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INTRODUCTION

Over 40 % of the Earth’s land surface are drylgetdsompassing arid, semi-arid and dry
sub-humid climatic zones) that are home to arouBdRlion people (Millennium Ecosystem
Assessment 2005). Livelihood sustainability in dngds is threatened by a complex and inter-
related range of social, economic, political, andi@nmental, changes that present
significant challenges to researchers, policy-malked, above all, rural land users (Reynolds
et al. 2007). Concerns over dryland degradatiorejaiermed desertification) have been
widely reported and recognised by the UN ever stheeSahelian droughts of the late 1960s
(United Nations Environment Program 1997). lisreasingly recognized that changes in
soil fertility and ecosystem processes are a prgdsrm of dryland degradation (Stocking
2003, Stringer 2008) and that these have coinaid#dchanges in the institutional and

social regimes under which drylands are managey.im&itutional and socio-economic
changes include the breakdown of traditional lardite systems (Toulimin and Quan 2000),
a reduced ability to move livestock across the saage (Lane 1998) and shifts towards cash
cropping of a narrow range of commaodities (Whitesi®98).

Dynamic (often termed non-equilibrium) ecologicatizznvironmental change models
(e.g.Dougill et al. 1999, Joubert et al. 2008) msgghat climate change induced drought
events may push dryland systems to cross biopHyhkiesholds, causing a long-term drop in
agricultural productivity due to either changesail fertility or shifts between ecological
states. The scientific consensus with regard wréutlimate change is that the proportion of
dryland areas affected by droughts is likely to@ase (Intergovernmental Panel on Climate
Change 2007a). Sub-Saharan African drylands hame $gecifically highlighted as
particularly vulnerable due to their low adaptiapacity and sensitivity to the projected
changes (Callaway 2004, Intergovernmental Panéllonate Change 2007b). However, a
similar combination of climate and socio-econonmiegsures are being observed in North
Africa (Christensen 2007, Thomas 2008), Asia (Limbeva et al. 2005, Cruz et al. 2007)
and Latin America (Eakin and Wehbe 2009). Conslglerancertainty remains about how
future climatic changes will affect drylands. Thesespecially important given biosphere-
climate and socio-economic feedbacks (Sitch 2G07) and it is imperative that new and
interdisciplinary research agendas are developadsér on livelihood security in these
dynamic, complex, and risk-prone environments (Retead. 2008). Specifically, research is
needed to explore how development strategies dra ebcio-economic changes help
livelihoods become more resilient and robust @& of growing climatic risk and
uncertainty (Thompson and Scoones 2009).

As a result, the overarching goal of this spe@siie is to conduct a structured comparison of
how livelihood systems in seven different drylardions are changing in their vulnerability
to climate change. In doing so, this collectiorito$ special issue has three objectives.

1. To make an empirical contribution to our understagaf how these types of socio-
ecological systems are vulnerable to climate change

2. To make a theoretical contribution to climate chemgpacts research by testing and
refining an analytic framework through which toessvulnerability.

3. To provide methodological insight into the strersgiimd weaknesses of using tools
from different disciplines and the ways they castl® combined for more accurate
assessments of dryland system vulnerability.



In introducing these issues, the purpose of thi®edl is to provide an overview of the two
main intellectual challenges of this work, naméll): how to conceptualize vulnerability to
climate change in coupled social-ecological systemd (2) the methodological challenges
of anticipating trends in vulnerability in dynangavironments. Having addressed these two
challenges, this editorial will close with a shprécis of the case studies provided in this
special issue.

CONCEPTUALIZING VULNERABILITY TO CLIMATE CHANGE IN COUPLED
SOCIAL-ECOLOGICAL SYSTEMS

The first challenge in presenting a consistentyamabf seven different case studies was to
establish a common theoretical understanding oferability. The literature on vulnerability
is a vast corpus of material spanning a wide raxigksciplines including disaster
management, risk analysis, engineering, ecology saciology (Adger 2006). This body of
literature also includes a range of case studiels as preparedness to tropical storms
(Tompkins 2005) and the effects of sea level rsiger 1999). Taken together, this research
suggests that the social and ecological contewhich climatic problems occur is likely to
be as important (if not more so) than the climakiock itself (Watts and Bohle 1993, Turner
et al. 2003, Ericksen 2008). This observationldesen confirmed by qualitative historic case
studies that show even relatively small environralemtoblems can cause significant
consequences depending on socio-economic const(@iatnenetz and Caviedes 2002,
Fraser 2003) as well as by quantitative work onstte@o-economic factors that make grain
harvests sensitive to rainfall anomalies (Fraset.62008, Simelton et al. 2009).

More specifically, effort has been invested in g crop production under different
climate scenarios (Challinor et al. 2009). Itlsac from this work that farm management
(e.g. choice of crops), along with ecological feasu(e.g. soil fertility), will have a large
influence on whether or not weather-related shadtect yields (Smit and Skinner 2002,
Challinor 2009). One implication of this work isatidifferent agro-ecosystems react
differently to similar climatic problems. Therefoffer this special issue, each vulnerability
assessment includes an explicit agro-ecologicakdsion that explores the ability of specific
dryland agro-ecosystems to tolerate climatic exé®mhile still remaining productive.

Economic modellers have also contributed to tleklfby showing that even rural

livelihoods, which rely on agriculture for income @&ell as subsistence, depend on much
more than just biophysical factors. For examplentidsohn and Reinsborough (2007)

find that 39% of the variations in average crajufa can be explained by variations in
climate and soil implying that socio-economic anstitutional/political factors could account
for much of the other 61% of crop failure. Whilesle results are based on North American
data, they broadly confirm work on livelihood dis#ication, land management and
biodiversity done in Africa (Blocka and Webb 20Qhruh 2001). To account for these other
factors, Sen’s work on food security, which focusesfreedom” and “capability” at the
household scale, is particular useful (1981, 2000)rief, if households have access to a
range of different resources then they will likbgve the capacity to adapt to a problem. For
example, a rural household with extensive friendstber social relations may be able to
maintain yields without outside institutional helpring a drought, for example under
traditional systems of moving cattle between regifiReed et al. 2008). A family with less
social capital may not have the resources to actisimihis. Sen’s work, which provides a
theoretical foundation for understanding such cdials, has given rise to the “sustainable
livelihoods approach”, a set of methodological sablat are used to explore how households



deploy “capital assets” to maintain livelihoodsidgrshocks (Scoones 1998). Capital assets
include: social capital (e.g. networks of friendsl aelations), human capital (a person’s
health and education), financial capital (incomeavrings), physical capital (the built
infrastructure) and natural capital (ecologicatdees such as soil quality or forests)
(Bebbington 1999). In addition, a sustainablelihad analysis also examines broader
contextual questions such as the household’s expésishocks (e.g. floods or droughts) and
trends such as environmental or population chandechronic disease threats. Therefore,
each vulnerability assessment in this special igstlades an explicit evaluation of the socio-
economic context based on a sustainable livelihapgsoach.

Finally, the literature also suggests that reseascimterested in vulnerability must assess
institutional processes. For example, de Waal )1 ®®ovides a critical exploration of the
role of the international community in providingriae relief while Ostrom et al. explore the
role of institutions at a more local scale (Ostretnal. 1999, Ostrom 2001). The importance
of institutions in determining vulnerability to olate change was illustrated in 1991-2 when
an “apocalyptic” drought in southern Africa cauggdin yields in ten states to drop 56%
below normal years and 17-20 million people wengosed to starvation (Green 1993).
Despite the magnitude of the problem, a combinatfamational and international policy
helped avert disease and death in countries witttioning governments. Therefore,
understanding whether livelihoods are vulnerablelitnate change also involves assessing
the institutions that are working in society thibdwa for a collective response to a problem.
This builds on Scott’s (2001) idea that institusanclude the groups that create the norms
and rules that direct behaviour. Consequentlyh @atnerability assessment in this special
issue also involves an institutional dimension thaludes exploring what groups within a
society have power and are able to mobilize palitattention.

In summary, to draw these bodies of literature tiogle each vulnerability assessment in this
special issue has three distinct but overlappingpmnents. Each includes: (1) an assessment
of changes in the agro-ecosystem that providebwliéhoods, thus providing insight into the
ability of each agro-ecosystem to remain produativeng an environmental problem; (2) an
evaluation of changes in the socio-economic aftteesf different groups within the

livelihood system, thus providing insight into teagroups that may not have the capacity to
adapt themselves; and (3) an exploration of thiguti®nal capability, thus providing insight
into which regions have the potential to mobilifieeive relief in the case of a crisis.

These three factors can be heuristically depicseal three dimensional space diagram where
each of these factors represents one dimensioar@~ly. For each case study, if, over time,
data show that the agro-ecosystem is becomingl#deso remain productive during an
environmental problem, that households are losoegpseconomic assets, and institutions
have a diminishing capacity to respond to a cribisn this could be plotted into this space as
a trend towards the top, back, and right corng¢heffigure (corner 8). Such a trend would
imply that the livelihood system within the casadst was becoming more vulnerable to
climate change and that a comparatively small enwrental problem may have a larger
impact on livelihoods. It is important to note wever, that how each of these three key
components is determined will vary depending onsttede and socio-economic and
ecological context. As such, the specific indicatcnosen to represent these three broad
categories are specific to each case.
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Figure 1. Generic vulnerability framework made upof three dimensions the literature suggests are
important in assessing vulnerability: (1) agro-ecsystem resilience that measures the extent to whithe
agro-ecosystem can tolerate climatic shocks and rexim productive; (2) socio-economic affluence that
measures the extent to which households will haveeess to the assets needed to maintain livelihodds
the event of an environmental shock; and (3) instittional capacity that measures the extent to which
institutions in society will provide effective crigs relief.



METHODOLOGICAL APPROACHES TO ANTICIPATE TRENDS IN
VULNERABILITY

The second intellectual challenge was to find asistent yet flexible set of steps to be used
in each case study. As mentioned earlier, theeanaxliterature is full of examples of

formal quantitative models being used to understystems and to predict how climatic
changes will impact on agricultural production dirdlinoods (Lobell et al. 2008). Trying to
understand complex social-ecological phenomengugiantitative tools has a long
intellectual tradition and dates back at leasthorias Malthus. Mathematical models were
used in early attempts to anticipate the Earthsr&uin light of rising population, overuse of
resources and pollution (Meadows and Club of Rd&2). This approach has benefits in
that it uses our technological ability to model gdex interactions between large numbers of
variables and vast amounts of data.

There are, however, problems with mathematical tiadeapproaches. Many forecasts of
complex social ecological systems made over the3tagears have proven wrong (Sterman
2002). One possible reason for this is that formaihematical modelling lends itself more
readily to modelling biophysical relations that amenparatively simple and more predictable
than socio-economic relations. The chapter orcaljure by Working Group Il of IPCC’s
fourth assessment report is illustrative. It pd@a an excellent survey of how crops respond
to moisture stress, carbon dioxide fertilization @hevated temperatures (Easterling et al.
2007). The chapter is far less complete when iteta understanding the people who
produce these crops. The section on adaptive dgptari example, is just a few short
paragraphs and discusses how the impact of cliotetege on food production will depend
on local socio-economic context. The actual ptoj@s made in the chapter do not include
any human dimension. This is a critical omissioiit &sthese human-less projections that
provide the evidence for climate change policyisTgroblem was highlighted by Hulme
(2007)who stated

...the construction of narratives around global warghremain strongly tied to roots
within the natural sciences ... which claims bothbglaeach and universal
authority. (pg. 5)

What Hulme refers to as a “global reach and unaleagthority” of the natural sciences has
given this community — and the atmospheric modglieiparticular — more power when it
comes to translating their research into policyieglv For example, the current emphasis on
promoting bioenergy has the potential to re-shagdilhood systems in much of the
developing world (Mol 2007). This policy itselfpwever, can be argued as partly a result of
the way that the discourse on climate change hasgad out of the climate modelling
tradition and the rarely-spoken assumption thatesgreenhouse gases are the problem,
removing them must be the solution. These challehgenathematical models need to be
seen in a broader academic context of post-moderimishe social sciences. For the last 40
years, there has been a significant emphasis amoragg/ sociologists and anthropologists
on discourse theory and how an individual’s positio background shapes their perceptions
of everything from the landscapes they find aegthly pleasing (Fraser and Kenney 2000,
Suckall et al. 2009) to their perceptions of rittkat they face (Tansey and O'Riordan 1999).
One conclusion of this work is that scientific puits are never as objective or impartial as
may be claimed but rather are socially constru@fégnne 1992). The message that many
social scientists take from this is that we mushigély critical of any theory (or model)
because they may reveal more about the authoedhtory than the “real” world. As a



result, many social scientists are sceptical ahfdrmathematical modelling and have
rejected attempts to use these tools.

A different type of modelling has emerged thatditie address some of these concerns.
Called mediated modelling, it is a cluster of agattes that that tries to capture complex
system dynamics by drawing on a range of diffetgmés of input (including qualitative
stakeholder and expert opinions) to help manageamhpolicy-making. Rather than
attempting to reduce uncertainty through ever nagrirate prediction, mediated modelling
attempts to flexibly incorporate potential feedtmeakd different assumptions, to investigate
and prepare for the uncertainties that are fundéheithin complex systems. Sometimes
this approach also uses formal computer modelbabenge the implicit or ‘mental models’
of policy makers (Lane 2007), whilst also having tapacity to critically examine the
assumptions within formal models. The goal isd@ange of experts, policy makers, or other
stakeholders to participate in an exercise desi¢gmedcover the complex relations within a
dynamic system. This allows for the creation of@del of the system that can be tested to
provoke a re-examination of primary assumptionsylath point the underlying mental
models are more easily discovered. Such discoanyacilitate deep learning and may lead
to significant policy reform that is more robustuiacertainty than policy revised purely on
technical or scientific grounds.

Mediated approaches to create system dynamics mbdeé been applied in a variety of
group model building exercises (for example, sesn ¥en Belt 2004, Dougill et al. 2006).
Such examples provide a series of generic stepfi¢haa group of people (both researchers
and local stakeholders / land managers) to firgeldg a common conceptual model of how
a dynamic system (such as a livelihoods systemksy@and then provides guidance on how
to formalize this conceptual model into a deterstinicomputer model (Volpe and Voss
2005). Regardless of the details of the differ@uraaches, each approach generally involves
bringing a team of people together to create aatiger or story of how a system works.
Narratives are then turned into conceptual modeflow charts (sometimes called causal
loop diagrams or mental maps) of the system thait c®@ncern to the participants. This
conceptual modelling phase exposes key relatioashpkes feedbacks explicit, and helps
identify where there are key gaps in the knowleafgghe important relations. Conceptual
models also help to show where there are key dritheat may affect overall system
functioning and can help to identify where potdrtiaesholds / tipping points occur that are
likely to trigger rapid system changes (Reed €2@08).

The logic here is that everyone has a mental maagrlying their thinking. A conceptual
model, built through a group exercise, imperfeotiffects and synthesizes the underlying
mental models of the participants. Developing cphea models, therefore, is a useful
exercise in itself in that it enables group probkstving and produces heuristic devices that
incorporate a variety of different types of infortoa. Conceptual models have been used to
point the way towards future research and can $teleholders articulate hypotheses that
need to be tested. Generally speaking, this iapipeoach used through the “soft systems
methodology” that guides groups to analyse andeswlgnagement problems (Checkland and
Winter 2006). Many proponents of this methodol¢gspecially those from sociological,
anthropological and development studies traditiehs) at the stage of a diagrammatic
conceptual model rather than exploring additionfdnmation that can be gained by
qguantifying relationships within the models. Theiecause expressing relations in the
conceptual model mathematically can take yearpetialized field work and invariably
involves making assumptions about how variablesrathematically related to each other.



As such, formal predictive models create only crpagglictions. This problem led Sterman
to argue that results of models are inevitably wrbat that formal (predictive) models can
still be useful as a way of exploring the dynanoasequences of what one assumes at the
conceptual modelling stage (Sterman 2002, Eps{éd@R

Despite these concerns about turning mental madtelsnathematical models, a number of
scholars argue that using mathematics to credtrelit simulations of the future is
necessary. One reason for this is that in theralesef formal quantification, simple causal
loop diagrams can be misleading because they ab#itar‘stock and flow structures” that
drive many complex systems. Stock and flow stresurccur where a stock of a resource
changes over time. For example, this might be thatlis converted from forest to tilled
agricultural land that then turns into degradedilamhis sort of dynamic is poorly captured
through causal loop diagrams, and the nature ckstand flows makes it necessary to
express relations mathematically so that modetlansrun simulations of the future and
observe how stocks may change under different siosnalherefore, Richardson (1986)
suggests that people wishing to use system dynamansalyze complex phenomena should
either avoid causal loop diagrams or only use tteeaccompany expository writing that can
be elaborated on through mathematical simulatidosner and Oliva (2001) build on this by
arguing that one cannot draw reliable inferencesifcomplex causal maps without formal
simulation. Furthermore, not defining the relasibips between components mathematically
means that we forego attempts to identify and giyacdnnections often unseen by
stakeholders. This is important since neurologacal psychological studies show the human
brain is ill-equipped to comprehend complex conioestor to accurately predict thresholds,
emergent properties or feedbacks (Sterman 1992)200

This brief discussion on dynamic system modellirghlights two things. First, there is a
growing awareness that dynamic systems modellingaul as a way of creating a ‘rich
picture’ that brings together a range of informatio describe a problem. Second, there is a
disagreement over whether to use system dynamiggjaalitative or quantitative tool. In
many important ways, this disagreement is relatettie¢ value of causal loop diagrams as a
stand-alone policy tool or whether they need tat@mpanied by formal mathematical
simulations. A compromise is offered by WolstemheI(1999) who states that while:

... formal, quantitative models are essential foranstanding the dynamics of
complex systems, the need for quantification mtined and depends on the purpose of
analysis, which, in turn, is related to the methaded and the audience addressed. ...
[The] true power of system dynamics to address lpratsolving lies in a judicious
blend and intertwining of both qualitative and qtitative ideas, aimed at addressing
as broad an audience as possible whilst remainufficsently rigorous to be useful.”

(p. 422).

In practical terms, Wolstenholme is proposing #&t relations within a causal loop diagram
should be formally expressed and calibrated witbaaata. Where this is not possible,
relations can be merely estimated as generic fometie.g. linear, logistic, step, ramp,
exponential), using expert opinion to create ais&arearning devise that can be used to
create simulations of the future and identify uteiety. The results of this sort of model are
not prescriptive and do not claim to “predict thiéute.” While such attempts are still fraught
with conceptual, philosophical and methodologid®lEznges, this approach offers a way of
using mathematical simulation as a learning devloea world of imperfect knowledge and
uncertain answers, dynamic systems modelling offeegid, transparent and systematic
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approach to capture and use stakeholder knowledgetter understand how complex
systems might work.

The articles in this special issue will not resdlvese discussions. Rather, we use a

combination of mediated dynamic systems modellpw@aches to explore some of the
tensions. More specifically, we synthesized apginea into four generic methodological
steps and then used the case studies to expléeectif elements within these four steps:

1. To use expert opinion and published socio-econ@mécenvironmental data to
establish a background narrativat describes the livelihood system and its
social, institutional and ecological context (seet®n two above);

2. To refine the narrative and establish a conceptulel of the livelihood system
focusing on the three dimensions of vulnerabilityrigure 1;

3. To conduct a three part qualitative vulnerabilibabysis of each livelihood system
to show how the three dimensions of vulnerabil#gro-ecological, household
assets, and institutional factors) had changedigiréime; and

4. To conduct a quantitative vulnerability analysisere key relations in the
conceptual model were expressed numerically. @habled different policy
simulations to be run that helped the establishraEhypotheses about which
elements of the system would be most influentiahanging future vulnerability.

Each case study in this special issue emphasiffesetit aspects of these steps. Some focus
more on the critical construction of the narraijZeane and Sallu et al.). Others focused
more on the construction of the conceptual modeéltha qualitative vulnerability analysis
(Sendzimir et al., Ravera et al., and Quinn et &hly two (Manez et al. and Dougill et al.)
used mathematical modelling to create future séenain doing this, our goal is to shed
some light onto the strengths and weaknesses g tiseése different approaches and reflect
on these in the closing editorial.

OVERVIEW OF CASE STUDIES

The first two case studies are the most rootedergualitative social science tradition. This
first paper (Crane) describes the relevance ofiadgoal aspects of culture (especially values
and systems of meaning) to vulnerability, resileaad adaptation. In particular, this article
shows how cultural ideologies shape experiencaraf,adaptive responses to, climate
change. This is based on research in central Madrgvsubsistence niches have historically
been closely linked with distinct ethnicities. Téerond case study (Sallu et al.) explores the
resilience and vulnerability of livelihoods in twemote communities in rural Botswana over
the last 30 years and draws on field data souhzsriclude oral histories, livelihood
surveys, ecological surveys, and documented evalehenvironmental, socio-economic and
institutional change. This paper identifies a broange of activities that combine to create a
range of different household livelihood portfolimsd uses this information as a way of
assessing how these livelihood activities have gedmover time.

The third, fourth and fifth case studies emphaseeptual modelling to explore changing
vulnerability to climate change. Quinn et al. istigate how local communities cope with
and adapt to multiple stresses, including waterceiyain rural semi-arid South Africa. These
authors construct system diagrams and narrativesamine the relationships and
interactions between ecological conditions, ingbtns at different scales and local
communities to understand local adaptive capaéRgvera et al. assess the vulnerability
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caused by changes of agropastoral food systerhg isemiarid mountain region in northern
Nicaragua, an area that has displayed ecologichsaaial resilience to environmental
instabilities. Sendzimir et al. examine the cansathanisms that link ecological, economic
and socio-political processes, both within and s€ixales, in the surprising re-greening of
the Sahel in south-central Niger over the pastdemades. Both the multi-layered structure
and its dynamism challenge understanding of thisptex adaptive system where national
and international policies along with internationat regional NGOs supported farmers in
efforts to increase climatic resilience in thiselihood system.

The final two case studies emphasize the creafiformal future scenarios by describing
relations in the conceptual models using a formath@matical tool. Manez et al. focus on
one of the poorest regions in the EU, a regionaeitBern Portugal where the traditional
farming system is rainfed and combines cattle mgisvith cultivation of cereals in traditional
montadosystems. During the 20th century, the intensiiicabf cereal cultivation and later
the population exodus has radically changed tinddeape and affected its capacity to cope
with the threats of climate change. Dougill etuele causal loop diagrams to simulate the
dynamics of key pastoral system variables for tataKari of southern Botswana to establish
basic future scenarios from a series of hypothaselsiding that policy targeting socio-
economic factors may be more effective at redudnogight vulnerability than policies
targeting environmental best management.

Lastly, in the closing editorial, we compare aNee case studies, reflect on commonalities

and differences, and evaluate the vulnerabilitynavork applied as well as the integration of
different methods.
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