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Chapter - General introduction

Social-ecological systems, an alternative vision of societies and

their environment

irectly linked with the social-ecological perspective (Emery and Trist 1965), several
D analytical frameworks aiming at studying the interaction between social and ecological

systems emerged during the last decades (Bietdak 2013). The Social-Ecological
System (SES) framework originally emerged from ecological research at the end of the 1990s
(Berkeset al. 1998). The argument from which the notion of SESs was developed is that of an
historical and misleading separation of the two components (social vs. ecological) ofiwhat is
reality a single interconnected system (Bruckmeier, 2011). A brief overview of the literature
provides various definitions of SESs and approaches to the concept. For &lat$2007 p.
190)“A SES consists of a bio-geo-physical unit and its associated social actors antonstit
... SESs are complex, adaptive and delimited by spatial and functional boundaries surrounding
particular ecosystems”For Ostrom (2009);SESs are composed of multiple subsystems ...
such as resource system, resource units, users, and governance Jydternsare]relatively
separable but interact to produce outcomes at the SES ldw@l"Collinset al. (Collins et al.
2011 p. 351);the conceptual scope of ecology must expand to embrace not only other scientific
disciplines, but also the pervasive human dimension of environmental structure and change ...
Every ecosystem on earth is influenced by human actions ... the environment is bestaghderst
and studied as a socio-ecological systemRelatively close to the SES framework is the
Coupled Human and Natural System (CHANS) approach (Aleeali 2011, McConnelét al.
2011) that acknowledges thahuman and natural systems are coupled via reciprocal
interactions, understood as flows (e.g., of material, energy, and informatiompar@ular
interest in studying these interactions is the understanding of feedbacksjsesirpr
nonlinearities, thresholds, time lags, legacy effects, path dependence andre@esye0ss

multiple spatial, temporal and organizational scédlésicConnellet al.2011 p. 219).

Beyond the variations in the definitions, the adoption of the SES framework undeniably
contributed to a shift of paradigm in environmental science by urging researchers to consider
human beings and their environment as entwined parts of a complex and dynamic system
(Ostrom 2007, 2009, Epsteat al. 2013, McGinnis and Ostrom 2014).
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Figure 1.4.The Revised social-ecological system (SES) framework (extracted frormiMs@nd
Ostrom 2014).

Interactions take place in focal action situations, and among them are conflicts,
harvesting, information sharing, lobbying activities, monitoring activities or investment. The
outcomes resulting from interactions between the first-tier variables highlighted by Ostrom and
McGinnis (2014) fall under three categories: social performances, ecological performance and
externalities to other SESs. Indeed, joining Gunderson and #islloonceptof panarchy
(Gunderson and Holling 2002), a fundamental property of a SES is that its boundaries only
exist for analytical reasons, whereas in fact, social-ecological dynamics are inflbgreed

have influence on “external” sociatological systems.
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An overview of social-ecological issues within SESs

When opening the “Actors” box (Fid) of a given SES, one will come to consider a
potentially high diversity of local actors/groups of actors, sometimes also called stakeholders
in this thesis. Taking the simple example of a river, Webber (1998) explains how the
fisherman’s, the engineer’s, the geographer’s and the ecologist’s river are ditithenigh
they are based on the same environmental feature. Power games between actors (Barnaud and
Van Paassen 2013), interactions between land uses (Chi#akit&2015), co-operation or its
opposite (tensions and conflicts) will impact the functioning of the SES (Tompkins and Adger
2004, Wehrmann 2008).

This plurality of stakeholders interacting around common resources therefore brings
with it the question of coexistence, for which the Collins dictiohargvides us with two
definitions: (i) the situation of existing together at the same place and at the same time, or (ii)
to exist together in peace. Coexistence is more than the sum of interactions and outcomes, and
is a key driver of SESs (Guerbasal.2013). In cases where the coexistence of different land
use results in reciprocal benefits, we can expect local actors to collaborate to maintain these
benefits. But when one or more actors dominate and achieve their own objectives atrike expe
of others, we can expect the emergence of conflicts, along with an increase in individualism

and rule avoiding mechanisms that aafine threaten the system as a whole.

A conflict is a “difference within a person or between two or more people (or groups of
people) that touches them in a significant way” (LeBaron and Pillay, 200&). A conflict is
characterized by five phases: initiation, escalation, controlled maintenance, de-scalation and
some kind of termination (Cheldelet al. 2003). Conflicts can take many forms, and produce
more or less violent outcomes. Tensions and conflicts can happen at different scales, from local
employee/employer conflicts within comparije® larger societal conflicts where part of the
population disagrees with political decisions, such as the opposition of a part of the French
population to the reintroduction of Eurasian brown béarsys arctos arctgsin the Pyrenees
mountains by the French government between 1990 and 2006 (Chetrit 2012), or the worldwide

3 www.collinsdictionary.com

4 A recent example is given by the Air France social conflict:
http://www.lemonde.fr/economie/article/2015/10/06/air-france-un-an-de-confliteési-t
dates 4783704 _3234.html
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Protected areas and their peripheries: examples of land-use

conflicts

According to the International Union for the Conservation of Nature (IUCN) Red list
published in 2012, 22% dhe earth’svertebrate species, 41% of invertebrates and 70% of
plants were threatened at that time. Thus, more than one species in five on the globe was
threatened by extinction, and the list is only getting longer (Hoffman 2040). The extent to
which human activities have impacted the environment has taken the Earth to what some
authors consider to be the sixth mass extinction crisis (Barnosky 2011). Protecting and
conserving the environment is crucial to the survival of humanity (e.g. Sukhdev et al. 2010).
Nevertheless, conservation activities are not undertaken without raising questions about the
human/nature relationship promoted, and about international power games at stake and their
local consequences. As our work is focused on tensions and conflictive relationships between
actors at the edge of a Protected Area (PA), a short analysis of conservation, its, ideological
roots and social effects is hecessary at this point. The last part of this section will gipéesxam
of social-ecological issues affecting spaces in and around protected areas, withuéapartic
focus on eastern and southern Africa.

PAs are the most widely known strategy for conserving biodiversity in the face of
ecosystem degradation (Palorebal. 2014). The IUCN defines a Pas ‘a clearly defined
geographical space, recognized, dedicated and managed, through legal or other effective means,
to achieve the long-term conservation of nature with associated ecosystem services and cultural
value$ (Dudley 2013). This definition is refined by six categories depending on the
management objectives and conditions: from exclusives nature reserves (la) and wilderness
areas (Ib), where human visitation is prohibited or controlled and limited to ensure protection
of conservation values andrmaintain “natural” conditions, toA% allowing sustainable use of
natural resourcé€gVI), which conserve ecosystems while maintaining the exploitation of the
resources that they contain. Different GS (McGinnis and Ostrom 2014) apply to PAs:
governmental governance, shared governance, private governance or local community-based
management (Dudley 2013). The UNEP World Database on Protected Areas (WDBPA)

records PAs existing in the world and shows how the geographical extent of PAs has increased

6 The Sikumi Forest, at the end of which our study took place, can be etk a type VI protected area.
7 http://sea.unep-wcmc.org/wdbpa/
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Figure 1.5.Overview of the protected areas as included in the World Database on Prateeted
(http://www.unep-wcmc.org/resources-and-data)

The three transformational moments identified by the author as leading to regular conflicts
between pastoralists and PA managers are (i) the creation of safaris as a distinct commodity
through which one can observe a wildlife-rich environment devoid of humans, (ii) the strategic
spatial and temporal placement of National Parks officials to protect the safari experience
within which tourists interact with local communities only during community-tours and
therefore cannot really appreciate their practices, and (iii) the identity (re)creation where
tourists and rangers regard herders as a threat to pristine wilderness, tourists see rangers as
protectors, rangers identify herders as a threat to their identity of protectors and Maassi herde
see rangers (who are Maasai too) as cattle raiders (Butt 2012). Conflictive interactions between
PAs and surrounding populations are found in other places in eastern and southern Africa.
Human-wildlife conflicts are omnipresent and mainly involve livestock, humans and carnivores
(Lyamuyaet al.2014, Dickmaret al.2014, Matema and Andersson 2015, Congtal 2015),

or elephantsl(oxodonta african(Dublin and Hoare 2004, Guerbeisal.2012a, Hoare 2015).

The risk of transmission of infectious diseases between livestock and cattle is also a major
concern (Miguelet al. 2013, de Garine-Wichatitskgt al. 2013), as is forage competition

between livestock and wild ungulates (Butt and Turner 2012).
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law enforcement as

“components of a large ecological region that straddles the boundary of twmrer
countries, encompassing one or more protected areas as well as mulsiplece use
areas [e.g. communal farming land, mines, etc.] (.fgunded with the aim of
collaboratively managing shared natural and cultural resources across intenaht

boundaries for improved biodiversity conservation and economic develdptnent

With the rise of TFCAs in southern Africa, many people who were often displaced in the
formation of protected areas decades earlier now find themselves residing conservation area of
this type (Andersson et al. 2013a). There are currently 13 TFCAs in southern Africh 3Fig.
although not all are at the same point of development. Five of them include Zimbabwean
protected areas, among which are the two largest ones: the Great Limpopo TFCA (GL-TFCA),

and theKavango-ZambeZiFCA in which we conducted our work.

Emblematic of TFCAs, the Kavango-Zambezi (KAZA-TFCA) was officially
inaugurated in 2012. It sprawls over five countries (Fig. 1.4) and covers a total of 444 000 km?2,
an area equivalent to Italy. Centered around the Okavango and Zambezi river basins, it
encompasses 36 PAs, among which are more than a dozen National Parks (NPs), notably
Hwange National Park (HNP) and the Sikumi Forest, at the edges of which our study area is
located (Chapter 2).

10 http://www.sadc.int/themes/natural-resources/transfrontier-conservati@meas/
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TFCAs in Southern Africa

‘/’IIZI National Boundary
~" mm Lake
B National Park
. Forest

e Management Area, Coutada or Reserve
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Figure 1.6. TFCAs in southern Africa (reproduced after Andersson et al 201Bterh). The figure shows the
thirteen southern African TFCA: (1) Kavango-Zambezi (KAZA), ([@sdd-Sealous, (3) Great Limpopo, (4)
Kgalagadi, (5) lona-Skeleton Coast, (6) Mana Pool-LowenBezi, (7) Drakensberg-Maloti, (8) Liuwa Plain, (9)
Ai-Ais/Richtersveld, (10) Greater Mapungubwe, (11) Lebom2) N¢ika-Vwaza Marsh, (13) Kasungu-Lukusuzi.
Not all these TFCAs are at the same point of development

By including protected and communal areas within gigantic international conservation-
oriented areas, TFCAs offer particularly relevant contexts to study the coexistence of diverse
actors within them, and especially land use conflicts. Although TFCAs are built on enchanting
promises and potentially provide conversation and development benefits, they also impose
additional constraints for people living within their boundaries, such as risks of increased
physical aggression by wildlife, crop raiding, predation on livestock and disease transmission
(Murphree 2013).
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Figure 1.4. Map showing the five southern African countries covered by the Kavaagiezi
TFCA: Botswana, Namibia, Angola, Zambia and Zimbabwe\{.britannica.com

Our research project: questions, objectives and organization of

the manuscript

The previous paragraphs set the general context of our work. We described how the
interactions between societies and their environment could be formalized to produce the SES
framework. We do not argue that this framework is the only one to approach the matter, but we
chose to adopt it as it allows the integration of several disciplines and therefore enhances
dialogue between researchers and practitioners originating from different academic fields. We
briefly gave a definition of what a conflict is and how conflicts emerge in SESs. We proposed
our vision of protected areas and provided examples of actors and land-use conflicts shaping

these.

Social-ecological problems are complex and in some caséed problemsthat defy
simple solutions(Balint 2011). Incomplete scientific knowledge, uncertainty, competing
cultural values and the gap between the real matter as it appears to local stakeholders and the
matter as it exists for exogenous researchers, make studying such problems quite apallengin

Local stakeholders’ participation is one of the possible strategies allowingogedavith this
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T contextin which we co
theoretical frameworksand methodological approach

geographic locationand the generahgro-ecological characteristics

social and political history
precolonial periogdand explains the history of current ethno
Rhodesianera (1889-
post-colonialperiod (since 1980) are described mostly in relation with [Hvet
related policiesthat shape
protected areas.

the theories behind the methods
wickedproblems
transcend the classical frames of scientée describe the notion gfost-normal
scienceand the role ofparticipation andinterdisciplinarity

companion modelingprocess and the use oble-playing games
agent-based models



Chapter 2- Context and theoretical frameworks

Study site

his work was conducted within Ward 15 of the Hwange District, western

Zimbabwe (Fig 2.1), at the interface between the villages of Magoli, Siyalwindi,
Chezhou, Dingani and Jwape @ana unfenced protected areas, namely Hwange National Park
(HNP, 14651km?), a wildlife conservation area located a few kilometers to the southwest and
the contiguous Sikumi Forest (SF, 11000 km?), a wildlife conservation and timber production
area separated from the villages only by a tarred road. The study area can be qualified as semi-
arid. Three seasons can be distinguished, a cold and dry season ranging broadly from May to
August followed by a hot and dry season from September to October, and a rainy season from
October to April, although the start of the rainy season varies greatly among yea®s2ig.
Annual rainfall ranges between 450 and 650 mm per year and is spatially highly hetersge
(Chamaille-Jammest al. 2007). Severe droughts occur, as well as recutgnspells’ during
the rainy season (Fig. 2.2, Matarira and Jury 1992).

Figure 2.1. Map of thestudy area showing the interface between villages studied and the jacerdadPAs:
Hwange National Park and Sikumi Forest, Zimbabvilage boundaries are often contested and it is difficult to
gain access to official records. The boundaries displayed on the figere collected by Guerbois et al (2013).
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Villages are restricted to the CA, that is an area dedicated to human settlements with
lands allocated by traditional leaders (Guertaial. 2013), while HNP and SF are managed
by their respective governmental authorities, the National Parks and Wildlife Management
Authority (NPWLMA) and the Forestry Commission. As demonstrated in Chapter 1,
coexistence issues between protected areas and neighboring communities are omnipresent
throughout the African continent, among which are poaching (Rowelifi@. 2004), cattle
incursions in protected areas (Butt 2014) and the lack of benefits derived for rural communities
(Emerton 2001).

Figure 2.2.Rainfall patterns in the study ar&dne upper panel summarizes the range of variation in the starting
date of the rainy season between 2002 and 2010. Based oratajagdeployed in the communal land at the
edge of the Sikumi Forest, the lower panel shows the temporal heterogeneityatifaaring the onset of the
2013-2014 rainy season (form O¢ttb Jan ).
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A brief pre-colonial history of human populations in the area

Historical and anthropological literature on southern Africa is relatively scarce. The
history of pre-colonial human settlements in our study area, although poorly described in
published literature, is composed of several waves of migrationsS&aheeople, hunter-
gatherers and original inhabitants of southern Africa, left traces of their presence in
Matabeleland north, the Zimbabwean province where our study was conducted (Cooke and
Reese 1972) and are still living in the area (Mukamuri et al. 2013), although they are a minority.
The first Bantu settlements in western Zimbabwe were located in the region of Victoria Falls
(200 km from our study site) and belonged to Kamgila tradition, dating from between the
4™ and the % century. TheTongapeople descend from these early inhabitants and are still
present in the Hwange District, although they are found more along the Zambezi River, both
on the Zimbabwean and the Zambian sides. The Aangawas probably given to them by
other ethnolinguistic groups and means “chiefless”, people who do not recognize a paramount

leader (Nyathi 2005). Other Bantu peoples migrated into the area and local traditional leaders
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Picture 2.1. A rural homestead at dawn, Magdbcal homesteads are structured as sets of small houses, each
one serving a purpose (bedroom, food storage, kitchen,etc.) (2Q124/A. Perrotton)

During their migration from Zululand, Mzilikazi and his people assimilated individuals of other

Bantu groups such amaShonamakKalanga and Sotho people, among others, creating a
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The colonial era: evictions, resettlements and wildlife conservation

The colonial history of Zimbabwe, known at that time as Rhodesia, is characterized by
two major trends, land appropriation by white settlers and the resulting resettlement of original
populations, and the creation of large protected areas. Land appropriation by white settlers
started in 1889 when the Rudd Concession was signed bid#ieeleKing Lobengula and the
British South African Compar(8SAC) of Cecil Rhodes (Parson 1993, Mazarire 2003, Ncube
2004, Nyathi 2005). White settlements started in 1890 and Rhodesia was officially established
in 1895. Throughout the history of Rhodesia, racial discrimination had a considerable impact
on access to land for black farmers by giving the best arable land to white Rhodesians (e.g.
Mlambo and Raftopoulos 2009) In our study area, local rural communities were chased or
relocated several times since the end of tH& deéhtury, the first time in 1895 when Albert
Giese took over 1036 km? aroulilimbusito exploit coal. Thirty years later, the Hwange
district was shared between mining concessions (45%), inalienable land (50%), and a Nambya
reserve (3%). In 1928 the Wankie (Hwange) Game Reserve and the Sikumi Foreseéaterk ¢
on the previously inalienable land, and local communities were evicted from land in which they
were either settled, driving their cattle or gathering natural resources such as fruits or firewood
(Ncube 2004). To ensure the non-return of rural communities, some of the villages were burnt
by the first Wankie warden, Ted Davison (DNPWLM 1999).

National Parks and tourism represent a substantial part (+15%) of the Zimbabwean
economy (Peter Sat al. 2015). HNP was created and managed to maintain wildlife in an area
that was only used by wild animals and only during the rainy season. The main management
tool was the development of a network of artificial water pans, which began in 1935 (DNPWLM
1999). Consequently, wildlife populations increased both within and outside the boundaries of
the park. They actually increased so dramatically that the park’s managers were cbbgerne
vegetation degradation and initiated culling programs in 1963 to control populations of wild

herbivores, of which impalag\épyceros melampyduffalos Syncerus caff@¢rand elephants

I This unfair allocation of arable land was partially addressed by the fidstééorm conducted under the
Lancaster House Agreemdi@ompagnon 2003) by President Robert Mugabe in the early 1980spatmued
during the second land reform in the 2000s (Haeloal. 2012).
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Picture 2.2.Elephantsl(oxodonta africanpand a giraffe Giraffa camelopardali$ drinking in a pumped water
pan Guvalalg inside Hwange National Park during the dry seaf@s/05/2012. A. Perrotton).

CAMPFIRE works as a decentralized institution, managed by Rural District Councils (RDC).

The program relies on two main pillars, a sharing of trophy hunting revenues with local
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Picture 2.3.A road sign warning about the risk of elephants encounters. (26141 Arthur. Perrotton)
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Cattle herding at the heart of coexistence between rural commungies the

Sikumi Forest

Nowadays, local communities have no right of access for any use/extraction of natural
resources from HNP except for occasional grass harvesting for thatching, under close
supervision of rangers. Unlike HNP, the management of SF includes a direct use of natural
resources (IUCN, cat.VI). The SF is made of several blocks, some dedicated to timber
production, others leased to lodges for photographic safaris or trophy hunting. Neighboring
communities have a controlled access to the forest and its natural resources. Women for
instance, are allowed to collect firewood one day per week, only dead wood. Managers of the
SF and traditional leaders collaborate in the management of pole harvesting. A villager who
needs poles will write an official demand specifying the exact number of poles needed and have
it stamped by the local traditional leader. This letter will be advised by a SF officer in Dete (Fig
2.1) who will deliver an official authorization. As part of their veld fire prevention plan, the SF
managers also involve local villagers in the harvesting of thatching digparthenia spp.
Although part of the grass collected is delivered to the Forestry commission, villagers get
benefits as they can use and locally sell it. Furthermore, the severe droughts of the eagly 1990’
(Maphosa 1994) led the Forestry Commission and traditional leaders to negotiate a
complementary right of access for neighboring communities. Herders obtained the right to
graze their cattle within the SF (Guerbetsal. 2013), although the official authorized distance
of incursion remains unclear and, depending on the informant, ranges from 2 km according to

a Forestry manager to 3 km (Guerbeisal. 2013), and up to7 km according to local herders.

Previous studies conducted in the area confirmed the extensive use of the SF by local
herders. The work conducted by Migetlal. (2013) provides significant information. Figure
2.3 represents a simulation of cattle movements in the study area between December 2010 and
August 2011 obtained by the deployment of 10 GPS collars. The reader will recognize the study
area (Fig. 2.1), although two additional land uses are displayed, a residual inalienable state land
between HNP and the communal area and a Marist Brothers’ concession (that is a land entrusted
to a marist congregation by the local traditional authorities). These will not be mentioned in the
rest of this thesis because we specifically focused on the SF/communal land interface. Even
with this small sample (N = 10), the simulation shows the intense use of the forest by cattle
owners living on the edge of the SF, and the central role of seasonal water pans, which, unlike
those in HNP, are natural and do not benefit from (or depend upon) any pumping system.
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Figure 2.4 Simulated cattle movements in and out of the Sikumi Fofés.simulation was obtained using the
CORMAS simulation platform (cf. chapter 3). Data used were obtaioed GPS collars deployed on 10
individuals from 10 different homesteads (Miguel et al. 2013). The coatrate (CA) is represented in yellow,
the Sikumi Forest (SF) in liglgreen, Hwange National Park (HNP) in dark green, a MarigitBers’ concession
(MB) in blue, the state land buffer(SL) between the Park and commudahlgrey and the town of Dete (D) in
white. The blue dots represent natural water pans. The red gradierh(white to dark red) represents the use
of the landscape by collared cattle between (2010 and 2011) The dedke cell is, the more extensively cattle
used this portion of the landscape. The orange shape showsfdeesof the SF used by cattle herders.

This area offers the opportunity to understand how these different types of actors and
land use can coexist. It provides a good study site for different reasons. First, its environmental

parameters are characteristic of biodiversity-dependent semi-arid dystrophic savanna
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Picture 2.4.The cattle and the fore§top: Cattle entering the Sikumi Forest (2013. Hugo Valls-Fox), Down:
Cattle drinking in a water pan (17/04/2012. A. Perrotton)
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Theoretical framework and methodological approach

n the general introduction of this thesis (chapter 1), we described the SES framework that

we have adopted. The second part of this chapter will not describe the specific methods
used during our work, which will be detailed in their relative chapters, but rather the
methodological approach adopted and the theoretical concepts we relied on. Land-use conflicts,
like other social-ecological issues, can be seamigsdproblems, that are social problem in
which the various stakeholders can barely agree on what the definition of the problem should
be, let alone on what the solution T® address the land-use conflict studied, we decided to
transcend the classic frame of traditional science, and to adgustanormal posture
(Funtowicz and Ravetz 1993), which was fundamentatirdisciplinaryandparticipatoryin
acompanion modeling proce€SomMod ((Etienne 2014)The main outcome of our work is
a Role Playing Game (RPG) that was co-designed to elicit cattle herding strategies. This was
done in several steps: (i) ethnographical fieldwork (cf. chapter 3), (ii) the iterative design of the
research RPG (cf. Chapter 4), and its implementation with local villagers (cf. Chapters 4 and
5).
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Theoretical approach

Wicked problems, a major challenge in social-ecological research and management

Originally coined by Churchman (1967) and developed by Rittel and Webber (1973) in
the context of governance and policy planning, the teicked problenis defined in opposition
to what the authors saw #smedor benignproblems. According to these authors, classic
scientific problems, such as identifying the molecular structure of an organic compound, or
solving equations, or sending rockets into space, can be complex. Nevertheless, in all these
cases, the problem(s) can be clearly defined, plans can be drawn, many factorg must b
considered but in the end, a team of researchers and engineers can do it. In turn, oney¢an “easil
say at the end if the problem has been solved or not. In contrast, problems involving social
dynamics arevicked because they have none of these clarifying traits. Several examples are
given, such as deciding the location of a freeway, adjusting a tax rate, or modifying a school
curriculum. To better understand the difference between “simple”, “complex” \aicied’

problems, we adapted the comparison proposed by Roberts (2062pp. 1

1. ‘“simple problem? A group of machinists agree that a machine has broken down,egnddtee
to fix it. The problem could be clearly defined, and problem sghig straightforward,
engendering little if any conflicts, and within a short period the prodesulved.

2. “complex problem! School administrators agree that students are not learning inl,seBoo

judged by their results. Stakeholders become embroiled in debaigstiad best way to solve
the problem, some arguing for an increase in school fundings ora different teaching team,
or for an improvement of students’ home environments. Despite theragnt on the problem
definition, conflicts related to potential solutions make the problem solvimg owmplex.

3. “wicked problerft A rural community faces water shortages and an influx of wealthgl@eo

who are buying up all available houses for second homes in thendmieh creates a niche for
developers who build golf courses, and some of the original membearse community
complain that they have to drive longer distances to find affordetusing and jobs. What is
the problem? Is it the lack of affordable housing? The lack of wate?atk of jobs? Too much
growth? A particular kind of growth? The lack of public transpdstthe problem local or
dependent on a higher scale dynamic? Identifying the problem is almumss$sible and often
depends on the problem solver’s agenda. Furthermore, stakehuiltlbfeck or encourage¢he
initiative depending on their interests, leading to a potentially high levebrdficts between
actors. Nothing bounds the problem solving process, as the prablemmbiguous, fluid,

complex, environmental, political...in short, itiscked
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Box 2.1.The ten properties afickedproblems (adapted from Rittel and Webber 1973).

“Postnormal science”, addressing wicked problems through interdisciplinary and
participatory approaches

As stated by Voinov and Bousquet (2010), a debate exists between two opposing
paradigms of science. On the one hand, the positivist paradigm leads researchers to discover an
objective truth, although they realize that single truths and single solutions do not exist. On the
other hand, the constructivist approaehg(Fosnot 2013) assumes that reality is socially
constructed, and studying and addressiakedproblems therefore requires insights on local
stakeholders’ perspectives. This second paradigm forces us to consideesolcigical issues
as fundamentally context-dependent, and any research action or policy decision as necessarily
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Figure 2.5.Post-Normal Science diagram (adapted from Funtowicz and Ravetz 2003).

In a research project like ours, the question of the legitimacy of external agents
(researchers) to conduct participatory processes (Barnaud and Van Paassen 2013), was
considered and resulted in strategical choices when we decided to involve local actors in the
co-design of our research tool. The dilemma of participation is related to the consideration, or
not, of power asymmetries existing within a SES. When facilitators of a participatorggroce
(e.g.researchers) claim a neutral posture, ignoring these power asymmetries, they are accused
of being manipulated by the most powerful stakeholders, therefore reinforcing asymmetries.
On the other hand, what is their legitimacy when adopting a non-neutral posture empowering
particular stakeholders? Such a dilemma is not solved by using a particular method, but by
being reflexive about our posture (Da€al. 2010, Barnaud and Van Paassen 2013). In our
study area for instance, local communities and protected area managers are all equally
concerned by coexistence issues and one choice could have been to involve them equally. Other
research activities are conducted by our team with HNP and SF authorities, and while this
cooperation legitimizes us in their eyes it also leads rural communities to see researchers (us)
as conservation agents. With the objective of initiating a fair collaboration betweerchesga
and local actors.g. creating an extended peer community) in the study area, we chose to start
by involving rural communities only. First, rural communities are the owners of cattle and their
participation made perfect sense (and in fact is crucial). Furthermore, this choice is coherent

with our vision of conservation presented earlier. Rural communities have little or no say in
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Our vision of interdisciplinarity

As a transition between the previous theoretical arguments and the two paragraphs to
come, we propose to give the reader a short definition of our vision of interdisciplinarity. The
SES framework and the PNS approach both advocate interdisciplinary approaches. In an
interview given to the blog of the journiliaturg “A view from the bridge®®, Harvey Graff
defined interdisciplinarity as “what emerges from the effort toettgy new answers to
guestions or new approaches to problems when elements from different disciplines,
subdisciplines or fields are required”. For him there are two major myths around
interdisciplinarity: (i) itis based on the integration of disciplines @guires “mastery” of these
and (ii) there is one path toward interdisciplinarity, a large group and expensive science. An
interdisciplinary PhD like this one is a demonstration of the validity of Graff’s first point: a
PhD student does not master all disciplines (yet). In the context of participatory research, we
assume that communication among the extended peer community is crucial, and that a large
group of researchers could bring two disadvantages. First, it could unbalance the expert/
‘profane’ ratioand skew the power relationships, causing us to miss out on some of the benefits
of participation. Secondly, having a large team of scientific experts could lead to disagreements
about directions to take.f. Robertson’s example about the school admiaists given earlier),
and a large scale interdisciplinarity used as a coping strategyittkedproblem would take

us back to the original problem.

To our way of thinking, interdisciplinarity must be context-based; there are no optimal
discipline assaations. Just as “part of the art of dealing witickedproblems is the art of not
knowing too early which type of solution to applRittel and Webber 1973 p. 141), we argue
that part of the art of creating interdisciplinarity is the art of not knowing too early which
disciplines to integrate. Moreover, the PNS approach and the creation of an extended peer

community will lead to the emergence of unexpected perspectives, new questions and

13 http://blogs.nature.com/aviewfromthebridge/2015/09/16/the-undisciplinarian/
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From theories to practice

Companion Modeling

Our work was conducted according to the Companion Modeling (ComMod) approach
(Etienne 2014). Developed in the 1990s by researchers from CIRAD (Boe$s@lei999), it
aims at identifying the various viewpoints and knowledge that local actors implicitly refer to
and use in their relationship with their environment, working -eubgether with local
stakeholders - a common vision of a given SES in order to (i) understand its functioning or (ii)
facilitate decision-making processes of stakeholders using a common resource. It is clearly
positioned within PNS, with a constructivist approach through which knowledge is constructed,
contingent to human perception and social experience, and not necessarily reflecting any
external “transcendent” realiti¢ke Pageet al. 2013 p. 529). ComMod processes have been
conducted in various contexts in the past decades, such as facilitating land-use management in
Senegald’Aquino et al. 2003, d’Aquino and Bah 2014judying and solving conflicts over
water management in Thailand (Barnaidl. 2006, 2008) and Bhutan (Guruagal. 2006),
improving collective awareness of sustainable reedbed use (Matteaie®007), initiating
collective management of erosive runoff risks in France (Soueherk2010), or exploring
hunting practices in African tropical forests (Le Pageal. 2015). All of these ComMod
processes shared common characteristics. There are six types of human protagonists in a
ComMod approach (Etienne 2014). The first four are endogenous actépsof@ne actors”
drawing their knowledge from their empirical experience of the world, (i) “researchers”
drawing their knowledge from their academic background, (iii) “technicians”, who are
generally exterior to the system but who will be occasionally consulted on precise matters and

(iv) “institutionals”, who are for example policy makers and have their own vision and



Chapter 2- Context and theoretical frameworks



Chapter 2- Context and theoretical frameworks

Figure 2.6.The Role Playing Game co-design proc&ain arrows represent creation or (re)design phases,
dashed arrows represent testing phases.

Agent-Based Models, Role Playing Games and situated knowledge

Agent-Based Models (ABMs), or Multi-Agent Systems (MASSs) are one of the recurrent
tools for studying natural resource management and socio-environmental dynamics (Schliter
et al.2012), and the literature provides various examples of applications (Bomteiof001,
Bousquet and Le Page 2004, Janssen and Ostrom 2006, éicas®014, Carteet al. 2015).

An ABM is a computer program composed of a set of smaller autonomous programs called
“agents”; systems that are situated in some environment and that are cHpaltienomous
actions in this environment in order to meet the design objectives of the ABM. Multi-Agent
Systems originally emerged from the field of distributed artificial intelligence. Agents are
virtual alter egosof living organisms that can evolve, communicate and interact in a shared
environment. Agents behave according to internal decision-making processes (DMPs) that are
coded within the model. DMPs can be simply characterized by the value of a key parameter to
which the agent will react, or integrate complex mechanisms through which agents will perceive
and monitor their surrounding natural and social environment, choose among a range of
possible actions and readjust their strategies to fulfill their objectives (LeePalg2013). The
challengds therefore to elicit local actors’ DMPs and formalize them in a computer language
that codes agents’ behavior. The theorgitifatednes¢Clancey 1997) states that knowledge

can only be represented once a person has actually put his or her knowledge into use. In othe
words, understanding is achieved through observing the actions. If our objective is to model

practices, we therefore need a way to observe actors putting their knowledge into use in a
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CHAPTER 3. Ethnographical fieldwork: Exploring

rural livelihoods and local knowledge



Chapter 3 - Ethnographical fieldwork

T ethnographical fieldworkconducted prior to the co-

immersionin rural communities’ reality

gather necessary knowledg:
legitimize ourselvesas leaders of a participatory process dealing with reality, and
could meet andknow key peoplen the area and, most importantlyjpe known
mutual trust

hosted by a family andshared their life
observing and participating

production systems agriculture
cattle herding In this semi-arid social-ecological system, we hypothesized a ~eii

seasonaand
agricultural calendarswe will provide the reader with a general overview
of rural communities’ knowledge and practicesnd how these are
articulated with the climate.
The second section is adapted from a paper submitted to Jbernal of
Southern African Studies We propose an in-depth study of local ethno-
meteorological knowledge, that idpcal knowledge related to weather
forecasting methodsIndeed, rural communities in the area rely mostly on
subsistence farming. Food production relies on rain-fed agriculture and
being able to anticipate the rainy season and rainfalls during the season is
crucial for villagers. As explained in the previous chapter, our study area is
multi-cultural and we explored the knowledge system of the two
dominant groups.
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Introduction: exploring local knowledge and practices

here are many ways to initiate a ComMod process. One can start by an initial diagnosis
Tbased on secondary data (Barnatdl.2008), or begin straightaway by the creation of a
co-design team and proceed to the construction of the ABM or the RPG. Drawing lessons from
Becuet al. (2005), we decided to first take time to discover the reality of local actors, with
several months of ethnographical fieldwork. As suggested by d’Aquind20@B8), there is a
gap between the real matter as it appears to local actors, and the matter as it existectognresea
who remain fundamentally exogenous. As this was our first experience in this part of the
country, this gap was even wider. The will to dedicate time to immersion in the everyday life
of local actors was our answer to two persamarrogations “how can we find legitimacy in a
participatory process if we don’t know the life of local actors?” and “How can we expect people
to engage themselves in a long participatory process if they do not know us?”. Indeed, the
question of the legitimacy of the researchers is salient in the field of participatory research
(Barnaud and Van Paassen 2013). Although issues around cattle concern diverse local actors,
the choice was made to focus on rural communities. This position was assumed for several
reasons. Rural communities are the owners of cattle, and the ones making decisions about

herding strategies, whereas the SF managers are rather institutional actors.

Rural populations living in Ward 15 of Hwange District rely on rain-fed agriculture (Rockstrom
et al. 2004, Coopeet al. 2008, Mutekwa 2009, Schrimpf and Feil 2012). In a semi-arid
environment, climate is at the heart of food security and is logically the central thread of this
chapter. Our first objective was therefore to explore agricultural practices as a whole, without
restricting the analysis to cattle herding, and the articulation of these practices with climate. By
doing so, we expected to gather a “minimum” knowledge about local farming practices to bring
into the co-design process. As facilitators of a participatory process, we could not be naive and
needed to have our own understanding of the system. Simultaneously, by sharing rural
communities’ everyday life we wanted to become, to a certain extent, local actors B&he S

In other words, building our own understanding of the system beyond what is described in the
literature, and knowing and being known by local actors, was our first step towards legitimacy

as facilitators of a participatory process.
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Methods: an ethno-ecological approach

he ComMod approach is intrinsically interdisciplinary. In this first part of fieldwork, we

adopted an “ethnecological” approach. Ethrecology is a subdiscipline of anthropology
that can be described as “the study of bidirectional relatipagigetween a human society and
its environment, based on the one hand on the perceptions that individuals have of themselves
about the environment and the consequences of their actions on it (emic), and on the other hand
on an external analysis of the environment and human actions (etic). It involves the observations
and descriptions of practices linking humans and their environment and allows highlighting of
ecological constraints and livelihoods of human groups in a given environment” (adapted from
Bahuchet 1986). The notion of Local Knowledge Systems (LKS) is linked to the ethno-
ecological approach. LKSs are complex sets of knowledge and know-how, practicessnd rule
that guide societies in the everyday lives of people. Developed and sustained through
generations of informal ‘trianderror experimentations’ and based on an intimate
understanding of the biophysical and social world, LKSs are anchored within the cultures of
those who hold them (Anderson et al. 2012).

Conducting research on local knowledge does not necessarily imply respect and
consideration for local cultures (Shackeroff and Campbell 2007). In an interdisciplinary project
like ours, the risk is to lose sight of local actors’ rationales (Dounias 2011) in a practical
separation between knowledge and culture. In other words, a quantitative approach would have
been directly usable in the initiation of the design of the role-playing game, but the risk would
have been to produce an erroneous and incomplete typology or classification of local
knowledge and practices (Agrawal 2002, Shackeroff and Campbell 2007). Furthermore, as
stressed by Dowling (2000), knowledge is power and the translation, analysis and publication
of local knowledge can affect its holders. This warning is particularly important in participatory
processes where local actors are not only consulted, but also involved as part of a process that

will necessarily impact the local SES (cf. Chapter 2, box 2.1 point (x)).

In order to minimize the potential deformation of local villagekabwledge and
practices, we focused our efforts on a qualitative approach. In order to study the L&® and
related practices concerning agriculture and cattle herding, we chose a classic methodology in
social sciences: direct and participatory observations combined with open and semi-structured
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The fields, the cows and the forest: a holistic approach to rural

livelihoods at the edge of a protected area

Food production: farming in a semi-arid area

We have already explained how rural populations of this region rely on subsistence
farming. Agricultural production is centered on three cereals: mZiea fhayys sorghum
(Sorghum bicolor)and millet(Pennisetum glaucumGround into flour and mixed in boiling
water, they give the local staple foaddza*. A typical meal is composed shdza most of
the time eaten with legumes (peas, beans), vegetables (onions, tomatoes), and occasibnally mea
(Fig. 3.1). Although villagers we met usually declared they favored redldza it appears that
most of thesadzaconsumed is made of maize. One of the explanations for this fact is that unlike
millet, which necessitates several processing steps, maize needs only to be dried and ground

before being cooked. As explained by a Nambya villager (Magoli),

“Sadzais better with millet, it feeds you more, but with maize we’ve got better
harvests if rain is there, and it dries up faster...you see millet needs two months

before we can preparit, and it's long, but with maize it is faster

Finally, maizesadzais regarded as a modern food, the one eaten in towns. Maize flour, often
known as “milly meal”, is sold in shops and delivered by food aid-gawernmental
organizations, and this alsends to homogenize peoples’ tastes. Small grains such as sorghum
and millet are also brewed to produce traditional beer chlisdkwa(NDb), utshwala(Nd) or

“seven days”, as it takes seven days to brew. This beer is produced-wrrslmption, but

also to be used as payment when one needs help from neighbors, for instance to plow or build.
Other plants are grown in fields, such as groundirtschis hypogaea Bambara groundnuts
(Vigna subterranepand cowpeasMigna unguiculat® but also a wide variety of cucurbits

(Cucurbitaspp.).

14 Sadzds the standardized word used across the country.
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Table 3.1.A sample ofFood crops in the study ardan: English name; Nb: ChiNamnya name; Nd: SiNdebele
name; Sci: Scientific name; Cons: part consumed; Harvest: usual hiayg@eriod; Consumption. A-“ means

the English name is used. The cucurbits do not appear in tle Y&l couldn’t identify the species, but at least 4
different types of cucurbits are named. They are harvested betwagryand May, and both fruits (boiled) and
leaves (boiled or fried) are consumed.

We defined the three climatic seasons in the introduction: a rainy season from broadly
October to April, a cold and dry season from May to August and a hot and don deam
September ro October. This is the average pattern, and the onset, intensity and end of each
season, particularly the rainy season, fluctuate greatly. When villagers were asked to define
their own seasonal calendars, these fluctuations were even more salient and manifested
themselves through the heterogeneity of sesonal calendars described by our informants (Tab.
3.2). Only three variations of the local seasonal calendar are shown, but during our interviews,

we could identify up to nine variations.
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Figure 3.1. A few typical dishesThe left column shows three different non-meat side dishes, tofidmbokra
(Abelmoschus esculentus), beans (bought) and potatoes. Thedligimn shows three different types of protein-
rich animal foods, from top to bottom: beef, chicken and “mopane wo(oasérpillars of Gonimbrasia belina
[Lepidoptera: Saturniidae]).

Official weather forecasts are often irrelevant and not always available, and agricultural
decisions (preparing seeds, plowing, harvesting) rely on the ability of villagers to anticgate
weather (cf. second part of the chapter). Two types of agricultural calendars were noted and
depend on the plowing strategy. Farmers following the first strategy wait for the first or the
second rain of the season to start plowing their fields, usually at the end of November or early
in December. Those following the second strategy practice dry planting and plow their fields at
the beginning of October. Although one can find farmers practicing only dry planting, or only
wet planting, most farmers rely on combining the two strategies and adapt their practices
according to the situation. To optimise their yields, local farmers mix long- and short-season
crops. The long-season crops are usually local breeds, rustic varieties that are used for dry

planting or when rains are abundant. Short-season crops are used for late planting.
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Table 3.2 Examples of three seasonal calendars described by local informantsditiregstudy areal he rainy

season is represented in blue, the cold and dry season in yailbihe hot and dry season in orange.

The reason why we present agricultural practices in a thesis focused on cattle herding
strategies in a PA (protected area) is that these two activities are fundamentally dependent on
each other. Indeed, throughout the months spent in the communal area we realized that although
cattle were driven inside the SF (Sikumi Forest) to find forage and water, this practidsovas a
a way to prevent cattle from goingto farmers’ fields.

Agriculture, wealth and social networks, insights into the mple dimensions

of cattle in the study area

Based on local records, only 32% of homesteads living in the study area have cattle. In
average, these families each own 5.46 cattle (sd = 4.19). Livestock is nevertheless central to
agricultural production and draft animals, if not owned, are often borrowed or sometimes
rented, enforcing social cohesion in the area. Livestock is the main form of capitalization for
rural populations. Beyond their agricultural value, cattle also have a social dimension. A large
herd is a sign of wealth, and cattle traditionally participate in the payment of the bride price,
locally calledlobola. Although foraging resources are a crucial driver, the cattle-herding
calendar is largely determined by agricultural practices (Vallseft@t. In prep) and we can
broadly distinguish three phases of cattle grazing. Once crops are planted, caitkevale
herded in order to minimize incursions into fields. Not every owner sends his cows into the SF,
and some favor the communal grazing areas, which present lower risks of predation. Cattle
herded out of the communal area feed approximately from 11h00 to 16h00 in the forest, and

natural water pans shape the Femiovements. The routes followed by cattle inside the SF
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Figure 3.2. Map of cattle-herding roads in the Sikumi Forest drawn by a local hefdefacilitate the
understanding of this hand-drawn map, we extracted a part of tpeofrthe study area (Fig. 2.1) and added the
location of one village (Jwape) and of the two boundaries betweettapdthe communal area. The two lines
of water pans clearly appear. The herder drew five different routesvieadldoy cattle (a, b, ¢, d, and e), and the
indicated the months during which each route is used, as well as whetHeracatteft alone (October) or not
(from November).

The date from which livestock can begin to roam freely in the communal area is annually
defined by local traditional leaders, and is caketshela,meaning “release” irsinNdebele
The traditional leader in charge of the Ward, calledhéredman evaluates the state of fields
and decides of throtsheladate, usually at the end of May or beginning of June. Once it is
chosen, farmers have to make sure all their fields are harvested in timexdtsbela all cows
are released in the villages and roam free, feeding on grass and crop residues left in the fields,
and drinking either in communal reservoir, if they are not dry, or at boreholes. Crop residues
are often partly stored within the homestead (usually on a wooden platform or up a tree), where
they are used to feed cows around the kraal and prevent them from wandering too far from the
homestead. Towards the end of August, cattle start going unguarded into the forest. During this
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Reading the environment: dynamics of the ethno-
meteorological knowledge system of a multicultural community

farming in a semi-arid area of Zimbabwe

Arthur Perrottont#, Eric Garine-Wichatitskd Doyle. McKey, Billy Mukamuri, Michel De
Garine-Wichatitsk§®

ICIRAD, UR AGIRs, Harare, Zimbabwe?_aboratoire d’Ethnologie et de Sociologie Comparative, CNRS,
Université Paris X-Nanterre, MAE, Nanterre, Franc®CNRS/CEFE, Montpellier, France; and Institut
Universitaire de France*RP-PCP,Centre for Applied Social Sciences, University of Zimbabwe, Harare,

Zimbabwe; 5CIRAD, UR AGIRs, Harare, Zimbabwe; RP-PCP, Dept Biological Sc, Univeosi§imbabwe,
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Abstract : We describe local ethno-meteorological knowledge systems of a multicultural
community of western Zimbabwe. The two ethno-linguistic groups considered are the
amaTabele and the baNambya, two Bantu groups. We analyzed the wayesgbsiarmers
classify rains, produce local meteorological forecasts, and the internal dynamics of this
knowledge in the multicultural context. We show that these two groups present very similar
weather forecasting knowledge. Farmers are good observers of their natural environment, from
which they draw sets of ethno-meteorological indicators. Observations by individuals of such
indicators are shared and discussed among social networks that mix ethno-linguistic groups
within the community. This sharing is essential as it is part of agricultural cooperation.
Simultaneously it creates intra- and inter-group dynamics through which baNam#tya a
amaTabele share and re-create a common knowledge. This knowledge allows farmers to cope
with the inherent climatic heterogeneity. Southern Africa will experience significant changes

in annual temperature and rainfall patterns during the forthcoming decades as consequences of
the climatic changes generated by human activities. There is an urgent need to understand how
global changes, including climate change, will impact LKSs, for example through
environmental shifts due to aridification. By gathering data on this theme, we will improve our
understanding of the impacts that global changes will have on rural communities and thereby
contribute to enhance the capacities of small-scale farmers to cope with these changes.
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Introduction

Local Knowledge systems (LKSs) are complex sets of knowledge and know-how, praatices
rules that guide societies in the everyday lives of people. Developed and sustained through
generations of informal‘trial-and-error experimentationsand based on an intimate
understanding of the biophysical and social world, LKSs are anchored within the cultures of
those who hold theth Although culture is classically considered as a whole, one can consider
LKSs as a sum of different compartments that can be studied individudllyen looked at in
relation to agriculture, local knowledge is particularly important because of the role it plays in
the subsistence of farming households, which account for 60% of the population of sub-Saharan

Africal’.

Despite the general recognition of the role of anthropology in research on adaptation to climate
changé®, most studies of LKSs to date have focused on plant and animal species and related
knowledge and practices, and only few have considered knowledge of natural physical

phenomené&? such as the weatlérThis knowledge is nevertheless essential to the resilience

of rural communitieg®. In southern Africa for instance, they allow communities to cope with

15 For a detailed and comprehensive treatment of the field, see (Anderso204t2al.

16 (Olivier de Sardan 1995)

171. Séhouéto, 'Savoirs Agricoles Localisés et Production Vivriere en AfriqusaBatienneRevue
internationale des sciences social&87 (2006), pp.127-134.

18 C. Roncoli, T. Crane, and B. Orlove, 'Fielding Climate Change ltu@liAnthropology' in S. Crate and M.
Nutall (eds),Anthropology and Climate Change: From Encounters to Act{Sas Francisco, Left Coast Press,
2009), pp. 8#115.

¥ N. Chalmers and C. Fabricius, 'Expert and Generalist Local Knowlelolget Aand-Cover Change on South
Africa’s Wild Coast: Can Local Ecological Knowledge Add Value to Sciefa|ogy and Society2, 1

(2007).

205, Strauss and B.S. Orlove, 'Up in the Air: The Anthropology of WeatheClamdte', in S. Strauss, and B.
Orlove (eds)Weather, Climate, Cultur@New York, Berg, 2003), pp. 3-14.

2! For a few case studies see for example N. Anandajara, M. Ramasutien, P. Saravanan and N. Suganthi,
'Indigenous Weather Forecast Practices of Coimbatore District Fartmelisin Journal of Traditional
Knowledge 7 (2008), pp. 630-633; T. Huber and P. Pedersen, 'Meteaalléahowledge and Environmental
Ideas in Traditional and Modern Societies: The Case of Tibethal of the Royal Anthropological Institut@
(1997), pp. 577-98; C. Ifejika Speranza, B. Kiteme, P. Ambéhj®/iesman and S. Makali., 'Indigenous
Knowledge Related to Climate Variability and Change: Insights from Disuigtsemi-Arid Areas of Former
Makueni District, Kenya'Climatic Changel00, 2 (May 2010), pp. 295-315; B. Orlove, C. Roncolil, M.
Kabugo and A. Majugu, 'Indigenous Climate Knowledge in Soutblganda: The Multiple Components of a
Dynamic Regional SystenClimatic Change100,2 (May 2010), pp. 243-65; Carla Roncoli, Keith Ingram, and
Paul Kirshen, 'Reading the Rains: Local Knowledge and Rainfall Forecastugkina Faso'Society &

Natural Resourcesl5, 5 (May 2002), pp. 409-427.

22F, Berkes, C. Folke, and G. Madhav, 'Traditional Ecological Knowledge, BiodiveRsisjlience and
Sustainability' Ecology, Economy & Environment (1994), pp. 269-287.
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Methods
The community studied lives in Ward 15 of Hwange district (Figure 3.3), Matabeleland

North, in western Zimbabwe. The respondents with whom we interacted are spread in five

36 0n a brilliant attempt to overcome this issue, see A. Patt and C. GwaaatitEffSeasonal Climate Forecast
Applications: Examining Constraints for Subsistence Farmers in DHiwdgaGlobal Environmental Changg2,
3(2002), pp. 18:5.



Chapter 3 - Ethnographical fieldwork

Figure 3.3.Study area.

We conducted semi-structured interviews covering several topics. The first part was
focused on rain classifications, with the objective of leading the respondent to name (in his/her
mother language) and give descriptions of the different types of rain occurring in the area. The
name given to the rainy season was collected during this first part of the interview, along with

the usual rainfall pattern. The second part of the interview aimed at collecting all the indicators
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Context of research

A multicultural and plurilinguistic community

The coexistence and mixing of different ethno-linguistic groups is intrinsically part of
the history of Matabelelaitl Pre-colonial invasiod%**4, wars and alliances between groups,
and the colonial and modern era marked by large resettlement programs, created ethmiglex
assemblages countrywid&?344. Local traditional leaders we met during our work confirmed

that within Matabeleland, the Hwange district is locatethan “Nambya ared®. The name

%7 Translations from vernacular to English were done by two local trarsfaent in these two local languages
and in English. Some of the words or expressions given in fier pa&re translated using dictionaries: an
English-ChiNambya dictionary locally published by the Nambya @all#fissociation (Hwange), and a
SiNdebele-English dictionary (J.N. PellingyPractical Ndebele Dictionary, Second Editigtharare, Longman,
1971)) Informants’ quotations used in this paper are written in Enghisitindicates that the quote was
translated to English.

38 Zimbabwe is divided into eight provinces according to ethno-litigipgarameters: Matabeleland North and
Matabeleland South dominated by SiNdebele speaking people; Midlands,ndisttbWest, Mashonaland
Central, Mashonaland East, Midlands, Manicaland, and Masvingo, dominatddSfo@a speaking people .
39 B.Lindgren, 'The Internal Dynamics of Ethnicity: Clan Names, OrigidsGastes in Southern Zimbabwe',
Africa, 74, 02 (May 2004), pp. 173-93.

40 G. Mazarire, 'Who Are the Kalanga and the Ndebele"? Report of thet FEth@dcity in Zimbabwe™ (Konrad
Adeneur Foundation, 2003).

41 A. Mlambo and B. Raftopoulo&ecoming Zimbabwe, a History from the Precolonial Period to Z6z8are,
Weaver Press, 2009).

42D, Compagnon, 'La Prétendue 'Réforme Agraire' Au Zimbabteides 3 (2003), pp. 297-307

43 G.T. NcubeA History of Northwestern Zimbabwe, 1850-19B0lawayo, Mond Books, 2004).

4 P. Nyathi,Zimbabwe’s Cultural HeritagéBulawayo, 'amaBooks, 2005).

45 P. Hubbard and G. Haynes, 'Mtoa Ruins, Hwange National Park, ZirehZiimbabwean Prehiston80
(2012), pp. 25-33.
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Communal land in Hwange district: farming in unproductive drought-prone areas
Ethno-meteorological knowledge is crucial because it provides subsistence despite poor
agro-ecological conditions in the area. Climatic dynamics in Zimbabwe are linked to ENSO (El
Nifio Southern Oscillation) and IODZM (Indian Ocean Dipole Zonal Mode) oscill&tioks
climatic year comprises three seasons: a rainy season, ranging broadly from &iceefil;
a cool and dry season, from May to July; and a hot and dry season, from August to November.
Nevertheless, climate in Zimbabwe is characterized by great inter-annual variability in
rainfall’®, The country is divided into five agro-ecological regiérgnown as Natural Regions,

according to rainfall regime, vegetation and soil quality among other factors. Natural Region

50 H. Kyed and L. BuurRecognition and Democratisation. ‘New Roles’ for Traditional Leade8uimSaharan
Africa (Copenhagen, Danish Institute for International Studies, 2006).

51 Among the most common totems found in the area we coul&lsitko(vervet monkey)Ndlovu(elephant),
Dube(zebra) Sibanda(lion), Nkomo(cow), Ngwenya(crocodile),Nyoni (swallow), Nyathi (buffalo) andVioyo
(heart).

52 A. Patt, 'Understanding Uncertainty: Forecasting Seasonal Climate for Farmerndabi&e'Risk Decision
and Policy 6, 2 (2001), pp. 105-19.

53 About climate in Southern Africa and Zimbabwe see D. Manatsa and G. MuKRatdall Mechanisms for
the Dominant Rainfall Mode over Zimbabwe Relative to ENSO And/or IODZNE, Scientific World Journal
2012 (2012), pp. 1-15; A. Patt and C. Gwata, 'Effective Seasonaht€lirorecast Applications: Examining
Constraints for Subsistence Farmers in Zimbabwe'.

54 (Vincent and Thomas 1961)
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Nambya and Ndebele meteorological knowledge

Local rain classifications

BaNambya and amaTabele people have similar rain classifications (Table 2). In
ChiNambya as in SiNdebele there is a generic word for rain, respectiviyandizulu. The
rainy season is callaghizhain ChiNambya andhtwasain SiNdebele. The three types of rain

which have names in both ChiNambya and in SiNdebele are related to agriculture.

Table 3.3.Local rain classifications expressed by Nambya and Ndebele vill&@gssriptions are terms given
by informants (N = 44).

First isimboja mashangan ChiNambya ormbolisa mahlangan SiNdebele, two cognate
terms.Imbojaor imbolisameans “to decompose”, or “to rot”, ancaainanga/amahlangare

the names given to crop residues left in the field after cereal grains have been harvested. This
rain occurs during the second half of the dry season, usually towards the end of August or the
beginning of September and it facilitates the integration of crop residues into tlaa sdfect

that is perceived dsmproving the fertility”. This rain is not considered to be part of the rainy
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Ethno-meteorological indicators and forecasts: From individual observation to collective
forecasts and knowledge sharing

We define an ethno-meteorological indicatoaag kind of environmental phenomenon
observed by people and used to produce weather forethstsky, plants and animals provide
precious information to those who know what to look for. Tables 3.4 and Table 3.5 describe the
ethno-meteorological indicators used by Nambya and Ndebele villagers interviewed during this
study. Two types of indicators can be considered, seasonal indicators announcing the beginning
of the rainy season (Tab. 3.4), and daily indicators announcing imminent rain during the rainy

season (Tab 3.5). We arbitrarily distinguished the natural objects holding the information (e.g.

61 C.H Matarira and M.R JuryContrasting Meteorological Structure of Intra-Seasonal Wet and Dry Spells in

Zimbabwe'.
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One indicator:
“For me | only wait for clouds. If | can see the big clouds of namcall hemamayezi ezulut means the rain will com
in a week or 10 days. You will hear people talking about it andi@repare for plowing”. (A Ndebele man, Chezho

Two indicators, a bird and an “individualized tree”:
“Myself | trust birds. | use the sarbird my parents were using, we cakiiva, it's black and white and it comes bag
before the rains to warn people so that we can prepare ow. figlido have that tree [he points at a tree in his field],
makes flowers | have to be ready toysib”. (A Ndebele woman, Magoli)

Three indicators relying on trees, twd‘generic” and one “individualised” :
“When we see trees likemkhomashooting new leaves, amkambave know that in maybe a week or two the first ra
will come. But myself | also Idoat one tree in my yard [...] it's one we celigangachaand | know that this tree nevs
lies™. (A Ndebele man, Siyalwindi)

Four indicators produced by four different types of environmental djects:
“First | wait for thekamphungweWhen | see them | make sure | have at least 20 kilogvaseeds. When | see baoba
trees shooting new leaves it means | have two weeks to prepare ng/ field can also semakole ivulacoming. They
don’t stop but they warn. | start removing bushes and | make fnighlbefore the swallows are back because once t
are there, it [the rainy season] can start anytime”. (A nambyaewpMagoli)

Two shared indicator:
“l heard they hadkamphungwen cross-Dete [a small town about 7 kms north-west of our study yesterdy, this |
morning | went to semakhumaldhis neighbourwho is Ndebele] to organize with her for our fields. She told reesatv
swallows. We will share my oxdo plough”. (A Nambya man, Magoli)

Box 3.1.Sets of seasonal indicators and their link with agricultural calenack farmer has his/her own set of
indicators and they evolve throughout their lives. These are a few exampie®edajuring interviews.

Seasonal indicators are used as time markers in the agricultural and social calendar. As shown
in Box 3.1, people use sets of indicators, each person having his/her own set used to produce
an individual forecast.These trigger social dynamics through which people will borrow, rent
and lend agricultural assets, or ask for seeds. They usually address such requests to family
members but also to neighbours or friends. As part of the requesting process, individual
observations are shared and compared. By doing so, people share knowledge within social
networks that transcend ethnic identity, creating a dynamic multicultural knowledge system.

These dynamics shape agricultural practices at the community scale.



Chapter 3 - Ethnographical fieldwork

Table 3.4. Ethno-meteorological indicators of the arrival of the rainy seasonatmospheric objects, all the
names given in English in parentheses are direct translation of loca¢sia Concerning plants and animals,
scientific names are given when the species could be identified. A “**"fedgnindicators that are used, but for

which names were only known in the other language. The percentages grespand to the proportion of
people using the indicator (N = 44).
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Table 3.5.Daily indicators used to predict imminent rains during the rainy se&®omames in vernacular
languages, see Table 3.4. Concerning plants and animals, fcieatines are given when the species could be
identified. An “X” stands for when the informant described the indicatdis/her own language A “**”

signifies indicators that are used, but for which names were onlyrkimothie other language. The percentages
given correspond to the proportion of people using the indicater 4M).

As indicated earlier, informants could usually speak ChiNambya and SiNdebele. Most of the
climatic indicators mentioned have a name in each language; when this is not the case, and even
when there is a name the informant’s language, people name the indicator using the word in
the alternate language. For instance, some of the Nambya people we met usebdelevixitd
umoyato name the wind instead ahephqg and Ndebele people used the Nambya word

kakololombdo name the frogs announcing the rain.
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Box 3.2.Examples of individual observations shared to anticipate the rains durirajrtheseason.

Most the indicators described in Tables 3.4 and 3.5 are known by everyone, but not all
are trusted and used. The average number of indicator known by our informants was six.
Although older people gave us a wider range of indic&are one from the community was

identified asan “expert”on climaté*, whether self-declared or indicated as such by peers.

Individual observations are shared and forecasts are collectively produced (Box 3.2).
Each individual will observe the surroundings and use his own set of indicators. Observations
are reported and discussed with relatives and friends. As we were staying in the villages and
walking from one homestead to another, many villagers spontaneously asked if we had noticed
such or such sign of the rain coming, and regularly asked us to spread information to other
households (Box 3.2). When questioned about the origin of their knowledge, all our informants
acknowledged that they had been taught by their elders, but also developed their own
knowledge through experience:

“It is my parents who told me to observe the dew in the momint feel where the wind is coming from.

When | was working as a ranger in the Park | checked it andvikey right™ (A former Park ranger,

Siyalwindi)

63 Such trend is not surprising as Local Knowledge is built through a lifeplamugss of trial-error and
observation process, see for instance E.N. Andersonkhabbiology This makes LKSs patrticularly relevant
for natural resources management, as explained in F. Berkes, J. ColdingraticeC'Rediscovery of
Traditional Ecological Knowledge as Adaptive Management', Ecological Applicatloris(2000), pp. 1251-
62.

64 (Chalmers and Fabricius 2007)
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Conclusion: creating knowledge

In this paper we explored the ethno-meteorological knowledge system of a multicultural
community. We showed several noteworthy characteristics. Classifications of different kinds
of rains are similar in the two ethno-linguistic groups, especially concerning rains wieh ha
a direct effect on agricultural production. Although they speak different languages and have
different origins, ChiNambya and SiNdebele live in a common environment, have the same
agricultural practices and face the same climatic constraints. It is therefore not surprising that

they distinguish the same types of rain.

Ethno-meteorological indicators rely on several types of natural phenomena, which can deliver
different kinds of information depending on their aspect and temporality. The use of a wide
range of natural objects faroduce local weather forecasts, such as bibé&aviours, leaf
flushing and flowering of tree species, or atmospheric phenomena, has been observed in other
societie®. Each farmer uses his own set of indicators, some being generic, while others are
individual. Such a diversity of indicators allows cross-validation of weather forecasts by the
observers. Furthermore, although individuals make their own observations, they are
systematicallyconfronted with others’ observatignand weather forecasting is a collective

65 See footnote 7.
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T next step of our companion modeling process
co-design
step centrality of cattle herding

articulation with the agricultural calendar

several steps

First was the translation of our newly acquired knowledga ilaunch version

creation of the co-design team

exogenous protagonistavere: ThePhD student
confirmed ComModianand arexpert
Ten local villagers
profane
endogenoustype of protagonists (Etienne 2014) .

The co-designsensu strictavas achieved throughterative workshops
during which the latest version of the game wasted andimproved until
aconsensuakituation was reached.
A year after the first co-design workshofh)e game was implemented
with 28 villagersliving in the study area. Pushing participation further,
these playing sessions were facilitatediacal language®y volunteering
local memberof the team, our role was only to record player’s actions.
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area and rural communities in Zimbabwe
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Abstract: with the plurality of stakeholders coexisting within a social-ecological system
(SES) comes the plurality of legitimate knowledge and perspectives about the functioning,
issues and needs of the system. Managing, studying or simulating social-ecological systems
implies dealing with wicked problems characterized by uncertainty, incomplete knowledge,
competing cultural values and interconnections with other problems. Bringing together local
actors and experts in a joint dynamic is a way to tackle wicked problems. This can take the form
of the co-design of simulation models to explore the complexity of SES. Within a project aiming

at simulating the coexistence between stakeholders at the interface between protected areas and
farming communities in Zimbabwe, we co-designed a role playing game with members of a
rural community. Following the companion modeling method, we engaged local stakeholders
not only in the co-production of results but in the co-design of the research tool itself and in the
co-facilitation of workshops supported by this tool, extending the traditional scope of
participation. Eighteen months of ethnographical fieldwork led us to focus our activities on the
coupled farming-cattle herding practices that constitute the main interaction between rural and
protected areas. Three co-designing workshops iterations were necessary to reach consensus
and obtain a game that was played with naive villagers, i.e. villagers that were not involved in
the creation of the game. The game brings local farmers to reproduce their farming-cattle
herding strategies in a virtual environment mimicking their reality. We highlight an ongoing
appropriation process by local members of the co-design team and its consequence on the
nature, and the actual and potential uses of the game. We conclude by drawing lesson from our
experience, contributing to the formalization of empirically-based modeling of SES. We
assume that such approach can be implemented to address other wicked environmental issues
in a wide range of social-ecological contexts.

Key Words: Environment; cattle herdingricked problems; Role Playing Game; Participatory modeling;
coexistence; Zimbabwe
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Introduction

he emergence of the social-ecological perspective (Emery and Trist 1965), and the

Tformalization of the Social-Ecological System (SES) framework at the beginning
of the 2000s (Berkest al. 2002) participated to a shift of paradigm in environmental science
by urging researchers to consider human beings and their environment as entwined parts of a
complex and dynamic system (Ostrom 2007, 2009, Epst&ih2013). The framework is still
at the heart of active improvements and evolutions (McGinnis and Ostrom 2014). With the
plurality of stakeholders coexisting within a SES also comes the plurality of legitimate
knowledge and perspectives about the functioning, issues and needs of the system (Curtin
2014). Managing, studying or simulating social-ecological issues therefore implies dealing with
wicked problem¢Balint 2011). Originally coined by Rittel and Webber (1973) in the context
of governance and policy planning, the tewitked problemapplies when a problem is
characterized by uncertainty, incomplete knowledge, competing cultural values and
interconnections with other problems. Wicked problems defy simple solutions (Balint 2011).
Considering the plurality of legitimate perspectives concerning such problems néclessis
to acknowledge the gap between the real matter as it appears to local actors, and the matter a

it exists for researchers that remain fundamentally exoggdtAguino et al. 2008

Participation was pointed as a way to tackle this gap and addielesd problems
(Roberts 2000, Daviest al. 2015) by bringing together local actors and experts in a joint
dynamic, turning the first from passive objects to partners of research, natural resources
management or development (Eversole 2003). The potential benefits of participation were
summarized by Stringer et al (2006). Participation uses perspectives from a range of sources
and can produce more robust factual bases, therefore reducing uncertainty. Profane actors
provide local social, ethical and political insights that cannot be achieved through scientific
approaches. Finally, involving local stakeholders can promote democratic ideals in natural
resources management, empowers the “marginalized”, and facilitates long term collaboration
between local stakeholders. The objects used for and produced through participation (e.qg.
sketches, tables, or maps) amundary objectéinking different actors belonging to different
social worlds but involved in a common dynamic (Daré 2005, Vinck 2009, éaié2010).

In the past decades, the theory and practice of participation have considerabbdevolv
(Chambers 2006, Reed 2008). Engaging local stakeholders bguasimescapable, and new
analytical frameworks have been drawn (Barretgaal. 2010).
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Methods

Study Area

This work was conducted in the villages of Magoli, Siyalwindi, Chezhou, Dingani and
Jwape within the ward 15 of the Hwange District, western Zimbabwe (see Fig 4.1). The study
area receives between 450 and 650 mm of rain per year and is characterised by the presence of
‘dry spells’ and droughts, which added to poor soils make this area poorly suited for agriculture
(Matarira and Jury 1992). Several types of land use coexist in the area. Villagestricted
to the communal area, that is an area dedicated to human settlements with lands allocated by
traditional authorities (Guerboet al. 2013a). Rural populations rely mainly on subsistence
agriculture with maize, millet and sorghum being the main food crops, and livestock keeping
(Perrottonet al.in Rev, de Garine-Wichatitskst al. 2013). Neighboring the villages are two
unfenced protected areas, namely Hwange National Park (HNP, 14651km32), a wildlife

conservation area located a few kilometers to the southwest and the contiguous Sikumi Forest
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Figure 4.1.Study Area, villages adjacent to Hwange National Park and Sikumi Forest, Zimbawe.

Coexistence issues between protected areas and neighboring communities are
omnipresent throughout the world, among which are poaching (Rowelitié 2004), cattle
incursions in protected areas (Butt 2014) and the lack of benefits derived for rural communities
(Emerton 2001). The interface between HNP, SF and rural populations is no exception and
tensions exist between local stakeholders: human-wildlife conflicts (Metcalfe and Kepe 2008),
poaching (Mubokeet al. 2014), cattle incursions in restricted protected areas, illegal wood
harvesting, livestock predation by wild carnivores and crops raiding (e.g. Guetrbbi2012)
along with disease transmission between domestic livestock and wildlife (de Garine-
Wichatitskyet al. 2013). Interactions between protected and communal areas were shaped by
colonial and post-independence history. In the process of the creation of HNP (1928) and of
the SF (1968), local communities have been evicted from land in which they were either settled,

driving their cattle or gathering natural resources such as fruits or firewood (Ncube 2004). If
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Implementing a ComMod approach to understand cattle herding strategies

Although issues around cattle diverse local actors, the choice was made to focus on rural
communities. This position was assumed for several reasons. Rural communities are the owners
of cattle, and the ones making decisions about herding strategies, whereas the SF managers are
rather institutional actors. Furthermore, decision making processes concerning the SF
management are centralized and taken either in Bulawayo (regional office), or Harare (national
office), rarely in the local office. We are conscious that forestry actors will have to be involved,
but with the idea of initiating a long-term collaboration with local stakeholders, creating an

arena for rural communities to express themselves freely was the necessary first step to a fair
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Figure 4.2 The Role Playing Game co-design proc&4ain arrows represent creation or (re)design phases, dash
arrows represent testing phases.

Ethnographical fieldwork: A first understanding of the system

This first phase was critical in the implementation of our ComMod approach.
Ethnographic fieldwork was conducted to understand how cattle driving was structuring
coexistence in the gy area and gather information to design a “launch version” (VO) of the
RPG,i.e.a simplified representation of the system designed to initiate the co-design with local
actors. Semi-directed interviews and open discussions were carried out with livestock owners
and herders. These were completed with direct observatogshérding cattle with them
inside the SF). We also had access to livestock census books kept by traditional leaders. This
section presents the main findings of our observations, and shows how cattle herding is at the
core of interactions between the different land uses, therefore justifying the decision of design

a RPG around cattle-related practices.

Based on local records, only 32% of homesteads living in the study area have cattle. In
average, these families owe 5.46 cattle (sd=4.19). Livestock is nevertheless central to
agricultural production and draft animals are often borrowed or sometimes rented if not owned,
enforcing social cohesion in the area. Livestock is the main form of capitalization for rural
population. Beyond their agricultural value, cattle also have a social dimension through the

payment of the bride price, locally calledbola. Such data justifies the choice of focusing our
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Creation of a launch version of the Role Playing Game

The VO was brought by the researchers as an entry point to initiate the co-deségs pro
Starting the co-design process with an object that already took the form of a RP@&reas
engaging and accessible to participating local farmers than starting with a conceptual model.
The main challenge was to come up with a game that was realistic enough to legitimize us as
facilitators of the ComMod process, catch the interest of the future co-design team members by
showing the potential outcomes of their participation and encourage them to improve it. The
VO was computer-based and developed using CORMAS, a simulation platform developed by
the CIRAD (Le Paget al.2012). The VO was built according to our observations. The VO was
a first simplified representation of the studied system, because a complex object would have
been harder to appropriate, deconstruct or improve by the future team. Although thehe0 se

basics of the future game, it was voluntary incomplete and contained discordances with reality



Chapter 4- The co-design of the role playing



Chapter 4- The co-design of the role playing

Figure 4.3 Description of the launch version of the role-playing-game (VOuadignvironment (a), game setting
(b) and rain calendar (c).

a. The figure shows the virtual environment as players discover it beforegsétir farms (the
computerized farms appears). The communal land (yellow) and thet {green) are respectively
composed of 4 and 9 paddocks. Paddocks numbers are displaylee figure, but did not appear during
the game. Circles represent water pans (blue= filled, white=empty). Eaghi$acomposed of a kraal
(black), fields (orange). Each farm has a color; each herd hasdtor of its farm. Computerized farms
are black and don’t have any herd.

b. The virtual environment was projected on the wall and players had to tootine computer operator to
signify their playing decisions.

c. The four types of week were represented by symbols: a sandfgrweek with no rains, a light grey
cloud for small rainfalls, a dark grey cloud for medium rainfalls analack cloud for heavy rainfalls.

The facilitator consulted with the computer operator to empirically epeiath paddock’s level.
Cattle had a body condition defined at the herd level that was also empirically updated by the
facilitator. Same applied to water pans dynamics. A predator attacking cattle in the ferest wa

included in the VO, and simulated through a drawing system.

The game play was kept simple: At the beginning of each round (month), players had
to make individual decisions concerning (i) which paddock their cattle would use for grazing
during the coming month and if they would be herded, (ii) their farming decisions (none,
planting, harvesting), (iii) their cattle transactions (sell/buy) if any. At the initiation of the game,
each player was given beans. These represented both seeds and money. Each action, such as

plowing, employing a herd boy or pumping at the borehole had a cost. Harvests were obtained
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Setting-up a co-design team

The co-design team gathered three researchers and 10 villagers, 9 men and 1 woman
who were proposed to join the team, either because we knew them personally and thought they
would provide relevant insights, or because the headman, the local representative of traditional
authorities, trusted them. They ranged between 39 and 57 years old. All but one were household
heads, three were village heads, one was the secretary of a village head,awwereed in
dip-tank committees, one was the local chairman of a community project developing goat
husbandry, and four were simple villagers. They originated from the different villages of the

study area. Our local translator was also part of the team.

The iterative co-design of the Role Playing Game
The first workshop was the moment when the different members of the future team meet
each-other and join around a common objective. Creating an atmosphere of mutual trust i
necessary, as much as creating a fair and balanced arena between resaaichers a
researchers. The Magoli community hall was chosen for the venue because the local members

of the team could easily come to that place and would feel confident there.

Once the different members of the team were introduced, we presented the resezsthnmoj

the specific objectives of the co-design process. It was made clear at the begianihg th

game was opened to suggestions and that each participant could propose new rules during the
game. After exposing the principles of the VO by asking a local member to f#ayraonth,

the rest of the first day was used to play with all the members (Fig.4.3Db). A first debwagng

done at the end of the day, during which the team shared impressions about the game and
decided a list of topics to be discussed the day after. The second day of workshop was dedicated
to a collective re-design of the Game (Appendix 1). Local members of the teaosguiop

series of improvements and modifications. Rules concerning livestock predation by lions were
entirely re-designed. A major constraint to agriculture was absent in the VO and added by local

members: elephants. A simplified elephant behavior was designed by the team, along with field
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From the co-design of the game to the co-facilitation of gaming sessions

The RPG was initially built as a research tool. The use of a co-designed RPGiwath na
players was one of the challenges of our approach. Pushing participation further, 5 local
members of the team volunteered to facilitate the playing sessions with villagers. Working in
pairs, 2 decided to be game supervisor (announcing players the different phases during the
game), 2 decided to be in charge of transactions (collecting seeds and giving leardests
managing cattle sales) and 1 volunteered to records minutes. Two days were dedicated to the
preparation of playing sessions. An introduction speech for the game was collectively written
in ChiNambia and in SinNdebele (the main local languages) and a blank game was played as

training game with workers of a neighboring hotel as players.

Four playing sessions were organized (Fig.4.2), and a total of 28 villagers Klaggthjana

Playing sessions were held in local languages. The villagers (here after referred toray playe
were chosen by the facilitators and the researchers, covering the different villages of our study
area. Players were neighbors or friends and except for 2 players, direct family links were

avoided.

Evaluating the co-design process and the final game
Four dimensions of the ComMod process were assessed: (i) the effective inclusion of
local actors’ views of the system, (ii) the extent to which theesigned game reached local

members’ expectations, (iii) the scientific effectiveness and relevance obttiesigned game
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Results

Initiating and achieving a “fair” team work

When asked about their motivation in joining the process, 6 local members answered
that it was curiosity and the will to learn, 3 answered that they wanted to share ideas and 1
wanted to help researchers that he knew. All the members of the team acknowledged a high
degree of freedom in giving individual ideas during the co-design of the game and everyone
could recall at least one personal idea that had been kept in the final game. As one local member
remarked, “it was said to be our game, and we made it like that”. tiffesphere during the

workshops was given an average ranking of 8.5/10 (x1.5).

A collective effort towards consensus

The first two versions of the game were judged too slow by 70% of the team. The direct
use of pawns to signify decisions (55%) introduced in the V1 and the choice of a central game
board improved the interactions between players for 70% of the team. Nevertheless, the V1 was
computer-free, which made playing too fastidious for 69% of the team members as all updates
(including the updating of crop status) had to be done manually. The strengths of the upgraded
version cited by the team members were the fastening of the game (69%), its clarity (42%) and
the fact that the consequences of playing actions could easily be monitored and recorded (38%).
When asked about the final version of the game, the whole team declared being satisfied, with
a few of them suggesting possible improvements such as the inclusion of seasonal rivers
proposed by three local members, or the use of alternative sources of climatic information, such
as played birds songs that “[they] use here to know when it is about to bring rain, they are our
reporters”. This last suggestion was supported by one of the researchers and echoes previous
research (Perrottoet al.in prep). The three researchers of the team agreed on the necessity to

pursue the calibration of the foraging submodel.

From “Farming to be rich” to “Teaching each other”: appropriation of the game and
emergence of endogenous objectives

The analysis of questionnaires highlights the appropriation of the process by local team
members during the participatory process. One year of collaboration led the 10 local members

to find their own objectives of the game (Fig. 4.4). Hence, at the end of the co-desid@%nly
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Figure 4.4.0bjectives of the game as perceived by the team meniierdlack columns correspond to the local
members' opinions (N=10), the grey columns correspond to the resesirahswers (N=3).

The changing of the name of the game marked this appropriation process as “teaghing ea
other” translates local objectives and put the local member at the heart of an attmencw

process. Unsurprisingly the main objectives mentioned by researchers were coherent with the
initial research objectives: establishing a working relationship with local communities and
study coexistence within the study area. Nevertheless, the researchers also discovered and
added new objectives along the process such as providing local communities with a reflexive
tool they could use to share knowledge and plan activities among themselves, thus re-

appropriating the process they initiated and extending its original framework.
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Figure 4.5.Key words given by team members to summarize the game and itsrerEatih member was asked
to give three wordsThe black columns correspond to the local members' answers, the grey £chmmaspond
to answers shared by local members and at least one researcher.

Volunteering to facilitate playing sessions was part of the appropriation process by local
members. Three said that they were proud of the game and wanted to show and confront it to
other vilagers’ opinion, one openly assumed the educating dimension of the game and wanted
to “help [his] community to improve the way people drive their cattle”, and the last one saw it
as a training to “be a leader”. All acknowledged that facilitating improleil understanding

of the game. If the game was to be played again, all agreed to facilitate again.

Model vs Reality: a validation of the game by naive individuals
As shown in Figure 4.6, the game was very easy to play for 5 players (18%), easy for 7
players (25%), not so easy for 13 players (46%) and not easy at all for 3 [flaé)s Note

that the majority of participants who declared that the game was either fun (61%) or very fun
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Figure 4.6. General comments about the game by playEns. title of each chart corresponds to the question
asked to the players

Among the 18% of players who noted some differences, 3 explained that crops do not
grow the same everywhere and that the game should include different types of soil and 4 thought
that crops were ripening faster in the game than in real life. Wildlife in the game presented no

difference at all or slight differences with reality for 85% of the players. Some players thought
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Local strategies gathered through playing Kulayinjana

Out of the 28 players, 61% acknowledge having reproduced « exactly » their farming
and cattle herding strategies while playing and 36% declared that their playing strategies were
“almost” similar to their real life strategie3.he differences were said to be due to the
discovering of the game for 66% of the players. Only 4% of the players answered that their
playing strategies were “not really” similar to their actual practices. The corpaged nature
of the game allowed researchers to automatically record all individual strategies of afj playin
sessions. The general pattern of cattle herding identified and described in the ethnography was
reproduced by players, therefore confirming our field observations. For instance,hbtbe c
of axotshela(release) date never appeared in playing sessions, the rule of sending livestock
daily in the forest during the agricultural season and waiting for harvests to be finished was
globally reproduced and respected. Deviant strategies occurred, and were explained by th
players during group discussions conducted after playing sessions and individual
guestionnaires. Playing sessions are currently being analyzed and will result in cattle herding

strategies simulations (Perrotton et al in prep).



Chapter 4- The co-design of the role playing

Exploring the potential alternative uses of Kulayinjana

When asked about the potential future usKwfyinjana all the members of the team
acknowledged a need to organize more playing sessions to involve more villagers in a
sharing/thinking proces3his echoes players’ opinion about their playing experieflt¢he
players thought playingulayinjanawas useful (75%), or very useful (25%) for them and was
an occasion to improve their practices (8%), train (8%), open their perspectives (12%), learn
(28%), or think (40%). Local members also proposed using the game in stémdtsat
children grow up with a better understanding of cattle herdiagti researchers considered
using the game as a teaching tool for academics. Both researchers and local members of the
team thought the audience of the game could be extended to other stakeholders of the SES, such
as National Parks officers, Forestry Commission managers and veterinary services. Bonds were
created between local members and researchers, and working as a team to either improve the
game or design other games was expressed by 70% of the team. Two potential topics for future
games emerged from tlesignersguestionnaires. Three local members proposed to focus on
interactions with wildlife, par@ularly crop raiding and predation, but also conservation to “try
to find solutions”. Two local members expressed a real concern about the loss of trees in the
communal land, and thought that a game focusing on trees management could address the
matter. Such result is to put in perspective with the emergence of local objectivésedesc

a previous paragraph.
Discussion

With this work we had the objective of extending the traditional scope of participatory
research by involving local actors not only in the co-production of results, but also in the co-
design of the research tool itself. Our ambition was to include local knowledge and perspectives
in a shared conceptual representation of reality taking the form of a role playing game. This
research tool being a game, using it relies on the participation of local farmers. The ehalleng
was therefore to deal with these two dimensions of participation.

Achieving participation and appropriation
Participatory processes are long (Mansbridge 1973), and ours took more thar\a year.

expressed by d’Aquino and B#R013), the success of a self-design process depends on the
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The added values of a role playing game

One could wonder what the game’s added vedpeompared “classical” appaches to
understand and model cattle herding strategies, such as ethnographical fieldwork or the use of
GPS collars on livestock. First, our ethnographical fieldwork highlighted a general pattern
relying on rules that were validated with the game. Nevertheless, playing sessions showed
variations in peoples’ behaviors. Variations between the general pattern and actual pnactices
sometimes thin and often are small adjustments respecting their general strategies (Bennett
1976). They can easily be missed during conventional interviews, but not when they are actually
played. The theory osituatednessClancey 1997) stands that knowledge can only be
represented once a person has actually put his or her knowledge into use. If individuals are key

elements of a system, behaviors are influenced by collective dynamics. A knowledataglicit
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The emergence of new objectives and the social responsibility of projects facilitators

The RPG presented is a boundary object built by heterogeneous actors coming from
different social worlds, but joining together to produce a shared representation of reality. The
empowerment during the process and the appropriation of the game led local actors to define
their own objectives, and researchers to define new ones. Engaging local stakeholders triggers
social dynamics (Gurunegt al. 2006) and gives responsibilities to project researchers. When
given an arena to think, conceptualize, share and implement their ideas, local actors develop
their own objectives. As suggested more than three decades ago by Rittel and Webber (1973),
when dealing with local problems, every action engaged is consequential and outcomes are
often irreversible. Emergent objectives have to be considered, discussed and prioritized within
the team and a balanced dynamic has to be found to satisfy all stakeholders. As shown in this
paper, the life of a boundary object can transcend the achievement of initial objectougs. In
case, although we obtained the data needed to proceed to the next steps cdraty; iessour
responsibility to answer local partneexpectations. The main challenge will be to produce a
computer-free version dfulayinjanathat could be played by local communities without our
technical support (generator, computer and video projector).
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Towards a formalization of research tools co-design

In the field of environmental sciences, participation has become so inescapable that
some authors spoke out of tiyeanny of participatior{Cooke and Kothari 2001). Participatory
empirical modeling still needs to be framed and formalized. The last point of our discussion
highlights the lessons learnt from our work.

A good awareness of the contextime of observation and immersion is necessary, or at least
greatly advisable. Beyond contextual information, it represents the first steps to create links
between the project facilitators and local stakeholders. This step will have consequences on the
engagement of local actors, and the effective collaboration within the working team (Mathevet
et al.2011).

Building legitimacy The question of the legitimacy of external agents to conduct participatory
processes was highlighted by Barnaud and Van Paassen (2013). Social-ecological systems are
complex systems and involving actors is not neutral. Power asymmetries must be considered
when engaging local stakeholders, resulting for the authors in the dilemma of participation.
When designers of a participatory process claim a neutral posture, ignoring these power
asymmetries, they are accused of being manipulated by the most powerful stakeholders,
therefore reinforcing asymmetries. On the other hand, what is their legitimacy when non-neutral
posture empowering particular stakeholders? Such dilemma isn’t solved with a method, but by
being reflexive about our posture (Dagé al. 2010, Barnaud and Van Paassen 2013).
Transposed to our study, local communities and protected areas managers are all equally
concerned by coexistence issues and the choice could have been to involve them equally. Other
research activities are conducted by our team with HNP and SF authorities, and while it
legitimizes us in their eyes it also leads rural communities to see researchers as conservation
agents. With the objective of initiating collaboration between researches and local atters in
study area, we chose to start by involving rural communities only, and assume this posture. Our
legitimacy was built according to ComMod view, which is that legitimacy as the product of an
iterative and adaptive co-construction between local actors and researchers (Barnaud 2013).
Our choice of living in one of the villages is in accordance with this position. ¢ caim

that our approach was the “right” one, but the positive perception of tesign process by

local team members, the appropriation that occurred and their expressed will to pursue

collaboration are good signs of an acquired legitimacy.
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Conclusion

This paper presents the use of participatory modeling to co-design a research tool with
local members of a rural community, in accordance with the Companion Modeling approach.
Although it is a long process, the participatory design of research tools and empirical models to
study wicked problems is possible. The RPG built is the result of a year of iterationssand wa
successfully played by naive villagers. This ComMod process was initiated as a response to the
need of a relevant tool to understand the wicked problem of coexistence betweentadorotec
area and rural communities. We proposed to test a methodology and this papers drawn lessons

contributing to the formalization of such endeavors.

Any action on wicked problems, either research or management, is consequential and therefore
is potentially never-ending. Our results suggest that although a consensus was reached and

relevant data obtained, the collaboration engaged should not stop at the end of our project.
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A
computer-based
ODD
protocol Overview
Design Detailsof the model’s functioning.

The first section is a@DD descriptiorof the game/model that was co:

The second section presents theeliminary resultsof the first three

The third section discusses tmeodeling perspectives
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Kulayinjana: Overview-Design-Details (ODD)

The description of the model is based on the updated version (Grimm et al. 2010) of the ODD

protocol that was originally proposed by Grimm and his colleagues in 2006.

Purpose

Through bringing players to re-enact their real life farming activities (field*cattle
management) in a virtual environment mimicking their reality, the purpose of the game was to
understand the use of the landscape through cattle herding and the drivers of cattleiteerding (
climate, crops production calendars, perception of depredation risk). The game itself can have
several uses. Originally designed as a research tool for researchers to collect data about
agricultural practices and coexistence between protected areas and communal land it is also a
potential educational tool for rural communities to share knowledge and collectively think about

their practices (cf Chapter 4).

Entities, state variables and scales

Cells are the elementary spatial entities of the model. The whole space is divided in two

Zones, the first one representing Communal Land and the other representing Forest. Some

forage is available in both zones. In the communal land, Households manage Farms. A farm is

made up of an aggregation of 6 cells: 5 Fields adjacent to 1 Kraal (enclosuagl&r b the

model, a Household is either controlled by a human player (played household) or connected by
the computer to a played household (computerized farm; it behaves then as a clone). Played
households own Cattle, a herd of 5 Cows that can be guarded by a Herdboy. Eacls @ow ha
status thin, mediumor fat) that changes over time according to how the cow fed. GrazingAreas
(also called paddocks) represent the management units for cattle herding in the model. Grazing
areas are aggregates of cells. There are 4 grazing areas in the Communal Land and 9 grazing
areas in the Forest. The level of forage of each grazing aned,idepletedmediumor good

It changes according to the load of cattle, the season and the rainfall. Some gragihg\aea
Waterpans. When these water pans are not dried out, they are used to water the cows located
there. On their Fields, played Households can grow 2 varieties of Maize (short-term and long-

term). When harvested, crop leftovers, called Machanga, represent a source of food for the

cows. Wildlife (lions and elephants) are likely to cause some disturbance to the cattle and the

crops of the households.
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Figure 5.1.Class diagram of thidulayinjanamodel.

Players have two objects of decision making at the beginning of each month: their cattle
and their_fields. Concerning cattle, they have to choose in which grazing area they will graze,

and if they will be guarded or not, that is if they put a_herdboy with the herd ér Abthe

Y In the area, cows are usually grazing during the day, and gathered in the knigitate're the Kraal serves
as a protection. In the model (and in the game), only active phases of cattle herdingresidered, and nights
are not simulated.
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Table 5.1.Model parameters.
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Figure 5.2.The virtual environmenfThe virtual environment is divided in 13 GrazingAreas numbered C1 to C4
in the communal land, F1 to F9 in the forest. Each played Farm ©i&atl colored according to the player in
charge (2 played Farms by commu@hzingArea), the 5 fields appearing in orange (5 orange cells atioeind
Kraal). Farmswith no Kraal are clones managed by the model. The green entitiesrséietds represent
growing_Crops (triangles are short term maize; rounds are long terimeha The figure shows three of the four
different forage levels: “poor” (A andF4); “medium” (C1 to C4). and “good”(F2, F3, F5, F6, F7, F8 and

F9). These levels change during the game according to plagetisns.

2 The playing time step is a month, that is that players make their decididims bheginning of the month.
The model supporting the game has a daily time step. In other words, the modeRdotime steps between
each round.
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Process overview and scheduling

The model presented here supports a role-playing game and as a result, is not run

“continuously”, but is stopped and resumed for players to make their decisions (Fig.5.3).

At the beginning of the game, players choose from predefined locations which farm they want
to manage. Then the simulation is scheduled by month.

At the beginning of the month, a weather forecast is given for the first week. Players notify with

pawns if they want to plant Maize. Players put a pawn on each field they want to plow, knowing
that each field can only have one growing Maize at a time. There are two typewrmf
corresponding to the two type of Maize. If some of the Maize is ready to besteavihe
players can choose to harvest. In that case, they have to notify if they leave the croprresidue
the field (can be used by any Cattle), or if the crop residue are stored within the Krdal. To

so, they use pawns that they directly put on the game board. Players also decide in which
GrazingArea they want their Cattle to graze daily for the next four weeks, ang ivithbe
guarded by a Herdb6

Figure 5.3. Sequential mobilization of the sub-models during the playing sessioound of playing, that is a
month in the model, is done in four steps. Purple phasesgsepts moments were the model is run, pink phases
are moments when the model is paused. The model is constituté@rehtisub-models, controlling specific
dynamics (see next paragraphs). These sub-models are mobilggaeLdic steps of the month, as showed by the

figure.

73 See foot note 71.
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Figure 5.4.Interface used by the computer operdtoenter players’ decisiorat the beginning of each month
The “protection against elephants” can be filled with the initials of the pkyaying to proteca communal
GrazingArea (in this cse no one protected any). The “cattle transaction” leals with cattle sales and
purchases (here the Black player sold a medium cow to the marketrawed #aST). The “Farming and Cattle”
relates to crops and cattle herding. Here for instance, the blacledajecided to plant two of his fields with
short-term maize and to put his Cattle -guarded by the Green herdbGg- in
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Figure 5.5.The weekly rainfall calendarhe sun corresponds to a dry week, a light cloud represe@snm of
rain, a grey cloud represents 20-40mm of rain, the dark clepdesents +40mm of rainfall. The first of June is
indicated axotshelaa Ndebele word meaning “to push”, that corresponds to the histdreditional date when
cattle are released freely in the fields to eat the crops leftovers.

Design Concepts

The game was co-designed by researchers and representatives of the local community
studied, with the objective of proposing a role-playing game mimicking local for players to
reproduce their actual practices (ChapterTée agents’ behavior is not programmed, but is
left open for players to make choices. The consequences of players’ decisions ard ipeblic.

players can therefore learn and adapt.

We assume that players make, to a certain extent, their decision following the same rationale
they would use in the real life. The extent to which they reproduce their actual practices is

assessed through a post-playing questionnaire.

Uncertainty is part of the model supporting the game. Wildlife actions for instance are based
on probabilities, and players must consider risks while managing their cattle and fields.
Similarly, when they have to make decisions, players do not know in advance the rainfalls of
the coming month, except for the first week that is announced avftheather forecast”.

Assessing the way players deal with such uncertainties is one of the objectives of the game.

Being implemented as a role-playing game, interactions among agents are central. Rlayers a
free to talk during the gaming session, including talking together to advise or seek advice,
congratulating or mocking, coordinating or working together. In particular, they can make

agreements to share the cost of guarding their cattle and the cost of guarding their communal

paddock at night to prevent crop raiding by elephants.
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Implementation details

The model was developed through several participatory workshops (Chapter4). The
computer part was implemented with the Cormas simulation platform. The game was played 4

times and the playing sessions involved a total of 28 players.

Initialization of the simulation

The initialization of the simulation was always the same. The model is initiated at the
beginning of October. All the farms, played (8) and cloned (15), are located by default. There
are two played farms in each communal GrazingArea (Fig.5.6). Thanks to a name-drawing
system, each participant in the playing session is asked to choose which Farm he wants to
manage. Each players receives an initial cashbox of 48 small tokens (ST) that he will use to
play (plant, drive his cattle, etc). Finally, each player starts with a Cattle hive afiedium
Cows. At the start, communal and forest GrazingAa#ldsave “medium” forageAll the herds

are in their respective Kraals, and all Waterpans are empty, except the one located on F5.
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Figure 5.6.The virtual environment at the initiation of the model/playing session.

Input data

The model used weekly rainfall input data. Rainfall records were obtained in the stady are
Two contrasted climatic years (Fig. 5.7) were used to produce a continuous 2-year dataset: a
first “good year” 012-13), measured by ourselves in the study @sdallowed by a “bad

year” (data from 192@1), measured in the study area by the Rhodesian meteorological
services. As showed in figure 5.5, the two sets of empirical data used for the rain sub-model
propose very contrasted climatic conditions. The “good rains” year is characterized by abundant
rainfall throughout the rainy season, hwé total of 733mm, while the “bad rains” year only
offers 531mm through erratic and low rainfall. This weekly rainfall was transformed into four
types of week (Fig.5.5):dry” (<5mm);small rain (<20mm); medium rais” (20 to 40mm);

“big rains (>40mm).
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Figure 5.7.Weekly rainfall dataThe figure shows the two sets of data used for the rain sub-model.

Details for crop sub-model

This sub-model controls crops dynamics and weather-related failures. There are two
types of Crop. They have the same productivity, but differ by their growingrdgaaOnce
planted (stageseed, both short-term and long-term types germinate after the first non-dry week
(stagegerminatedl and remain in that stag@rone to rain washingfor two months, until they
evolve to the “shooting” statu€rop types differ by the time needed to change from the stage
shootingto the stagenature 1 month for the short-term variety against 2 months for the long-
term variety. The transition diagrams are represented in figure 5.8. Players can harvest their
cropswhen they are either “mature” or “dry”. Nevertheless, when players harvest “mature”
crops they must build a granary, unless they already have one.

Crops are sensitive to drought. Between the moment they are planted and the end beéDecem
three consecutive weeks without rain cause a loss of 100% of every growing short-term crop.
Long-term crops are more resistant, they need four weeks of drought to be destroyed. On the
other hand, during thgerminatedstage of development, crops are also sensitive to floods, and

both types will be destroyed (100%) by three consecutive weeks of heavy rains.
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Figure 5.8.Crops transition diagrams

Details for elephant damages

The module related to damages made by wild herbivores (only elephants are represented in the
model) to crops is run at the level of grazing areas. Each month, grazing areas that are not
protected by players and containing at least one field with a mature maize have 94/100 chances
of being attacked by elephants. When elephants attack, all the farms areawtédipe same

way. The first line of farms (Fig.5.9) will have up to three fieldsnaged, whereas the other
farms of the grazing area will only have one field attacked. An attack will causedd &3%

of the yields. By protecting their grazing area, players decrease the chances oélegViagts
attacking to 6/100. Attack of Elephants are represented on the visual interface of the game (Fig
5.9), and losses caused by elephants are represented by a blue diamond on the coiner of ea
attacked field.
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Figure 5.9.ElephantsdamagesGrazing areas with mature maize (here C1, C2 and C3) are pramepcaiding
by elephants. C2, which was not guarded (no small green circtbe @adge between the communal land and the
forest) was attacked by elephants. Farms located on the idgnb$ the red line are considered as the first line

of farms. These farms are more heavily impacted by the attack.

Details for cattle damages

In Chapter 2, we described the rule according to which cattle cannot be released freely
in the village before a particular datéotshela(usually the 1 of June). Nevertheless, it was
collectively agreed that the game would contain no enforcing mechanisms, but that the players
themselves would be free to discuss, apply and respect this rule or not during the game.
Therefore, in the model supporting the game, cattle can graze anywhere anytime and when
grazing in the communal area during the agricultural season, cattle entities can enter fields and
cause agricultural loses if these contain crops. Unguarded cattle (without herdboy) will enter a
randomly picked field with growing maize, and cause 25% loss of the yield the owner would
have get from the maize entity growing there. Repeated loses caused by cattle or wildlife will

ultimately destroy maize entities. A given cattle can enter only one field per month. Once the
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Figure 5.10.Cattle entering a Fieldlhe cattle of the purple player were left alone to graze in this communal
paddock containing growing fields. They entered a growing field oblthe player. The white lozenge on the

corner of the field of the olive player signifies a loss of 25%.

Details for cattle status dynamics

Every month, the level of satieation (0, 1 or 2) of a cow is determined accordingly to the
level of forage of the grazing area where the cow was located. When cows are feeding on crop
residuesrpachangg the satiation is set to the numbenwichangaeaten (max. 2). The status
of a cow depends on how it fed during the last three months: when its accumulated satiation is
6, its status increases, whereas when the accumulated satiation of a cow is less oBgitgial to

status decreases.

Details for cattle predation by lion
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Table 5.2.Predefined timing for cattle predation by lion.

In the nearby forest, every 5-6 times some cattle will be there, a kill by the lion is cedside

In the middle forest, the periodicity is decreased to every 3-4 times, whereas in the deep forest,
the periodicity is set to every 1-2 times. The frequency of grazing and the distance tostfee fore
edge are therefore the two factors taken into consideration to trigger the event “lion’s kill” in
the forest. Once such a kill is considered, its actual realization depends on the presence of
herdboys. When all cattle are guarded by a herdboy, the probabdityghe kill fails is 2/3.
Otherwise, the Kkill will occur and it is 30 times more likely to happen to a non-guasded ¢

than to a cow being guarded.

Details for forage level in grazing areas and water levels in water pans

These two sub-models rely on tabulated functions. The forage level of each grazing area is
updated at the end of each month according to: (i) the month, (ii) the rainfall of the current
month, and (iii) the number of cows that grazed during this month. Furthermore, a specific
function was designed for each climatic year (Fig. 5.11 and Fig.5.12). An additional feature
was decided during the co-design of the model: the four communal grazing areas (C1, C2, C3
and C4) would never reach the “good” level of forage, but would remain “medium” at best.

The size of the water pans is also updated at the end of the month. It is not influenced by the

number of cows drinking, but relies on a tabulated function designed according to monthly

rainfall (Fig. 5.11 and Fig.5.12).
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Figure 5.11.A representation of the tabulated function controlling the forage levebafrgy areas and the size
of water pangor the “Good Rain” yearThe three diagrams represent the forage level at the end of eachimonth
a given grazing area according to the number of cows grazing dth@eaghonth. A: no cow grazing; B: between
1and 10 cows; C: more than 10 cows. The circles in each month esptég size of water pans. Monthly rainfall

is given on the inner wedges.




Chapter 5 Preliminary results

Figure 5.12.A representation of the tabulated function controlling the forage levebafngy areas and the size
of water pans for theBad Rain”year.The three diagrams represent the forage level at the end of each month in
a given grazing area according to the number of cows grazing dthehghonth. A: no cow grazing; B: between
1land 10 cows; C: more than 10 cows. The circles in each month egptée size of water pans. Monthly rainfall

is given on the inner wedges.

Choice, design and parametrization of the sub-models

All sub-models were either collectively designed, or proposed by researchers and
modified/validated by the other members of the team. The testing of each sub-model was done
through the co-design process. Each version of the game was tested (played) by the team,

collectively discussed and modified/validated.
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Playing sessions: preliminary results and perspectives

Four playing sessions were organized at the Magoli community hall in May 2015, and a
total of 28 players were invited to pl&ylayinjana.As explained in chapter 4, the organization
of playing sessions was done jointly by a researcher and local members of the co-design team.
The setting of the room is described in figure 5.13.

Figure 5.13 Setting of the playing sessiofi$ie game board was projected horizontally on a central table d@roun
which up to 8 players would stand. Four members of the smpléeam were needed for playing sessidns:
facilitator; CO: computer operator; B: Bank; M: Minutes recorder

Each of the four facilitators had a particular role:

Computer operator: (a researché&mter players’ decision in the computer
interface (beginning of the round); update the virtual environment (end of the
round).

Facilitator: (a local member of the teanmform players about the different
playing steps to follow (beginning of the round); describe the consequences of
players’ actions: gains, losses, predation, etc. (end of the month).

Bank operatora local member of the tear@pllect payments relative to players’
actions: herding, planting, “life expenditures”, buying cattle, etc.; “pay” the
players when they harvest their fields or sell cattle (beginning of the round).
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Minutes recorderta local member of the teaRecord minutes during the game,
including any element that could be relevant for further collective or individual

discussions.

Figure 5.14.Compared evolutions of the virtual environment in the three playingpasgyear 1 only)The first
image represents the initiation of the game, that is October. We selected fotlrsmsbowing the different
evolution of the virtual environment between the playing sessions, withidpoto bottom: November, January,

June and September.
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Picture 5.1. The facilitator describing the playing board before starting the ganhagoli (01/05/2015, A.

Perrotton).

As illustrated by figure 5.14, starting from a common initial situation, the three playing
sessions showed different evolutions of the virtual environment. This section describes the
players’ strategies during playing sessions. All the decisions made by players were recorded
during playing sessions, and complemented by individual questionnaires. Among the various
guestions asked to players, some concerned their opinion about the game (Chapter 4), and others
were about the factors considered during playing in their decision making processes. Their
answers enabled us to produce a decision matrix, and to choose variables to analyze (Tab.5.3).

We propose here a set of exploratory analyses of the first three playing sessiorit (N
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Picture 5.2.Players grouping their cattle in the forest during the month of Dece(@004/2015, A. Perrotton)
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Fields management:

The agricultural season was defined as the months during which at least one player had
crops in at least one of his fields. As showed in figure 5.15, the first playing season differed
from the second and third ones with a shorter agricultural season. While players from the second
and third playing sessions had crops growing from October to April, players from the first
playing session only used their fields from November to march. In other words, none of the
participants from the first playing session practiced dry planting. Moreover, one of the players
from the third playing session started plowing even earlier the second year, and chose to sow

maize in September.

Figure 5.15.Crops managementumber of players having crops in their fields for every playing se¢sio2
and 3),

A total of 41 fields were planted or replanted during the first playing session, 45 in the
second playing session and 41 in the third playing session. The type of crops planted and the
repartition of planting events also differ between playing sessions (Fig.5.16). The planting
patterns were similar in the first and second playing sessions, with a higher number of fields

planted in December, while players from the third playing session planted mostly in October
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Figure 5.17.Management of crops residud$e three charts on the left represent the number of players having
crops residues in their fields, the three charts on the right reptésemumber of players having crops residues
in their kraal. For both type of crops residues management, the thrg@@lsessions are represented (1, 2, 3).

Cattle herding:

The analysis of cattle herding strategies focuses on the opposition between communal and
forest grazing areas. The objective is to gain a better understanding of the waysedittleese
two types of grazing areas throughout the game. In average, during the twelve months covered

by the first climatic scenario, each one of the 24 players:
used 4.17 different grazing areas (min = 3; max = 7),

moved his cattle from one grazing area to another one the month after 7.7 times in

average (min =5; max = 11),

spent 1.4 round per grazing area (min = 1, max = 7).
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Figure 5.18.Distance to the boundary in function of the distance to the Kraal.figure represents, for each
round of play, the distance between the grazing area used by catile &nd the boundary of the forest and the
distance between the grazing area used by cattle herds and their kraal (nehgrazing area of origin). The
number of observations are represented by the size of the circle, @séabon concerned by the color of the
circle. The blue arrow points at the only observation of a herd sent irmancoal grazing area other than its

“own”.

The general pattern of grazing observed during the playing sessions corresponds to the

one described in chapters 3 and 4 (Fig.5.19). During the agricultural season, 88% of players
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Cold Dry

Figure 5.19. Played strategies and GPS collars.

Up: The figure represents aggregated data from the three plagsgjons and is shared between the three seasons
(Tab. 5.3).The use of the environment is characterized by the distatiee boundary of the forest. Communal
grazing areas are coded as ‘0’, grazing areas F1, F4 Bicre coded 1, grazing areas F2, F5 and F8 are coded
2, and grazing areas F3, F6 and F9 are coded 3.

Bottom: The figure represents the percentage of time spent in the conaremaly 11 cattle followed by Valls-
Fox et al (in Prep) in the same villages with GPS collars.
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Figure 5.20.Grazing in the communal land despite growing crogée figure represents, for each playing
session (1, 2, 3the presence of growing crops in the grazing area used by cattle. &&skepresent the
number of cattle herds entering fields.

Players from the third session are those who used communal grazing areas the most, despite the
presence of growing crops. Having cattle grazing in the communal area presents risks of
incursions in fields and agricultural losses. It is therefore not surprising to notice that only one
incursion happened during the second playing session. As explained in the previous section,
when actively herded, cattle do not enter fields. That explains why although cattle spent more
time in the communal land during the agricultural season in the third session than in the first
one, less incursions were observed because all but one player used herdboys to look after their

cattle.
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Figure 5.21.Simultaneous use of grazing areas according to the seBs@®e configurations distinguished: a
given herd can be either alone in the grazing area (pink), share itotyigr herds including the direct neighbor,
or share it with herds coming from other communal grazing areas. Froto k&jht: First playing session, second

playing session and third playing session.

According to answers given during after playing questionnaieighbors’ strategies
were considered by players in the choice of the grazing area to use every month. We defined
three possible configurations (Fig.5.21). The first possibility was that a player would choose a
grazing area so that his cattle would graze alone. This strategy was dominant during the third
playing session, particularly during the cold and dry season when players kept their cattle in the
kraal and fed them with crops residues (Fig.5.17). The second possibility was to use the same
grazing area with their direct neighbor (Black with Green, Olive with Purple, etc; see Fig.5.2).
This strategy was dominant throughout the season during the three playing sessions. Finally,

players could also share a grazing area with other herds that did not belong to their direct
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Figure 5.22.Evolution of cattle herds body condition throughout the yEae.first playing session is represented
in red, the second one in green and the third one in blue.

As described in table 5.a, we aggregated the individual body condition of cows (thin,
medium, fat) into a value characterizing the herd as a whole. From October to September, the
herd condition generally increased for all the players (Fig.5.22). The three playing sessions
show the same pattern from October to January, with a stable average herd condition value.
Differences between playing sessions appear from February. Players from thgayimgd
session showed the best average herd body condition. A first explanation can be found in the
different farming-herding patterns observed between the three playing sessions. fRlayers
the first session quickly finished crops residues (Fig.5.17) and that forced them to drive their
cattle through low forage grazing areas (Fig.5. 12) which impeded the fattening of their catt
while players from the second and third playing sessions could compensate the natural forage

degradation by feeding their cows with crops residues, either in the fields (second playing
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Table 5.4.Cattle “leaving” and “entering” the gamEor each playing session the number of cattle killed, sold
and bought was recorded. The aggregated loss/ benefit was ¢altblamultiplying the number of cattle by their
relative body condition factor.

Toward the characterization of herding strategies:

Defining the variables

The objective of designing and implementing the game was to understand cattle herding
strategies of rural households living on the edge of a protected area, in order to produce an
autonomous simulation model (agent-based model). As Fig.5.14 shows, each playing session
led to a different evolution of the environment, and different strategies (at least when observed).
Beyond the description of playing sessions, we therefore needed to elicit the rationale behind

herding choices. To achieve this objective, a second round of analysis was done, using multiple

correspondence analyzes, or MCA (R software, library ade4).
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Variable Description Values
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Forage

ForageGain

DistKraal

DistBound*

KillPrev

Residueg

OtherHerds*

ForagePrev

Table 5.4. Active variablesThe variables presented in the table characterize the GrazingAreas chosen by
players, and are the variables used to run the MCA. All are catedj@ariables

The second subset of variables, or supplementary variables, describe the context in which the
cattle herding decision was taken, that is in which conditions the GrazingAreas were chosen

(Tab.5.5). Among these we can find some of the player's parameters such as the status of his
fields or the condition of his herd. We also find more general variables such as the season, the

month, or the weather forecast that is given at the beginning of the round.

Variable Description Values
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Season

Round
Forecast

CropMe*

CropNeigh*

ResFieldMe*
ResKraal*
ResFieldNeigh

HerdStat*

CowEntField

Table 5.5. Supplementary variablesThe variables presented in the table characterize the condition in which
GrazingAreas were chosen by players. All are categorical variables.

Preliminary results and perspectives of autonomous simulations

Here we present the results of the MCA run with the data base compiling the three playing
sessions (N=288). The scatterplot showed by Fig.5.23 highlight the repartition of the different

values of the 11 active variables in the factorial environment.
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Figure 5.23. Scatter plot of the multiple correspondence analysis conducted on the first thre&aying
sessionsThe 11 plots represent the repartition of the 288 GrazingAaealsthe positions of the different values
of the active variables.

The MCA allows us to distinguish the importance of the Zone in the characterization of
GrazingAreas, the Forest (F) and the Communal Area (C) being each one on a sidesif the fir
axis. GrazingAreas chosen by players seem to have offered better forage léwelBarest,
this is partly due to the avoidance of the forest during the end of the hot season, which tend to
finish the available forage in the Communal land. The ForageGain, DistKraal and DistBound
variables, when observed simultaneously, show that players using communal GrazingArea
usually used their own GrazingArea (where their farm is settled), therefore having a null gain,
along with null distances. The kill history of the GrazingArea, or the other herds present do not

appear as relevant variables to characterize chosen GrazingAreas.
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Figure 5.24. Projection of the 3 season$he 3 circles gather together the chosen GrazingAreas according to
the season during which they were chosen.

As Figure 5.24 shows, the GrazingAreas chosen during the three different seasons vary
slightly. During the hot and dry season (sc), players mainly sent their herds to graze in
communal GrazingAreas. Our field observations and interviews lead us to state that such
strategy is used to avoid predatim the forest. As stated by a villager:ohly send my cattle
in the forest when it is necessany [avoid damages in fieltisbut | prefer when they stay
around” (a man in Magoli, May 2015). The majority of GrazingAreas chosen during the
agricultural season (ag) were in the forest, although some players preferred keeping their cows
in the village. The cold and dry season corresponds to a transition during which some players
preferred keeping their herds in the forest in order to save the crop residues for later, while some
brought the herd back in the village straight after harvesting.
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Figure 5.25. Projection of the 12 months playedhe 12 plots are projection of the chosen GrazingArea, month
by month (October to September, from top left to bottom right). The scatgtbeisame for all plots, we can
visualize the difference in the cohesion of choices between months.



Chapter 5 Preliminary results



Chapter 5 Preliminary results

Perspectives

The first section of the chapter shows how we collectively designed a relatively complex
game. If playing rules are simple, the agent-based model suppkttiaginjanais far from
simple. Although the final version of the role-playing game satisfied all the co-designers, its
implementation was a major challenge. Indeed, through the organization of playing sessions,
we could verify if our objectives were reached. In chapter 4 we showed that the game was easy
to understand and that players globally agreed with the way their reality was regrefhate
game being a research tool, the results described in this chapter give the reader an overview of
the type of data gathered. The differences between strategies implemented by players between
the first and the second climatic year need to be further investigated. The game involved costs
of playing, in particular concerning the choice of the grazing area to use. This was a choice
from us to “force” players to make decision, to choose and show us their priorities.
Nevertheless, it might have led to the shift mentioned earlier, that is this changing of strategy
players did from a first year during which they re-enacted their actual strategies, to a second
year during which they “played” more and optimized their budget (tokens). This was also
probably triggered by the way we articulated the two parts of the playing session: by having a
break between the two years, during which we counted tokens. Things could have been different
if the two years had been played in a row. Analyzes will have to be done to assess this possible

change of playing rational.

If more time and work is needed to finalize and run autonomous simulations, the work
presented in this chapter will be useful to achieve it, for several reasons. First, results of
multiple-correspondence analyzes are promising and we assume that such approach will allow
us to distinguish and categorize types of cattle herding strategies that will be translated into
agents’ behaviors in an autonomous agerged model. By using an agent-based model to elicit
local strategies, we eased this translatindeed, the “observations” (recorded games) already
take the form of agent decisions in the model supporting the game, minimizing the loss of

information we could have experience if we had to translate heterogeneous observation into a
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Chapter 2-Context and theoretical frameworks

























































































































































