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ABSTRACT. Assessing thevulnerability of broadly described food systemsto global environmental change
requires anew, synthetic approach. Food systems can best be conceptualized as the integration of humans
and the environment or coupled social-ecological systems. However, much of the existing literature on
vulnerability assessment focuses on either social or ecological systems, and conceptual gaps limit the
holistic evaluation of linked systemsin which both social and ecosystem outcomes are important. | suggest
an approach with which to integrate factors across a food system to assess the system’s vulnerability to
environmental change by focusing on key processes and system characteristics. However, the multiple
objectives of different actorsin food systems make tradeoffs inevitable and complicate the evaluation of
vulnerability. Further development and use of this approach is a promising avenue for future research

because empirical evidence is needed to further elaborate these understandings.
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INTRODUCTION

Food is central to life, and food systems are
intertwined with culture, politics, societies,
economies, and ecosystems. Tremendous gains in
the productivity and efficiency of food systemsin
recent decades have reduced food insecurity and
contributed to economic growth throughout the
world. However, many aspects of these same
systems are implicated directly and indirectly with
a set of processes known as global environmental
change, some of which have been shown to have
negative social and environmental outcomes
(Global Environmental Change and Human
Security 1999, Steffen et al. 2004, Millennium
Ecosystem Assessment 2005). Global environmental
change in turn affects food system activities and
outcomes, with potentially negative consequences
for food security and future food system
performance. In addition, food systems' contributions
to economic growth are shadowed by increased
inequity in profits and power and in food
distribution at multiple scales (McMichael 2000),
raising concerns even in the absence of global
environmental change.

Here, | propose an approach for analyzing the
vulnerability of food systems to globa
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environmental change. This task is central to the
agenda of the Earth Systems Science Partnership
and the project that it sponsors. Global
Environmental Change and Food Systems
(GECAFS). The goa of the GECAFS research
program is to understand the full range of
interactions among food systems and global
environmental change processes, beginning with
the ways in which food systems are vulnerable to
current and future environmental stressors. The
approach that | describe here frames the
consequences of environmental change for food
systems in the context of socioeconomic and
political change so as to understand the synergistic
effectsof themultiplestressesthat interact withfood
systems, sometimes making these systems
vulnerable. Thisisacomplicated task becausefood
systems encompass a range of social, institutional,
and ecological components (activities, actors, and
outcomes; Ericksen 2008), al of which may be
vulnerable to environmental change in different
ways. The current negative social and environmental
consequences of food systems also raise concern
that any adaptations that are implemented to lessen
the vulnerability of food systems do not result in
deleterious consequences for environmental
outcomes, as well as social outcomes, and hence
increase vulnerability in the future. Such a
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comprehensive analysis requires the integration of
the concepts of vulnerability that have largely been
developed separately in the social and natural
sciences.

| attempt to bridge the development-oriented food
security literaturewiththeliteratureonvulnerability
to environmental change because these communities
both have much to contribute to the complex
problem of food system vulnerability, but approach
the issue from different perspectives. | also seek a
better integration of social and ecosystem
approaches to vulnerability. | suggest a systems
approach (Ison et a. 1997) to move from a
household-level understanding of food security
dynamics to a broader, more systemic analysis that
linksfood security outcomesto processesthat drive
or create vulnerability, even as these processes
manifest themselves differently across spatial and
temporal levels. A systems approach will also take
into consideration the possible feedbacks across
spaceandtimethat may alsoincreasevulnerabilities
inthefuture. Asl argue, these feedbacks and cross-
scale interactions create inevitable tradeoffs within
food systems, which complicate an assessment of
their vulnerability to global environmental change.

This intellectual effort is important because all
vulnerability assessments have policy implications
(Alwang et al. 2001, Vogel and O’ Brien 2004), and
misguided analyses or incorrect interpretations of
results contribute to flawed policy (Walker et al.
2002). Analytical clarity is essential to have any
decison-making or policy impact, especialy if
there are inevitable tradeoffs among social and
environmental outcomes. The particular policy
clarification desired for food systemsare: (1) tohelp
decison makers understand that environmental
change has impacts beyond those directly felt in
food production; (2) to develop interventions that
treat the underlying causes, rather than symptoms
of vulnerability in food systems; and (3) to position
researchers and decision makersto better cope with
the increasing global environmental changes that
are predicted to occur over the next century.

CONCERN ABOUT FOOD SYSTEM
VULNERABILITY TO ENVIRONMENTAL
CHANGE

Concern over the current and potentialy future
harmful consequences of global environmental
change for food systems is motivated by four
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narratives, all of which are linked to policy
considerations. First, in spite of advances made in
the past century, chronic food insecurity persistsin
parts of the world. Although the causes of thisfood
insecurity are complex, projected changes in
demographics and consumption patterns have led
many to worry over the ability of some populations
to feed themselves in the coming 50 to 100 years,
particularly in the absence of adequate policy
responses (von Braun 2005). The marginality of
impoverished people and their increased susceptibility
to food insecurity continuesin arange of rural and
urban settings (Stamoulis and Zezza 2003).

Second, events of the past decade have heightened
awareness of the increasing impact of natural
hazards and shocks on food, income, and
environmental security: examples are the tsunami
of 2004, hurricane Katrina, and periodic
catastrophic floods in various places. O Brien
(2006) arguesthat environmental shocksof thistype
are a major human security concern with which
modern society has little capacity to cope
effectively, given the widespread lack of proactive
policy and preparedness.

Third, assessments such as the Millennium
Ecosystem Assessment and the Global Environmental
Outlook conclude with certainty that the ecosystem
servicesenabling food production systemsarebeing
eroded through environmental trends such as
changesin nutrient cycles, changesin hydrological
cycles, changes in vegetation cover and
composition, and pollution (Cassman et al. 2005,
Wood et al. 2005). Adding to these concerns are
predictions that future climate change will change
the spatial and temporal distribution of crop yields
as temperatures rise and precipitation patterns
change over the next 100 years (Easterling et al.
2007).

Finaly, and perhaps of greatest concern to food
systems, is that although many improvements in
human well-being depend upon social, political, and
institutional improvements, these same mechanisms
are inadequate to substitute for ecosystem services
in many cases. Thus, the decline in wild fisheries
cannot be completely reversed with aguaculture,
water management is plagued by inefficienciesand
overuse, and agricultura yields are stagnating in
formerly intensively farmed high-productivity
areas such as Punjab state in India (Cassman et al.
2005, Shah et a. 2005). These losses al have
consequences for food systems and food security,
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and future trends will most likely increase these
losses.

Although global environmental change encompasses
changes in the biophysical environment caused
naturally or caused by human activities (Global
Environmental Change and Food Systems 2005),
the concerns described above largely stem from
evidence of the increasing influence of human
activities on the biophysical environment. This
strong human influence places the concern about
the vulnerability of food systems in a broader
context of concern about the tensions or tradeoffs
between ensuring or improving human well-being
and maintaining ecosystem services.

DEFINITION OF A FOOD SYSTEM

Food systems comprise a set of activities and
outcomes ranging from production through to
consumption, which involve both human and
environmental dimensions (Appendix 1). The
primary policy objective of these systems is food
security, whichisdefined as“all people, at all times,
have physical and economic access to sufficient,
safe and nutritious food to meet their dietary needs
and food preferencesfor an active and healthy life”
(FAO1996). Thisisnot meant toimply that all food
systems actually result in food security; these
outcomes can be better or worse in differently
structured food systems as a result of shocks and
stressesor because of decisionsmadeby individuals
and households. Food security and food systemsare
highly contested issuesin which social and political
values and concerns play a significant role,
particularly in the eval uation of whether or not food
systems result in food security as defined above
(Ericksen2008). When afood systemfailstodeliver
food security or hasthe potential to do so intheface
of future stress, whether the stress is an economic
shock, institutional failure, actors in conflict, or
environmental change, the system can be
considered to be vulnerable to one or more of the
stresses. In addition to food security, food systems
produce outcomes that contribute to or detract from
ecosystems and the services they provide, income
for many people ranging from agricultural workers
to retailers, and a host of other environmental and
social welfare outcomesimportant to society. Given
that global environmental changeisaffected by food
systemfeedbackstotheecosystem, failuretodeliver
these other outcomes can aso be taken as an
indication of food system vulnerability. Finally,
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food systems operate across levels of management
and analysis. Cross-scale interactions, a topic of
concern to many researchers, are critical to their
function.

| use the term “system” to be comprehensive and
inclusive and to describe interactions and processes
aslinked, but by no means perfectly controllable or
predictable. Research in both the natural and social
sciences uses the idea of a system to explain
complex dynamics, although as Fussel and Klein
(2006) point out, the approach and foci differ. One
can combine the natural science concern with
explaining the dynamics and behavior of acomplex
system with the socia science focus that is more
concerned with explaining the behavior of actors
and the role of information, power, and institutions
(Flussel and Klein 2006).

CONCEPTUAL UNDERSTANDINGS OF
VULNERABILITY FROM SOCIAL AND
ECOSYSTEM SCIENCES

Beforethe current interest in vulnerability to global
environmental change, agricultural economists and
food security analysts developed empirically based
theories explaining food security. There is
consensus that households may become food
insecure through one or morefailuresin threetypes
of entitlements: availability, including the need for
a stable supply of food; access, and utilization
(Maxwell 2001). Availability includes not only the
production of food, but also distribution and
exchange networks. Access comprises affordability,
how well markets function, and whether or not
preferences are met. Utilization includes the
nutritional and social valuesof food, alongwithfood
safety (Appendix 1). Thefood security lens, adopted
in dlightly varied form by most donor and United
Nations agencies, institutionalizes the consensus
about the multiple aspects of food security. This
helps analysts have clearer understanding of the
causes and manifestations of food security,
emphasizing in particular the social and economic
dimensions (Stephen and Downing 2001). A good
deal of research effort has been aimed at moving
beyond environmental determinist explanations of
food security. Thus, athough environmental
stresses contribute to food insecurity, they do so
always in combination with other drivers such as
poverty, conflict, and land tenure constraints
(Devereux 2000, Devereux and Edwards 2004,
Misselhorn 2005). Equally important is the


http://www.ecologyandsociety.org/vol13/iss2/art14/

understanding that food security isonly oneof many
risks that households manage through their
livelihood strategies (e.g., Ellis 2000). Livelihood
strategies are therefore very important for
household food security status.

The burgeoning literature on vulnerability to global
environmental change is driven by a concern for
understanding what potentially unprecedented
ecological and climatic change might do to human
well-being and the integrity and functioning of
ecosystems. It seeks to examine the dynamics of
impacts, aswell as causality, for arange of units of
analysis at various scales.

Socia vulnerability to climate change and other
types of global environmental change is loosely
defined as an inability to cope with external
pressures or change, leading to the potential for an
adverse outcome (O'Brien et al. 2004a, Adger
2006). Any unitof analysis, fromalocal toaregional
or global system, can be socialy vulnerable,
although the processes that drive vulnerability and
the manifestations of vulnerability will vary with
the level of analysis and context. Thus, social
vulnerability will always be highly differentiated.

The most popular generic framework, from the
Third Intergovernmental Panel on Climate Change
Assessment Report (McCarthy etal. 2001), suggests
that vulnerability is a function of exposure,
sensitivity, and coping or adaptive capacity.
Exposure means that a unit must be exposed to a
shock, threat, or stress to be vulnerable to it.
Identifying exposure as a separate component
implies that the potential for harm is only one part
of vulnerability. An important conceptual advance
isthat of double exposure, or theideathat synergies
among multiple dynamic processes of change
combine to cause vulnerability. An environmental
shock or stress may be the trigger that sends people
into a vulnerable state, but other shocks such as a
change in agricultural policy coincide with or
contribute to this underlying vulnerability
(Leichenko and O’'Brien 2002, O'Brien et al.
2004b).

Sengitivity followsexposure. Although everyonein
aplacemay beexposedto astress, for examplelittle
rain, they are not equally likely to experience its
impacts because some are more sensitive than
others. Farmers growing rain-fed maize will be
more sengitive to a drought than those who grow
sorghum because of differences in the crops
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sensitivity to water stress. Sensitivity depends upon
inherent characteristics of both the system and the
shock towhichitisexposed (Ford et a. 2006, Eakin
et al. 2007).

Coping capacity expresses the understanding that
people need more than just access to resources to
be less vulnerable, but also active strategies to
manage resources in the face of risk (Barrett and
Carter 2000). Coping capacity is probably most
meaningful if usedtorepresent short-termresponses
such as selling a cow or reducing the number of
meals to ensure survival in the near future, which
may involve costs such asareduction in assets. The
notion of adaptive capacity implies longer term
changes in behavior and livelihood strategies to
ensure the maintenance of income or food security
for the foreseeabl e futurein theface of changesthat
are yet to come (Berkes and Jolly 2001). It implies
theability totakeactivestepstoreorganizefor better
management (Eakin 2005). Thelinebetween coping
and adaptive capacity is not always clear; however,
coping capacity is best understood in relation to
managing current stresses and is often reactive,
whereas adaptive capacity should refer to the
potential to adapt to future uncertain changes
without increasing vulnerability and is proactive.

A magjor determinant of both coping and adaptive
capacity is access to assets or entitlements (Adger
and Kelly 1999), which stems from the basic
entitlement theory that Sen (1981) used to explain
food insecurity as a function of more than just
availability. Assets range from physical to social
and political. Generaly, people with greater
endowments of resources and the entitlements to
use them fare better in the face of stresses and
shocks. However, there is increasing recognition
that the institutional and policy context is aso
critically important because it frames people's
ability totakeaction (Bohle2001, Ellisand Freeman
2004, Eakin et a. 2007). In addition, vulnerability
is always caused by multiple stressors and is the
product of complex interactions within the system,
as well as those with a given disturbance such as
environmental change. Hence, adaptive capacity
may al so be constrai ned by the need to manage other
stressors.

Adger (2006) summarizes the generic features of
social vulnerability for any system, stating that the
socia vulnerability of a system isafunction of the
resources a system has to use, the distribution of
those resources around the system, and the capacity
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of theinstitutions mediating interactions within the
system. Ultimately, however, the focus of social
vulnerability approachesistheheterogeneoussocial
outcomes, rather than the ecosystem outcomes.

Turning to ecosystem studies, the simplest notion
of ecosystem vulnerability implies that an
ecosystem cannot withstand shocks or stresses
without losing its basic ecological properties and
shifting to a different state. Often, human activities
areassumedtodrivethisvulnerability. For example,
Gritti et a. (2002) classify Mediterranean
ecosystems as vulnerable if the invasion by exotic
species changes the overall species composition so
much that the ecosystem has fundamentally
different properties. Other authorsdefineecosystem
vulnerability in terms of the loss of ecosystem
services (Millennium Ecosystem A ssessment 2003,
Christensen et al. 2004). Ecosystem services are
those that people rely on for food production and
health, as well as those services that ecosystems
requireto sustain themsel ves. Studies such those by
Schroter et a. (1999) and Asner et a. (2005) have
documented the rel ationshi ps between stressorsand
ecosystemresponses. The assumed tension between
ecosystem services and human activities and well-
being isimportant for food systems analysisand is
at the heart of the maor global environmental
assessments such as the Millennium Ecosystem
Assessment and the Global Environmental Outlook.

Holling’ s(1986) theory of adaptive cyclesprovides
an approach that relies on the concept of resilience
instead of vulnerability, although it isrooted in the
same ecological theory and is also focused on the
influence of human management and activities.
Resilience is defined as the capacity to absorb
change without shifting to an altered state with
different properties. Resilience is usually lost
because managerstry to control naturally occurring
fluctuations, rather than alow them to persist, or
because they allow foreign material to enter the
system (Gunderson 2003). The new states, e.g.,
shrub-dominated pasture, dead coral, or turbid lake
water, arethemselvesvery resilient, and it isalmost
always expensive and difficult to get ecosystemsto
switch back to a previous state (Carpenter et al.
2001).

The idea of coupled socia-ecological systems
(SESs) explicitly accommodates the social
mechanisms behind ecosystem management
(Berkes and Folke 1998). The concept of coupled
systems presents ecological and social processes as
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co-evolving and joined, not distinct and separate. A
resilient SES has plenty of buffering capacity and
can absorb disturbances. Usually, slowly changing
variables are responsible for this, especially over
thelong term. Diversity isakey factor for buffering
capacity. A resilient system can also take action,
including restructuring or reorganizing, to respond
to feedbacks, which in an SES depends on how well
sociadl managers understand these feedbacks.
Finally, aresilient system can learn, which means
that past mistakes are incorporated into new
responses and better management (Carpenter et al.
2001, Holling 2001, Deutsch et al. 2003).

The focus on management options and ecosystem
services suggests that a resilience approach would
be useful for food systems because they are highly
managed. The approach maintains that adaptive
management is critical to maintaining system
resilienceand avoiding aflipto an undesirabl e state.
Adaptive management accepts change and
fluctuations as the norm and furthermore as
important for maintaining system resilience
(Gunderson 2003). This theory places a high
premium on learning about systems over time and
adapting management as new phenomena emerge.
Although this theory is helpful in conceptualizing
the interactions between ecologica and social
systems, it ultimately is concerned more with
ecological than socia outcomes, except insofar as
the ecosystem services upon which human well-
being directly depends are affected, for example,
certain natural resource-based livelihood strategies
(Berkes and Jolly 2001, Alcorn et a. 2003).

The studies of Adger (2006), Folke (2006), Nelson
et a. (2007), and Young et a. (2006) all represent
recent efforts to bridge the conceptual differences
between ecosystem and social approaches to
vulnerability studies. Central to this reconciliation
isthe acceptance of theideaof acoupled SES. Both
thesocial and ecol ogical approachestovulnerability
emphasize the heterogeneous or differentiated
distribution of outcomes across time and space.
They also both emphasize the importance of
adaptive capacity in reducing vulnerability.
However, no approach is yet entirely suitable to
holistically evaluate food system vulnerability.
Social vulnerability approaches apply to parts of a
food system, primarily either the actorsor thesocial
welfare and food security outcomes. They are
generally less system-focused than ecological
approaches, so it is difficult to trace connections
among activities, actors, and outcomes, particularly
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feedbacks. Ecological literatureiscomfortablewith
systems and feedbacks, but is weak on the social
drivers and outcomes relative to those for
ecosystems. It also assumes that these are directly
linked and that improvementsin ecosystem services
also improve human well-being. Furthermore, the
ecological literature is less clear about the
desirability of reslient states than the social
literature, in which vulnerability is always viewed
as anegative state.

A challenge for both fields is to identify the
pathways leading to vulnerability. In modern food
systems, these are complex because interactions
cross spatial and temporal scales and the links
between the social and ecological components are
oftenindirect. A shock may not befelt directly, and
conflicts may arise among the outcomes,
complicating the evaluation of food system
vulnerability because one outcome may increase at
the expense of another. Another challengethat food
systems present is that they are a unique form of
coupled SES in that they depend upon ecological
variables for their most basic function, yet they are
largely driven by social processes and policies; this
forces the tensions between human-well being and
ecosystem services to the forefront of food system
assessment.

VULNERABILITY OF FOOD SYSTEMS

A generic diagram to depict the environmenta and
social dimensions of food system vulnerability is
shown in Fig. 1. This explains vulnerability to
environmental change as a function of exposure to
an environmental hazard, which is mediated by
socia factors and institutions, which combine to
determine the adaptive capacity and hence the
overall vulnerability of thefood system (Ingram and
Brklacich 2002). Although this explains generally
how to frame vulnerability, a more detaled
approach is needed to explain the mechanisms and
pathways by which a food system becomes
vulnerable and the implications of vulnerability for
afood system.

There is scattered evidence regarding the
vulnerability of food systems. Although thereis a
rich body of information onfood security outcomes,
much of thisis based on household studies similar
to social vulnerability approaches; seefor example,
Ziervogel et a. (2006) and Devereux and Edwards
(2004) for explicit discussions of climate change
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and householdfood security. Althoughthesestudies
illustrate the strength of household food security
analysisinthat they emphasize both external drivers
such as policies and markets, as well as internal
responses by households in the context of their
livelihood strategies, a food systems approach
requires a focus on food system structure, rather
than household and national policy structures.
Downing (2002) attempts to link indicators of
vulnerability to broader system indicators,; he does
not realy use the notion of a coupled social-
ecological system (SES) that theliteraturereviewed
here suggestsisimportant for food systems. On the
ecosystem science side, there are few studies that
refer to the activitiesin afood system and how they
could be vulnerable to environmental changein the
context of multiple stressors. The exception isfood
production in agricultural and aguaculture systems,
and most of this literature looks only at one or two
stressors and focuses on crop yields (Reilly and
Schimmel pfennig 1999, Fischer et a. 2002, 2005).
Even the analysis of the Millennium Ecosystem
Assessment (Cassman et a. 2005, Wood et a . 2005)
limits most of its discussion to food production
systems and has little discussion about the access
and use dimensions of a food system. A primary
concern for food security outcomes is an analysis
that goes beyond food production systems.

Fraser (2003, 2006, Fraser et al. 2005) borrowsfrom
both social and ecological theories to analyze food
system vulnerability. He looks at both the structure
of food system activitiesand the resultant pattern of
food insecure outcomesfor several historical cases.
Hisresearch highlightskey differences between the
concepts of ecological vulnerability and social
vulnerability when applied to food systems. Social
vulnerability asunderstood by entitlement theory is
most commonly associated with low wealth and
economic or social isolation or weak connections.
This is the opposite for ecological systems as
explained by resilience theory; when they are high
in wealth and connections, they may be most
vulnerableto collapse. The feature common to both
iIs the importance of maintaining diversity to
preserve optionsin acrisis.

Young et al. (2006) discuss the implications of
globalization for coupled SESs, drawing upon
literature on the institutional dimensions of
environmental change, as well as the social and
ecological vulnerability literature summarized here.
Their analysis is highly relevant to food systems.
Key to their understanding of vulnerability is that
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Fig. 1. Food system vulnerability as afunction of the environmental change hazard, exposure, and
adaptive capacity. Source: Ingram and Brklacich (2002).
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adaptation to avoid it requires structural change
within or by a system so that the system does not
lose any of its key functions. This suggests that an
important analytical step is to define these key
functionsinitially to understand what vulnerability
means for a given system. Young et a. (2006)
conclude that in many SESs today, social
complexity has come to replace biophysical
complexity as humans have inserted themselves
more and more into these systems. They highlight
four important impacts of globalization for SESs: it
has increased the connections among disparate
systems; it has increased the speed with which
disturbances and change flow through and between
systems; it has changed the traditional scalar
relationships so that there are now too many cross-
scaleinteractions; and it has significantly decreased
the diversity in SESs. These changes raise serious
guestions about the ability of systems to undergo

the structural changes necessary to adapt to
disturbances, rather than moving into a vulnerable
or less desirable state.

The impacts of globalization are also aconcern for
political-economic and sociological critiques of
food systems such as those of McMichael (2000)
and Hendrickson and Heffernan (2002). These
authors suggest that although very powerful
corporations govern modern food systems, which
are characterized by industrial agricultural
production, factory-based processing, and supermarket-
controlled retail, the systems themselves may be
generally vulnerable to shocks. This vulnerability
arises from the degree of specialization and
homogenization, which can make it difficult to
adjust to changes in preferences or to serve smaller
markets. McMichael (2007) also suggests that the
level of subsidization that affluent diets require in
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terms of energy and global markets threatens their
sustainability.

Sundkvist et al. (2005) maintain that the negative
socia and environmental consequences of food
production result from the current food system
marketing structure in Western countries. This
structure distances consumers from producers and
thus inhibits the recognition of and response to
feedbacks in the food supply chain. They identify
four main trends responsible for this vulnerability:
intensification, specialization, distancing, and
concentration and homogenization. Feedbacks
within the food system can either be masked, i.e.,
not perceived, or disregarded, i.e., perceived but not
acted upon in response. Often this is because the
production takes place at a different point in space
or timefrom consumption, but it al so occursbecause
consumer knowledge of food systems has declined
and there are insufficient institutional mechanisms
within most food systemsto managefeedbacks. The
solutionsthat Sundkvist et al. (2005) propose areto
encourage more localized food production, to
decrease the distance between producers and
consumers, and to improve institutional management
to tighten the feedback loops.

Thelessonsto be drawn from these analyses arethe
following:

1. System structure is important and is best
understood as a function of historical and
current interacting processes;

2. There is a need for outcome-oriented
evaluation criteria to focus on food security,
which isa particular devel opment issue;

3. Adaptivecapacityiscritical toboth socia and
ecological understandings of vulnerability.
Thishighlights human agency and therole of
interventions;

4. As people use resources to meet multiple
objectives, they facetradeoffsin all decisions
and furthermore will usually not adapt
directly to an environmental stressor,
particularly in food systems;

5. Itisimportant to be explicit about the level
and scale of analysis(sensu Cash et a. 2006);

6. Itisnotsufficientto addresseachfood system
activity or outcome separately because the
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vulnerability of a system arises from the
sequencing of certain processesand activities
and the interactions among them (Turner et
al. 2003).

TOWARD AN APPROACH FOR ASSESSING
FOOD SYSTEM VULNERABILITY

I now outline the components of an approach for
understanding how food systems are or might be
vulnerable to globa environmental change. Eakin
and Luers (2006) suggest a series of questions to
hel p resol ve the confusion and compl exity that arise
when trying to integrate social and ecological
approaches to assessing vulnerability. | have
adapted these for food systems as a way of
organizing the necessary tasks for evaluating
vulnerability across a food system (Table 1). The
first step is to clarify the principa functions of a
food system, the parts of the food system that might
be vulnerable to global environmental change
stressors, and perhaps most importantly, what the
evaluation criteria for this will be. In the case of
food systems, | propose that any of the outcomes
can indicate this vulnerability, athough food
security outcomes are presumed to be the most
significant indications of overall system vulnerability
because food security is the principal normative
objective of food systems. However, these
outcomes will be evaluated differently by different
stakeholders and at different levels. This is an
inevitable consequence of theway food systemsare
organized.

The second step is to understand how an
environmental change stress might be transmitted
through a food system because food system
complexity means that impacts may not always be
felt directly. The third step isto define and explain
sources of adaptive capacity in the system. Eakin
and Luers (2006) additionally recommend the
identification of thresholds of change and
indicators, which is aso a challenge for broadly
defined food systems because they integrate so
many components, some of which overlap and may
compete. Fast and slow variablesarevery important
for resilience and are a concern for food systems
because a change in these dynamics is one of the
biggest impacts from globalization. A critical issue
for food systems is that improvements in one
outcome may be at the cost of another, although
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Table 1. Questions to help assess the vulnerability of food systemsto global environmental change.

Vulnerability focus

Food system concern

Evaluation criteria

What are the key functions of the
system?

What is potentially vulnerable?

How isaglobal environmental change
shock or signal transmitted?

What gives the system adaptive
capacity?

Can thresholds of vulnerability be
defined?

Which processes are fast? Which are
dow?

Who are the winners and losers?

Four major activities: production,
processing, distribution, and
consumption

Three categories of outcomes: food
security, social welfare, and
environment

Consumers can be food insecure

The environment can be degraded

The social welfare of both consumers
and agents in the food chain can be
diminished

Food system activities can be disrupted

Shocks can be transmitted over long or
short distances and viafew or many
processes, which may magnify or
diminish their impact. They can be
ignored or masked. Cross-scale
interactions may be particularly
dangerous because they can complicate
outcomes

Specific social, economic, institutional
and ecological components of the
system, i.e., the actors and their
resources, aswell astheir relationship
to one another within the system

Food security outcomes are often
measured against standardized criteria.
The same is attempted for many
ecosystem criteria

Fast disturbances attract attention, but
the slowly changing variables are more
important

Not all food system components will
necessarily improve together

The three outcome categories should
illustrate whether food system activities
are functioning properly

The outcomes are prioritized by social
values or policy goals, and the
prioritization is scale dependent

Food insecurity arises because of aloss
of availability, aloss of access, or alack
of proper use

Biodiversity loss, nutrient cycle
alteration, water pollution, etc.

Income loss, increased inequity,
increased migration, etc.

The food system outcomes should, but
may not, indicate this because of
masking or substitutions among
activities

Anincrease or decreasein system
vulnerability as aresult of the shock.
One or more outcomes may indicate
this vulnerability. Possibly no outcomes
will indicate any vulnerability.

Adaptive capacity is the major
projection against vulnerability

A defined limit isimportant to motivate
policy responses

Resilience usually comes from slowly
changing variables, but rapid changes
can trigger temporary vulnerability.
Thisis scale dependent

Thiswill depend upon socia and
political priorities

Note: Adapted from Eakin and Luers (2006).
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understanding when, where, and how often this
occurs requires empirical investigation. The most
obvious example of thisisthe intensive production
of monoculture crops at the expense of diversity.
Managing these tradeoffs will be a challenge for
adaptation strategies and policy.

Much of the vulnerability and systems literature
suggeststhat processesare critical to understanding
the underlying causes of vulnerability; thus,
researchers propose long-term solutions for
adaptation to ongoing environmental change and
suggest moving beyond outcome-based indicators
(O'Brien et a. 2004a). | propose a preliminary list
of food system characteristics that are part of
processesthat could make afood system vulnerable
inthefaceof ashock or stress, based ontheliterature
reviewed here (Table 2). This can serve as a
checklist for analyzing food systems to identify
warning signs of vulnerability, although the
outcomes of interest will have to be evaluated as
well. However, as for the evauation of the
vulnerability of a food system (Table 1), the
outcomes may not be observed or may be ignored,;
thus, itisalsoimportant to look for theseunderlying
processes as indicators of aproblem.

| am currently working with ateam of researchers
on five case studies of district-level food systems
across the Indo-Gangetic Plain. We use a simple
matrix approach to assess the sensitivity, adaptive
capacity, and vulnerability of food systems, using
food security determinants as the specific units of
analysis. Adaptive capacity is used to highlight a
concern with the ongoing ability to buffer against
future change. | present an example using
preliminary field data gathered for food systemsin
the western Indo-Gangetic Plain (Table 3).

The environmental change stressor is declining
water availability. In thisexample, the food system
outcome of concernisfood utilization, and thefirst
component being analyzed is nutritional value. The
specific characteristics of each determinant are
outcomes of the food system for that site. For
example, the primary protein is lentils. The
sensitivity of lentilsto decreased water availability
during a drought (the hazard) is a function of the
hazard timing and duration, aswell asthe production
process and requirements for lentils. However,
lentils can remain in the diet during a drought
becausethe strong regional market for lentilsmeans
that they are readily available from other areas that
are less affected by drought. Thus, the market
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provides the food system with adaptive capacity,
which in turn reduces the vulnerability of the
primary protein in this diet to drought. However,
food diversity suffers because the local production
of milk ismore sensitive to drought, and milk isnot
available from el sewhere because of weak markets.

In the case of affordability, indicated by household
income, vulnerability depends on the ability to
migrate to find off-farm sources of income.
Allocation, indicated by the price of themain staple
food, whest, is not vulnerable to declining water
availability. Finally, the availability of food from
local production is moderately vulnerable,
depending on whether or not households can afford
toinstall groundwater tubewellsforirrigation. Inall
cases, amix of both local- and regional-level factors
contributes to food system vulnerability, as
expressed for households across a district. Both
indicators (e.g., of food security status) and
processes are used in this analysis.

Taken together, the processes described in Tables
1-3 suggest aninitial approach for identifying food
system vulnerability syndromes (or constellations
of processes with identifiable patterns, Petschel-
Held et al. 1999) to establish a database that might
serve for a metaanaysis of food system
vulnerability. If three sets of key characteristics can
be systematically identified for a sufficient number
of food systems in specific geographic locations
around the world, it should be possible to start to
identify the symptoms of food system vulnerability
syndromes and the key interactionsthat cause these
syndromes. These sets of characteristics are: how a
global environmental change shock or signal is
transmitted through the food system, including the
sequencing of events and the scale of interactions,
how the food system is sensitive to the global
environmental change shock; and the adaptive
capacity of the food system. This could lead to
subsequent work to identify thresholds of change
and to model the interactions among stressors,
attributes, and outcomes, as suggested by Eakin and
L uers (2006), to improvethe genera understanding
of food system vulnerability.

Because food systems incorporate disparate
components and objectives, the approach for
analyzing their vulnerability will have to allow for
multiple expressions with different conceptions of
vulnerability. It is still not clear whether the
vulnerability of one activity or one outcome means
that the whole system for a given location is
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Table 2. Characteristics of food systems that may indicate vulnerability.

Food system characteristic

Potential links to vulnerability in the food system

Heavy reliance on external or distant resources

Low diversity in assets or entitlements

Inequity in either access to resources and/or the
ability to take action to use or increase them

Institutional weaknesses and low institutional
capacity

Inflexible policy

Lack of functioning markets and low levels of
economic activity

Highly specialized production, supply, and
marketing chains

Ignoring slow variables and only responding to

Hard for consumers to react to production problems; more potential for
weak links in the commodity chain

Consumers have few optionsif regular food security entitlements fail;
agricultural production is more susceptible to degradation or
disturbance; the diversity of assets upon which to draw is critical to
social adaptive capacity and ecological resilience

Inequity isasign of social vulnerability

Intitutional capacity is critical to management for both social and
environmental outcomes; weak institutions result in poor management
Adaptation in complex systems requires flexible management

Markets play akey role in food systems and ensure that demand meets
supply; low levels of economic activity constrain access to food

Highly specialized chains have low diversity, which is a key component
for buffering against shocks such as production failures

Ecological resilience depends on slow variables

fast triggers

Cross-scale interactions, including subsidies, that
are poorly understood and lead to uncertainty and
surprise

Insufficient recovery from previous shocks that
have reduced the adaptive capacity

Surprises usually lead to crises; uncertainty can paralyze decisions

When the adaptive capacity is eroded, vulnerability isincreased and
resilience islost when a shock or surprise overwhelms the system

vulnerable because there are two few studies from
which to draw conclusions. Empirical work is
needed to establish patterns for a number of food
systems. Theexamplethat | provided (Table 3) does
not address intrasystem tradeoffs, although it is
possible that gains in protein availability from
lentilscould comeat theexpenseof milk availability
if farmers reorganize their production systems in
responseto thethresat of drought and markets cannot
guaranteetheallocation of milk products. Itislikely
that component vulnerabilities will be unevenly
distributed over space and time, and thereis areal
possibility that these vulnerabilities will contradict
one another. The examplesin Table 3 could occur
for the same food system: one component, e.g.,
primary protein, is resilient in a drought, yet the
other, e.g., dietary diversity, isvulnerable. Another
characteristic of food systems is geographic

heterogeneity, which means that one area may be
food secure at the expense of another. A concern
with equity meansthat food systems are vulnerable
as long as tradeoffs exist between outcomes (Table
2).

Thinking even more broadly, market-oriented,
small-scale agriculture is economically risky for
farmers and many are opting out of it, yet local and
diversified sources of production may offer amore
environmentally sustainable type of agricultural
system. Conversely, if farmers integrate into the
international trade economy and produce crops for
export, thereby earning income to purchase food
and have a broader array of food entitlements, it is
unclear what the implicationsfor food provisioning
will be over the long run as local sources become
less important. It is not yet possible to decide
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Table 3. Example of the components of food system vulnerability to decreased water availability.

Key determinant Determinant characteristics

Sensitivity to water
availability

Adaptive capacity Vulnerability to

water availability

NUTRITIONAL VALUE

Food diversity
of rice and lentils

Primary protein  Lentils are eaten every

day rain
AFFORDABILITY

Household income Agriculture isthe main
source of income

ALLOCATION

Government policy The wheat priceis None
for staplefoods  controlled by the

national government
PRODUCTION

Irrigation availa- Irrigation isfed by
bility surface water

Milk supplementsadiet Cows need 4 months of
rain to produce milk

Lentils need 2 months of

Agricultural earnings
depend on good yieldsand work can be found in
functioning markets

Irrigation quantity declines Tubewell irrigation is

No functioning milk
market to purchase from
when own production fails

High: no ability to
purchase milk

The lentil market functions Low: lentils can be
so that lentils can always  purchased
be bought

Moderate: social and
economic constraints
on migration

When cropsfail, some

towns or farther away

Not applicable Low: not sensitive

Moderate: approxi-
mately half of
households have a
tubewell

costly to install

Note: The exampleisloosely based on unpublished data from the Global Environmental Change and

Food Systems Indo-Gangetic Plain regional project.

whether food systems are more or less vulnerable
to global environmental changeif food is produced
locally thanif consumersrely oninternational trade.
This demonstrates why an approach that links
processes to outcomes and evaluation criteria is
needed.

The answers to these sorts of questions and the
ability to define thresholds of vulnerability require
toolsand datathat go beyond the conceptsdiscussed
here, for example, scenario exercises and a
framework for evaluating adaptation options. The
approach that | outline here, however, provides a
basis for identifying vulnerability across broadly
described food systems.

CONCLUSIONS

Assessing thevulnerability of modern food systems
to the increasing trends of globa environmental
change, much of which is human influenced or
caused, is anot a straightforward task. Thereis as
yet insufficient understanding of what vulnerability
in this particular type of social-ecological system
constitutes. | have tried to highlight the important
key socia dimensions. access to entitlements and
the policy and institutional environment. The key
ecosystem dimensions are diversity and adaptive
managers with appropriate information and
flexibility.
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| suggest that vulnerability will be rooted in the
processes involved in food systems, which are a
product of activities and responses to external and
internal drivers and changes. This anaytical
approach should help in understanding how
vulnerability is expressed in a food system, where
the potential for vulnerability lies, and how
vulnerability will arise or be mitigated by adaptive
capacity. However, empirical research and case
studies are needed to demonstrate whether this
approach is useful for food system management.

| also raise a new research issue. There are still
questions about conceptual clarity, the interpretation
of signals, and the resolution of tradeoffs across
scalesthat need to be answered beforefood systems
and their vulnerability to global environmental
changecan befully understood. Thesetradeoffswill
be resolved differently depending on the socialy
determined evaluation criteria. To have a policy
impact, this approach will benefit from empirical
research contributions aimed at helping decision
makers adapt food systems and enhance food
security in arapidly changing world.

Responsesto this article can be read online at:
http: //www.ecol ogyandsoci ety.org/vol 13/iss2/art14/responses
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APPENDIX 1. What isincluded in afood system? Source: Ericksen (2008).

Food systems are often described as comprising four sets of activities: those involved in food

production, processing and packaging, distribution and retail, and consumption. All encompass social,
economic, political, and environmental processes and dimensions. To analyze the interactions between
global environmental change and food systems, as well as the tradeoffs among food security and
environmental goals, afood system can be more broadly conceived as including the determinants (or
drivers) and outcomes of these activities. The determinants comprise the interactions between and within
biogeophysical and human environments that determine how food system activities are performed.
These activities lead to a number of outcomes, some of which contribute to food security and others that
relate to the environment and other societal concerns. These outcomes are also affected directly by the
determinants.

Food security isthe principal policy objective of afood system. Food security outcomes are described in
terms of three components and their subcomponents: food availability, i.e., production, distribution, and
exchange; food access, i.e., affordability, allocation, and preference; and food use, i.e., nutritional and
social values and safety. Although the food system activities have alarge influence on food security
outcomes, these outcomes are aso determined directly by socio-political and environmental drivers.
These outcomes vary by historical, political, and social context.

To capture these concepts holistically and to alow the analysis of impacts of global environmental
change, adaptations, and feedbacks, afood system must include:

« interactions between and within biogeophysical and human environments that determine food
system activities;

« thefood system activities themselves,

- theoutcomes of the activities, i.e., contributions to food security, environmental security, and
other securities; and

«  other determinants of food security, stemming in part from the interactions, rather than food
system activities directly.
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