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Abstract

Agro-pastoraliss of Bobirwa sukdistrict dependnainlyon rainfed agriculture as a source of their
livelihood. However, tis agropastralismis affected by climatic variabilityAdvanced warning

of upcoming weathefnformation is, therefore,important in informing farming decisions.
Traditional weather forecastirig often amajor planning toolsed to informago-pastoralisté
decision making and has be&anded from one generation to another. For instalooa)
knowledgeindicators are used to determine onset of rainfall and quality of the rainfall expected.
However,there are numerous factors that nmayeaffected the effeave use ofand dependence
ontraditiond weather forecastingver the yeard-or this reason, it is critical to examine the current
state and use of traditional weather forecasting among thepagtoralists. This thesis describes
the tralitional weatherforecasting that agrpastoralists in Bobirwa sudistrict Botswana hold
andits use in planning for agricultural activities ¢opewith climatevariability. It also examines
changes that have been observed in the use of traditionalewdathcasting oer time. By
exploring the knowledge used to generate early warning systems and coping strategies to climate
variability of agrepastoralists, we examine underlying vulnerabilities and resilience possibilities.
Data was collected throughqmosively selectig a total of 101 agrpastoralists who were further
stratified by age and gendérhe following qualitativedechniques were used in data collection:
semistructured interviewsb@ interviewees constituting 37 forecasters and 17-fooecasters),

focus group discussiond{ participants consting of betweend and 12 participantsand key
informant interviews (11 forecasters who use multiple indicatdh® siowballing techniquevas

the main sampling strateggnowledgeable traditional fecastersn F G D weseused to identify

key informants with whom sensitructured interviews were conductedll datawas analysed
using thethematic analysisnethod Data was constructed usingcgclical process to generate
themes whichconsisted of thenitialisation (capturing participarfisaccounts), construction of
themes, relating the themes and developing results. From the study, it was found that male and
female elderly agrpastoralists irBobirwa aremore knowledgeableabouttraditional weather
forecasting and use the traditional weather forecasting techniques to inform their destsiens

the lessknowledgeable adults and youth expreshasing limited use of traditional weather
forecastingin decision making There were also differences iretluse of specific traditional
indicators based on the positionality of an individual in the society as well as age and gender.
While the participants indicated that triagoinal weather forecasting is a reliable technique, climate
changas believed to haveesulted in unpredictable trends in recent ydassexampleexcessive
floods, patchy and reduced rainfall, extensive heat spells with no specific pattesnges in
biological indicatorsand thus, present a challenge to thagespastoralistsin dl, traditional
weather forecasting remains a cultuaetefactin the communityand will always be praced by

the agropastoralistsHowever,many elementshreaten the existence of the traditional weather
forecastingsuch as the death of custodian&mdwledgethe disruptive nature of climatdhange

youth migration to cities and the ubiquity of modern practiEesther to this, the prevalence of
modern pactices for exampleChristianity,is transforming the use and beliefs of individuals in



traditional weather forecastingading to reducedhtergenerational transfers tfie traditional
weather forecastingt is prudent to expect that as cultural preesi change within societies,
cognisant of the fact that culture is dynamic, it is also expebtddtie use of traditional weather
forecasting will change. It shouylthowever not be construed that the changes in the use of
traditional weather and seasbarecastingare an indication of the unreliability of traditional
indicators but inability ofindividuals to forecasin turn,the study recommends thenservation

of the traditional weather forecasting and traditionally important biological indecdtieiscan be
promoted through documentation and teaching of traditional weather and seasecestiiog
techniques in conventional educational progrees Alongside this, integration of traditionahd
scientific weatherforecastingcould be used to develop national policies to facilitate effective
droughtand floodcoping strategiethat are inclgive andaimed atimiting thetraditional weather
forecasting knowledge gapamong agropastoralistsof different age and gender groups
Interventions by the government can be redirected to traditional leanteetders who bear
extensive knowledge on triéidnal weather indicatordo create awareness and facilitate
knowledge exchange especially in aiding agastoralistdo cope with climate vaability. Also,

for those who are sceptical taditional weather forecasting, the userelfgious gatheringsf
differentdenominations cahe anoption to facilitate awarenesaisingof coping strategies that
can be explored teeduce vulnerability amongst this group of agestoralistdy teaching them

to adapt to the changing weathsing local knowledge

Keywords Agro-pastoralism, Bobirwa, decisiemaking, early warning signsatlitionalweather
forecasting
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Chapter 1

1.1. Introduction

Climate variability has substantial impacts on humanifyO 6 B and d_eichenko, 2000For
instance, ural agropastoralistsare particularly vulnerable climate variabilityas they rely on
rain-fed ago-pastoralisnfor their livelihoods (Batisarand Yarnal, 2010; Nkomwa et g@2014).

In termsof addressinghefood security challenge in the wa, with a predicted population 3.6
billion people by 205QDeSA, 2013), withthemajority of food in Africabeinggenerated through
smaltscale farmers, climate change poses threatpaasgntopportunitiesResearch o climate
changeandicates thaagropastoralistsvill continue to experiencerolonged droughts, increase in
temperature and shifts in seasonthe foreseeable fute(Parry et al.2007; Madzwamuse, 2011)
As such, it is essential to adopt futargented studies rad gpproaches to addressing thesdtshi
in seasons and any arising challenthes preseimg an opportunity to establish the extent that
agropastoralism is resilient and to develop more resilient agricultural systamescriticalpoint

in coping with climae variabilityand changes to have timely angreciseweather information
to enable knowledgeable decision makiogustain livelihood systenasd improve food security
(Pulwarty and Sivakumar, 20.&Research indicates thatral agropastoralist$have historically
coped withclimate variability by using traditionaweather and seasonal forecastkmpwledge
weatherandseasonal forectsto influence theiagropastoralpractice.

Traditional weather forecasting represents an accuionlaf explicit or implicit knowledge,
practicesand beliefs that have evolved from observation of past climaticesmetienvironmental
changes(Masango, 2010 Individuals with traditional weatherofecasting knowledge often
observe changes in the ermnment, such as flowering and fruiting of plants, the lunar cycle, and
insectbehaviourto generate early warning signs of drought and flood events and provide weather
information such as rainfall gatns. It has, however, beezcognisedhat these indators used

in traditional weather forecasting respond to different atmospheric pressures from a scientific
perspective. By detecting early warning signs from the immediate environment, traditiotirwea
forecasting enables the development of safegngrstirategies against predicted conditions such
as drought and fl oods ( Ch @uvgdyandeivakuaniar, 20042 01 0 ;
In rural communities, household memheespecially the elderlyoften demonstrate an
understanding of the dynamiand complexity of ecosystentence they are often the ones who
engage in traditional weather forecastiidne transference of thkenowledge however,may
transformfrom generationto generation (Gemeeballe et al, 2006) and understandirand
applicaton may bevariated.Different generationsre reported talevelop newer methods of
traditional weather forecasting based this evolution and changem weather and species
compositionthat may be observed in their localit{@®dogotsi et al, 2011; Nkomweet al, 2014).
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In Botswana, agrpastordismis a widely practged economic activity and a livelihood option for
many communities faced witimited employment activities (Madse and Urich 2008; Sallu et
al., 2010) Like other areas in serarid regims,agropastoralists in Botswana are affected by the
recurring droupts and flash flooding, which ay negatively impact the economic and secio
cultural practicegMogotsi et al.2013).Most studies on agrpastoralism indicate thataditional
weather foecastingis practically used for planninarming activities(Orlove et al. 2010).
Therefore, the use of traditionakatherforecasting is important for reducing the vulnerability of
agropastoralcommunitiesto droughts and floodsThe IntergovernmenfaPanel on Climate
Change [PCC, 2013 reportemphasses thatdecisionmakingis crucial and shoulde explored to
determine the drivers of mitigating risks associated with climate variability inagtdniegions.
Studies indicate that in Lesotho, tradital weather forecastingas been and is currently being
used.to influencemaking decisions about planting dates, mating livestock, harvesting elates
(Ziervogel, 2001). These indicators include wind, stars, the moon, sun, insects, birds, vegetation.
The knowledge that inflences agr@ a s t o r emisian smaksg@in tlis context is important for
sustainable agrpastoralism practicesgonservation of traditional weather forecastiagd
reducing vulnerability to climate variability (Kolawole, 2018)study by Kolawoleetal., (20143
indicates that theaggravationof climate variabilityby climate changenay potentially pose
guestionable doubts to traditional weather forecasting owing to fluctuatiolasdscape and
contexton whichthe knowledge is dsed. Many discussions tenditdlicate thatreliability and
usage of thse traditionalweatherforecastiig techniquesnay be challengedr weakenedn the
face of climate chang@logotsi et al.2011;Prober et a).2011;Kolawole et al.2014a;Ayal et
a., 2015)

Additionally, it has been established in literature thatuse of traditionalveather forecasting
differentiated bysocial groupsnamely gender and ag&Vhyte, 2014; Bhattarai et alk015;
Sterrett, 2016)As mentionedit is likely thatolder people with more traditional beliefs and more
observations of diffieent seasons are more likely to have the relevant skillkramg-how ofusing
traditionalweather forecastingMogotsi et al. 2011; Jiri et al.2016; Rao and Morchain, 2016).
From the notion that social groupsithin agropastoralhavedifferent levels of understanding
traditional weather forecastinthe degree of coping with climate variability may be fragmented,
which could be argued to leave some groups vulnerable and leehtesspecially when adopting
the traditional methodd cainfed agrepastoralismMoreover with traditional weather forecasting
oftenresiding among the elderlit,is under threat from the death of custodians of the knowledge
owing to old agé€Kolawole, 20141).

Despite thause of traditionaleather forecastingy differentsocial groups, the intensity of long

dry spells and flooding experienced in serid regions has led to increased vulnerabilities for
subsistent agrpastoralists. These growing winerabilities of agrepastoraliststo climate
variability has led tancreased enthusiasm by the government to offer support to the subsistent
farmers to limit povertyand strengthen different groups agtcpastoralists irlifferent areas of
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Botswana.Specifically, the rise otthe IntegratedSupport Programmefor Arable Agriculture
Developmen{ISPAAD) hascomeinto play. The ISPAAD programehas set guidelines and rules
that do not follow the traditional methods of agrastoralism, therefore couldtentially interfere
with the individual§ strategiedor coping withclimate variability. Systems that assuéop-
down approach such as the ISPAAD programave received increased criticism in literature on
their exclusion of traditionalveather forecastg which may influence the ultimate coping
strategies as suggested by Vanclay and Lawrence (12%4)dy byMeijer etal., (2015) further
emphasisethe dow uptake of innovations that are suggested to farmessl¥Saharan Africa
which may imply the ersistent use dheir knowledge perceptionand attitudes to their farming
practices.

Usingconcepts of vulnerability an@siliencedifferent research paradigmsamelyrisk hazards,
social resilience and ecological systems frameweankgphasse theneed to explorenderstanding
of how different individuals cope arttle causes and consequencéglifferential susceptibility
(Miller et al, 2010; Perez et al2015). Focusing on gendexge andknowledge & generating
early warning signs using traditial knowledge and decision makijnge use the social resilience
framework to analyse how men and women of differerd ggpups are affected by climate
variability and changes in traditional weather forecasting

1.2. Problem Statement

The purpose of this styds to identify and compare the use of traditional weather forecasting by
different age and gender groups regarding planning and decision making {ipaatyalism
within the Bobirwa sulalistrict.

1.3. Aim and objectives of the research

This thesis aims tprovidea comprehensive understandofdhowthetraditionalweatherforecast
information is generated and used to cope with climate variab¥itglifferent gender and age
groups of agrepastoralistsn Bobirwa subkdistrict in BotswanaTo understand theomplexities
faced by agrgastoralistof different age and gender groughsring the recurring droughtthe
study intends to document indicatarsal in traditionalweather forecasting.e. rainfall, winds,
drought, floodsin the Bobirwa subdistrict Furthemore the study explorewhetherdifferent
social groups generatiee warning signs of drought and floods the same amalydetermine what
constitutes the differences. Finally, withithe social groups, the study explores how the
traditionally generad warning signs are used to cope with climate variabilitiyeBobirwa sub
district.

This resear ehas o r 28917jpRtlendaptdtion &t Scale in Setwmid Regions
(ASSAR) research project. ThASSAR research project aims to exparu tunderstanding of
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climate vulnerability and adaptation in seamid regions. It also helps transform thgro
pastoraliss 6 curr ent adaptati on measurnethat comsiderspr o mo
adaptati ormprtomf idc ldiemeatl edyante adapsiveagpacitesfar wulnesable

groups. The outcome of the proposed study will contribute to the resedh&gAGSAR team, as

it is situated within the context amproving knowledge systems on adaptation measures as
identified in the Regionaliagrostic study (Spear ei., 2015).

This project has three main objectives. These are to:

1. Identify thetraditionalweather forecastingsedby agrepastoralistsn Bobirwa sub
district visavis farming and general livelihood planning and decisiaking.

2. Determinehow the use of traditionaveather forecastinig differentiated by social
groups in the Bobirwa sudbistrict.

3. Determinechanges irthereliability and use ofraditionalweatherforecastingn the face
of climate change

1.4. Organisation of the dissertation

Chapter One: provides the background to the studyotivation and justificationgbjective and
purpose of the study.

Chapter Two: outlines a wide body of literatumn how dfferentagropastoralistsvorldwideuse
traditionalweatherforecasting as a method of determining early warning system for agricultural
In this chapter, literature on the necessityradlitionalknowledge copingcapacities, local beliefs
and practices and social structures influence how different social gomapsct traditional
weatheiforecasting in the era of climate chamvgas interrogated.

Chapter Three: provides a detailed description lodw data was collected, how it wasalysed
and ethical considerations.

Chapter Four: gives detad of complexities ofthe traditional weatherforecastingand how
seasonal agricultural practices are linkeabefs among individuals of different social groups in
the study area. This chaptemovides detailed thematic analydie differences inutilisation of
traditiond weather forecastingy women and maleandyouth adults and elders for their decision
making in sustaining their livelihood option.also discusses the findings obtained from the
research.

Chapter Five: draws important conclusns
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Chapter 2

Literature Review
2.1 Introduction

The purpose of this chapter is to examine the current literature debatediscussions on
traditional weather forecastingpecifically and its application in agfpastoralism,to evoke
traditionalweather érecastingandits usage as coping strategfes drought and floodsand to
identify the challenges thaigropastoralistgace in using the traditionateatherforecastingThe
literature review also provides an opportunity to locate this study in existing research by
identifying the gaps which justify the importance of this research. To achieve this, the chapter
begins by examining the vulnerabilities of ruagkopagoraligsto climatevariability andchange

in Botswana as well as how traditional indicators plagla in the resilience aigropastoralists

In addition to this, the study examines the application of traditiweatherforecass to decision
making by farmers irural communities. However, despite the use of traditiomehther
forecasing in communites, there are considerable changes to &nid these are also examined to
understand the specific changes and why thesecaring Before delving moraleeply into

these issues, it is necessary to consider the effects of climate variahiithangén Botswana

in a broad sense.

2.2.Climate change and climate variability in Botswana

Ecosystems aneconomiesof semiarid regions are vulnerable to cliteavariability, weather and
climate extremes such as droughts and other existing risks that aagaigd by anthropogenic
climate change (IPCC, 2013). The recent climate change scenario assessments estimate some
degree of warming to occur in differentgrens in the near future (Blench, 199%)has been
established thatrought, El Nifiéd Southern Ostlation (ENSO) and reduced rainfall are strongly
interconnected with the climate systén Botswana (Dube, 2003). These fluctuations of rainfall
andtemperaturaffect ecosystem functioning and human survival. Studies indicate that Botswana
receives rairdll that is unreliable and unevenly distributed (Dube, 2@0®) isoften associated

with the increase in temperature (Van Regertel, 1995; Kenabatetal.,2012).In addition, he

rainfall variability also brings about droughts and floods (BatisathiYarnal, 2010; Dedekind et

al., 2016). In the past 15 years, Botswana has experienced inconsistent rainfall (Ziervogel, 2016)
Although theprecipitaton is mainly between September and Aghk current status shows that
rainsarestarting at differentimes in varying year@Batisani and Yarnal, 201@Ghagonda edl.,

2015). It is within these rainfall seasons that there is an increased chanag drfyispells which

may affect seedling development of pastureBotswana (Veenendaal ak, 1996; Zienogel,

2016). InSouthern Africa, forexample the rainfall seasois established to haveen reduced by
about four weeks (Mapfumo at., 2016), which reduces the season productivity. With the global
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warmingpredictins, Botswana proves to be highly vulalgleto climate change impagt&/hich
could account for less resilience in agrastoralism.

More than 80% of the population in Botswasregagean ago-pastoralisnfor food, employment,
investment, and income generation (Van EngalaiKeyser 2013 FAO, 2014, with up to 90%

of the rurallabour force directly or indirectly engaged with agpastoralism Despite the
established increase in rainfediriability, themajority of the agr-pastoralismn Botswanas rain-

fed (Batisaniand Yarnal, 2010; Nkomavetal., 2014). With an estimate of 80% of the Botswana
agropastoralistsreliant on the dry land arablagriculture (Botswana Government, 2006), the
impacts of droughtENSQ, and rainfall variability can be catastrophic and challenging to food
security h the country (Dube, 2003; Zhouadt, 2005;Archer etal., 2007;Mogotsi etal., 2013).
According to Fraser etl., (2011) when using dynamic ecological and environmental change
models,climateinduceddrought may cause a decline in agricultural progtitgt When usinga
general circulation model (GCWMbhe SDuthern African core climate chge scenario on staple
foods, a 36% decline in maize and 31% in sorghum yislgsojected (Chipanstlet al., 2003).
Mogotsi etal., (2013) confirm that rural househis in the Bobirwasubdistrict face increased
livestock and crop failures during droughtThe ruratcommunitieshowever useal biodiversity as

a buffer against impacts of variation in climate and catastrophic events through diversification of
crop and ivestock production, wild fruit harvesting or other forms of survival. Considering all
this, coping strategieshereforepecomean integral component of the future of the communities.
A growing body of literature suggests that rural communities oftentrasitional weather
forecasting as coping and adaptation strategies to mitigate impacts of climate variability and
climate chang (Kolawole etal., 2014a;Chengula and Nyambo, 201Bolawole etal., 2016.
Drawing from the theory of social resilience, agsess the use waditionalweatherforecasting

by different age and experience.

2.3. Theoretical framework

This study isgrounded in and informed by the social resilience conceptual frame@acial
resiliencealludestait he capaci ty docommunites tipredare tpandbu nesponé n
positively to crise8(Maguire and Hagan 200I6). Social resilience casistsof three dimensions,
namel y: @A(a) copi nipeabiltypobsacialtactoesgo,cope with aneé evercerde a s
all kinds of adversities (b) adaptive capacities, expressed as the ability to learn from past
experiences and adjust themselves tor&utihallenges in their everyday lives (c) transformative
capacitieswhich is their ability to craft sets of institutions thdoster individual welfare and
sustainabl e s ¢kedk and Sakdapobal?@l3 Narris stsld.,2008)The social
resilience concept further posttgat social groups are differentiajéence the level of resilience

and capacity of response threatswill be different within a communitgMaguire and Hagan

2007 Eakin et al, 2014) This suggests thalifferent social groupareimpacted uporby crises
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differenly. So c i a | knewtetige pesdptionsand attitudesherefore influencehear coping
ard adaptive capacities

Maguireand Hagarf2007)and Brown (2014) sonceptualisation of social resilienaél be used

to explore issues in thistudy Their conceptualisation aptly linksith analysis incorporating
responseby agrepastoralist®f different age groups, who have accumulated different knowledge
and have ififerent attitudes towards different knowledge bases.

2.4. Traditional weatherforecastingas a tool to enhance resilience

Foragropastoralistso be resilient against the challenge ofnadie change andariability, as well

as improve productivity, there is need for mechanisms to anticipate when climate extremes are
likely to occur. Attempting to condudtaditional weatheforecass$ is a major challenge and
currently,not widely adoptedrad disseminated for use by the different governmental institytions
rather, scientific techniques are much more common. However, moaimunities such as
Bobirwa subdistrict, like many other communities, relgn traditional approaches to make
seasonal fecass. In using traditionalveather forecastinghere are mny different indicators

which agrepastoralistaise to make forecasand these indicators are not predefined but rather,
emerge through hoagropastoralistsnteract with their lived environent over timgDrahos and
Frankel, 2012; Kolawole «dl., 2016. However,there islimited information of the historical
documentatn of indicators, beliefs including mythical figures, environmental conditions
encaonpassing changes (Murphy @&t, 2016). The knowledge is rather embedded in the many
traditional communities andow theyuse the knowledge to inform their cultural actesti The
intergenerational dispersal of this knowledge is largely shared by the elders to the younger
generation through stiess and visually takg note of the indicatorseasonallyEcological sites

and possibly indicators key in predicting the traditiof@ecasting are prone to threats of
extinction as the elders pass on.

2.4.1. Traditional weatherforecasting indicatorsused togenerateseasonal weather
information

Globally, traditionalweather and seasdorecasters have been noted to use similar approaches to
predict the weather. The$erecasters firstly indicatthat they use lunar cycleghich includes
observations afheshape and position of the moon and the movement of stars to identify the likely
changes in seasons and also predict rainfall patterns (Clarke, 2009alJj@@&t6).Secondly, the

traditional weather forecastanse phenological knowledge generatehteir weather informatian

According to Armatas edl. (2016) phenologyi s  studyhoérecurring plant$ungi and animal

|l ife cycle stages especially as they relate tc¢
as developmental stages of glranimalsand fungi triggered by atmospheric moisture and
temperature often se&e as indicatorsf rain and dought (Chisadza &tl., 2015 Kolawole etal.,
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2016).Finally, the use of atmospheric conditions such as the wind strength and direction, of flow
types, direction of flow and colour of clouds, temperature are considered key indicators of weather
information used by traditional forecastefdorms such astradiiond weather andseason
forecastingare usedo guideseasonal timing for agricuital activities (Armatas edl., 2016).

2.4.1.1. Plant phenologyas an indicator for weather forecasting
Most plants produce new leaves, and flowers, which most commusit@s to be seasonal
variatiors. Peaks during dry seasons afearacterisedy many plant spees concentrating on
leafing and flowering around the start of the rainy season (van Schalik1393).However, in
different locations, ertain plants floweringbundantlyand budding is used to indicate the onset
of rainfall, good rains or droughdepending on the speciebraditional weather forecastenave
observedhese changeasnd associated themith weather patterns in their localitidBlants that
indicate good rains includ&caciasppandFicus carica(ZumaNetshiukhwi etl.,2013; Chisadza
etal., 2015) andhese species have been used to signal drought and particofall Eatterns.
Other examples of plant phenology used by different countries are illustrafetleil. A body
of literatureindicates that, for successful flowering in some plant species, a succession of cold
nights and warm days are required. Also, violent heatoarwinds may cause senescence of
flowers Kazan and Lyons, 20)6which when observedfarmers associate with impend
rainfall. This is appropriate as violent heat and winds increase pressure in the atmosphere which
could lead to rainfall incidentStott etal.,2016. Furthermore, plants have been observed to have
the ability to sense future climatic conditior@®h@na etal., 2017). For example, before drought
occurs, the plant increases its survival potential by reducing its food requirement and shedding
flowers and leaves before pollination (Speranza et al., 2010).

Table 1: Traditional indi cators for weather based on plant phenology

Indicator Description Significance Country Reference
Adansonia Leaf sprouting and fruiting Determine the onset ¢ Tanzania Elia etal.,2014
digitate the rain
Acaciaspp Substantial fruiting Onset of rains Botswana Mogotsi etal., 2011

Kenya Kagunyu efl., 2016
Ximenia Flowering Indicate the onset of rain Tanzania Chengula and Nyambc
Americana 2016
Brachystegia Heavy flowering of Indicating a good quality Tanzania Chan gabd,201@ t
speciformis flowering of trees. imminent season with

abundant rainfall.

Dalbergia Partial shedding of leaves A good year Tanzania Elia etal., 2014
boehmii
Uapaca Heavy flowering Signifies drought in the Tanzania Chengula and Nyambc
kirkiana imminent season 2016
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Plant phenology such as flowering, lelvelopmenand fruiting are dependent on atmospheric
pressure. However, as a result of climate change which may cause rapid and frequent changes in
climatic conditions, the plant phenology processes lseoning increasingly inconsistent
(Walther etal., 2002; Clelad etal., 2007; Matthews and Mazer, 2018 he inconsistencies in
climatic conditions and subsequently plant phenology affect individuals who depend on and
use plant phenology in from July te@embeias an indicator for seasonal rainf&lbr instace,
due to increased average temperatures, floweaodd be induced (Parmesan, 2008akamura
etal., 2016, which might not reflect the onset of rainfallherefore, it is critical to understand
how the changes in climatic conditions are affecting specific plants used for tradivesthler
forecasting in communitie8ut this remains a challenge for most rural communities, @hthe
time of the studyshowved a lack of understanding of the comyties relating tghysiological
changes in plants that are related to impactdimiate change.

2.4.1.2. Animals, birds and insectsas indicators for weather forecasting
Thebehaviourof animals and certain insects paykey role in the traditionaveather foecasting
Indicators such as animals mating, an influx of birds such as sgath@smigration of birds, frogs
making a noise, the appearance of grasshoppers and swarms bhaatbeen and are used to
signal either the onset of raims,the quality é the season in terms of rainfallmaNetshiukhwi
et al., 2013; Kayombo etl., 2014; Chisadza «dl., 2015. Additional signs that are used are
illustrated in Table 2Firstly, insectbehaviouris used by traditional forecasters in Tanzania
(Ch an g al.a2016 tand Botswana (Kolawole eal., 2014p). Typically, for most insects to
survive, they have developed proficiency at monitoring atmospheric pressure reledgdatd
using their antenna&s(erenstein an#lildebrand, 2008Davidson efl., 2019. Their antennae
are constantly active as they host organs of tastelland touch¥icFarlane eal.,2015. At high
humidity in the atmosphere, different insects respond accordifilggrefore, the action that the
insects use to avoid risk frominfall has been observed by the different communities and this is
used as indicators of rainfall.

Secondly, ngratory birdsare used by traditional forecastersfior example ,Tanzania, Uganda,
Botswana, South Africa, Australia (Table 2). Bi r doedding and timing of migratiomare
physiologicalreaction to changes in seasonality are important indicataeatherin any given
site For example, when sites becofagourablewith optimum temperatures, higtumidity and
acequate winds, the birds tend to flock towards these areas for breeding. However, the association
of appearance of bird species being an indicator of rainfall is auneeas birds in pursuit of
optimum breeding temperatur€urrent debates are focusedtbe credibility of the use of birds
as indicators for weather in the Anthropocene phase. Studies indicatentiaae change has the
potential to be an influence ohet future breedingnigrationand wintemg of birdsworld-wide.

In the same way thaegearchelucidateghat currently bird populations have already begun to
respond to the current warming climate by changing arrival timeoani@parture time iBouthern
Africa (Bussiére eal., 2015). With further warming that is predicted, the bird iathes may be

21



unavailable to theommunity, especially that the birds are migratdnyis implies thatlimate
change mayave a negative impact on the communities who use this as a method of generating
their weather forecasts.

Table 2: Traditional indicators for weather forecasting based on bird behaviour

Indicator Description Significance Country Reference
Hirundo Appearance of these birds Indicates above normal rains Tanzania Elia etal., 2014
smithii
Centropus Appearance and particular Onset of the rains Tanzania Elia etal.,2014;
superciliosus  chirping Chengula and Nyambo,
2016
Bubulcus ibis  Appearance Bad season Tanzania
Uganda Okonya and Kroschel,
2013
Spodoptera Appearance Signifies abundant rainfallni Tanzania Ch an gab,201@ t
exempta the upcoming season.
Spodoptera Appearance Signifies abundant rainfall ir South Africa ZumaNetshiukhwi etal.,
exempta the upcoming season. 2013

2.4.1.3. Astronomical cuesas indicators for weather ard seasons

Astronomicé cues that are used by traditional weather forecaster indhudie@re not limited to

using the moon, sun and the stars. For exampdeluinar cyclewhich is phases of the moon as
observed fromEarth, plays a key role in predicting for rainfall. Accamd to Kohyama and
Wallace (2016)thelunar graitational andsemidiurnal tide are directly influenced by relative
humidity, hence wherhe moon isobsrvedfrom different angles, it may signify the amount of
moisture in the atmospher€hereforerelatve humidity in the atmosphere is used to generate
weather information. In South Africa, it is widely believed that when a moon crescent is facing
upwardsit indicates less rainfall, whereas when facing downwards, it indicates the onset of rainfall
(ZumaNetshiukwi etal.,2013) Anothercommonexample used in traditionaleatherforecasting

is the novement of particular stars. In BotswaMalawi and Zimbabwe, stars moving from the
west to east signifthe orset of rainfall (Mogotsi edl., 2011;KalandaJoshua etl.,2011; Shoko

and Shoko, 2013).

2.4.1.4. Atmospheric conditions as indicators for weather and seasons

Other traditional weathdprecasting tools include atmospheric conditions suchists swirling
winds, fog, cloud shapes andlour, wind directiors and intensity, whictwhen observedan be
used as early warning signs of drought or floods by-pgstoralistsTable 3 showshat some
indicators based on atmospheric conditi@ame used to gauge the upcoming rainfall paftern
drought and onset ofirdall. With all the traditionalveather forecastinghe interpretation of the
indicators is locatiorspecific andmay promptdifferent interpretations of each scenario within
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each locality (see Table 3; Orloveadt, 2010; ZumaNetshiukhwi etal., 2013;Kayombo etal.,
20149).

Table 3: Traditional indicators for weather using atmospheric conditions indifferent countries

Indicator Significance Country Reference
Nimbus clouds Appearance in the morning ar Uganda Okonya and Kroschel.
evening indicate the ortsef rains 2013
Kenya Speranza «il., 2010
Botswana Mogotsi etal., 2011
Winds from the Onset Botswana Mogotsi etal., 2011
west or the north
Fog Dense fog in the morning shew Botswana Mogotsi etal., 2011
there will be clear skies and no rail
Cold winters Possibility of hailstorra in the Tanzania Ch an gab,201@ t

imminent season.

High temperatures The rain onset is near Tanzania Ch an gab,201@ t

Botswana Mogotsi etal., 2011

2.4.2. Applying traditional weather forecastingin decision making

Traditional weatheforecasting is important to households in rural communittesse livelihoods
depend largely on agridukal activities (Mogotsi edl., 2011).Moreover,with climate variability
being a commonhenomenon in senrarid regions, the ability to predetermine weather events can
reduce the impacts ahtensive droughts and flood$o curb challenges of poverty and food
insecurity (Codjoestal., 2014 Jiri etal.,2015. Indeed residingin semiarid regonsnecessitates
improveddecisioamakingfor agricultural activitiedo mitigate potential lossagven thecurrent
threats of climate chang@ecisionmakingis a complex process that dictstiee successr failure

of mitigating risks. It is influencedy an individuas knowledgepackgroundand experience.
Okonya and Kroschel (2013) argue that despite tHeiirv i dual s6 knencéeiedge at
traditional weather forecasting, thadecisionmaking process can be cloudday increasing
uncertainty ofveather changing conditions and changes intselie

Research shows that application of traditional weather forecastinged toconstanplanning

involving strategic and operational decisigschas whatto produce fodder farming water
harvestingtiming of harvest, harvesting alternative foods, and storing fooehaogestreeding
livestockandhow much andreducing the area of cultivation, improving soil qua{Mapfumo et
al., 2016) Literature indicates that traditional weather forecast&chniques preletermine
potential future weather conditions such as,naiciuding floods and droughtyinds/storns, heat
(Galacgac and Balisacan, 200R)has been established that decismakingis linked to coping
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strategiesvhich areembedded witim traditional value systemand eligious beliefs (Murphy et

al., 2016)For this reason, ikomes as no surprise that the spiritual dimersdweatheraresaid

to be controlled by ancest or God (Orlove dl., 2010)andin some instancesyeathefrelated
problems are often perceived as punishment from the governing spirits of ancesBod or
(Speranza «l.,2010).In that caseworshpping rituals and offerings are done to appease the Gods
at Rainmaking ceremonie8dgrkeset al., 2000; Nelson andtathers, 2009; Kolawolet al.,
2014p), which constitute traditional weather forecasting

Above all, taditionalweatherforecasing is alsobeingused by households manageresources
efficiently, improve agricultural productivity anthangebehaviouy for examplefood budgeting
and deciding on alternative income sources (Mapfumal.e2016). However, even though
traditionalweatherforecasting plays a key role gecisioamaking there are also several other
factors which inform these decisions d@ratlitionalweatherforecasting cannot work in isolation.
Also, the adoption and use oadlitional forecasting differs among the social groups.

2.4.3. Use of traditional weather forecasting among different social groups

With weather forecasting identified toave a critical role in the decision making of agro
pastoralists, (Roudieet al., 2014), it is important to consider the use of traditional weather
forecasting by different social grousis is becauseosieties in generalare made up of different
strata of groups. The recent IPPC reportteaegnisedhe distinction andwnerability to climate
change of different groups of peopmategorisedy age, sex, ethnicity, religion and many other
social factorsis referred to as socialfterentiation (Masndiri etal., 2016).This means therare

no generalised risks or opportunitiescopewith risks of climate variability in agrgpastoralism.
Also, the arrangement of rolagsponsibilitiesand relations between men and women of different
social groupsages, educational and marital statuse critical in the coping strategiesand
resilience of different social group3he social differentiation has a major impact on the

i ndi vi du aragiidg ard apprioach imagricultural activities and geneslitiood in life,

for exampleclimate adaptation. The focus of this research is traditional weather forecasting in
rural areasConsidering that the rural communities can be socially disaggregated (by social
factors), it is critical therefore to understarmalv social differentiation may have an impact on the
traditional forecasting.

The first and most common social differentiatfantor is gender. In margevelopmenbriented

studi es, gender has been exami n anied pasticigatiom ul ar |
indecisionmaki ngé and 6oversighté of women. Hi st or
specific dutes to men and women and these have become acceptable standards. Whyte (2014)
further highlights that the responsibilities as®a by women in communities expose them to harm

from climate change and changes in the environment. For instance, the majatdgiodn
makingduties are entrusted men while women take other dutied/fyte, 2014Bhatatrai etal.,
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2015; Jost etl., 2016 Mapfumo et al., 2016; Mnimbo et al., 2Q16dowever, the current
challenges of climateariability andchangeare complex and thus, require equal participation of
men and women if solutions are to be developed. Despite this, there are still sacigtiech

6structur al il nequal i tiesd persist and thus,
women, but this cannot bgeneralisedFor this reason, it is critical to examine the processes,
progressnd chall enges of nraral cojmmunides to prgvide theonmighnan i

opportunity to participate iproblemsolving, for examplethrough foreasting.

Further to the above, age is another social differentiation factor. Previous studies indicate that rural
communi t i es O0hawk éermtamsi@rming oves time. It is prudent to indicate that rural
communities areharacterisethy elderly peple, with young people migrating in search of better
opportunities. However, there are also communities with a considerable balance libéradn
and the young. Young and elderly people have different approaches to dewsimg and
solving problems,ncludingclimaterelatedproblems. In forecasting, the young people are often
taughttraditional forecasting cues armgbproaches by the eldig and their acceptance of these
methods are often affected by science and technology. The majorigpuoly people are
inexperienced in relation tine use of traditional indicatoy®ut are better acquainted to modern
approachedor examplerelying ontechnology to inform their decision. As a result of this, the age
of an individual can ba critical factor in determining the attitudperceptiorand dependence on
traditional indicators as well as traditional forecasting of individuals.

Droughts and eatic rains are increasingly being experienced within s@idiregionsincluding
Botswanaand aresdad to belikely to have adverse effects on human livelihoods and productivity
within communitiesin the near future (Zhou etl., 2005; Mubaya etal., 2012; Mogotsi etal.,
2013).In hopes of providing for the families, individsalften are oftempprompedto cope with
the adversityand changes of the minent threats When determining the capacities of the
individuals to cope, it is crucial to assessdheisiormakingprocesses dhese individuals during
increased incidents ofimate variationsn this caseDecisiorrmaking is often disproportiondye
articulated taifferent cultural responsibilities and experienoésdividuals, especially in terms
of gender, age and livelihood optioffdurphy etal., 2016).One of the contributing factors to
social differentiationn agrepastoralism has been linkedgendey therefore indicating that that
thevulnerabilitiesof females and males are likely to yaorsiderably When assessing the use of
traditional weatherforecasting, mst studies focus on profiling different indicators used in
traditionalweather forecastingvith little emphasis on the knowledgetbe other gender groyp
including the nofforecasters The urgent nature afesearch on profilinglifferent indicators
consequentlyhannels all the energy to addiegsssues relating to indicators atiteir use in
agro-pastoralisnrather than determining the knowledge of different age and gerulgrgi his
createghe danger of overlooking genddynamics involved in different roles that exist in social
structuresStudies inBotswanain the Kgalagadi regiorBobonongand the Okavango areiar
example have determinethat agropastoralistaisetraditional weather forecasting to cope with
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climatevariation(Mogotsi etal., 2011; Kolawole etl., 2014). On the other handhesestudies

do not indicate the use of the indicators among different gender and age groups. Should the
knowledge be constirged to one cluster of the community, this could pose a threat to the continuity
of the knowledgend may depict vulnerability and risnce to be varied

2.4.4. Challenges in traditional weather forecasting in retaining sustainability
among agropastoralists

Traditionalweatherforecasting remains a popular practice in many rural communities. However,
despite the use of this practice, thare also many challenges associated with the use of the
practice. Firstly, traditionalveatherf or e c as t i n gblyilosallyfaéd geographically a
specifico (Briggs, 2013). Each community wuses
with their lived environments. As such, there are no universally agreed indicators which can be
used in theveatherforecasting.The challenge with this is that in different communities, certain

6i ndi,f6rmexamplebidls/treesmay carry different meanings.

The increased modernisation of societies and reliance on technologies is also another major change
within communitiesaffecting the use of and dependence on traditioregtherforecasting.The

process ofjlobalisationhasresulted in the modernisation of many systems forecasting ma be
spared(Jiri etal., 2016. Developmentnterventions relating to climate varialbyliand change

(which also relate toveatherforecasts) in developing countries are normally externatyldd

and thus, advocate the use of gtefined approaches which mostly use technologies. Thus, this
leads to traditionalweather forecasting being peeived rather as an impediment to the
achievement of intervéion objectives (cf. Jiri etl., 2016). Further to this, another key challenge

is the lack of systematic documentation of traditiomehtherforecastingl C h a atgl.62810).

There are many ammmunities with various traditional forecasting techniques and yet, these
techniques are undoeented making it extremely difficult to access determine vulnerabilities

of individuals Scholarly work on traditionaleatherforecasing is also considerady limited and

often contextspecific making it extremely complex t@eneralise(Armatas etal., 2016).
Traditional weatherf or ecasting techniques and knowl edge
communities, especially those above 40 years (Kaldondhuaet al., 2011). However, as these
custodians of traditional forecastitgchniques/knowledge age, there is often a challenge that
communi ties fail t o ,résditog in corsiddrable losh of e khowkedge. e d g e
There is needtherefore for documentation of traditional forecasting for this knowledge to be
sharedand disseminated to other generations. However,cthieent documentedraditional

weather forecastingemainsincoherentin terms of differentiating vulnerabilities and coping
capacites of differentage and gendgroups

Further to the abovéraditionalweather forecasting often open to misinterpretation. Cetinkaya
(2009) argues that there are extremely limited education and awareness pregratating to
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traditionalweather drecastingn rural communities which can trandrttie knowledg. Even the

school curriculum in most rural communities revolves around scientific techmuarggnalising
traditional weather forecastingln most rural societies young people are also inasengly
spending less time with the elderBndtherefore, danot havea chance to learn anchderstand

the dynamics ofraditionalweatherforecasting Therefore, applying knowledge that is not fully
understood could lead to increased vulnerability tomafe variability and mismanagement of
naturalresources such as sollraditionalweatherforecasting is passed from one generation to
another through oral stories, cultural and social activities. However, as societies become more
modernised social actities are changing even in rural communitiesou¥fg people are
increasingly migrating to cities in search of employment and as such, the passing of traditional
weather forecasting techniques from one generation to another is increasingly becoming
complicaed. Also, youth are taking new opportunifiésr examplethey are less involved in
conventional practices in rural communities and undertake employment reducing the necessity for
them to accumulater usethetraditional weatheforecasting

Besideschd | enges outl i ned, traditional forecastin
al.,2011). From a study conducted in Bobonong, it was found that less than 20% of the respondents
had indicated that traditional indicators are reliable. Addatiign Mahoo etal., (2015) further

illustrate the low respondents in Tanzania who find the traditwaatherforecasting unreliable.

The mere observation of specific indicators does not always rasaiticipated outcomes and

thus, accuracy and relidity remain some of the key challenges in the use of traditiwveather

forecast. Thechallenges of accuracy and reliability cmt only affect traditionalweather
forecasting but also, it affects even scientific forecasts.

2.4.5. Changes in the application otraditional forecasting

There are contestations on the use of traditimeatherforecasting in informing decisiemaking

in rural communities (Rei@t al., 2002). However, it is certain that over time, theewve been
changesin the use and reliability ofraditional weatherforecasting. Changes in the use of
traditionalweatherforecasts hee been necessitated by many factarsluding but not limited tp
cultural shifts, demographichangesand social changes. Tlihanges in the use of traditional
weatter forecasting havalso been expedited lgfobalisationand the expansion of technology
(cf. Baggetbun efal., 2010) The application oftraditional forecastingis changing
drasticallydue to the extreme variability and changes in climatic ¢mmdii climate change
(Okonya androschel, 2013Kolawoleetal.,20143. Mapfumo et al(2016) also suggest extreme
variations in seasons and sisch, these changes are increasingly affecting the application of
traditionalweatherforecass. Rural communigs often use historical experiences and accumulated
knowledge to mak&veatherforecass usingenvironmentaindicators. However, the complexity

of climate change and its contribution to the inconsistency of seasonal outcomes is a major change
affecting theuse of traditionalveatherforecast.
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Also, one major change which has occurred in the last few years has been the integration of
traditionalweatheiforecast with climate scienédeading to coproduatn of knowledge (Armatas

etal., 2016). Orlove (20Q) indicates that farmers in rural commities have become increasingly
willing to integrate traditionalveatherforecasting with climate science to predict the potential
future. The increasing variability of rainfall and recurrent droughts which traditiseather
forecasting techniques areiliiag to predict with accuragyhas prompted farmers in rural
communities to also considelirate science and thus, agwastoralistdake scientificseasonal
forecastsinto accountwhen making farnmg decisions.However, even though there &
considerale increase in the integration of traditional and scientific knowledge, Kolawole, et al
(201%) found that over 76% of agiqmastoraliststill relied on traditionalveatheforecastmainly

due to poor adoption ot®ntific information. In all, scientific forecastarepoorly accessible to

many rural communities and as such, even though there is potential integration, this is occurring
at an extremely slow pace.

The demographics inural communitiesare also incrasingly changingaffecting the use of
traditionalweatherforecasing. In previous decades, much of the population in rural communities
wasless educated, had extensive experience iorpastoralism(for exampldived theentire life

on agriculture) anvasmuch older. However, the population demographics in rural communities

are changingFor instance, farmers in theseeasare becoming relatively educated (through
extension educationgyndhave diluted understanding aagpreciation of culture. Kolawelet al

(20140) indicate that there is a correlation bet
well as use of traditionaleatherforecasting. Therefore, the changing patterns (decline) in the use

of traditionalseasonal forecaséduces the mag climate monitoring which is important in both
conservation and accunaof factorsspecific to the localityFurthermore, in response to climate

change and other related agricultural challenges, farmersraarsforming their agricultural
practicesforexampld nt ensi fi cati on of f ar mi n(@1@farthervi t i e :
indicate that farmers are embarking on new farming practices considering diverse challenges.
Naess (2013) shasthat change in internal and external processes affect the usediional

weather forecastingrherefore, transformation of activities within the agricultural activifiess
exampleintensification of agr-pastoralism affects the decision of farmers to use ifiadal
weatherforecasing.

Traditionalweatheiforecast is linkedignificantlyto cultural activities and social issues. However,
in many African communities, there is an increase and transformation of religious bmliefs
examplencreasing churchemd ircreasingiumbers oChristians (Ayal eal.,2015). The cultural
practices of traditional seasonal foresaste condemned by religious practices and as
communities become more involved in religious activities, the use of traditieadherforecast
also changes (Orlove at., 2010).
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Summary

The review of literature in this chaptéias concentrated largebyn empirical data of traditional

weather forecasting and épplication in agrgpastoralismAt household level, effects of climate

variability and coping with droughts and floods may be limitgd knowledge and social
responsibilities of individual agfpastoralists. Certairaspects of the traditional weather
forecastingmay, however be threatened by impacts of climate change, changes in the social
structure and possible extinction of specificdicators used for forecasting. Despite this,
individual sdé6 ability to assess ri sksterextentcl i ma't
in building resilient agricultural communitieBhus,this chapter provides a basis for assessing the

use of traditional weather forecasting and its possibilitiefdore the interplay of different age

and gender groups amdprove resiliencef agrepastoralists.
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Chapter 3
Research Methods

2.1.Introduction

The purpose of this chapter is to iratethe stidy areaand themethods that were useddollect
and analyse dat#sed for the thesi3he thesis takes a form of qualitative research, utilisirega c
studyto examine irdepthtraditional weather forecasting techniques and their applicatiagro
pastoralisn and decisiormaking bydifferent age and gender groups rather tpameralisig.

2.2.Research Methodology

The case study was designedtalysethe use of traditional weath&recastingn planning and
decisionmakingon agropastorakctivities changes in traditional weather forecasting in terms of
its reliability; and how thdraditional weather forecasting is differentiated by age and gender
Guided by the objectives describeddnapterl, the case studpade use of differemthnographic
methods fordata collectionto develop a comprehensive understandinglignomenaThese
included key informant interviews (KIl)focus group discussions (FDG) and sestnuctured
interviews (SSI) geeAppendi®. Thus, the study utilises methods triangulatiavhich is viewed

as a qualitative research strategy to test validitpugh the convergence of information from
different sourceg¢Golafshani, 2003)All participants involved in the study signed a consent form
and all interviews were audio recordédiotal of $x focus groups were undertakerth agre
pastoralists whavere differentiated by age and gendgne participatingadult and elderlyagro
pastoralistsvereregistered with the department of agriculiwiereashe youth participantsere
registred with the Botswana youth development fimthe Bobirwa sullistrict. The research
was executed in two phases namely documentation and validation. Information was collected
specific to each group by responding to the three questiansely: (1) whaindicators are used

in traditionalweatherforecasting, (2) how thgenerated weather information advisksision
makingin agrepastoralism activities, (hanges that have been observeghrding indicators
and the use of traditional weather forecagmong agrgastoralists

In the documentation phasagropastoralists whavere characterised asraditional weather
forecasters and nefiorecastergTable4) were interviewed withheaid of asemtstructuredyuide
consisting of questions that determinesage otraditional weatheforecastingSemistructured
interviews and focus group discussions were used to malena@uiry on traditional weather
forecasting includingplanning and decisiormaking to cope wit climate variability. The
participants wharetraditioral weather forecastswere asked about thadicators they use to
determine the onset and the quality of the upcoming rains. The quality of rainfall encompasses
incidents of good rainfall, droughtnd floods. Participating agqmastoralists were asked to
describe théehaviourof, for exampleplants, insects, astronomical cyés establish similarities

in usage among different social groups.
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At subdistrict level, the community structure includekieftaincy and village development
committees therefore conducting any form of research in the canity needs clearance by

different structures in the villagelo acquire community clearancéo commence with data
collecting, a series of approvals waeguired from the chiefs and sabiefs, district councillor,

village development committee, and thepartmenbf Agriculturefrom Bobirwa subdistrictdue

to theirroles incommunitiesandout ofcultural respecit is well known thatthe c hi édns 6 pos
are key in the traditional framework for traditional forecasting and they are actively involved in
addressing matters around ramaking ceremonies, coordinating and facilitating weather
predictions and the cropping season. The mairoaiims focusggroup was to determine the system

that traditionalveather forecastinigllow and to determine different indicators used in forecasting.

The subsequent interview was with the village development committee (VDC). The village
development comriit e e s Oare doptioritisesvillage needs and speak on behalf of the
communities to local authority in terms of development related matters. Also, the VDC members
play a majorrole in social welfare of communities. A focus group discussion of theaoked
VDCmemer s for the district was conducted to sc
the traditionalveatheirforecasting. It was also a gesture of following the protocol of informing the

VDC of r e s e a rintefaction svah their communitie®Once the loal authorities had been
guestionedpermissionwas granted to proceed with the data collectimtus group discussions

and semstructured interviews were conducted with the community membetls forecasters

and nonforecasters. To ensup®nsistency oflata collected, neforecasters were requested to

give a sense of how much thplan and make decisions for their agrastoralactivities Other

sets of data information gathered inclddlee agrep ast or al i st sdé .demogr aphi c

2.3. Study site

3.3.1. Overview of the study area

The study was conducted in the Bobirwa-sligirict of Botswana (Figure 1). The Bobirwa sub
district is located inthe eastern region of Botswana near the border with Zimbabwe and Northern
South Africa along the Limpoplmasinandhas an average population of @8 (Knoema, 2016).

To represent the findings from the Bobirwa slistrict fairly, participants were drawirom eight
villages outlined in Table IThese8 of 12 villagesin Bobirwa sukbdistrict were selectetlased on
their accessibilityincluding obtaining permission to conduct the study in the #eeessibility

was determined bthe village extension officesd attendancehe introductory meeting arttieir
availablity during the course of the data collectidinelivelihood system that is predominant in
theBobirwasubdistrict is characterised by communities with agestoralism as the main source
of livelihoods. Majority of these agwoastoralists are dependent on rainfall as-feth crop
farming, subsistencand conmercial cattle, goatand sheep rearing, wildrfit harvestingand
working on community development projects suchasolaleubaThe agrepastoralists here rely

on traditional weatherforecastingto make decisions on cropping and manage their livestock
(Mogotsi etal., 2011). The Bobirwa subdistrict is dominated by semarid weather and is
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vulnerable to erratic and unreliable rainfall and high temperatures. The mean annual rainfall is 350
mm from erratic showers within the rainy season (Alemaw, 2012)tla@e is an average
temperature of 33 °C in ¢hrainy seasqrwhich occurs mostly in the period of October to April
(Department of Meteorological Services Data, 2016). The vegetation consists of mopane
woodlands and Acacia tree/shrub savanna.

Figure 1 Bobirwa sub-district, Botswana. These data were extracted from the GADM database
(www.gadm.org),version 2.8, November 2015
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2.4. Sampling

In preparation for fieldwork, clearance to engage the-pgaoralists was granted by the loaadl
traditional authoritied the local authority being the district commissioner and the traditional
authority being thehief of the subkdistrict based in Bobonong. Thepartment ofAgriculture
technicians were also contacted to assist with recruitargjcgpants basedn gender anchge
criteria on my behalf. The farmers were involved based on their inteeegt#ability and
willingness to discuss the topic. The interaction with the -pgioralistavas to: i)identify the
traditional weather forecting is used by agrpastoralits in Bobirwa sufaistrict visavis
farming and general livelihas planning and decisiemaking ii) determine how the use of
traditional weather forecasting is differentiated by social groups in the Bobirwdisttibt and

iii) explore changes in rebility and use of traditional weather forecasting in the face of increased
incidents of drought and flash floods.

The recruitment of informants waeliberate based on the livelihood option of farming and was
stratified toensure heterogeneity with redao genderageand livelihood (Rao and Morchain,
2016). In this study, participant selection criteria includsohg purposive sampling to select a
total of 101 agrepastoralists who use or d¢ot use traditional weatheoffecasting techniques to
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influence their decisiongrom he 101 participantghesampling strategies in thesudy comprised
atotal of 54 agropastoralistg37 forecasters and 17 néorecastersgngagingn semistructured
interviews 47 individualstook part in focus group discussions andrikey informant interviews
purposively selected for each categdiye reason for using purposisampling was that the study
aimed at identifying specific skills, knowledge, or pragesichat influence copingrategies by
agropastoraliststherefore sampling was related to the research questions of the. stuthany
surveys, this sampling method is used for collecting information on ecological knowledge that is
guarded by elders and ideal for determininguraltsignificance of particular knowledge (Tongco,
2007). The agrpastoralists baseline study wasndacted and aimed at mapping out gender
differentiated information about traditional knowledge, concerns opportunities and visions relating
to traditionalweather forecasting. To the extent feasible, the participant groups included agro
pastoralists of dierent age groups namely youth {23); adults (364) and elders (65+). Ttage
groups reflect the national age group division. Furtherntbeeresearchealsouseda snowball
sampling strategyaccording to Oliver (2006)o recruit participants who wemvell known within

the communities to praek traditional weather forecasting and those who disbetradional
weather forecastinfpr providing releant data.

2.4.1. Description of explanatory variables

In this study, the explanatory variables are detbon the basis of the survey with the agro
pastoralists. The relevant explanatory variables are outlined and described in Table 4.

Table 4: Description of explanatory variables

Explanatory variable Description

Age Ageinfluencesagrgpast or al i st s & e x @smnalicbangesan
different environmental cues used in traditional weather forecasting. Thus
expected that elders (65+) will have more knowledge than the youtf8%2:
(Kolawoleetal., 2014n).

Gender Climate variability does not affect males and females in the same way, as
as their abilities to adopt measures to avoid or overcome impact
differentiated.

Knowledge of traditional Agro-pastoralists who indicate to use traditional weather forecasting (phenc

weather forecasting astronomical and atmospheric cues) as early warning signs to climate varic
Due to different knowledge agmulation on the different cues, the stu
accommodates thoseho generate the information or those who access
weather forecasts information from others.

Experience in traditional Agro-pastoralists with adequate knowledge in traditional werafborecasting
weather such as the ability to identify traditionadicators of weathecould be varied by
age and gender. Thus, the participants wategorise@ccording to the level o
knowledge they haaxpressed in three levels, namely forecasters aiel/bes,
nonforecasters and beliewgrand norforecastersand nonbelievers. The
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