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Abstract: Assessing the vulnerability of broadly describedd@ystems to global
environmental change is a complex task. Althougldfsystems are best described as
coupled social- ecological systems, much of thetag literature on vulnerability
focuses on either social or ecological systemsealdn addition, assessing the
vulnerability of parts of a food system is not #zne as assessing the overall
vulnerability of the entire food system. A framawas suggested to try to integrate
across a food system to assess its vulnerabitityssing on key processes and
system characteristics.
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Introduction
Food is central to life, and food systems havequodl effects on culture, politics,

societies, economies and the environment. Fosigss can be comprehensively
described as including the range of activities ined in every step of the food supply
chain from producing food to consuming it, the agttat both participate in and
benefit from those activities, and the set of feedurity, environmental and social
welfare outcomes to which food system activitiestabute (Ericksen, 2006).
Interactions among external social, economic, jpalind environmental drivers
determine how the activities are organized andexhout as well as directly influence
the outcomes. Conversely, food systems themsbes impacts on the drivers,
which create feedbacks over time and space.

Tremendous gains in the productivity and efficien€yood supply systems over
the past decades have both reduced food inseamdtgontributed to economic
growth throughout the world. However, many aspetthese same supply systems
are implicated in various deleterious processetscihwatribute both directly and
indirectly to a set of processes known as globairenmental change (GEC), many
of which have been shown to have negative soctkanironmental outcomes
(Steffen et al., 2003); (GECHS, 1999). GEC wakif also affect food system
activities and outcomes. In addition, the way mak food supply systems contribute
to economic growth is coming under question, aredjinty in profits, power and
distribution have increased at multiple scales (Matidel, 2000). Another issue is
the vulnerability of poor people due to their ladflpurchasing power and reliance in
rural settings on their own unstable productiome Thternational research
community has begun to address pieces of thesesigau not in an integrated or

comprehensive fashion.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

The concern over the negative and even harmfulegprences of GEC for
broadly described food systems is the particulan$oof this paper. The concern is
motivated by four basic narratives. First, in st advances made in the past
century, in parts of the world chronic food insetgupersists, whether because of an
overall lack of sufficient calories stemming fromo@uction failures in both crop and
livestock systems in Ethiopia, nutritionally inadede food supplies in poor urban
areas of the United Kingdom, or lack of sufficiamtome to purchase food in Niger.
Although the causes of this food insecurity are plex, projected increases in both
population and consumption (Millennium Ecosystef0%) have led many to worry
over the ability of populations to feed themselwethe coming 50 to 100 years,
particularly in the absence of adequate policysasps.

Second, the past decade has heightened awarertessméreasing impact of
natural hazards/ shocks on transitory food, incanteenvironmental security:
examples are the tsunami of 2004, Hurricane Katand periodic catastrophic floods
in various places. O'Brien (2006) argues convigigithat environmental shocks of
this type are a major human security concern wilicikwmodern society has little
capacity to effectively cope, given the lack ofgtive policy and preparedness

Third, assessments such as the Millennium Ecosyassassment and the Global
Environmental Outlook present convincing analybes the ecosystem services that
underpin food production systems are being undexchiby a number of
environmental trends such as changes in nutriariésychanges in hydrological
cycles, changes in vegetation cover and compos#iod pollution (Wood and Ehui,
2005). Adding to the concerns are model predistihat future climate change will
change the spatial and temporal distribution opgnelds as temperatures rise and

precipitation patterns change over the next 10@sye&fforts to resolve these
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problems are complicated by the uncertainty sudogscientific understanding of
GEC and its most likely impacts.

Finally, although many of improvements in humanlveeling have depended
upon social, political and institutional improvengrithese same mechanisms in many
cases are inadequate to substitute for ecosystemsese Thus the decline in fisheries
cannot be completely reversed with aquacultureemwvatinagement is plagued by
inefficiencies and over use, and agricultural ysedgle stagnating in formerly high
productivity areas such as the Punjab of Indianyre questioning the
sustainability of industrial agriculture in ecologl terms e.g. Pretty et al (2005) and
Pimbert et al (2001). Furthermore, modern ecallgheory suggests that a lot of
ecosystem management is based upon inadequatestamdiéng of how ecosystems
really function (Holling and Meffe, 1996); (Gundersand Holling, 2002); (Carpenter
and Gunderson, 2001), and hence neither societsnaoy current-day ecological
systems are able to handle unexpected shocks adbqudten leading to crises.

The necessity of maintaining food systems to supgpmpulations lends urgency
to the scientific challenges raised. In the lastadle, the notion of vulnerability has
become popular to explain concerns about the paterggative consequences of
global environmental change (GEC) on human wehdpeVulnerability to GEC
arises because of multiple stressors (e.g. mahkextlization and climate variability)
acting simultaneously (e.g. Leichenko and O'Brig®0g). In food insecure situations,
it is rarely one event that causes people to ggtymather a variety of factors such
as low productivity agriculture, low market prides crops, failure of safety-net
policies, and low income combine to result in faeskecurity (Devereux, 2000).
Misselhorn (2005) demonstrates that environmemtasses are never the only causal

factor leading to food insecurity; but rather théien an environmental shock such as



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

a drought will trigger a crisis which has longameroots in chronically poor or
politically unstable environments. Increasinghg interactions among the multiple
stresses occur in the context of unprecedented dgainge in both social and
ecological systems and result in often surprisimgcks to which systems must
respond. Comprehensive analysis of complex sysienesjuired to figure out how to
lessen their vulnerability, in spite of the uncenti@s and temporal and spatial
tradeoffs.  In addition, the current negativeigband environmental consequences
of food systems have promoted interest in ensuhagany adaptations that might be
implemented to lessen the vulnerability of foodtegss do not result in (additional)

deleterious consequences for environmental asasedbcial outcomes.

Purpose of the paper

This paper aims to find an appropriate policy-creenframework for reducing the
vulnerability of food systems to GECThis analytic approach frames the
consequences of GEC for food systems in the confesdcio-economic and political
dynamics, which is recommended by Vogel and O'B{Z8©4) as necessary to
understand the synergistic effects of the multgdtesses that interact with food
systems. This is a complicated task because fggtdras encompass a range of
social, institutional, and ecological componentgifaies, actors, and outcomes), all
of which may be vulnerable to GEC in different way8 major task is to integrate
the social and ecological concepts of vulnerabdityeloped in the scientific
literature so as to apply them to a food systetnis ihtellectual effort is important
because all vulnerability assessments have patipjications (Alwang et al., 2001;

Vogel and O'Brien, 2004), and misguided analysesamrrect interpretations of

! Of course an adequate policy-science dialoguksisreecessary to ensure that scientific researstaha
beneficial and sustained impact on policy, but ihdhe topic of another paper.
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results contribute to flawed policy (Walker et 2002). Hence analytical clarity is
essential to have any policy impact.

Although a variety of disciplines can lay claima@oncern with the vulnerability
of social and ecological systems to various shadtilesheightened international
research interest in the topic of vulnerability@&C, rather than the only impacts of
GEC, can be traced to the findings of the IPCCd Assessment Report (IPCC,
2001). These reports drew attention to the mywiags in which human welfare was
threatened by climate change and confirmed the iitapoe of understanding
vulnerability to GEC as a central research topithminternational research
community. However, the rich and varied resealhelt iis pertinent to the subject also
results in a confusing array of approaches todpe tof vulnerability. This is
significantly heightened if one tries to bring ttger the social science and natural
science conceptions of vulnerability. In the fallog sections, | first identify
common principles in the social and ecologicatditare with respect to what
vulnerability is and how to identify it. Then | m®on to the separate streams of
vulnerability analysis from the social and ecolagjiiterature, as unfortunately
integration across these two approaches to datsufficient to analyze food systems
comprehensively. The third section raises questias | try to lay out a suitable
comprehensive framework for analyzing the vulnditgtonf food systems to GEC.

As this paper also aims to propose a frameworlaBlgtfor policy analysis, | pay
particular attention to the policy implicationstbé different vulnerability analyses,
and attempt to understand the policy implicatiohsaming food systems as
vulnerable to global environmental change, degpfterences in development of
these ideas in academic circles. If the goal dfiemability assessments is to create or

generate knowledge for policy intervention thenasumptions behind the research
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process should be carefully clarified. This istigatarly true for vulnerability, as the
word was used in the poverty and development tileedong before the current
interest in vulnerability to climate change ardse;example in the food security
literature, in the hazards literature, etc. Aduhally, the popularity of vulnerability as
a term has led to confusion over its meaning. @iBet al. (2004a) contend that
competing interpretations of “vulnerability” to mlate change not only confuse the
issue but actually lead to completely differentgiases of the problem and hence
solutions. Viewing vulnerability as the “endpoimf adaptation to climate change
gives rise to technical solutions, while viewingnerability as the “starting point” of
adaptive capacity and adaptation leads to solutiotise institutional and social

realm.

Conceptual understandings of vulnerability

Common principlesin the social and ecological literature

At a minimum, most definitions of vulnerability ilucle the idea of potential
damage or adverse outcomes in relation to an ealtetress, a process or an event
(Vogel and O'Brien, 2004). Most definitions algpee that vulnerability is more than
just exposure to a shock or hazard, and that teenal characteristics of the social or
ecological system (entity) can mediate or heighieneffects of a shock; this is
eloquently expressed as the “double side” of valbgity by Bohle (2001). For
example, people living in the same rural communigy be exposed to the same
drought, but household A will not be vulnerablehe same way that household B is
because of differences in income, education, apémtence upon subsistence

agriculture.
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As much global change research is concerned abturefconsequences,
definitions of vulnerability to GEC often try to mtare a forward looking notion, and
thus the internal capacity of systems to resporaddbock and manage the harmful
consequences is often expressedoping or adaptive capacity. This suggests an
ability to manage in the face of stress or adaftiare possible and uncertain
changes, usually through a change in human behast@ystem functioning. These
terms are used regularly in both the social antbgemal literature and encompass a
multitude of resources and strategies that enaiskesis to buffer against shocks,
preventing or mitigating harmful consequences. éxample, ideally post-emergency
recovery programs would not just to restore whaippehave lost but also to
strengthen their livelihood, emergency responssloer systems so that they are less
seriously affected by subsequent shocks (Cristagtias., 2004; Lautze et al., 2003).

There are at least two important implications @& ititernal or inherent nature
of vulnerability upon which there is agreementha tifferent literatures. First is that
history is important to understanding current vudidity, as it will be embedded in
social, political and ecological processes. Faneple the current vegetation state in
a grazing pasture, whether grass or woody shrab&ry much a function of the
previous management practices and past precipitpitterns. Second is that
vulnerability is dynamic, differential and highlptextual (and therefore scale-
dependent). Thus the members of a household maylberable only at certain
times of the year, for example at the start oftfagting season when their previous
year’s harvest have run out, and the women andreimimay be more susceptible to
disease and malnutrition than the men.

Finally, as the above example illustrates, thesdss consensus that

vulnerability to GEC arises because of the convergef multiple stressors, which
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interact as processes. Thus the negative outcsuuobsas food insecurity or
environmental degradation which often drive vulbdity analyses in the first place,
cannot be explained by a single cause. There mauitiple shocks at the same
time, a trigger may lead to the collapse of a nunatb@rocesses which have been
slowly weakened over time or were insufficient egim with, or a chain of
sequential events may result in the overall vulbiéitg, which itself can be a
downward and dynamic cycle. In addition, the catioa between the short and long
term is important but complicates the analysis.

An additional commonality is the implicit value geiment incurred in every
assessment of vulnerability (H. Eakin, personal mamication). In other words,
some person or group (or several who may be inlicontare about an individual,
household, community, ecosystem, etc. in ordeetodncerned about its
vulnerability in the face of a shock.

In spite of these commonalities, most of the lit@r@on vulnerability to GEC
has either focused on social outcomes or ecologitt@bomes. Thus a more detailed
investigation of the separate streams of work balhelpful in developing an
integrated framework for food systems. Becausebkand ecological entities are
different and experience environmental change qliferently, it is dangerous to
push for too much conceptual integration withotgtfexploring the unique

characteristics of vulnerability in social systeamsl in ecological systems.

Social vulnerability
Although ultimately, most scholars of social vulsaitity are concerned with
whether or not a social unit will experience anexde outcome from a stress, there is

wide variation among approaches in the detailsoef the term vulnerability is used

10
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and what it specifically is understood to includduch of this variation is due to
different disciplinary traditions of the authorsitmg on vulnerability (Alwang et al.,
2001), but it has led to confusion, as there arkiphe articles spelling out what
vulnerability means using different language amthge(O'Brien et al., 2004a). My
interpretation, intended to focus on the understagsdhelpful for analyzing policy
issues to reduce the vulnerability of food systémnGEC, suggests that the
components of social vulnerability include the daling.

a. Accessto assets or entitlements

Access to assets or entitlements is central todéee that vulnerability is a
social, economic and political phenomenon (Adger lselly, 1999), drawing upon
the basic entitlement theory that Sen (1981) usexkplain food insecurity. Assets
range from physical through to social or politicghich are often referred to as
entitlements. Generally, research on household $ecurity, the dynamics of
poverty and the sustainability of different liveditd strategies has demonstrated that
people with greater endowments of resources andrttidgements to use them fare
better in the face of stresses and shocks. Thesttck are a form of wealth for many
households that can be sold when cash is needdataton builds the asset of
human capital, which is increasingly mentioned esesgsary for livelihood
diversification.

b. Coping capacity and Adaptive capacity.

Coping capacity embodies the understanding thatlpeeed more than just
access to resources or assets but also activegiegato manage them in the face of
risk (Barrett and Carter, 2000). Coping capaatgerived from food security and
disaster management literature (Davies 1996), apdobably most meaningful if

used to represent short term responses, suchliag setow or reducing the number

11
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of meals, to ensure survival in the near futuréte®people have strategies to manage
risk or uncertain events. The concept of risk manant is commonly used in
agricultural economics literature because it iemt@l basis of farmer decision

making in the face of everyday uncertain factdes tlimate variability and market
price volatility. Rural livelihood diversificatiomto off-farm activities has come to

be understood as a common risk management stritagis generally recognized as

a beneficial way to increase income in unfavourapigronments (Barrett et al.,

2001).

The notion of adaptive capacity is meant to implyger term changes in
behaviour and livelihoods strategies, to ensurerthmtenance of income or food
security for the foreseeable future (Berkes anly J»001). Bohle (2001) says that
the ability to take action is an important compdra&n/ulnerability. This is implied
as well when (Adger and Kelly, 1999) say that vedidity is socially constructed
and requires the ability to call on resources,uditig institutions and networks. It
implies the ability to take active steps to reoigarior better management (Eakin
2005). Although adaptive capacity is consideré&@yaelement in vulnerability, the
two phrases are defined so often in relation toaraher that it is confusing.
Generally, adaptive capacity suggests ability spoad to shocks in the future, even
though that future is unknown (O'Brien et al., 2804Coping capacity today may
include attributes the will lead to a system’s dol@pcapacity.

c. Institutional and policy framework:

Also central to the broad understanding of vulniitslas a social process is
recognition of the influence of the institutionaldapolicy context. (Adger, 1999)
considers the ability to draw upon social netwaréstral to collective vulnerability.

Eakin (2005) and Leichenko and O’Brien (2004) bai¢monstrate that economic

12
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change or policy reform significantly alter peoglabilities to respond to
environmental shocks or manage climate variabiéitien as an every day risk. Bohle
(2001) makes a stronger statement, saying thatuat®ns of conflict and crisis, the
ability to exert political control is paramountligl(2003), among others,
demonstrates the role of weak institutional capanithe food insecurity crisis in
Southern Africa from 2002-3 as a classic exampliist The failure of market
liberalization in the agricultural sector in Southéfrica contributed to falling and
stagnating farm productivity. This failure waspart due to widespread low
institutional capacity in varied sectors, for exdpncreased market risk resulting in
widely fluctuating prices, high transport costsueidg trader interest in working in
remote places, and moribund agricultural and vedeyi extension services.
Compounding these market failures was the oveedllige in public sector
institutions and capacity, so the ability to regphanth any safety net or other
strategies was very weak.

d. Exposureto a stress, hazard or shock.

Vulnerability takes on more meaning if it is anagavith respect to a
specifically defined type of stress, otherwises itao general (Alwang et al 2001).
The concept of exposure just means that one mustiesed to a threat to be
vulnerable to it. Thus people living near rivenks are more vulnerable to flash
floods that those living at the top of mountainsdese of the former group’s greater
exposure. Shocks or threats can differ by whetieyr are unusual or irregular, such
as a tsunami; or chronic, repeating and regulah as crop failures. A recent
conceptual advance is that of “double exposuretherdea that vulnerability to
environmental change is bound up with other chgregsecially institutional and

economic. The emphasis is on the synergies betdygamic processes of change

13
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that combine to cause vulnerability. An environmaéshock or stress may be the
trigger that sends people into a vulnerable shatepther shocks such as a change in
agricultural policy may coincide with or contributethis. Thus the solutions to
lessen vulnerability need to address these otlegoriaas well, not only the
environmental stress. By applying this to a ragio country, O'Brien et al.(2004b)
and Leichenko and O'Brien (2002) illustrate howneundbility is differentially
distributed and changes with time and space, aspieufactors play out.

e. Sengitivity

Sensitivity is the logical follow up to evaluatiegposure. It suggests that
although everyone in a place may be exposed t@ssstfor example poor rains, they
are not equally likely to experience its impactsieare more sensitive than others.
Farmers relying on rain-fed agriculture will be m@ensitive to a drought than those
who have access to irrigation. Children are nsergsitive to disease outbreaks than
adults because of differences in their immune systeThe critical point is that
sensitivity depends upon inherent characteristid®th the system and the shock to
which it is exposed (Ford et al., 2006). Elli®@3) says that sensitivity is important
because little shocks may have big impacts.

Other contributions to social vulnerability

Before the current interest in “vulnerability”, agrltural economists and food
security analysts had developed theories aboutheligeholds become food insecure
--e.g. see (Ericksen, 2006). Considerable worlkdeas done to identify food
insecure populations and to develop early warnysgesns identifying places and
people at risk of becoming food insecure. Althougticized for being overly
focused on food aid relief, rather than multi-seztanterventions, e.g. (Lautze et al.,

2003), early warning and food security planningeys are maintained throughout

14
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Africa and parts of Central America, where theyessential to donor and NGO
planning. The most prominent examples are FEWSRWMS, run by USAID and
the FAO respectively. As discussed by Maxwell @0Q@urrent thinking on food
security now recognizes that food insecurity resfittim three sets of entitlement
failures: failure of availability (including thesed for a stable supply of food), failure
of access and failure of utilization. Environméstaesses are never the only reason
for food insecurity (Devereaux, 2000) (Devereaud Bdwards, 2004). Misselhorn
(2005) made a meta-analysis of more than 30 cadéestcarried out over five years
in Southern Africa using the Household Food Econdraymework. She
demonstrates that these analyses identify mulsipleces of stress, all of which
contribute to food insecurity. The major drivefdand insecurity are poverty,
climate and environmental stressors and confliohgwith high food prices and
insufficient access to land. This is important @rogl evidence of food system
failure at the household level in multiple casesl this meta-analysis documents
common processes in specific situations.

The Sustainable Livelihoods (SL) approach is nat thfferent from the other
social vulnerability approaches, except that itliexpy includes natural capital as one
important asset upon which people depend for tivellihoods. The SL framework
has been developed and used to analyze rural geweltd outcomes. It emphasizes
both access to assets and coping strategies fadbef shocks. It offers several
conceptually important ideas for analyzing the eudbility of food systems to GEC.
Lessons from the SL research are useful for thepheasis on institutions as
mediating the ability of households to use these#sto manage risk. Second, the
framework explicitly characterizes a vulnerabilitgntext composed of a range of risk

factors or shocks, and recognizes that assetgegga and beneficial institutional
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arrangements are critical to how households matageisk and respond to
situations in which they might otherwise be vulidea One of the most critical
contributions has been to highlight the importaotdiversification out of agriculture
to rural livelihoods (Ellis, 2000); (Barrett et,&001) as both a risk management
strategy but also necessary for economic growth.

In extending the SL framework to vulnerability seg] Ellis (2004) suggests
that households can become vulnerable in one @rabways: the risks can increase,
households can lose their ability to manage riskheir coping capacity can
deteriorate. Reid and Vogel (2006) use the framkwmmap out the every day or
“situational” issues resource poor farmers in KwéuNatal, South Africa, face,
including climate stress. They find that climatiess is not perceived as a major
priority, because it the norm, and people’s daigg are constrained in a number of
ways.

Eakin (2005) adopts the sustainable livelihoodsi&éaork and a “double
exposure” approach. She demonstrates how thetrexferms in the Mexican
agricultural sector have constrained the instihalacontext of production, which has
in turn altered the range of risk management optiarmers have to cope with or
adapt to climate variability. Although climate \adility poses a risk, it is not
farmers’ priority. She therefore recommends logkah adaptive capacity not only as
the ability to directly address climate risk bugato avoid engaging in livelihood
activities that may increase their vulnerabilityctonate shocks. Her work further
supports much of the livelihoods-based researdh@mole of agriculture — although
farmers need to engage with markets to succeegricuéture, they also need non-

farm forms of income that are protected from theynasks that agriculture entails.
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Policy implications of understanding social dimensions of vulnerability:

These are considerable, as much of the researtitese issues has been
directed at motivating broader and more comprelensolicy responses to lessen
vulnerability to global environmental change. Eithe implications of vulnerability
being differentially distributed within any givemittmean that one solution will not
benefit all people, and furthermore as conditidmsnge, solutions to adapt in the face
of global environmental change will have to chaagd evolve as well (O’'Brien et al
2004, Eakin 2005). Given that social vulnerapiéit a concept emphasizes human
well-being, equity considerations are paramourgcofid, the understanding of
vulnerability is scale dependent: household indisawill not reveal the same issues
as community or region level indicators. Prow&@03), cites Dreze and Sen
(1989)’s analysis that “a lack of vulnerabilitytae national, regional or community
level does not preclude extreme vulnerability atitidividual level”. This raises
complex institutional issues for targeting interttens to reduce food system
vulnerability. Third, social capital, or the abyliof people to depend upon a
community and the social networks inherent inldng with local institutions of
reciprocity, is an important local feature for lessg vulnerability (Adger 1999).
More broadly, this can be interpreted to meanitigtitutional and political support is
an essential determinant of vulnerability, eithmreasing or decreasing it. Fourth is
that at the local level institutions and policesstreupport livelihood diversification,
so that access, which is often the leading comgttaifood security, is assured.

In summary, as explained by (Brklacich, submitté@%) and (Vogel and
O'Brien, 2004) social vulnerability results fromopesses, some of which increase
vulnerability and others of which enhance adaptagacity. Only by investigating

how these processes play out for a particularafrahalysis can researchers
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understand whether people will be more or lessenalole to a hazard. This requires

a move away from impact or outcome-based analysis.

Ecological vulnerability

Ecological vulnerability has also been approachedifierent ways,
depending upon the background and objective oétlileors. From an ecological
standpoint, the idea that ecosystems are vulneisibleed to imply that they cannot
withstand shocks or stresses without losing thaesidecological properties and
shifting to a different state. For example, Gettial.(2006) discuss the vulnerability
of Mediterranean Basin ecosystems to invasion loyiespecies. These are classified
as vulnerable if the invasion by exotic speciemngesa the species composition so
much that the ecosystem has fundamentally diffggesperties. Hulme (2005) takes
a similar approach to threats to biodiversity, ag@hristensen et al., 2004).
Boughton et al (1999) define ecosystem vulnergtals “the likelihood that stressors
to ecosystem will cause ecological processes amtifins to vary beyond the range
of natural variability,” which assumes that the egmuiate historical time period over
which to define natural can be defined. All thegamples are primarily interested in
the ecosystem itself, as a discrete entity in ardzable “normal” state. Christensen
et al.(2004), however, take the analysis one stgpdr and suggest that a change in
the vegetation composition of Asian steppe ecosysiould affect the people who
graze their livestock on them.

There is then, a second group of authors from ¢béogical literature who
define ecosystem vulnerability in terms of the gstam services upon which humans
depend. To translate environmental outcomes mt@bkimplications this group of

studies use the concept of ecosystem servicessyEiem services are those that
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people rely upon for production, health, etc., &lsb those services that ecosystems
themselves require to sustain themselves. Theypearouped into four categories:
regulating, provisioning, supporting and cultudil{ennium Ecosystem, 2003). A
simple example is from Schroter et al. (2005), wiadel the impact of climate
change and management on ecosystem services &cnagse over the next 50 years.
They find that the impacts vary by type of servidéering for wood production,
carbon fluxes and water stress. They also fintitheome situations management
has more of an impact that climatic changes.

A third approach stems from Holling’s theory of ptige cycles (Holling,
1986) which relies on the concept of resilienceégad of vulnerability. Resilience is
defined as the capacity to absorb change withafiirghto an altered state with
different properties—it is therefore often conseteto be the opposite of
vulnerability, or at least a positive focus rattiean a negative. Resilience theory is
based upon a non-equilibrium view of ecosystemswhuggests that change and
dynamism are the norm for ecosystems, as theyraaily move through adaptive
cycles. Trouble arises when a system loses nesdiand the system flips suddenly to
a new state, which is often less desirable in tevhiee ecosystem services it
provides. Resilience is often lost because masageto control these fluctuations
rather than allow them to persist, or some for@igerial is allowed to enter the
system (Gunderson, 2003). The more resilienegystare those in which natural
variation has been allowed to continue to providermity and renewal, so that flips
do not occur. Examples have been documented ieffectet al., (2001) and include
grassland/woodland systems, lakes, oceans, cefalaad dryland vegetation.
Eutrophication in lakes leading to turbid wateaislassic example. Agricultural

runoff raises the phosphorous levels in lakes giasing algae production, which
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makes the water more turbid, eventually changiegathole lake ecology. It is often
expensive and difficult to get the ecosystems ticcéwback to the desired states, as
the new states (e.g. shrubby pasture, dead corairlod lake water) are themselves
very resilient (Carpenter et al., 2001).

Elmquvist et al. (2003) specify the role of diveysit maintaining resilience.
By “response diversity” they mean that there ar@ugh species that perform the
same function, such as different grass species#mthrive in pastures or herbivores
that keep coral reefs free of algae, such tha¢tiosystem can survive if a dominant
species is threatened or eliminated. This redunydamspecies is an insurance
mechanism for the ecosystems and provides roomrfor. The ecologically-
required ecosystem services can be thought ofasystem functions (EImqvist et al.,
2003), (Deutsch et al., 2003). Biodiversity is omant because it provides an
important function to allow ecosystems to contifugheir current state. Lawrence et
al. (2004) offer another example of this more psseeriented approach, in which
they trace out the consequences of deforestati@pecies composition and nutrient
cycling. The intensification of the agriculturalate has decreased the natural nutrient
replenishment from fallows. At a broader scale,ldndscape fragmentation is
decreasing biodiversity and affecting water cycl8svift et al.(2004) draw out the
scale-related implications of diversity for agricuwél landscapes. In many cases, the
loss of diversity at the plot scale can be suldstitdior by agricultural inputs and
labour. At the landscape scale, however, diversiggires multiple land uses to be

maintained throughout a broad area.
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Coupled social-ecological or systems

The ecological focus of resilience theory has abvagycommodated the influence
of human management, and the idea of coupled sectdbgical systems was
introduced in order to explicitly accommodate tbeial mechanisms behind
ecosystem management (Berkes and Folke, 1998) cdreept of coupled systems
presents ecological and social processes as cohega@nd joined, not distinct and
separate. In social-ecological systems, resiliérasethree defining characteristics:

a) The amount of change that the system can underde siHl retaining the

same controls on structure and function.

b) The degree to which the system is capable of sgHrozation

c) The system’s ability to build and increase its caydor learning and

adaptation.

The first characteristic of resilience means thatsystem has a good deal of
buffering capacity and can absorb shocks. Normalbxwly changing variables are
responsible for this. Component b) means thatyktes can take action, including
restructuring or reorganizing, to respond to itsxdeedbacks, which of course
depends upon how well social managers understase fieedbacks. Component c¢),
the ability to learn, means that past mistakesren@ porated into new responses and
better management (Carpenter et al., 2001; Dewetsah, 2003; Holling, 2001).

Although this theory is helpful in conceptualizitige interactions between
ecological and social systems, it ultimately isa@med with the ecological outcomes,
rather than the social, except in so far as theystem services upon which human
well-being directly depend are affected. Walked 8eyers (2004) attempt to
classify the empirical evidence gathered to datehvblemonstrates the occurrence of

“regime shifts” in social-ecological systems. Tdare very few cases to document in
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which one could say that the social system hadeshtb a different state — the
reorganization or shifts in strategies are too ktoatonstitute a shift. Another group
of case studies document how local communitiesiwoally adapt the management
of their local ecosystems, primarily because theslihoods depend directly upon
maintaining the natural resource base (Alcorn.e2802; Berkes and Jolly, 2001);
(Seixas and Berkes, 2003). These studies allsstinesneed for social and
institutional mechanisms which enable close momtpof ecological processes and

flexible management regimes, in order to avoid lfssystem resilience.

Policy implications

The primary implication of this notion of socialedagical systems is that the
concept of adaptive management is critical forliesdi systems. In adaptive
management, change and fluctuations are accepted asrm and furthermore as
important for maintaining system resilience (Gusder 2003). Second, the
management or policy implications of managing asfamlnerability (or for
resilience) in ecosystems suggest a focus on dhanging variables, rather than the
fast or stochastic variables, as it is the formeicl give systems resilience. A third
implication is that by focussing on resilience aa@dptive capacity, rather than
vulnerability, this research can be said to fost#utions, albeit complex and learning
based. It places a high premium on learning abgstems over time, and adapting
management as new phenomena emerge. For exampianage fish stocks
adaptive management would alter the bag limitetiow the natural ebb and flow of
fish breeding cycles, which would actually resalti more stable fish population
(Carpenter and Gunderson, 2001). It also emphasifewving disturbance to enter

into the system (Folke, 2002), so that the capdoityandle surprise is maintained.
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This poses considerable institutional challengeadbgate a more proactive and
learning-based approach to ecosystem managemett bpsn the monitoring and
interpretation of ecological information.

One question about the utility of resilience thyesocial systems is that it is
trying to identify regime shifts, which may be textreme a case for social systems.
Ideally, policy makers would like to prevent soggktem collapse, particularly in the
case of food systems given that their vulnerabditgollapse results in food

insecurity.

Other models of social/ ecological vulnerability

There are other generic approaches to lookingeasdlial implications of
ecosystem change (and vice versa) that vary in é&mephasis on the social or
ecological side which may be useful for food sys&tutlies.

One group of studies that examine the issues suling ecosystem change
and the consequences for both human and ecosyst#+heing stem from research
into the causes and impacts of land use change.rél&vance for food system studies
is obvious, given that clearing land for agricudtis a dominant driver of land use
change (Geist et al., 2005). Asner et al. (2@@%elop a framework attempting to
understand which factors make ecosystems vulnetalilegradation after land use
change. Synthesizing across a number of studiieg,donclude that the bioclimatic
setting, the edaphic setting and the intensityanélluse change are controls on the
susceptibility of the natural resource base to adagion.

The policy implication of identifying land use chlggnas resulting in altered
ecosystem services is that choices have to be atzulé which service will be

promoted at the expense of others, and whethemalkes sense for long run
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sustainability. The MA concluded that globallyetgains in provision of food and
fibre have reduced other ecosystem services suchlatat provision, freshwater
supplies, and biodiversity, as well as key regntaservices like nutrient cycles and
controlling pest outbreaks (Table C1 Millennium Egstem, 2005). In the case of
wild fish populations, their harvesting has beesustainable. These trends are also
echoed for the Southern African regional assess(Beggs et al., 2004). In the long
run, in both globally and regionally, there are @ams for human well-being due to
the declines in ecosystem services, notably hureatithand localized poverty, as
well as water scarcity and pollution.

Turner et al (2003a; Turner et al., 2003b) promosemprehensive framework
to combine social and ecological vulnerability. eldonceptual strength of the
framework is that it defines vulnerability by draagiupon the social concepts of
entittements and coping capacity, as well as tloéogecal concept of resilience. The
differences in entitlements explain why vulnerabpiis differentially distributed,
coping capacity is in many cases determined byitral factors, and resilience is
understood to refer both to the system flexibidityd the ability for social learning.
Vulnerability results from interactions both withime defined system and with the
external stresses, but resides in the systemingidrto their analysis is the idea that
neither social nor environmental change occursealaather they are inter-related,
and the causal chain of events/ processes maltegg.emphasize the interactions of
institutions and ecosystem processes together vdaichiesult in vulnerability, but
allows for system feedbacks. They also try to ipocate analysis across space and
time scales, which demands attention to systemdamies. Luers (2005) draws on
this framework to try and quantify the importanst®m characteristics that contribute

to vulnerability for farming systems in the Yaqualléy of Mexico. Her findings
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suggest that management has more impact on vulhigrétan any particular
stressor.

Ford et al. (2006) adopt a similar approach witase study of how the Inuit
in Arctic Bay, Canada, are vulnerable to and hosythre able to adapt to the signals
of climate change. They try to identify the spiecdystem (in this case a community)
characteristics that contribute to exposure/ sertgior (and in some cases and)
adaptive capacity. Thus changing from hunting w8léds and dogs to using snow
mobiles has increased sensitivity to the dangensooéased prevalence of thin ice,
and a slow erosion of the traditional knowledgeet@®ong the youth is limiting their
adaptive capacity to respond to the increased [@mee@ of thin ice.

Eakin et al.(2005) also try to identify the farmingusehold/ system
characteristics that confer both sensitivity andiye capacity to climate variability
and market risk for diverse groups of farmers igéatina and Mexico. In Argentina,
farmers had greater adaptive capacity if they hateraccess to physical and material
resources. In Mexico, farmer access to finarama technical assistance were key to
lessening vulnerability, while higher levels of prdependent income and pests were
linked to higher vulnerability.

The “syndromes” approach tries to explain vulnditgidoy broadly integrating
across descriptive case studies to document giyloalromes. Ludeke et al. (2004)
and Petschel-Held et al.(1999) describe this agraa a process of documenting
archetypical interactions between people and etasiss They first identify key
global change trends, such as urban sprawl, sgibdation, and coastal erosion.
Then they look at the different interactions amtmgge trends and cluster them into
syndromes. Using global data sets they try to o the prevalence of syndromes

in different geographic regions. The “Sahel Synaebdis one describing the
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interaction among impoverishment, soil erosion agdcultural intensification and
expansion that leads downward spiralling cycléreen revolution syndrome” is
another in which increasing social disparity andcdfural land degradation result
from the application of mal-adapted agriculturahieiques designed to increase
agricultural productivity. It is suggested thghdrome analysis provide a process for

identifying possible policy interventions (see Kasson et al., 2005)).

What is meant by the vulnerability of food systems?

A general diagram to depict the components of ®gslem vulnerability is
shown in Figure 1 (Ingram and Brklacich, 2002). iwkhis is conceptually logical,
there are still unresolved issues to sort throoghet at what actually makes a food
system vulnerable and what this means. The framefoo food systems explained
in Ericksen 2006 asserts that the primary and akahbjective of these systems is
food security. This suggests that when a foodesiyss disrupted and fails to deliver
food security, whether this is due to an overwhefyrshock, structural issues, actors
in conflict or environmental degradation/ changehould be considered to be
vulnerable. This is consistent with the suggestivom some authors that a)
vulnerability is a concept that requires the imposiof human / social values and b)
vulnerability (or resilience) can only be assesg#uke purpose of the analysis has
been determined.

However, food systems also contribute to envirortaletegradation and
sometimes to loss of income (e.g. for agricultwaikers and farmers) — these
environmental and social welfare outcomes areialportant to many in society.
Should we consider these as indications of footeayvulnerability as well, given

that food systems are social and ecological systantsglobal environmental change
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Is affected by food system feedbacks to the ecesyat Furthermore livelihood
shocks can lead to food insecurity in the futubee food systems vulnerable if they
are economically or socially unsustainable?

In trying to think of food systems so broadly, Vegposed a unit of analysis that is
somewhat unwieldy. The broad idea of a food systes proposed in order to get at
the underlying processes that contribute to vulméta However, there are few
examples of how to evaluate food system vulnetgthblistically. The social
approaches discussed above only apply to part$aafdasystem, primarily either the
actors or the outcomes. The ecological literalmo&s at systems, but it may be
difficult to measure links between social and egal vulnerability/ resilience
because of long food chains and substitution afrotiputs for degraded natural
capital. Adger (2000) suggests that one can md@gisure ecological resilience in
social systems with direct reliance on the resobese, as the loss of environmental
entitlements will matter less if the system is ldssctly dependent upon the
ecological resource. Additionally, we cannot assuhat social and ecological
resilience move together — they may contradictamaher (K. Galvin, pers. comm).

Eakin and Luers (2006) have recently summarizedrthjor trends in the
literature on social and ecological vulnerabilapd their conclusions are relevant for
the task of analyzing the vulnerability of food t&ymes. They propose that there are
still four analytical challenges for assessinguhmerability of complex social-
ecological systems. First is how to address timebtoed effects of multiple stressors
acting upon a system, as it is difficult to ideyptihks among them or determine cause
and effect. Second, uncertainty has not been déhliadequately in any of the
vulnerability assessment literature, which posegtieat risk of incorrect analysis

about where vulnerability lies currently and eveorenso for future possible
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vulnerability. Third is the difficulty of analyzgcross-scalar interactions, which are
difficult to tease out but which may well be theisme of much systemic vulnerability.
Fourth, insufficient attention has been paid toiggand justice as key ingredients to
prevent system vulnerability.

They outline a “roadmap” for how to address somthese deficiencies. |
suggest that the following are the most relevattiatstage for analyzing food
systems. First, Eakin and Luers recommend botigbaear about the unit of
analysis and social values that are brought to t,eavhy anyone is concerned about
the vulnerability of this unit. Second, they shisiimportant to identify the harm that
the system can suffer, and what harm or danger srfeathe system. Third, they
outline a process to identify the system charagties that contribute to exposure,
sensitivity and adaptive capacity. Because syswmslynamic, they emphasize
understanding the interactions among drivers angpoments of the system. Fourth,

they recommend identifying thresholds of changeiaditators.

Published studies of food system vulnerability

There is scant empirical evidence regarding thaenability of food systems.
Although there is a rich body of information on ébgecurity outcomes, much of this
is based upon household studies rather than fosidreystudies. There are few
studies that refer to the activities in a food sgstand how they could be vulnerable
to GEC in the context of multiple stressors, with e€xception of food production in
agricultural and aquaculture systems, and mogtatfliterature looks only at one or
two stressors. One gap in this literature is gsidin the vulnerability of economic

systems (markets, trade) to GEC such as defor@statisoil degradation.
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A few scholars have attempted to explain the tirat(ie internal or
inherent) vulnerability of modern food systems.n&kvist et al.(2005) are motivated
by the negative social and environmental consemseotfood production. They
hold that these negative consequences result fieraurrent food marketing
structure, which distances consumers from produaraiighus inhibits the recognition
of and response to feedbacks in the food supplynchiéhey identify four main trends
responsible for this vulnerability: intensificatisspecialization, distancing, and
concentration and homogenisation. Feedbacks wilti@riood system can either be
masked (i.e. not perceived) or disregarded (peecebut not acted upon). Often this
is because the production is at a different peirggace or time from consumption,
but it is also because consumer knowledge of fgstems has declined and there are
insufficient institutional mechanisms to managealfescks. The solution they pose is
to encourage more localized food production, taekse the distance and better
institutional management to tighten the feedbaok$o

E. Fraser borrows from several theories to lodibatl system vulnerability
(Fraser, 2003; Fraser, 2007; Fraser et al., 2088)uses the concept of adaptive
cycles from resilience theory, in which systemdwhitgh potential, tight connections
and low diversity are susceptible to “collapse” anglibsequent period of
reorganization. He maintains that2¥ntury food systems have reached this stage —
industrial food production is intensive and highpau, yet it relies on only a few
crops. The tight connections, he argues, are seatkby rapid transportation and the
quick spread of disease and other contaminantsighrthe system. Diversity is low
because many areas rely on only a few sourcesodfgooduction, rather than using
multiple entitlements. To explain food insecutiky turns to entittement theory as

necessary for explaining the relationship of pgvartd other factors to food

29



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

insecurity. However, this illuminates contradicsobetween ecological vulnerability
and social vulnerability. Social vulnerability asderstood by entitlement theory is
most commonly associated with low wealth and ecao@msocial isolation or weak
connections. This is the opposite for ecologigatams as explained by resilience
theory. The common feature to both is the impaeast maintaining diversity so as
to preserve options in a crisis.

A third view is from political economic and so@gical critiques of food
systems such as McMichael (2000) and HendricksdrHaifernan (2002). These
authors propose that although the corporationsrgovg modern food systems (i.e.
industrial agricultural production, factory basedgessing and supermarket-
controlled retail) are very powerful, the systemsnselves may be vulnerable. This
vulnerability arises from the degree of special@aand homegenization, which can
make it difficult to adjust to changes in preferemor to serve smaller markets.
McMichael (forthcoming 2006) also suggests thatithvel of subsidization that
affluent diets require in terms of energy and glabarkets, threatens their very
sustainability. As only one quarter of the glopapulation can afford these diets, the
poor and their environments are paying too highst.clncreasing social awareness
of this inequity is further giving rise to organizeocial and political opposition in a

debate over the future of food sovereignty.

Conclusions from the published evidence

The literature summarized above suggests the folgpweharacteristics of food
systems that might lead to vulnerability in theefat a shock or stress:

B heavy reliance on external or distant resources

B [ow diversity in assets or entitlements
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B inequity in both access to resources and abilitpke action to use them or
increase them

B institutional weaknesses

B inflexible policy

B |ack of functioning markets and low levels of ecomno activity

B tight controls over highly specialized productisapply and marketing chains

o Lack of management for change and dynamism

B Distancing of production from consumption

B Cross-scale interactions (including subsidies) Wwiaie poorly understood and
lead to uncertainty and surprise

B Ignoring the slow variables and only respondinthefast triggers.

Possible methods to assess food system vulnerability

To understand system vulnerability, it is not suént to only address each
activity or each outcome separately, as vulneigtol the system may arise from the
sequencing of certain processes and the interadtietween them. (Brklacich,
submitted 2005) and (O'Brien et al., 2004a) sttlessmportance of beginning with
processes, not outcomes. H. Eakin (personal conmaiion) suggests that the
sequencing among food system processes deternomesidgnals of stresses, such as
those from GEC, are “transmitted” to vulnerablestaners (the potentially food
insecure population). In trying to integrate sbeidnerability theory with ecological,
several of the authors discussed above emphasmkisianding the specific
characteristics of the system which constitutegptimaary unit of vulnerability
analysis. In Table 1, I try to lay out five pripal questions to help identify these

specific characteristics:
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* what in the food system is vulnerable,

* to what are they vulnerable,

* how GEC shocks are transmitted through the system,

* what causes system sensitivity, and

« finally, what is the coping or adaptive capacitytloé system?

These questions of course have to be answeredispkgifor any given food
system. However, beginning with the activitiesimsvieldy and overly generic.
Using the food system framework described in (E#ck 2006) links food system
outcomes back to activities. In addition, the feedurity outcome determinants are
integrative, and | propose that their analysis $daaltck to the processes that gave rise
the outcome in the first place.

An example is shown in Table 2, using preliminaayadfrom South Asian food
systems in drought-prone areas. In this examipéespecific determinants of the
components of food utilization are shown: nutriabvalue, social value and food
safety. The specific characteristics of each datent are a function of the food
system for that site — e.g. the primary proteilemils, which is due to a combination
of factors including the production technologiesitable, the general climate and soil
conditions, market structure, consumer accesdfiereint proteins (of income and
markets) as well as their preferences. The seitgiof lentils to decreased water
availability during a drought is a function of thazard — in this case drought — as
well as the production process for lentils. Howelentils can remain a part of the
diet because the strong regional market for lentdgsns they are readily available
from other areas less affected by drought. Thesrtarket provides the food system
with coping capacity, which in turn reduces thenanbility of the primary protein in

this diet to drought.
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The process described in tables 1 and 2 also stsggiesitial framework for
identifying food system vulnerability syndrome#.the key characteristics that
determine

a) how a GEC shock or signal is transmitted thraihghfood system,

b) how the food system is sensitive to the GEC lshaxd

c) the coping or adaptive capacity of the food exyst
can be systematically identified for enough foostegns in specific geographic
locations around the world, it should be possiblstart to identify the “symptoms” of
food system syndromes, and the key interactiontgésalt in these syndromes. This
could be consistent with the more quantitative wamkvulnerability focused on
identifying thresholds of change and modellingititeractions among stressors,

attributes and outcomes identified by Eakin andr&(2006).

Other insights and remaining questions.

Because food systems incorporate disparate comprka framework for
analyzing their vulnerability will have to allowrfonultiple expressions with different
conceptions of vulnerability. It is still not cleahether the vulnerability of one
activity or one outcome means the whole systena fgeographic location is
vulnerable. The example from Table 2 does notes$dthese intra-system tradeoffs.
Over space and time it is likely that componenteuhbilities will be unevenly
distributed, and there is a real possibility thesie vulnerabilities will contradict one
another. The examples from figure 2 could occuttie same food system: one
component (primary protein) is resilient in a drbtuget the other (dietary diversity)

is vulnerable. Over time how can the system attape more resilient?
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At a broader scale, small scale agriculture is enuoally risky for farmers,
yet local and diversified sources of production roefgr a more “environmentally
sustainable” type of agricultural system. Convigtséfarmers integrate into the
international trade economy and produce cropsXpo#, thereby earning income to
purchase food and have a broader array of footleanents, what will the
implications be over the long run in terms of fqudvisioning? Are food systems
more or less vulnerable to GEC if food is produloeally than if consumers rely on
international trade?

The answer to these sorts of questions requirds tioat go beyond the
concepts discussed in this paper, such as scemaroises and a framework for
evaluating adaptation options. The framework aetlihere has, however, outlined

the basis for identifying vulnerability across badbadescribed food systems.
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Table 1: “Roadmap” for assessing the vulnerabditjood systems to GEC

Vulnerability focus

Food system concern

Evaluatateria

What is vulnerable?

Consumers can be food
insecure.
The environment can be
degraded.

Social welfare can be
diminished.

Food security lens

Biodiversity loss, nutrient
cycle altered, water
polluted, etc.

Income lost, inequity
increased, migration
increased

Towhat are they
vulnerable?

Consumers, the
environment and social
welfare are vulnerable to
the additional stress of
GEC, given the social/
institutional and economic
stresses already inherent
the food system.

This pertains to who and
what are her or his social
values

in

How is a GEC shock /
signal transmitted? (?7?
This determines

Through the relevant part
of the food system

5 The determinants of
activities or the food
system outcome

exposure?) components
What causes system The social, economic, etc| Leads to the potential for
sensitivity? characteristics of the food vulnerability

system activities and
drivers

What gives the system
coping capacity?

Specific social, economic,

Protects against

institutional and ecologicq‘l vulnerability

components of the syste
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Table 2: Example of the components of food systamerability to Water Stress

Key deter minant

Deter minant
characteristics

Sensitivity
to water availability

Coping/ adaptive capacity

\VVulner ability
to water availability

NUTRITIONAL
VALUE

Food diversity

Milk supplements diet of]

rice and lentils

Cows need four months rai
to produce milk

No functioning milk marke
to purchase from when owr
production fails

High

from pesticides

chemicals in irrigated arersxigation increases

ecoming aware of the

Primary protein Lentils Lentils need two monthsifaentil market functions so |Low
can always buy them
SOCIAL VALUE
Community Special foods for key Increased variability of Significance of celebration Medium
celebrations & celebrations, e.g. onset ojnonsoon disrupts and foods declines leading to
cohesion monsoon diminishes role of reduced social cohesion
celebrations
Kinship / Etiquette| Luxury foods (e.g. eggs)NA NA NA
for guests
FOOD SAFETY
Contamination Farmers use more Chemical use increasesen Medium

Ijonsumers are slowly
b

angers from pesticides

Source: unpublished data from GECAFS IGP regipnaject.
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Figure 1: Generic framework to evaluate systemenalbility

Capacity to
cope with
&/or
recover
from GEC

—

GLOBAL ENVIRONMENTAL
CHANGE (GEC)
Change in type, frequency &
magnitude of environmental
threats

1

FOOD SYSTEM
RESILIENCE / VULNERABILITY

|

SOCIETAL CHANGE
Change in institutions, resource
accessibility, economic
conditions, etc.

Source: Ingram and Brklacich, 2002.
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Figure 2: Example of contrasting food system vidbéty

Determinant: food diversity
Milk

Cap. to
cope

-

GEC Issue

Increased incidence
of drought

T

FS VULNERABILITY RE
FOOD DIVERSITY
HIGH

+

Determinant: food diversity
lentils

Cap. to
cope

-

Socec. Issue

Weak dairy market
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PRINCIPAL PROTEIN
LOW

+

Socec. Issue

Strong lentil market

Y

Exp.

GEC




