod process,
more experienced farmers (often older ones) tramsfetheir traditional farming
knowledge to younger ones while discussing theaiags of actions. The ComMod
activities helped patrticipants to integrate acadekmowledge communicated by the
research team into their mental models of RLR fagmpractices, in particular
knowledge about RLR growth and farm pond waterlkeleought about by variations
in rainfall. As a result, the participants now thithat they are better prepared to face
drought; they have learned how to plan for ricaldshment and the use of water
from their small ponds more effectively.Moreoveonge of them started thinking
about actually recording farm expenses, which wduttp them formulate better
plans for their rice production. Regarding labougnation, participants still believe
that water improvement schemes alone could nottafidy alter their decision to
migrate because based on their experience watardvaes been adequate enough for

year round farm production.

12.1.2. Social Learning Effects among Participants

Change in own and other participants’ perceptions

Participants now have heightened aspirations &otjge mixed farming and
improve water supply. They also aspire to work ififiedent jobs instead of working
only on the farm to increase their household incoA® a result of the collective

learning process, participants have a better utateting of the diverse farming
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situations within their community; this includes anderstanding of the reasons

behind labour migration across farm types.

On individual behaviour

The step-by-step simulation of the rice producticycle stimulated the
participants to think more quickly because a vgriet aspects kept evolving
continuously during the gaming and simulation sessiforcing the participants to
keep up with what was happening. These actividied ‘what if' questions asked
during the sessions, supported the improvemenhefpiarticipants’ communication
skills and critical thinking ability, leading to bavioural changes.

On communication and networking

The participants agreed that knowledge sharedtaheussue at stake in the
process was more useful than individual attemptieatning. Several participants
declared that these activities made them realize itmportance of village level
discussions and collaboration to achievebetter atutmderstanding when dealing
with the community affairs. As a result of the ComdMactivities, the participants
have become more confident when communicating hadrgy their ideas with other
people. They also became more eager to learn erepiadifferent points of view.
However, they pointed out that the ComMod actigitieere limited to a few people
directly involved in the process. Thus, a graterediity of participants would be
needed to provide a broader base of ideas on coityraituations. In addition, the
details of the ComMod process were not easy forttler participants to explain to
non-participants; but this was not the case fomgeu participants who were able to
disseminate their ComMod experience within theerfdship networks.

On decision-making, actions and practices

After taking part in several knowledge exchangdévdies, private water
resource improvement and adoption of more riceetiag has been observed among
some of ComMod participants. The attempt to use dinect seeding technique
instead of transplanting, in an effort to tackle iroblems of labour constraints, has
also been noticed for a type A farmer once her amigworkers did not return to help

producing rice during the prolong drought 2005-2056p year. But change in
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decision-making, actions and practices have not bg#n observed among the

participating farmers who suffer from labour prabkeas a result of migration.

12.2. Capacity Building

Before the workshops, participants said they wasitdply copy the farm
practices of others; now participants feel that Gtmd has taught them to reflect on
farm dynamics, anticipate the consequences of Ipessiarm practices, and
consciously decide what farm practices are bestlifeir future. At the individual
level, participants have learned to think througlgraater range of possible farm
practices in order to adopt better farm strategidsthe collective level, they have
learned ‘to exchange experiences and opinions’ @mdconsider each others’
situations and perceptions when discussing futamne foptions’. The presentation of
the ABM model by representatives of participatirgniers to UBU students can
indicate the improved capacity to communicate bwpviliing more articulated
explanation during discussion (see chapter 8 forenuetails of this seminar). This
presentation also indicated the strong sense ofemaogvnership making the

participating farmers comfortable and confidentise it.

12.3. The Effects of ComMod across Farm Types

The ComMod activities had different kinds of eteon the different types of
participating farmers, as observed through a seasfesdividual interviews with
players conducted just after each main field wookslBelow, only the interview data
obtained from a sub-group of seven farmers (froeweat), who were the most at ease
during the gaming and computer simulation actigitiare shown. Farm types A, B,
and C were represented by four, two and one farmespectively.

Farm type A: Very small rice-based, resource-p@ons

In the case of type A, resource-poor farmers, agw-ecological knowledge
gained from the collaborative modelling procesdtdedh the effects of rainfall and
water availability on rice production (Table 12.Rlthough technical aspects were
not explicitly examined in this experiment, the leages taking place among the

participants seemed to have led to the acquisdfonew knowledge in this field as
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well; for example, on direct seeding of rice andienaking vegetable production
after rice.

These small farms are often under-employed and fookff-farm and non-
farm wage-earning jobs as migrant workers. Theegfibris not surprising to see that
they also found an interest in getting a bettereusinding of the migratory habits in
the village during the ComMod process. This typ@atticipating farmers mentioned
two interesting opportunities that emerged from @wnMod learning process. The
first one was the possibility to diversify theirreogiltural production out of RLR into
vegetable cash cropping after rice. Another opmityudealt with the possibility of
exploiting underground water to increase the voluhéhe resource available for
farming activities. However, this was not expligiliscussed with the research team
during the field workshops but among the partictpaihrough informal exchanges
during and after these short events. This mightabeindication of how the
participants’ have recognised the usefulness ofirgipadeas and knowledge among
each other to generate such opportunities. Moredkey wish to better understand
the market opportunities for their farm productésdi they would like to acquire a
better understanding of the various commoditiey ten grow and so be ready to
increase and diversify their agricultural produetid more water were to be made

available.

Type B farmers: Medium-sized rice-based with moexket oriented farms and
mixed farming practices, and type C farmer: largsed market oriented farms and
diversification out of rice or high remittance

These patrticipating farmers represented the ldrglkelings which are the most
affected by the lack of labour during the peak qusiof labour demand in RLR
production at transplanting and main harvest aé-faaturing varieties. Table 12.2
summarizes the ComMod effects on these two farrestyjt was not surprising to
hear the more well-off type B and C farmers mentignmainly economic aspects and
especially the effects of a shortage of labourersthee economic results of RLR
production as their keen interest in the simulaggarcises. Like type A farmers, type
B and C farmers have emphasized their wish to tbettelerstand the market

opportunities for their farm products.
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Table 12.1 Various ComMod effects on type A reseysoor farmers who
participated in the collaborative modelling procasshe Lam Dome Yai watershed,
Ubon Ratchathani province (2006-2008).

Farmer

Al

A2

A3

A4

1.

Knowledge acquisition

Agro-ecological

« Water availability in
relation to location of
paddy fields

« Change of water level in
field/pond depending on
rainfall

« Water availability in
relation to location of
paddy fields

« Impact of rainfall
distribution on rice
production

« Impact of drought on rice
production

« Use of direct seeding in

« Different rice-growing

« Vegetable production for

« Drought mitigation by

very dry year practices between upper  [sale in dry season having more ponds to
Technical and lower paddies store water
« Use of pond to grow rice « Integrated farming
practice
« Benefits of better access |+ How to share land
to water between RD6 (for family
Economic consumption) and
KDML105 (for sale) rice
varieties
« Labour migration « Labour migration habits
Social situation in the village in the village
2. Change in own perception
« Better estimate of farm |+ Understanding the relationship between farm « Want to build a pond
income products and markets
Want to improve « Understanding the
relationship between farm
products and markets
« Better prepared to face « Better plan for rice « Negotiation is needed to
drought transplanting avoid water sharing conflict
Capacities « Timing of water pumping |+ Better prepared to face
from ponds for higher drought
benefit
« Possibility to grow « More income could be « Underground water is « Integrated farming
vegetables after rice made during the dry season(suitable for my farm practice
« Underground water more [+ Sharing knowledge is « Pond and underground
Opportunities suitable than irrigation better than using only own water is suitable for my
canal one farm
« Sharing my ideas with
other farmers
3. Change in perception of others « Better social networking « Sharing knowledge and
in the village ideas helps to understand
other participants' farm
management skills
4. Change in decision-making * Retain family labour to » Will produce more farm [« More family labour to « Build a new pond or
work on-farm if more water |commodities if more water |work on-farm if more water |improve the existing one to
is available is available available store more water
« More family labour to
work on-farm if more water
is available
5. Change in behaviour « More sharing of farming  |* Spend more time to work
ideas with other farmers  [in paddies
6. Change in action (s) « Returned to rice « Use direct seeding

production instead of
leasing the land to
neighbours

« Started to grow
vegetables in dry season

technique for rice
production
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Table 12.2 Various ComMod effects on medium sizgeetB and large type C

participating in the collaborative modelling proses the Lam Dome Yai watershed,

Ubon Ratchathani province (2006-2008).

Farmer

B1

B2

1. Knowledge acquisition

Agro-ecological

« Relationship between rainfall and
water level in field and pond
« Sheduling of rice growing cycle in
relation to water availability

« Difference between sandy and
clayey soils in relation to water
availability in paddy fields

* Rice transplanting practice in
relation to field location

* Rice production in relation to
water dynamics in paddy field and

village

Technical « Usefulness of having ponds and |pond depending on rainfall
time to use water from them
. « Low production because of lack |+ Impact of labour shortage on
Economic of labour to look after rice farm production
. « Labour migration patterns in the
Social

2. Change in own perception

Want to improve

« Better estimate farm income and
investment
« Understanding the relationship

» Want to understand rice trading
system

« Understanding the relationship
between farm products and
markets

between farm products and
markets

« Timing of water pumping from

» Make annual farm operation plan

Capacities ponds for higher benefit
« Learn to merge academic
Opportunities agricultural knowledge with own

experience

3. Change in perception of others

* Negotiation process regarding

Capacities water sharing

» Observe and analyze the actions
of other farmers whose means of

Opportunities
production are similar

4. Change in decision-making * More family labour to work on-

farm if more water is available

The patrticipating farmers said that the ComMod apph enabled them to
discover the dynamics of the farm system (regarting, water, labour management)
and to think more intensively about their farmirggivaties. This proved that farmers
with only basic primary education can understand Barn from the gaming and
simulation modelling approach, which is often pered to be too complicated for
local farmers.

It must also say that this is valid for the reshateam too; its members
learned a lot from these exchanges, especially talfmumer decision-making
processes related to the adaptation of RLR prooiugtiactices under varying rainfall
distribution, and the management of the labourdanc the different types of farming

households. Through its evolving, iterative, cotledtive modelling, the ComMod
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process has enhanced my understanding regardingtéraction between land &
water use and labour migration at the study site.

But not all the representatives from the elevemfiag households could be
active participants, feeling comfortable in the slation workshops. While the
gaming sessions were more inclusive, the partioigasimulation sessions were
obviously more difficult to follow for some of thelder, both male and female,
farmers. More attention should be given to the igpigdnt selection process,
especially in this type of community with many ‘gged” families.

Even at this stage, some farmers mention limite@hghs in their decision-
making, behaviour and farming practices as a resultheir participation in the
ComMod activities. Nevertheless, ComMod activities$ generate a variety of effects
on participants of this experiment, confirming thgothesis that such an interactive
collaborative modelling process can trigger bottividual and collective learning
through the intensive exchanges facilitated andwdtited by the evolutionary gaming
and simulation models used throughout the prod@ased on these findings and in
agreement with the evolving and continuous charsties of the ComMod approach,
it can be said that new ComMod activities focusingthe commercial diversification
of farm production in relation to water availahjlivould certainly meet the interest of
these collaborative farmers.

The conclusion is drawn in the next chapter. Tateames of this ComMod
process and its tools used are discussed. Somenmemadations to improve the

process and the future prospective research ayeralde.
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CHAPTER 13
DISCUSSION, CONCLUSION AND RECOMMENDATIONS

This ComMod experiment was conducted to improeeuhderstanding of the
interactions between land /water and labour mignathrough the co-design of an
ABM with local RLR farmers in Ban Mak Mai villagéJbon Ratchathani province.
Key associated tools, such as RPGs and ABM, pradut&ing this ComMod
process, were used to facilitate co-learning aneinttance the capacity of expression
of the diverse field collaborators. There was npliek conflict of resource use in this
case study. Consequently, no attempt to facilimteollective decision-making
process over the issue being examined with theektdélers was implemented. The
focus was on achieving a joint understanding ofcitraplex system under study.

In this case study, the legitimacy to start thighly interactive co-learning
process may be criticized because there was nestiegberspective on attaining
concluding decisions and action bearing concreteefiteto the participants. At the
origin of this ComMod experiment, there was no cldamand from the local
stakeholders or decision-makers at a higher leAkhough the issue examined is
widely recognized as an important one impedinglrdeaelopment in this area, this
ComMod process was exclusively initiated by a regeseam interest and its length
was due to the long process of this doctoral rebedrhe discussion is made of 2
parts and deals with initial diagnosis and ComMdbages, with special interest on
stakeholder involvement throughout this experimerithe conclusion and

recommendations follow at the end of this chapter.

13.1. Initial Diagnosis Activities for Preliminary Analysis and Field-based

Knowledge Acquisition

13.1.1. Preliminary Synthesis/Diagnosis and DaileCtion
This phase comprised the literature review, anslysi recent agricultural
transformations, and farm survey to produce a Hwmldebased APS typology. As
previous experiments on the management of uppesrslfegds of Northern Thailand
have shown (Barnaud, Trébuil et al., 2008), thigdgtfound that initial diagnosis
activities were essential for the researcher teetstdnd the system especially the key
guestion to be examined, get used to key informants avoid possible pitfalls, in
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particular the balance of different stakeholdex®ined and their power relation prior
to launch the ComMod process. In this case stuthset preliminary findings were
very useful to select the study site and the pp#ids, to provide a baseline for ex-
post evaluation, and to build the initial conceptuadel.

Many invited participants did not join in the tirRPG session in July 2005,
since they were busy in their paddies. | had td fiew participants and replacements
were selected based on the farmer typology. Thexpected event challenged my
preliminary findings because 7 out of 11 farmingi$eholds participating in the first
RPG session were not the same ones whom | regusited before launching my
ComMod process. But their behaviour and actiongnduhe gaming session showed
that decision-making processes of farm belonginghto same farm type were not
different. However, this event made objectiveshef activities unclear to these new
participants. Besides, a better-off farmer (sulet@) did not join this RPG session as
well as the following ComMod activities as planethe absence of expected
participants could indicate that more intensivesgeing activity should be carried
out to clarify the objectives of activities, andit@rease participants’ interest to take
part in the collaborative modelling process. Besjdhe date to organize the first
RPG session was also a reason for this unexpeeteat @s many farmers were
preparing their paddies in the early part of th@yaeason. Even if local farmers
agreed on the workshop dates, they finally decidedvork in their paddies since

successive rainy days had occurred just before.

13.1.2. Study Site Selection and Types of Padrtip

The choice of this single village to carry out emMod activities could also
be criticized as it could not represent all farmsitpations in the Lam Dome Yai
watershed. However, taking into account that taigie village has a relatively
extensive diversity of farming units as shown iayious on-farm studies, the absence
of explicit social conflicts that could complicaiee process, and the local logistical
constraints, this choice was considered as acdeptBking driven by a dominant
diploma training purpose, a wider range of stakédéwdd was not made. But
representatives of the local TAO administrative ypaahricultural extension service,

and NGO attended the first RPG session as obsemMersattempts were made to



281

involve them more actively in the subsequent aiiéisi The local extension worker
suggested to invite representatives of severalipabjanizations to take part in this
ComMod process. But the choice was made to work thie villagers first, and to let
them decide when and who they would like to intitdake part in the process. But,
in this case, only migrant workers were suggestegaditicipants since they would
like to share their representation with the retdrn@grants. No suggestion to invite
representatives of states’ agencies was made. ¢ dvwe to the fact that the
participants did not feel that the issue being erathwas so explicitly problematic to
their livelihoods that they had to share with otlséskeholders to find solutions.
Therefore, only the diversity of local farmers viaken into account.

Nevertheless, the husbands and wives represefinditferent categories of
RLR growers in the village were invited. This demmsmade was based on the fact
that many strategic decisions at the farm levelraagle either by the farmer or his
wife, or are discussed between them before a Gihailce is made. Culturally, Issan
people give a high level of decision-making powethe wives in the management of
the farming, social and economic activities. Asnsigethis ComMod experiment, the
female participating farmers tended to dominate piheceedings and led lively
discussions during gaming and plenary sessions.

The drawback of less diversity of stakeholders i@ simply limited the
diverse representations integrated in the modela Assult, the boarder knowledge
base that participants were supposed to percenseigh the knowledge exchange
activities was not reached. However, if more dieestakeholders involved had made
available, the model produced would have been moreplex, and needed longer
implementation. Besides, it would have been diffiamd very time-consuming to get
the collective agreements on parameters and tlahies once the model was being
fine-tuned with more stakeholder diversity. Orpmtght even be impossible to co-

construct the model with them.
13.2. ComMod Process in the Lam Dome Yai Atershed

13.2.1. Knowledge Sharing Activities
As several previous ComMod experiments have sholwéb(il et al., 2002), this
study found that the non-threatening and playfaicsphere of knowledge sharing
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activities (RPG and ABM simulation sessions) tegeg lively discussions on topics
people usually did not talk about. Indeed, it istgsurprising to see that farmers
living in the same village usually do not have swtportunities to share their
farming experiences and reflect on them. HoweJals €merging communication
platform was only temporary because nobody was iposition to take over to
continue this kind of activity in the village. Evénthe group of farmers seemed to
enjoy these activities, they did not develop argjey network among them due to the
lack of interdependency among the villagers withard to the issue being examined.
Although all the organizational and technical aspgschedule of activities,
conception of the tools, etc.) were decided byrésearch team, the key tools used in
this collaborative modelling process were not diffi for participating farmers to
understand because, they mentioned, these toolsserged their current farming
situations. As a result, they quite naturally ereghthemselves into the model design

and model use phases.
13.2.2. Tools Developed and Used through the CothRtocess

13.2.2.1. Role Playing Game (RPG)

The participatory modelling workshops using RPGsewwt prepared to facilitate the
communication among participants. These RPGs waalyndesigned to validate
and improve the research team’s knowledge regardictf§ management and labour
migration practices. As a result, few interactiamong the participating farmers
were observed during the gaming sessions. But, rieety discussions occurred
during the following plenary sessions. Particulanyhen a gaming session was
replayed by computer simulations, participatingrfars could observe and comment
other players’ actions during the gaming sessionririy the evaluation, silent
participants as well as talkative ones underlimeditportance of these discussions as
a way to exchange experiences, ideas and opimoasvell-structured way facilitated
by a researcher. After these plenary discussia@lp were still eager to continue to
debate at home, with friends, but also beyond thsural social circles. However,
several old participants encountered difficultieehgage in RPG sessions. Though it
would require more time and other resources, th@lod approach could have been
more effective if more attention was paid to thetipgpants having difficulties to get
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started. In addition to stimulate farmer commuticsaand learning, RPGs were used
to achieve two purposes: (i) validation of the cgptoal model and (ii) farmer

preparation for consecutive ABM simulations.

13.2.2.2. Ban Mak Mai Agent-Based Model (BMM mbde
The convergence of logic, values and preferencesees the research team and the
participating farmers increased along the ComMoadcgss, particularly when the
process shifted from RPG sessions to the co-carigiru of the BMM model.
Incorporating decisions and actions made in RP@sthe ABM increased the degree
of contextualization, comprehensiveness and condieeand participating farmers’

comfort to use the model.

Different organization of farmer groups to co-desthe BMM model

Because participants have different levels of Kedge and education, some
of them could not quickly anticipate the conseqgesnof interactions in the BMM
model, and were influenced by others during disomssin large heterogeneous
groups. It is also difficult for the research team to valid a model in group
discussions with very diverse decision-making psses across farm typds. the
small and more homogeneous groups, participatanylations sessions generated
critiques from farmers on the model more easilyeyllielt more comfortable to
exchange experiences and doubts, focus on issyessainal relevance, and put more
effort in learning about the issue at stakbey were also better prepared to address
their concerns, visions and arguments once retgraigoin a larger group of diverse
participants.Besides, the modeller could easily clarify key mloparameters and
precise their values within small groups of homagenfarmer belonging to the same
type. However, the participatory simulations withfarm types were also important
to examine interactions across types, particulatyarding hired labour management.
This study found that the use of different groupgarticipants for model building
provided complementary advantage and a more affisi@y to construct and fine-
tune the BMM model.
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From realistic representations of actual househdtwthe abstract concept of the Ban
Mak Mai virtual farms

The first ABM (the LDY model) was introduced tcetparticipating farmers in
a workshop organized in April 2007. The LDY modapresented the exact
circumstances of the 11 households who participatethe process. During this
workshop, | had difficulty to stimulate knowledgechange to refine the model, and
to get a collective agreement on the validatiothed complex model. Therefore, the
LDY model was simplified as shown in the latestsien of the BMM model
described in chapter 10. Although this latest ie@rss more abstract than the first
one, it was accepted by all the participating fasweho considered that it sufficiently
represented the interactions between land & waterand labour migration in their
village. | also found that the abstract representatould avoid the above-mentioned
difficulty of asking for always more realism in tihepresentations. The participating
farmers acted like a group of RLR experts to assistputerized agents to produce

rice. More lively discussions occurred and bettedat refinement was achieved.

Validation: a shared representation of the interans between land & water use and
labour migration

Validation relates to the extent to which the maatequately represents the
system being modelled (Casti, 1997). Accordindhto@omMod principles, the BMM
model was built through the confrontation of theews of different types of
stakeholders and the views of the researchersderdo clearly simulate scenarios
built to explore the opportunities and dangersrotiacertain future (Moss, 2008). As
a result, 1 found that participating farmers wefldeato identify and explore their
scenarios of interest during computer simulationslay 2008 (see details in chapters
8 and 9). Such field activity was a proof of modalidity accepted by participants.
As a result, the participating farmers were conafolé and confident enough with the
BMM model to present and comment this model in froh master students and
scientists at the local university who did not m#pate in this modelling process
during a special seminar at Faculty of AgricultofdJBU (see details in chapter 8).
However, the discussion followed the demonstratiothe special seminar showed

that most of the students had different views andeuwstandings and even concepts
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about RLR farming in northeast Thailand. This conéd the fact that any model
might be an accurate representation of some stideisbviews, but at the same time,
an inaccurate (though precise) one for other dif¢erstakeholders' views (Moss,
2008). Nonetheless, this collaborative modellingctice is valuable because of its

efficiency in communicating and therefore sharingrsdiversity of viewpoints.

13.2.2.3. Cost & Benefit
The designing process was long and costly, witly antery local impact so fafhis
inescapably raises the question of the cost-beokfite whole approach. A couple of
key events occurring in the village each year waselfficient to maintain a good
momentum in the interactions between the reseaam and the local RLR farmers.
Many factors dealing with the academic work of alPttandidate and the limited
time available for collaborative gaming and simiolatactivities of the participating
farmers impeded a faster implementatidxs a result, | could not organize the
workshops in the periods of peak labour demand IuiR Rproduction. The field
workshops, especially for RPG sessions, were helislgnin April —May, just before
RLR crop establishment, and again after transplgnand before harvesting in
August or early October.

The RPGs sessions were definitely needed in #is study because it proved
that they could offer lively discussion, inclusigatputs and prepare the participants
to be ready to use the more challenging ABM toolt, Bthe preparation and
organization of RPG sessions were costly. OnceBtid1 model was used as a
knowledge sharing platform instead of RPGs, | caulghnize more interactions with
farmers (4 times within 6 months) with less timeaded to prepare them and to spend
with participating farmers (usually half a day peorkshop). Future ComMod
sequence on this topic could be faster if the maol used with the recent
participating farmers is still the BMM model. Based the ex-post evaluation, the
participants said that they needed to learn thectstre and operations of ABM
through, at least two RPG sessions. Therefore,RR& session may need to be

organized if there is involvement of new particifgan
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13.2.2.4. Ownership of Tools and Process
The ownership of the process by the participanssilidimited because they were not
independently able to select the focus of the m®@nd its successive phases. But,
from the first RPG to the BMM model, there was @aclincrease in the influence of
participants’ opinions and suggestions on the tgmisduced. Several of them
suggested relatively major changes in the BMM mo#el instance, the rules for
nursery re-establishment once the first one falee modified as suggested by
participants. It was clear that the participants tieat they partly owned the BMM
model and comfortably used it to communicate witheo people like during their
special seminar at UBU. Nevertheless, none ofpiréicipants was trained to be a
ComMod practitioner in the village. As in a prevsostudy (Barnaud et al., 2006), this
study found that because of the participants’ prinealucation level, it is not possible
to transfer the conception of gaming activities ati computer modelling
competences to such local actors. This concerntafimling an autonomous and
neutral local facilitator, who can continue to utse ComMod methodology and
develop tools, remains a challenge.

13.2.3. Types and Number of Stakeholders Involadgtle Process
ComMod is one of the alternative approaches usedadditate communication
because it motivates and engages all kinds of peaplcollective exchanges.
Therefore, a greater variety of players involved tire ComMod activities is
preferable. In this case, even if | establishedil@gcontacts with staff members of
development-oriented institutions at the study, ghiere was no continuous presence
of the project at the sitdt was not possible to involve all of them throughthe
successive model design phases due to severaldaict@articular time constraints of
the TAO officer and agricultural extension worker.

Due to limited space, time and equipment for play@1 participants were
considered suitable for RPG sessions in this Combigeeriment. During the BMM
simulations, the number of participants was similean in previous RPG sessions.
But, | found that it was possible to use the BMMdabto engage more participants
in the same group discussion as shown in the dpsmminar given at UBU where

more than 70 participants were involved.
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13.2.4. Further Use of the BMM model
Based on the results from monitoring and evaluadictivity, new ComMod activities
focusing on market opportunities for farm produesd farm diversification out of
rice in relation to water availability would cem&y meet the interest of these
collaborative farmers. However, integrating agtigtdl marketing dimension into the
BMM model would require considerable time and tesistance of an economist but
it could be proposed as a further sequence ofGbimMod experiment. In term of
out-scaling, the current model can be used as antomeation tool in villages similar
to Ban Mak Mai village to stimulate knowledge shgrileading to the enrichment of
the underlying conceptual model. | believe that twmmputer model could be
introduced straightforwardly to other farmers withdeing perceived as a “black
box” if its presentation is made by the BMM farménemselves: there is no reason
why the communication of the model among farmerald/®e more problematic than

the communication of the model from farmers to Isists.

13.3. Conclusion

From this ComMod experiment, the understandinthefinteractions between
land/water use and labour migration across farnmedys improved through the
evolving iterative collaborative modelling proces#e both researchers and
participating farmers gained benefits through kremlge sharing activities. The initial
diagnosis activities elucidate respective strategicsion-making processes regarding
farm management and labour migration practicessadarm types. This preliminary
and field-based knowledge is very useful to dedigm initial conceptual model
representing the structure and interactions ofabmponents of the system under
study. Based on the initial conceptual model, Ri®Gs and co-construction of the
BMM model with local farmers lead to the creatidnaocommon understanding and
shared representation of the interaction betwessh\leater use and labour migration.

Participating farmers can engage in the collabegatiodelling process to co-
design and co-construct models representing tlysies). The conceptual model is
gradually collectively enriched through a seriegafticipatory field works by using
associated tools RPGs and ABMs. Using these ta@rstmulate knowledge sharing,

and open a way to integrate scientific and indigsnknowledge between scientists
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and the local farmers with primary educated leVidéle final ABM “Ban Mak Mai
model” becomes a tool with integrated diverse kmalgke presenting a shared
representation of the system and the issue unddy.sthe patrticipating farmers are
also capable to use RPGs and ABM to express thpiesentations, to facilitate their
collective assessment of the problem at stake, tanginprove their coordination
through the collective identification, simulatiomda assessment of scenarios of
change. At the individual level, participants adapa more reflective, pro-active style
of farming, gained confidence in managing changesymunicated across broader
social networks, etc.

Through the co-learning and knowledge sharingrduseries of participatory
workshops, participants’ adaptive management cgpacas also generated. New
ideas on how to improve the local agro-ecosysteso amerged, like the adoption of
mixed farming and the complementary use of undemgitovater. Some participants
even declared having changed some of their farrpiagtices as a result of this
learning and exchange collaborative modelling pgecel he participating farmers can
use the BMM model to discover the consequencesatémdynamics interacting with
fluctuation of labour availability. While the gangirsessions are more inclusive, the
computer ABM-based patrticipatory simulations argiobsly more difficult to follow
for the older farmers. This ComMod experiment eedldarmers to gain knowledge
about individual farm practices. The interviewsshbat participating farmers think
that they benefit at the personal level, especiallytriggering individual learning,
reflection and action about farm activities. Then@®od approach is very robust and
efficient in its resemblance to reality, the futimgilating openness and exchange of
experiences, while showing relationships betweemm faactions and their

consequences.
13.4. Recommendations

13.4.1. On ComMod Process
Based on this ComMod experiment, there are sugyestio improve the process

regarding the process management, and tools used.
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13.4.1.1. Process Management

Involve diverse stakeholders as early as in prodi@mmulation

More diversity of stakeholders, in particular Ibpalicy makers, is needed to
integrate more diverse perceptions in this co-legrprocess. It is also to offer them
to learn an alternative participatory approach &cilitate knowledge exchange
between them and villagers. The selection of gmolaltic issue should be legitimated
by stakeholders and formulated with them. Takingséhconcerns into account can
help to intensify the ComMod sensitizing activit@learer objectives to targeted
participants prior the ComMod process can alsoebelred. The participants’ age is
specifically addressed in this case study. Eldpdyticipants had to experience the
RPGs at least two times before engaging themsehtesparticipatory simulations.
However, younger players immediately understood A®M because they have
higher educational background with experience irRRhanagement and computer

uses.

Balance stakeholders’ understandability and tedmmss through repeated
simulations

To ensure that local farmers had clear understgndbout the model, the
research team often repeated same simulationslrgatime. The participants may
sometimes be tiresome For example, an elderlyandnvoman of farm type A told
me after they participated in the "24pril 2007 field workshop that “I feel that
participating in this field workshop was similar tbe last three workshops, it
becomes repetitive and | did not learn new thin@$iongnoi, 2009). However, any
change to increase participants’ interest has toabefully and collectively selected to

avoid possible drawbacks, particularly individuabgctivity.
13.4.1.2. On Its Main tools Used

Role playing game

A RPG should not be very complicated with manypstéo complete its
session. The complicated RPGs may require some wemassisted game plays,
such as EXCEL spreadsheets and it, hence, netessitahave assistants to help

players. As a result, the players could sometingepdssive in the gaming session if
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they have to wait too long during inputs and oufpnaicedures operated by assistants.
A simple RPG with few steps like the third RPG iot@er 2007 is more effective to
always engage players into a game session. Besutbsmore graphical pictograms
used, and without use of computer-assisted gany iple possible to design a RPG
that allows the players to actively manage inpuats @utputs by themselves. This kind
of game design can keep the players focusing orcdh&ent of the game with more

lively interactions.

Agent-based model

Based on the ex-post evaluation, experiencing uarterstanding the RPG’s
features and rules is an essential learning stageefv participants prior the use of an
ABM. However, the pictograms used in the ABM haseosimilar than those used in
the RPG. The spatially-explicit representationhie BMM model is very helpful to
support group discussions. But it has to be dedidoepresent in a large size with
high contrast and clear colours related to redéty. deep blue for farm ponds) to be

easily observed by all participants.

13.4.2. On Water Resource Development

The patrticipating farmers confirmed their prefeeefior the individual private water
resource development, such as farm ponds andanrteslls. They see them as more
feasible and practical. They do not reject an atimn net work or public reservoirs
but there are concerns about the equal accesgde thater resources for all types of
farmers. They are also aware of water sharing s flhat could emerge from unfair
public water resource management and this coulgajelize the harmony of their
village. The participating small farming househod@em to be more pro-active to use
any new water resources to diversify their farmdpiiion. They need more labour
force to do so. Thus, they are likely to reduce niienber of migrant workers if
adequate water is made available. Such action in@gase labour constraints on
medium and large farms since hired labour fromrtingain source would be less
available. Thus, more water resources may not chémgr farming strategies to use
it as much as expected. An important remark madiéyparticipating farmers is that
they would like to involve in local developmentarito its implementation to avoid
any pitfalls that may occur.
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However, using the results derived from this expent to improve the
design of more adaptive future water managemenicipsl is still questionable
because no policy maker was involved so far. Thaokbe up-scaling capability to
reuse the BMM model by participating farmers, ip@ssible to engage local policy
makers into a group decision. Besides, the BMM ehadn be used for out-scaling
purpose if it is presented to other RLR farmers seh8AES is similar than the Ban
Mak Mai village. This is also a way to steadily apel the BMM model with local
farmers. If the up-scaling and out-scaling are psagl, continuing this ComMod
process is recommended to update and improve mgrsiiachding about the current
situation with my field collaborators. This may deato more concrete
recommendations regarding possible future developmderived from the
collaboration between local farmers and other @l¢actors.
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Agricultural Land Reform Office
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4 farm ponds for all farms and 20 farm workkeosn other
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scenario
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WPI Water Poverty Index
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Appendix 1 Regional distribution of poverty in tB8 National Economic and Social

Development Plan

Currently, the Royal Thai government is developamg “area-based approach” to
better pinpoint geographic areas where poor populatare concentrated. This
project came under the management of the CDP-PAMuri@y Development
Partnership in Poverty Analysis and Monitoring) Werld Bank, in collaboration
with the Thailand Development Research Institut®RT), the Office of National
Economic and Social Development Board (NESDB) &edNational Statistics Office
(NSO); the project’'s main aim was to construct fingt poverty map for Thailand
using the World Bank method (Jitsuchon, 2001).

Region Province Districts Sub-districts Target villages Percent of target villages
Northeast 19 320 1,878 6,676 39.9
North 17 193 1,235 5,806 34.7
Central 25 195 841 3,012 18.0
South 14 138 532 1,241 7.4
Whole Kingdom 75 846 4,486 16,735 100

Source: http:/poverty.nesdb.go.th/Province/pov_area.htm the 9" National Economic and Social Development Plan
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Appendix 2 Small scale irrigation infrastructureilbin Lam Dome Yai watershed,
Ubon Ratchathani province (1978-2002).

Storage Irrigation  Number of

Cﬁnmpf:d Project name Type Location capacity area benefiting Cost
4 Sub-district District (m3) (ha) Households  (x 1000 euros)
1978 Beng Tha Chang Reservoir  Tha Chang Sawangweerawong 650,000 96 na na
1980 Hua Pai Weir Rai Tai Phibunmungsaharn 320,000 80 na na
1980 Hua Kha Reservoir  kang Dome Sawangweerawong 322,000 160 na na
1981 Hua Hin Siew Weir Kumkrang Det Udom 108,360 32 280 60
1981 Hua La Long Weir Kumkrang Det Udom 63,000 24 650 30
1981 Hua Oum Reservoir  Na Chaluai Na Chaluai 380,000 32 40 40
1981 Hua Sun Reservoir ~ Na Chaluai Na Chaluai 800,000 48 2,400 46
1981 Hua Bon Weir Song Nam Yun 180,000 24 na na
1982 Hua Ar Rong Weir Somsa-ard Det Udom 320,000 80 534 33
1982 Hua Can Weir Na Suang Det Udom 320,000 16 664 38
1982 Hua Lok Reservoir  Na Chaluai Na Chaluai 350,000 3 240 46
1983 Hua Can Weir Na Suang Det Udom 320,000 16 170 38
1983 Hua Hin Siew Weir Phon Ngam Det Udom 240,000 32 250 51
1983 Hua Bua Weir Klang Det Udom 320,000 19 120 41
1983 Hua Chaluai Reservoir  Na Chaluai Na Chaluai 1,104,000 192 400 65
1983 Hua Pun Reservoir  Ban Toom Na Chaluai 1,354,200 32 100 66
1983 Hua Song Reservoir  Song Nam Yun 150,000 48 na na
1983 Hua Sun (North) Reservoir  Na Chaluai Na Chaluai 530,000 na na na
1984 Hua Sadok Reservoir  Na Yea Na Yea 1,941,909 32 na na
1984 Hua Damrong Reservoir  Kee Lek Nam Khun 1,457,311 96 na na
1984 Hua Chorm Weir Kreng Det Udom 320,000 32 160 42
1984 Kud Ngo Reservoir  Muang Det Det Udom 427,280 8 250 44
1984 Hua Pun Reservoir  Na Chaluai Na Chaluai 130,600 56 400 106
1984 Hua Non Yang Reservoir  Tha Pao Nam Khun 127,740 48 na na
1984 Hua Rong Tan Reservoir  Na Chaluai Na Chaluai 200,000 80 na na
1984 Hua Aum Reservoir  Na Chaluai Na Chaluai 853,000 80 na na
1985 Hua Keng Aom Reservoir  Na Reung Na Yea 408,000 32 na na
1985 Hua Bua Weir Klang Det Udom 320,000 19 120 77
1985 Hua Aree Weir Nong Aum Tungsriudom 320,000 8 na na
1986 Hua Rad Reservoir  Pu Pue Nam Yun 416,800 32 na na
1987 Hua Som Reservoir  Phiboon Nam Khun 214,476 160 na na
1988 Hua Chaluai Reservoir ~ Ban Tum Na Chaluai 401,615 32 500 67
1989 Hua Som Weir Kud Rue Tungsriudom 320,000 32 na na
1989 Hua Tha Koy Reservoir  Song Nam Yun 910,000 48 na na
1990 Hua Jan Reservoir  Na Reung Na Yea 267,000 320 na na
1990 Hua Tiam Weir Non Somboon Na Chaluai 320,000 32 190 107
1990 Nong Kd Vien Reservoir Ko Kong Samrong 162,170 2 na na
1991 Nong Kam Phak Wan Reservoir ~ Sawang Sawangweerawong 201,700 na na na
1992 Hua Bua Tiam Weir Klang Det Udom 320,000 80 400 174
1992 Hua Ta Kod Weir Ban Toom Na Chaluai 320,000 32 492 156
1992 Hua Som Weir Ko Saard Nam Khun 320,000 80 na na
1992 Hua Sun Reservoir  Tha Chang Sawangweerawong 4,040,000 16 na na
1993 Hua Aree Weir Nong Aum Tungsriudom 320,000 80 na na
1995 Hua Karm Weir Meung Det Det Udom 320,000 128 251 122
1995 Hua Fung Deang Weir Yang Nam Yun 320,000 64 na na
1997 Hua Fung Deang Reservoir  Tha Kao Nam Khun 320,000 64 na na
2001 Hua Kao San Weir Na Suang Det Udom 320,000 16 na na
2002 Hua Som Weir Phiboon Nam Khun 61,000 128 na na

na: not available
Source: Irrigation Office, Region 7, Royal Irrigation Department, Ministry of Agriculture and Co-operatives, Ubon
Ratchathani (2006).



Appendix 3 Materials used to produce GIS mapsisgdtudy.

Year 1973 1984 1989 1991 1995 1996 1999 2000 2002
Tvoes Aerial Landsat Aerial Landsat |Land use |Land use | Aerial |Topomap |Topomap | Landsat |Land use | Landsat
P photos MSS photos ™ map map photos (raster) | (vector) ETM map ETM
Date 20-Dec 3-Jan 18-Dec 25-Dec 28-Nov 31-Dec 20-Feb
pictures pictures pictures papers
. and digital: 4 and digital: 7 S C and C digital: 7 .| digital: 7
Materials scanned bands | scanned bands digital file | digital file scanned i ;;dfnes digital file bands digital file bands
images images images 9
Scale | 1:40,000 | 89%60 | 1.49000 | 30X 30 1:50,000 | 1:50,000 30x 30 30x 30
sg.m. sq.m. sg.m. sg.m.
extI(:alrlliion GeoTIFF | GeoTIFF | GeoTIFF | GeoTIFF | Arcinfo Arcinfo | GeoTIFF | GeoTIFF dgn GeoTIFF | Arcinfo | GeoTIFF
http://glcfa http://gicfa http://glcfa
Sources RTSD |pp.umiacs| RTSD |pp.umiacs LDD DEQP RTSD RTSD RTSD |pp.umiacs UBU UBU
.umd.edu .umd.edu .umd.edu
Notes:

RTSD: Royal Thai Survey Department, Royal Thai Army, Ministry of Defence
DEGP: Department of Environmental Quality Promotion, Ministry of Natural Resources and Environment.

LDD: Land Development Department: Ministry of Agriculture and Coorperatives!]
UBU: Ubon Rajathanee University

A%
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Appendix 4 Standard false colour composite bang, 4, of the study site based on

the Landsat MSS image taken on 3 January 1973.
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Appendix 5 Standard false colour composite bar®] 2,0f the study site based on the
Landsat TM image taken on 25 December 1989.
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Appendix 6 Standard false colour composite bar?] 2,0f the study site based on the
Landsat ETM image taken on 20 February 2002.




336

Appendix 7 Ground truth and GPS operation carriedio the central part of Lam
Dome Yai watershed on 11-12 August 2005.
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Appendix 8 An example of determining factors andditions of the combination of

productions completed after the farm survey in Aand August 2004.

THE FAMILY (members): 4 persons: 1 male LAND OWNERSHIP (own, rent, ECONOMIC STATUS Name:

(52 year old), 3 females (48, 7 and 4 year lease) Annual income from rice: 20,000 baht Mr. Thongdee

old) Own (land reform): 2.24 ha (14 Annual remittance: 10,000 baht Thongtant (52 year
rai). old)
Rent (land reform): 1.76 ha (11 Debt: Community cooperative: Year: Aug 2004

ITS OBJECTIVE: Self-subsistence and pay rai) from his brother. 19,000 baht Address:

debt There is a 18x30x2.5 m pond Village fund: 15,000 baht Moo 13 Ban
(water available all year round Makmay, Tambon
but they have to keep it for next Klang, Det Udom,
rice season) Ubon Ratchathani

,,,,,,,,,,,,,, L2 2 2.

} The family leader is the only person taking

| care of rice production with the help of his

} son or his daughter who returns every year.

I Rice is the only labor-need activity this family
| does.

Income is used to reimburse the debt | LABOR SOURCE
and daily expenses. They pay Family labor: 1 main
cooperative debt > borrow new loan and 1 seasonal

-> pay village fund debt - borrow migrant

new loan = use for daily expenses Hired labor: 20

and capital for rice production next transplanting and
uncertain number for
harvesting

Mutual help: No

His brother is disable person. He
has to look after him and take
care of his land.

season.

FARMING AREA: 4 ha (25 rai) PRODUCTION COMBINATION Debt, children and members’ illness are
- Rice (25 rai): Nursery-late April-pond - Transplanting-Aug-rain pushing factors that some family
- Harvesting-Oct members have to migrate to work in BBK.
FARMING AREA PER LABOR (F/L): | - Rice mill: receive the service either rice or money Migration causes labor shortage in family.
2 ha (12.5 rai) When rice season comes, they need to
[ hire labors. There are two conditions. 1

if a migrant returns, they hire labor only
MIGRANT’S CHARACTERISTIC harvesting period. 2™ if no one returns,
1% daughter (6" grade-married-29 they have to_ hire labors f_or transplanting
year old) / 2 son (6" grade-married- anq harv_estmg (use remlttance) )

live in Laey-27 year old) / 3% son ThIS family prefer to migrate to get higher
(vocational collage-single-24 year income (the agency must manage

old) everything) because they want to clear
LABOR FORCE debt. However, they cannot do so
Constraints: because of the elders and grand children.
- F/L is high Because of inadequate labor forces and
* - a main labor is old. |yl water resource, they do nothing in dry
77777777777777777 Potentialities: season.

All labor forces (except Khun
Thongdee) are not home. Two of
them are seasonal migrants but they
do not return home the same year.
One returns. The other works in BBK.
Some year, none returns up to the
wage or salary they receive.

2™ son move out for good. He live
with his family in Loey.

- his daughter or 3“son generally returns home during rice
production

- use remittance to hire labors

- waged labors are available in the village

Purposes of migration ! Friends and deprivation are The satisfaction is pretty high
| important factor that encourage because this household is not far

- need more income
! from center (Tambon Klang) and

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

| 1

| |

} i } Migration begins because the
| . N . N

I- unemployment in village Lo migration of possible migrants. }
| ! ! about 20 km from Det Udom.
! |
| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

necessity of using money for
raising kids and curing the ills. At
the same time, migration stops
because a family member is too
old or too young. Thus, they have

| |

| |

| |

| |

| |

| |
- have own family I The labor broker was an effective ! !
| |
| |
} to share their responsibility }
| |
| |
| |
| |
| |
| |
! i
! |
| |
| |
| |

|
|
|
|
|
1
| N . . |
| way to recruit villagers to sign |
| contact and send them to Taiwan | |
| (not so popular way now because | } between persons staying home
| (do on-farm job) and persons
} migrating to work for higher
|
|
|
|
|
|
|

income (wage).

[ N . N
| information is more easily

} accessible for villagers).

,,,,,,,,,,,,,,,,,,,,,,,,, S | S | A
+ + + MIGRATION HISTORY
FAMILY MIGRATION NORM FAMILY AND FRIEND RESIDENTIAL SATISFACTION - 1! daughter: 18 year old worked
(decision makers, migration pattern) NETWORK (migration network, (public services, community size, in BBK (maid) 4 years and
- make decision together affiliation) household appliances) returned home to get married
- the parents want to have all - friends’ suggestion - a secondary school (have 2 kids). Now work at a
members stay together - job classified news paper - public health service hotel in BBK.
- seasonal migration - deprivation - good road network - 2" son: worked in Taiwan for 3
- labor broker - large community size years. Came back and got
- not many household appliances married, Now live with his wife in
Loey.
- 3% son: worked in BBK.
Changed many jobs. Stay with 1
daughter
- 2003, they all worked in
Songkla 5 months
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Appendix 9 An example of diagrammatic presentatbrihe global functioning of

farming unit.
Diagrammatic presentation of the global functioning of the farming system
Type A: Very small rice-based and subsistence oriented farms
Family situation: Production system and environment
-4 - 8 members Strategic constraints:
-4 - 6 labour forces - small farm land. Don’t want to lose it for
ponds
Objectives: - distribution of rainfall is more critical for this
- satisfy family needs (family food security) and APS type than other types
receive regular income through selling surplus - no diversification of farm production, only
rice and full employment of family labours rice is grown
4 - low annual household income

Strategic opportunities:

- have more opportunity to be hired by
neighbours to work in their field since (wage
labour)

- rent more land from large land owners

Farming system size:

- average: 3.2 ha (20 rai)
- range from 1.6 ha (10 rai) to 4.8 ha (30 rai ) -
- land-labourratio 0.64 - 1.6 ha per labourer

\ J
Strategy: Rice and farm products for self-subsistence and sell surplus

Choice of productions:

- main rice varieties: non-glutinous (KDML 105) for sale and late-maturing glutinous rice cultivars for family
consumption.

- vegetables for family consumption

- livestock rearing for saving

- poultry for family consumption and sell the surplus

Choice of management:

- off-farm employment is an important source of income including remittance.

- begin rice-production late: i) to wait for rain ii) to be hired by heighbour whose paddy is ready
- increase household income by renting more land for farm production

Sub-type A1: Sub-type A2: Sub-type A3:

- no or low water - poor water accessibility - average water accessibility

accessibility. - more-permanent migration - seasonal migration

- seasonal migration - remittance varies from 6,000 to - remittance varies but relatively low. Use it

- no or low remittance | | 20,000 baht per year. Use it for hiring | | for house improvement and education of
labour when no returned migrants children

Techico-economic results (baht):
- annual household income (net):
min: 15,000 — max: 30,000
- annual on-farm income (gross):
min: 10,000 — max: 20,000

- annual off-farm income (gross): -

min: 10,000 — max: 50,000

- annual debt:

min: 5,000 — max: 40,000 Farmers projected improvements:

- average annual household income (gross): - rent more land to extend rice planted area for low farm-
51,800 (min: 20,000 — max: 70,000) labour ratio family

- % share of off-farm income: 66% (min: 72% - - have family labour migrate to Taiwan or Korea and remit
max: 50%) money to his/her family (more debt is indicated because of
- Debts as % of gross household income: loan).

average = 31% (min: 25%- max: 57%)
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Appendix 10 Algorithm representing household decisio locate nursery for RD6
and/or KDML105 in a UML activity diagram.

[there is RD6 variety] ? [there is only KDML105 variety]

[there is KDML105 variety] [there is a pond] l il
[there is a pond] i
(establish nurseries near pond ) (establish nurseries near pond )

(establish nurseries in middle of paddies

[8 days after nurseries of RD6 vaietywas established]

[i]

i

(establish nurseries in middle of paddies )

Note: i =inverse

/%\
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Appendix 11 Algorithm representing household decisio transplant RD6 and/or
KDML105 in a UML activity diagram.

(o

[family farm workers can complete transplanting before 2nd week of September]

[family farm workers can complete transplanting
before rice seedlings are 51 dayold]

i [labour is available to be hired]

[there is RD6 variety] [there is only KDML105 variety]

L.

[todayis not yet 2nd week of September]

move to next day

[rice seedlings are not 51 day old]

Ctransp|ant from upper paddies J

=)

ompete tranplanting RD6 variety]

E [there is KDML105 variety]

5[ hire labour )

[there is only KDML105 variety]

[there is RD6 variety]
U]

i

[todayis not yet 2nd week of September]

[rice seedlings are not 51 day old]

[complete transplanting RD6 variety]

(mowe to next@

i

Ctransplant from upper paddies J

[there is KDML105 variety]

move to next day S| -
[todayis not yet 2nd week of September] Ctransplarrt from lower paddes J
Ctransplant from lower paddies J U
[rice seedlings are not 51 day old]
il [rice seedlings are not 51 day old]
i
O

U}

move tonextday }

[todayis not yet 2nd week of September]

Note: i =inverse
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Appendix 12 Algorithm representing household decisio transplant RD6 and/or
KDML105 in a UML activity diagram.

[11 th Ngvember]
[there is RD6 vaiety] [there is only KDML105 variety]

(harvest from upper paddies close to house <

Ut >{ move to next day
[complete hanfesting RD6 variety] Jk
. ) |
[there is KDML105 variety] 1] >(move to next day
[21st November]
[family farm workers can complete hanvesting before 1st December] il
i
(1] )>
[labour is availgble to be hired)]
( harvest from upper paddies close to house )< [ hire labour
[
[no more paddyto [oe harvested)]
i

() Note: i =inverse
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Companion Modelling to analyze the land/water use
and labour migration interactions in Lam Dome Yai watershed,

Lower Northeast Thailand

SUMMARY
Rainfed lowland rice is the dominant type of largk un lower northeast Thailand.
Rice production is constrained by erratic rainfald coarse textured soils leading to
low yields of the single wet season crop cycle, @&y low per capita farm incomes.
Labour migration is a common adaptive strategy esfource-poor rice farmers. A
better understanding of the interaction betweenualmigration and land and water
use is needed as the authorities plan massive tmeass in new irrigation
infrastructure. This research used the Companiodédifing (ComMod) approach to
facilitate co-learning about this key interactioretldeen researchers and a
heterogeneous group of local rice farmers. ComModn iterative and evolving
approach that facilitates dialogue and shared ileguthrough interdisciplinary action-
oriented research to strengthen the adaptive mamagecapacity of stakeholders. It
was used to enhance co-learning among stakehdlttersgh knowledge exchange to
integrate indigenous and academic knowledge onamcefarm management. A long
ComMod process, associating modelling tools suclRale-Playing Games (RPG)
and successive versions of an Agent-Based ModeM®R/as implemented with rice
farmers from Ban Mak Mai village in Ubon Ratchathgrovince. A shared
representation of the interaction under study welsiexed to be used for joint
exploration of possible future scenarios. Farmerssitler that the co-designed ABM,
sufficiently represents their farm management adwblir migration practices. They
also found that such a process, stimulated by #@eolary gaming and simulation

exercises, is effective to facilitate knowledgelexuoge and integration.

Key words

Companion Modelling, migration, Northeast Thailapdrticipation, riziculture, land

and water use.
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RESUME

La riziculture inondée est I'usage des terres damtirau nord-est de la Thailande. La
production d’'un cycle annuel a faible rendement @sttrainte par la distribution
erratique des pluies et la texture grossiéere diss able revenu agricole par téte est tres
bas. Pour les paysans aux ressources limitéesmiggtions de main d'ceuvre
constituent une stratégie d’'adaptation fréquentae Uneilleure compréhension de
I'interaction entre ces migrations et 'usage dasels et de I'eau est nécessaire car les
autorités planifient de grands investissements tiarigation.

La modélisation d’accompagnement est utilisée feiliter le co-apprentissage de cette
interaction entre chercheurs et différents typegizieulteurs locaux. Cette démarche
itérative et évolutive favorise dialogue et partdgeconnaissances lors d’'une recherche-
action interdisciplinaire renforcant les capacitéadaptation des acteurs. Elle est ici
utilisée pour faciliter I'intégration des connaissas autochtones et académiques sur la
gestion des riziéres et des exploitations.

Un long processus de modélisation collaborativesso@é des jeux de réles et la
construction des versions successives d'un moadtegnatique multi-agent avec les
riziculteurs du village de Ban Mak Mai dans la pnoe d’'Ubon Ratchathani. Une
représentation partagée de [linteraction étudiéedté produite pour I'exploration
conjointe de futurs scénarios. Les agriculteurssiciement que ce modele représente
suffisamment leurs pratiques de gestion rizicoldest migrations. Selon eux ce type de
processus, stimulé par des exercices eévolutifs idmilation, facilite efficacement
échange et intégration des connaissances.

Mots clés

Migration, modélisation d’accompagnement, partitigog riziculture, Thailande, usage
des terres et de l'eau.
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