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Abstract

It is vitally important to identify agro-ecosysteltiat may cease functioning due to
changing climate or land degradation. However, tifigng such systems is
confounded on both conceptual and methodologicalrgis, especially in systems
that are moving towards thresholds, a commonafaityland environments. This
paper explores these challenges by analysing hange of external pressures affect
the vulnerability of dryland pastoral systems ia Kalahari. This is achieved by
employing dynamic systems modelling approachesitierstand the pathways by
which communities became vulnerable to droughtcBipally, we evaluate how
external pressures have changed: (1) differentagosystems abilities to tolerate
drought (ecosystem resilience); (2) rural commanitabilities to adapt to drought
(mediated via their access to assets); and (3Mhey of institutions and policy
interventions to play a role in mediating drougdiaited crises (socio-political
governance). This is done by re-analysing ecol@nd participatory research
findings along with farm-scale livestock offtake@érom across the Kalahari in
Botswana. An iterative process was followed toldsth narratives exploring how
external drivers led to changes in agro-ecosysesifience, access to assets and the
institutional capacity to buffer the system. We tsmusal loop diagrams” and
statistical dynamic system models to express keyifative relationships and
establish future scenarios to help define wheredainties lie by showing where the
system is most sensitive to change. We highligat giheater sharing of land
management knowledge and practices between pawateommunal land managers
can provide ‘win-win-win’ benefits of reducing sgst vulnerability, increasing
economic income and building social capital. We fusgre scenario analyses to
identify key areas for future studies of climateahe adaptation across the Kalahari.

Keywords: Dynamic systems modelling, vulnerability pathwé#aahari, Botswana,
pastoral farming, climate change, drought senditivi



INTRODUCTION

The purpose of this paper is to apply dynamic systedelling tools to investigate
food system vulnerability to both climate changd &mnd degradation, with a focus
on drought sensitivity in the pastoral Kalahariioegof Botswana. To do this, we
draw on published data and field ecological andigipatory research findings to
generalise factors that influence how the agroystesn responds to droughts. These
factors are linked to key components of the pak&ystem using a dynamic systems
model, which explores a series of quantifiable fatscenarios. The paper’s empirical
contribution is to develop and provide a detailedlgsis of the pastoral system to
answer two key research questions:

1. Isthere evidence that the Kalahari pastoral-b&sed system is
becoming more or less vulnerable to drought?; and

2. What policy “leverage points” are there to reduainerability in this
dynamic agro-ecosystem?

The paper also makes a theoretical contributioprbyiding a case study to evaluate
the strengths and weaknesses of using quanti@yivemic systems modelling to
assess dryland pastoral system vulnerability. Te,diaelihoods research in this
region on this issue has been based primarilyeld-based research (e.g. Sporton
and Thomas 2002, Chanda et al. 2003, Rohde €d@6, Reed et al. 2008, Sallu et al.
2009) and quantitative modelling that links socom@omic and biological factors has
not been attempted. This case is interesting maadly as it focuses on a pastoral
system, typical of many of the most climaticallyrngiaal African drylands that have
always suffered recurring droughts and food shedd@ane 1997), but are often
ignored in development debates that focus on fecdrgty in terms of crop
production (e.g. Parry et al. 1999, FAO 2006, IPZD07). Furthermore, pastoral
societies across dryland Africa face a range ohgha in their farming systems and
thus present difficult research, management andyohallenges (Reynolds et al.
2007). Partly this is due to land tenure refornt tress undermined traditional
livestock management (Toulmin and Quan 2000), dsasencreased rainfall
variability over the last 50 years across Soutl#drita (Tennant and Hewitson 2002)
and Sub Saharan Africa more widely. Therefore, im¢hacademic literature (e.g.
Warren 2002, Reynolds et al. 2007) and in glob&tpastatements via the United
Nations Convention to Combat Desertification (UNQQCIOw recognize integrated
research (based on global change and sustainaumléynce) is needed to provide
more policy- and development-relevant outputs fgtathds. However, the specifics
of how this is best achieved in case study regiensins largely unexplored.

RESEARCH DESIGN AND METHODS

This paper significantly extends previous fielddxhstudies from this region by
developing and applying a four-stage dynamic systeradelling exercise where we
re-interpret data and interview information frordecade of multi-disciplinary
research. Work involves four methodological stegsng us from the initial
integration of local and scientific knowledge &létway to a quantitative vulnerability
analysis capable of modelling different proposedageament, market and policy



options under two future climate scenarios. Thdérmeitmethods are presented below
(with specific details in the sections that follow)

1. We use expert opinion, derived from researchers lvéve worked on
ecological and socio-economic studies across thiendor over 15 years
to develop conceptual models of agro-ecosystentifumng. This was
combined with a re-analysis of land user intervieamscripts to establish
abackground narrativéhat describes the livelihoods system and its §ocia
institutional and ecological context (Section 3);

2. We use economic livestock data from a local (ravitage) level to refine
the narrative and establish tb@nceptual modedf the system, focusing on
three dimensions of vulnerability (agro-ecologid¢adusehold assets, and
institutional factors - as per Fraser 2007 — sawi@n 4);

3. We then conduct qualitative vulnerability analysisf this system by
using the conceptual model and narrative to shomwthese three
dimensions of vulnerability have changed througtet{Section 5); and

4. We conduct guantitative vulnerability analysisy expressing key
relations in the conceptual model mathematicallggt¥ ENSIM, a
software tool for dynamic systems modelling (Setty. We run different
management, market and policy simulations to exarhow the model is
sensitive to assumptions made in developing theeqmnal model. This
leads us to establish a series of hypotheses aliocih system elements
are most influential in changing future vulneralili

Taking the final quantitative step in this procegkich entails making assumptions
about the nature and strength of relations, isyaalspect of this study and one which
we explicitly discuss the value of (and potentialgems with) in our analysis and in
the discussion.

BACKGROUND NARRATIVE

Lying in the semi-arid interior of Southern Africayproximately 80 % of Botswana
is covered with Kalahari sand soils and savannaystems that support both
commercial and communal livestock systems, asageNational Park and Wildlife
Management Areas. The climate is typified by a maamual rainfall varying from
less than 200 mm p.a. in South West to 650 mmirpldorth East with an inter-
annual variability ot. 40 % (Bhalotra 1987). Despite significant econogrowth
(based largely on diamonds), 47 % of Botswana’'sif@n lives under the UN’s
two US dollars/day poverty line (CIA 2009). In Batana, pastoral agriculture
represents the chief source of livelihood for o4@1©6 of the nation’s 1.8 million
residents (FAO 2006) and cattle represent an irapbgource of status and wellbeing
for the vast majority of Kalahari residents (WHhi@93). Beef sales constitute5 %
of national exports and 1.5 % of GDP (Hitchcock 200

The food production and livelihood system of thdakari remains predominantly a
pastoral system with savanna ecosystems utiliseloldfin cattle and smallstock
(mainly goats and sheep) in proportions dependetii@ land tenure system
(communal or private) and on the environmental @tt@ristics of forage availability
(notably the ratio of bush to grass and the avéithalof palatable grass species).
Traditional systems are transhumant, with a higjreke of herd mobility to respond



to the patchy nature of rainfall and forage (Spodad Thomas 2002) with 70% of
the country still under customary communal landiter{Clover and Eriksen 2009).
These systems have been constrained in placesbindeand privatisation of large
areas supported by a series of national agricllpamiécies and international trade
agreements (e.g. Lomé Convention 1972) that praeidé-free access to
international markets for beef (the EU in this ¢asependent on disease control
measures. As such, private-owned ranch farmingsyshave developed that are
increasingly sedentary and commercialised with farocommunal rangeland being
privatised and fenced. This has led to absenteemwho employ a few local
residents to manage their land and livestock (Adanad. 2002) and is restricting the
land available to communal systems that suppoideats of settlements across the
Kalahari where few other livelihood options exiRir{grose et al. 1996, Hitchcock
2002). Rural poverty, AIDS-HIV and growth in themmg and urban economies have
also led to a decline in rural labour and farmisgavay of life (Twyman et al. 2004).

Within pastoral Kalahari systems, ecological resesrand their dynamics are
critically important for livelihoods (Sallu et &2009). In terms of food provision, the
reliance on livestock means that milk and meairaportant for daily diets and these
are often supplemented by wild fruits. It also methat there is a heavy reliance on
food imports, notably maize meal (with some millsbrghum) that is a staple food
despite there being only limited production of #hesops. This cereal production is
itself threatened by climatic changes (Chipanslai.e2003) and soil degradation
(Dougill et al. 2002) so maize meal is predominamtiported from South Africa and
sold in local markets, or providén lieu of cash for labour by wealthy land owners.
In times of drought (which is designated most yégrthe Government of Botswana),
jobs are offered by Government to enable familiesarn wages for maize purchase.
This offers a safety net that has thus far minichtb&® numbers of drought-induced
cases of famine and malnutrition in Botswana.

Real concerns exist over the dual threats of pg\aertl land degradation as they
increase the vulnerability of pastoral communit@environmental change (Thomas
and Twyman 2004) and reduce the resilience ofdhgeland ecosystem (Thomas et
al. 2000). In some parts of Botswana, land degiad#ias led to extensive areas of
thorny bush encroachment, which cannot be accdssedttle (Moleele et al. 2002)
reducing the economic returns from rangelandshéndrier southwest of Botswana,
land degradation has also led to the mobilisatfaiiuoe fields (Reed et al. 2008).
Pastoralists use a wide range of indicators togeise and monitor land degradation
processes, most of which are supported by empeimalbgical assessments (Reed et
al. 2008). For example:

"Staying in an area too long is like wearing thmealress for years; it gets worn out."
Female communal farmer, age 65

"The veld (rangeland) is like a person: there atehd thin people and no matter how much
you feed some people, they remain thin. If théisgoor, no matter how much it rains,
nothing will grow."

Male communal farmer, age 82

The National Action Programme to Combat Desertiitca(Republic of Botswana
2006) has been drafted and approved as requireddosion in the UNCCD and
associated funding negotiations. However, many iaicgies remain on the accuracy



and legitimacy of this report that emphases soiien and is questionable given the
weight of environmental research focusing on edoldghange and the lack of in-
depth participatory consultation to the villagedevThere is also uncertainty on how
best to implement policies aimed at providing eowimental and food system
resilience at a local and district level (as p&raoler discussions across Southern
Africa outlined by Stringer et al. 2007). Theseentainties mean the policy needs
greater guidance to help reduce agro-ecosystenesability. It is to this end that the
stages in this research are guided.

BUILDING OF CONCEPTUAL MODEL

The building of the conceptual model was initiallydertaken by one of the authors
with no research experience in the study regicavtnd subjective bias in analysis of
expert interviews. A series of 12 one-on-one in@wg were held with the two
authors who have worked extensively across theyseglon and who have
previously published ecological conceptual modékhe rangeland system (Dougill
et al. 1999, Dougill 2002, Reed et al. 2008). Thaterviews developed a more
holistic conceptual model of the farming system mlahtified socio-economic,
environmental and political driving forces for clga@ndrawing on both ecological
research outputs and from interviews undertakeh patstoralists, extension workers
and policy-makers. The authors field experienceiges in Kgalagadi District (around
Bokspits, Tsabong and Tshane), Central Districtkde Ranch Block) and Ghanzi
District (Ncojane Ranch Block) and thus the modebkpnted is viewed as applicable
to these Kalahari rangeland systems (Figure 1pdddwe stress that studies
conducted further north in mopane woodland andgyatems of the mid-Boteti
District find significantly different indicators afegradtion (Reed et al. 2008).

Following these interviews, an expert workshop lawa eight participants (who all
have worked in semi-arid livelihoods systems) waldl livhere the conceptual model
was presented, discussed, and refined. Finallihéurefinements were undertaken
following interviews with 6 researchers and polmgkers with extensive research
experience from the region, including staff frore taovernment of Botswana. The
first interviews were semi-structured (to identifyajor drivers and outputs) and
resulted in the narrative presented above. Sulesgdnuierviews and the workshop
were designed to develop and refine the conceptodkl and included discussions of
institutional, social and ecological subsystemseiGa period of 8 months and 15
iterations, the background narrative was turneal antlynamic systems model flow
chart (Figure 2) that identifies the feedback loapd highlights indicators of
vulnerability that are assessed in subsequenttgtiad and quantitative analyses.

QUALITITATIVE STAGES OF MODEL BUILDING
Part I: Changes in capacity of agro-ecosystem to neain productive in drought

In terms of the capacity of the agro-ecosystenetoain productive during a drought
(variables inside circles in Figure 2), a numbemaijor environmental changes
suggest that the region is losing some of its agaogical resilience:
* Reduction in the cover of perennial (palatablesgrspecies and their
replacement by annual (less palatable) grassesr@$et al. 2000);



Increases in the proportion of thorny bush coverdasingly spreading
to cover wide areas due to fire suppression andhtniatenance of
intensive grazing through droughts (Dougill et1£99);

* Increased spatial heterogeneity and patchinessyo$dil nutrients (N
& P) linked to landscape-scale grazing patternsamsociations of
microbial soil crusts with encroaching bush spe(Beskeley et al.
2005);

» Climate variability remains high, though as yetchar associate any
definitive changes in farming practice or yieldsigad directly by
global-scale climate change processes (Washingtaln 2005);

» Borehole water depths are increasing and in theerand areas (e.g.

SW Botswana near Bokspits) where very little opotable water is

now found. In addition, there are concerns thateamatable dune

systems will become active here (Thomas et al. 005

These changes threaten agro-ecosystem resilierect® dioe reliance on livestock as
the dominant income source for supporting liveliti@orl he loss of perennial and
palatable grass species has a direct impact osizBeand viability of cattle-keeping
and has, in many areas, led to a significant shifthe keeping of sheep and goats as
the main livelihood activity (Rohde et al. 2006]I&&t al. 2009). In a few
commercial, privately owned, ranches, a shift heentmade to farm game species
(e.g. springbok, gemsbok, ostrich) though thisoswidespread compared to that in
South Africa (Milton et al. 2003) and Namibia (Ma&aeahan 2008). In areas where
thorn bush stands extend extensively over manyrigtoes (or tens of kilometres as
around Kgalagadi District settlements (Chanda.€2@03)), forage availability and
diversity is reduced to the extent that traditiopas$toral systems become vulnerable
and non-natural resource based livelihood opti@t®ine vital. In these areas,
residents are seeking alternative livelihood oi@or are migrating to urban centres)
or depend on Government support (e.g. pensionsliemdyht relief support) with
rangelands no longer being the major source olitiwed for many residents (Chanda
et al. 2003). The existence of these support systand improved access to regional
markets, mean that rural communities remain irkiaahari. However, they are
increasingly vulnerable to environmental changdsefiver ecological or climatic)

and it is recognised that current policy arrangesiare inadequate (Stringer et al.
2007) given projected climatic changes.

Part 1l: Changes in capacity of individuals to adap to drought

In terms of the capacity of individuals to adagr{@bles inside squares in Figure 2)
to droughts, communities across the Kalahari spamge of ethnic (principally
Tswana, Herero and Basarwa/San groups), cultucasacio-economic histories and
characteristics (Sporton and Thomas 2002). Thisaséldifficult to generalise the
nature of a socio-economic ‘community structurdthwnany now stressing that
within-community dynamics need to be consideredenexplicitly (e.g. Twyman et
al. 2002, Sallu et al. 2009). The largest singmmietgroup are the Tswana who first
introduced cattle into the Kalahari over 2,000 gesgo and now make up the
majority of Botswana’s population (Hitchcock 200R)digenous tribal groups (e.g.
the Basarwa/San) have been working in cattle-kgegpicieties for many centuries
and the populist image of isolated bushmen asipeisiistorical artefacts living a
hunting-gatherer existence is a mis-representati@omplex inter-dependent



systems. What has developed is a hierarchy withaimavpolitical dominance despite
international campaigns to restore some land amgepto indigenous groups.

Tswana society is itself hierarchical and cattlegkeg is culturally important. Strong
community structures exist through tribal chiefd @ders who make up village
courts kgotla) in every community. The power of traditional coonmity systems has
declined as greater influence is felt from naticanrad District-level Government
structures, dominated by the main Tswana polifieaty (the Botswana Democracy
Party — BDP) that has ruled Botswana since indegrecelin 1966. In both Tswana
and Herero households, livestock are an importauntce of capital, being saved for
key events such as weddings, funerals and paymapséees, as well as having value
from milk and meat in the food system. It is noriingt the majority of households
own some animals, even if this is only a small nandf sheep or goats. Indeed,
recently Government support programmes have prdwsdeport for smallstock
rearing as a route to help poorer households ttrtioges of drought.

With increasing national wealth, there is a growiingde between rich and poor
(international measures show that Namibia, Soutitdfand Botswana have the most
iniquitous distribution of wealth of any countrieslculated by the Gini index — CIA,
2009) and this drives increasing pressures foapgiland ownership. Within
individual villages, this has marginalised womdrg young and Basarwa tribal
groups (Hitchcock 2002). Both out-migration frommaiuareas and increased mortality
rates (due to the HIV-AIDS pandemic) are also diifgcrural community structures.
This is leaving many societies with a lack of fionking age people, with
grandparents left to run households with youngdean and significant numbers of
orphans. The strength of extended family and etgroaps remains a strong binding
agent. However, with out-migration this is threa@mnd could reduce system
resilience associated with the ability to movesioek across an area (which is also
curtailed by disease related controls). Physicpitabis increased through
Government provision of infrastructure (roads, treaeéntres etc.), as is the human
capital through the enhanced knowledge base prdvideugh free primary

schooling (though this reduces access to laboliy. Means that for many (especially
those without livestock) declines in access torfaial capital is the real problem in
securing adequate food supplies and is leading to@easing reliance on
Government support (Sallu et al. 2009) and/or easid (Rohde et al. 2006).

Part 1ll: Changes in the collective capacity to repond to droughts

The collective capacity of pastoral communitiesespond to drough{wariables
inside hexagons in Figure 2) is based on the naidesffectiveness of formal or
informal institutions, including social networkswfyman et al. 2002). In this regard,
land is either communally owned and managed thronaghtional tribal systems at a
village scale or privately owned by individualssyndicates (Adams et al. 2002).
Within both systems, there is strong national adrif livestock sales (through the
Botswana Meat Commission (BMC) a para-state org#iois that controls over 90 %
of the nation’s cattle) and movements through adsiton the provision of borehole
water sources. The single parastatal set-up dBM€ offers the potential for
Government to help to set-up emergency livestocikeatag interventions, of buying
livestock rapidly at the onset of droughts. Howea®wet, no such co-ordinated
actions have been undertaken by the BMC.



Throughout the late twentieth century, there hank@emove away from traditional
tribal and village institutional systems (Sportorda homas 2002). This move away
from local decision-making and control is now reaisgd as a regional problem
(Rohde et al. 2006). As such, mechanisms are slbeityg put in place to support
traditional systems and to bridge between Govermnsigoport (e.g. from Agricultural
Extension Workers) and local traditional systemise@ that droughts tend to occur at
a District (or national) scale, the greater rol@istrict and national institutions offers
greater capacity to respond.

Link to vulnerability assessment models

From the above commentary, based on literaturewesind interview re-analysis, it
seems that there are two broad vulnerability paylswshown on Figure 3) through
the vulnerability space as developed by Fraser{R0UThe first path is for the
“wealthy” private ranchers who have lost out inmierof ecological resilience, but
gained in terms of collective and individual capyatd respond to a drought. The
other pathway is for the “poorer” communal paststalwho have seen their
vulnerability increase in all three dimensions (Fay3).

QUANTITATIVE VULNERABILITY ASSESSMENTS
Part I: Expressing relations mathematically

To assess how policy impacts on vulnerability tougsht in the Kalahari, we re-
visited and analysed the interview insights frontipgoatory research to
mathematically express the relations in the con@@phodel. Given the system
complexity and the limited empirical research datrenships recording and
explaining yields / livestock production, it is st impossible to use quantitative
methods to test relationships and establish sophiet linear or polynomial relations
that can withstand the full rigour of academic gssl. However, there is a need for
some scenario forecasting based on best availablelkdge even though the datasets
required to make realistic projections remain mgagrs away across Sub-Saharan
Africa (Thompson and Scoones 2009). It is howengrdrtant to go through these
mathematical steps (using best available estim&ie=)able quantification of future
scenarios.

We used both expert opinion, local stakeholdegintsi (from the iterations of
interviews), and analysis of livestock offtake dabdained at District, village and
ranch scales (Reed and Dougill 2008 and Figureahasample) to determine which
of the relationships were positive or negativen{@sked on Figure 2) and their
relative strengths for scenario modelling. For egkanit was possible to trace
changes in livestock offtake to changes in landerainip at a local village / ranch
scale and to assess existing relations betweefaltainends and offtake for different
management types and ecological changes through YWe used this mix of expert
insight and yield analysis to determine if relatibips were linear, a sigmoid, or if
they follow a u-shaped path and then made estinaatés the slope of the different
relationships. We then used these assumptiorgedsasis for a series of hypotheses
and expressed these as simple equations thatgbsie each variable was related.
Only once the model was expressed in this waywaidun a baseline scenario and
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different policy, management and market scenaaaeé how the vulnerability to
drought was sensitive to different interventions.

In all, we developed four different scenarios based(1) projected levels of climate
change, (2) the effects of agricultural best mansage in reducing rates of land
degradation, (3) the effect of a Government padii@at slows the rate at which
communal land is privatized; and (4) the effectsttdnges in the price for cattle.
Each of these four scenarios was parameterizeddayiicg a “best-case” and a
“worst-case” situation that reflected the rangeaiditions deemed likely from the
literature (summarised in Table 1). These bestvamidt case variants of each
scenario were combined, giving 16 variants usimgUBENSIM software. The
combinations of climate, land management, marketpmicy scenarios provide a
range of plausible futures that allow modellinghofv overall system behaviour
changes in response to these factors. We strasthse remain only sketchily
checked in relation to economic yield data dudelimitations in the quality of this
data (Figure 4). In particular, cattle statistiesionally and price statistics across
southern Africa (from FAOStat 2009) show huge waenual variability that is hard
to capture in simplified market price scenarioa abarse-scale.

It is also important to note that even with thisrsrio-based approach, it was not
possible to express all the possible relationsgusiathematical functions. In some
cases, our confidence in data was weak. In otlssscahe factors were inherently
qualitative. In particular, we found it impossilitequantify institutional/collective
aspects of vulnerability (y-axis on Figure 3). AAgh, this research focused on
changes to income based on herd size changesxafprahe individual’s ability to
adapt to drought) on a regional scale. Such arsabginot account for the wider
social, cultural and biodiversity impacts of chamgeland ownership that have been
highlighted by many assessing the shift to greatieate land tenure across the
Kalahari (see Sporton and Thomas 2002).

Part Il: Where are leverage points that could redue vulnerability ?

lllustrative outputs from the dynamic systems madeler modelled scenarios are
displayed in Figures 5 - 7, separated to showrttpacts of different management
scenarios (Figure 5), market scenarios (Figuren@)plicy options (Figure 7).
Figures 5 and 6 display the modelled outputs (@2€&rmodel iterations / years) for
the relative economic output from the total val@ieatitle held on private land (Figure
5a and Figure 6a) and on communal land (Figurengla) under different
degradation and climate change scenarios undeath®f land conversion seen
today. Finally, Figure 7 displays the impact oe tbtal relative value of cattle on
private and communal lands that would result frédranges in the rate of land tenure
conversion from communal to private ownership.

In our assessments of these modelled future scsnanie following key implications
are drawn from the modelled outputs within the oweg of our selected variables:-

* The impacts of climate change (as per IPCC preautisjihave the largest
economic impact on the future value and econonability of pastoral
systems. As such, efforts at the local and regitaval will not have as large
an economic impact as global influences of futlireatic changes, notably
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desiccation of the semi-arid system as predictecegipnally downscaled
climate models (e.g. Thomas et al. 2005, Hewitswh@rane 2006).

The positive benefits of improved management (glilgeholistic rangeland
management guides — such as from Tainton 1999 aed Bnd Dougill 2010 -
are apparent under all cases. The extent of tist’ ‘tnagement impacts are
greatest under private land ownership and foritlse20 years of modelled
iterations showing that this is capable of absammuch of the economic
impacts associated with climate change (Figure 5a).

Market growth scenarios would not be sufficienalieviate the economic
losses seen from the communal sector associatbctaitinued rapid rates of
land conversion to private ownership (Figure 6lg.sAich, policy leverage to
support market price rises for livestock would prehtially favour the private
sector that is more efficient in producing cattie $ale on national /
international markets (Figure 6a). Such supportld/therefore not address
the poverty alleviation needs of communal paststsli

Policy interventions aimed at changing the rataoél conversion from
communal to private land ownership when assessadaiely economic
manner display that continued rapid rates of lamehfisation can help to
increase the overall value of cattle regionally bBoffer some of the impacts

of climate change and/or degradation (Figure 7).

When assessing these modelled outputs, it is impbtd note that they only display
the predicted economic impacts of different scersasolely for the pastoral system

and not the more diversified livelihood optionsqtieed. As such, these model
outputs fail to capture important impacts on socagital, community cohesion,
equality / poverty levels and biodiversity or cantsiorage declines that have

important economic value and implications, but vahiemain difficult to feed into

policy-making nationally. The need to value thesmaler ecosystem services is a
vital next step required for research in this raeg@s in other drylands (Turner and
Daily 2008). It is also important to note that ieswemain far from definitive (due to

the problems of data parameteristaion of modelsrgifae limited quantitative

livestock data available). Therefore, these resshbuld be treated as hypotheses
requiring further testing and as a guide to foeusre research design rather than as
firm conclusions. As such, before any policies@daeeloped, there needs to be a
further empirical research involving local scalenqtitative yield assessments to test

the validity of these claims.

DISCUSSION

This paper provides an extension of farming systeyssarch that is based on field
data into a dynamic conceptual model and then atgaave dynamic system model
informed by livestock yield data. The quantitatseenario-based approach has the
potential to enhance the communicative power ofiexability assessments including
the graphical representation of economic impactiiftérent management, market
and policy futures (Figures 5 - 7). In followingcéua quantitative approach, we can

provide further insights into the farming systend@nconsideration, in terms of

factors affecting its vulnerability to future drdatg. In particular, the findings
highlight the following empirical findings:
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1. That cattle herds and associated incomes ay likk continue declining in
communal lands under most scenarios. This is dtieeteffects of ongoing land
degradation and will be exacerbated by climate ghamnd fast rates of land tenure
conversion to private ownership. Improvements imggdand management practices
are, as yet, only making small improvements tankeme that can be derived from
communal herds. One-way to view such findings & tarther land privatisation will
help enhance national income but needs to be congpied with support directed at
communal area residents. However, when combinddfieid research from
communal rangelands (e.g. Reed et al. 2007, Sadli 2009), the potential for
learning about management practices (e.g. mixttiedareeds, rotational grazing,
controlled burning and drought feed supplement®rsfa route to improving
livestock yields from communal lands and enhaneygjem resilience. Adopting
best-practices on communal lands will require comitytbased management at a
village level as seen to provide wider social, uat and economic benefits in other
dryland pastoral regions (e.g. Klintenberg et @02 Oba et al. 2008). Empowering
village level committees thus should be a priotgtygnable ‘win-win-win’ benefits
that could span environmental, economic and sd@asteects of the dryland pastoral
system.

2. Differences in the factors affecting the magiéwf future livestock income /
offtake projections for private and communal lahdther stresses the need to treat
these as different farming systems (as per Thoma3@yman, 2004) even though
they share the same climatic and ecological settifige vulnerability pathway
mapping (Figure 3) enables us to generalise factm&ibuting towards the
vulnerability pathways of each land tenure systirich is useful for identifying

policy leverage points and likely impacts. By lingidynamic system models with
ecological state and transition models it will lmsgible to explore causes and timings
of thresholds that control system vulnerabilitydtoughts.

3. Afinal indicative finding is the portrayal dié¢ greater impact that global climate
change and international market drivers have coetper improvements in land
management practices. Whilst long-term benefitehsen shown from local-level
shifts in grazing management practices (Reed andjid@010), the lack of
immediacy and limited extent to which this beneifitsome explains some of the
difficulties in encouraging changes to managemesguitices (Reed et al. 2008).

In terms of policy guidance aimed at developingguts or policy at the District or
National level to reduce vulnerability to climateange, our analysis suggests:

1. There remains a need for greater encouragenesa support for, improved
rangeland management approaches, notably in sHasagns between management
practices from private ranches to communal rangislaimproved rangeland
management involves better matching of grazingsitees with fodder availability
(e.g. Joubert et al. 2008). This may result frothegilocal-scale rotational grazing
practices or District level schemes to support $eage-scale movement of cattle in
response to changes in fodder availability. Sugioreal movements have long
typified the Kalahari pastoralists drought copitrgtegies and is formalised
traditionally through thenafisalivestock movement system, where friends and famil
exchange livestock over hundreds of kilometresbkmg herds to track forage
resources at a landscape scale. This would rethermtroduction of improved
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national marketing systems to facilitate rapid deling at the onset of drought as
seen in Namibia (Katjiua and Ward 2007). Barriedude the increasing numbers of
absentee livestock owners (Perkins 1996) and aaediiprivatisation of communal
areas that reduces the extent of traditional ggamserves during drought (Twyman
et al. 2002).

2. A combination of land privatization, togethathwestablishment and
empowerment of formal communal village committeled market price increases
represents the most significant opportunities &ienably increase herds and
incomes (Figure 6a), and hence reduce the vulrgyatfi the system to future
climate change. In this regard, the more nuancegyal of vulnerability pathways
provided here and the risks of increasing vulnditsghin both private and communal
systems provide guidance on routes to reduce \albigy.

3. Increasing market accessibility (at the houssh@dmmunity or private ranch
level) will increase incomes obtained from the fergnsystem as a whole, whilst not
increasing the system vulnerability to droughtsisTis especially true for communal
systems, where it would be beneficial for the Gawegnt to focus on providing the
routes to market (via the Botswana Meat Corporafio@as fair and equitable a
manner as possible. Such a shift would enablergiafithe benefits currently seen
on private land to communal rangelands. Experiefroaes the establishment of
ranch-owning syndicates and from communities wiseramunity-based rangeland
management initiatives have taken root firmly (&lgmibian case outlined in
Klintenberg et al. 2007) suggest that such commuwitle mechanisms offer a route
to enable economic gains, whilst avoiding manyheféquality and marginalisation
concerns with the move away from communal ownership

4. The enhanced support of local extension servasgstheir ability to outline the
long-term benefits of improvements in agriculturelnagement practices (such as
those in locally-developed management guideskssmial in realising the benefits
that shifts in agricultural practice can lead thislis especially so in the face of
significant additional economic and environmentaigsures associated with regional
climate change predictions.

Finally, we re-emphasise that this policy guidaisdeased on outputs from a model
that is based on expert judgements and prelimieaoyomic appraisals only. As
such, the findings reflect the biases and assumptd those who built the model and
the limited data available to parameterise thigrBsenting these judgements
mathematically is controversial because numeriaggduts such as Figures 5-7 can
give an illusion of certainty and authority thatyri@e misleading. We stress that
dynamic systems modelling offers a rapid, tranggaaad systematic approach to
capture and use expert knowledge to understandchawplex systems might work. In
contrast to the way quantitative models from trdioionist school are
communicated with error-bounded certainty, dynasygtems models fit more
comfortably in an interpretativist school, whererthare just different interpretations
by different people in different contexts. In thntext, rather than shying away from
guantifying models based on expert opinion, thisgpaises the heuristic power of a
tool from which both researchers and decision-nskan learn.
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In terms of the theoretical contribution this papas made to vulnerability debates,
key insights from this case study include:

1. That re-analyzing data using a pre-determined frvaonie has allowed us to
highlight vulnerability pathways (Figure 3) thathcthen be quantified
(Figures 5-7) to allow for comparability with qualiive field-based research.

2. The hypothesis that there may be generic vulnetaliajectories that are
common to a range of different situations and doamon policy strategies
may be suitable for each type of trajectory.

3. In terms of developing the mathematical formulathendynamic systems
models, we feel that this approach has meritsaniticreated a visual
representation that allows the explanation of sydtehaviour. The act of
programming the dynamic system was also usefukpoging and quantifying
the assumptions we made in the narrative and sodmatding (Table 1).

CONCLUSIONS

This paper increases our understanding of drylastiopal systems and how they are
vulnerable to climate change using reflections @dnalysis of a substantive body of
research from across the Kalahari. The largesathoethe economic viability of the
pastoral food system is shown as regional climassge, highlighting that all routes
to enhance resilience to future droughts must bsidered seriously. The qualitative
aspect of our analysis shows that Government landtzation policy has helped
wealthier ranchers, but has increased the vulnégabi poorer communal
pastoralists (Figure 3). Privatization does howeearain a route to enhance
resilience at a national and District scale asnbalthier, private land-owning group
has become less vulnerable to drought, due tatbigp’s ability to purchase food
and leverage help from institutions (Chanda €2@0.3) and to undertake a wider
range of management options. Poorer communal @édistsy however, have lost
assets and experienced significant rangeland dagpad Their vulnerability to
drought has increased so that even small droughttiave larger livelihood impacts.

The quantitative aspect of our analysis suggestsitiereasing access to markets and
improving the access and empowerment of poorer agmahfarmers (through
community-based management committees or formalisgtes) can reduce system
vulnerability more than programmes designed to owprland management within
‘loose’ communal land management structures. Greating of management
knowledge and practices between private and comhtame owners offers the best
opportunity for ‘win-win’ benefits of reduced systevulnerability and redressing
some of the inequalities in poverty and livelihatdtus across the Kalahari. To
achieve this, will involve formalisation of managemh structures at a village level,
community engagement in developing and using lg@gpropriate rangeland
monitoring and evaluation tools and institutiongbgort to empower community
groups to function both for the community and betweommunities. This would
allow community groups to share knowledge and alleestock movements in
response to fodder availability patterns as requioe efficient use of dryland fodder
resources.
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Variables with circles around them refer to the capacity of the agro-ecosystem to remain productive during a
drought (x-axis of Figure 3).

Variables inside boxes refer to the capacity of individuals to adapt to a drought based on the assets they

possess (y-axis of Figure 3).

OVariables inside hexagons refer to the capacity for collective solutions based on institutional capacity (z-axis of
Figure 3).
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Figure 2. Dynamic systems model of the agro-pastoral footesy®f southern Botswana based on
expert interviews, ecological surveys, and govemmtrdata. Each variable in this model emerged
from expert opinions, and the sign next to eacbvauf or -) indicates whether the relation is pwusit
or negative as classed from interviews and/or aliléldata analysis.
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Figure 4. Communal land livestock holdings for a.) an exeEi® villages in
Southern Kgalagadi District and b) Southern Kgadiadastrict. Source: Republic of
Botswana; Department of Agriculture Statistics.
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Figure 5. Management scenario options and theraats on the value of cattle on a.
private land and b. communal land across Southetsvana (as per scenario
assumptions in Table 1).
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Figure 6. Market scenario options and their impact the value of cattle on a.
private land and b. communal land across Southetsvana (as per scenario
assumptions in Table 1).
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Figure 7. Policy scenario options and their impaxt the value of cattle on a. private
land and b. communal land across Southern Bots{&per scenario assumptions in
Table 1).
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Scenario name

Description Lower estimates Upper estates

Climate change

Environmental
management

Land tenure
policy

Market
conditions

This scenario determines what effect climatel0% inter-annual variability and no long-terrd0% interannual variability and a 0.1% |
change might have on the value of communehange in rainfaft. decline in average rainfdll.

and private cattle herds and is based on IPCC

rainfall projections and a historic analysis of

rainfall variability.

This scenario determines to what extent  Improved management leads to increases oBlish encroachment leads to a 0.05 % |
agricultural best management practices migkt p.a. (for 10 years) on private land prior todecline over the full model run period fo
reduce the effects bush encroachment and ier 0.1 % p.a. for 20 years on communal lanchoth private and communal herdérs.
based on the ecological literature on the

effects of bush encroachment.

This scenario simulates the effects of a A ‘slow conversion’ rate from communal to 0.5% p.a. of communal land is converte
governmental policy that slows the rate at private ownership of 0.1 % p.a. based on privatized based on high rates of private
which communal land is privatized and is  Botswana'’s relatively high proportion of holdings in neighbouring countriés.
based on the effects of similar policy in “tribal” lands as compared with neighbouring

neighbouring countries. countries’

This scenario determines how changes in th@.05 % p. a. increase in the price of cattle 10% annual variability in price but no lo

price of cattle may affect the value of could occur from greater market access or term changes because historic analysis
communal and private cattle herds and is higher market prices (either internationally oprice does not show significant rises or
based on long term cattle price trends. from greater national control / price in adjusted cattle price over past 40 yé&:

guarantees to pastoralists).

Table 1. Summary of scenarios developed to quangitelative impact of different drivers on the valueof cattle herd for private and
communal herders in southern Botswana. The key ferences used to parameterize the scenarios arel) Christensen et al. 2007; (2)
Quan et al. 1994 & Reed and Dougill 2008; (3) Douget al. 1999 ; (4) Adams et al. 1999 ; (5) Adams, 2001) (BAOSTAT & Perrings

and Stern 2000.
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