GECA

Global Environmental Change

GECAFS Working Paper 2

Conceptualizing Food Systems for Global Environmerat
Change (GEC) Research

P.J. Ericksen

ECI/OUCE, Oxford University

June 2006

GECAFS International Project Office
NERC-Centre for Ecology & Hydrology
Wallingford, UK
www.gecafs.org

GECAFS Working Papers contain preliminary mateaadt research results, and are
circulated prior to full peer review in order toistulate discussion and critical
comment. It is expected that most Working Papdiewentually be published in

some other form, and that their content may alscebesed.



OCoOoO~NO UL WNE

ABSTRACT: Food security is underpinned by foodtegss that encompass all
activities from production through to consumptiéeross the globe there is
mounting evidence that food systems are being umded, with significant but
diverse consequences for food security. Evaludtiegmpact on food systems of
global environmental, economic, social and politdeange requires a comprehensive
and integrated approach. Unfortunately, theresepeificant conceptual gaps in the
theory. The bridge across disciplinary understagsiand world views that needs to
be made in order to comprehensively analyse fostésys has yet to be sufficiently
established. These gaps include: analytical stiparof the production and
consumption sides of the food system; a disconmetgteen understanding household
food security and broader food systems; and dingssemong social and
environmental causal explanations of food secuauity other food system outcomes.
These gaps are compounded by the rapid rate ofjeharfood systems across the
world, which result in highly variable and dynarsituations. An approach to
integrate across these gaps begins with mappirdyggstem activities to the broad
range of social, economic and environmental outsoimevhich they are implicated

in specific places. Only through a holistic andtirecale analysis of these complex
systems in a variety of locations will we achiele integrated and comprehensive
understanding necessary to foster truly resilientifsystems.

KEY TERMS: food security, integrated systems
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Introduction

Food security, defined as whalt people, at all times, have physical and
economic access to sufficient, safe and nutritfoos to meet their dietary needs and
food preferences for an active and healthy life /d/6ood Summit, 1996)s a policy
issue of importance in just about every countrgodrsecurity can be considered as
the principal outcome of food systems, if they @eéned broadly and generically.
The increases in the efficiency and productivityaufd systems have resulted in
remarkable successes around the world in redubmgrevalence of hunger and
improving nutrition. However, these successeshaglowed by serious concerns
about those aspects of the food systems that pos&ts$ to social, economic and
environmental goals and hence undermine food ggcun addition, global
environmental change, in the context of socialitisal and economic changes, may
bring unprecedented stresses to bear on food systechfood security.

Food systems have usually been conceived of ascd aetivities ranging
from production through to consumption. Howevend security is a complex issue
with multiple environmental, social, political ardonomic determinants. A
comprehensive and holistic analysis of how theenirorganization of food
production, processing, distribution and consunmptinderpins food security requires
broadening the concept of a “food system” beyong throse four categories of
activities. A host of economic, social, and enmireental drivers external to those
four groups of activities affect food security asliand the interactions among these
drivers, activities and outcomes are complex.hig paper, | define food systems as
including:

« the interactions between and within biogeophysacal human environments
which determine a set of activities;

* the activities themselves (from production throtglconsumption);
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» outcomes of the activities (contributions to foedwwity, environmental security,
and other securities); and

» other determinants of food security (stemming irt fram the interactions in
bullet one).

Both food systems and food security in th& 2&ntury are fundamentally
characterized by social and economic change. Tihekale the marked
intensification of food production, the tremendguswth of processing and
packaging of food products, concentration in retgiand distribution, and the rising
influence of large numbers of urban consumers.ritiartal concerns have changed
with economic growth and change, as diets haveealtend the influence of disease is
better understood. Additionally, the complicati@mi€nsuring stable access to safe
food are receiving much more attention. Develogalicy to ensure food security is
a tremendous challenge that requires a complexnegrated analytical approach
(Maxwell and Slater 2003).

Adding to these social and economic trends arearosdhat global
environmental change (GEC) may bring unprecedesttadges to food systems,
given the pace at which driving forces are actingd #he scale of human domination
(Vitousek et al. 1997). GEC is defined as “theefétct of the individual and
interactive effects of changes in land use, atmespltomposition, biological
diversity, and climate change” (Walker and Steff€87). GEC and socio-economic
changes are happening simultaneously, and theyatinerapid and complex processes
involving uncertainty and unknown consequencesdddstanding how to manage
food systems in this context of change and uncegt@ioses considerable research
and policy-making challenges. Further complicatimgissue is that impact that food
systems themselves have on the environment, aasiagdriver of global

environmental change and creating feedback loops.
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Purpose of the paper: a framework for research

This paper outlines a structured framework for gitogl the interactions of
food systems with global environmental change aednajor societal outcomes
affected by these interactions: food securitysgstem services, and social welfare.
It describes food systems as coupled social andgical systems (Berkes and Folke
1998), the primary objective of which is to underfmod security, although food
systems also have a number of other social, ecanana environmental outcomes,
and food security is determined by more than jost food is produced, processed
and distributed. Food systems are driven by nlelfigctors, a number of which do
not pertain to food security (Cannon 2002); (PihbEnomson and Vorley 2001).
The concept of a food system --consisting of conepts) actors and interactions --
described here is intended to be applicable toregipn of the world — Northern,
Southern, rich and industrialized, or poor and laggdn terms of economic growth. In
building the framework, the paper explores andisgsizes the disparate literatures on
food systems, food security, and GEC.

The research framework is intended to be usedvelole explanatory
understandings of the consequences of dynamic eharfgod systems for food
security. These understandings can then leadyigested adaptive strategies to
bolster the resilience of food systems in the fBEC. Since the same negative
impact can be averted or lessened with more tharapproach, food systems analysis
needs to identify the various intervention poimd adaptation pathways among
different actors and institutions and at multiptales. In addition, as food systems
themselves are drivers of GEC, and there is coraleont feedbacks resulting from

decisions and actions taken in food systems, Hmadwork should enable analysis
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over multiple time scales using tools such as so@nar computer-based decision
support models to see what the long term consegsesfcactions might be.

The outline of the paper is as follows. | firstiew the trends that have
affected both food systems and food security iemedecades. | then discuss how
the idea of a system has been used in differeniptiises, and why a “systems
approach” is useful for analyzing GEC and food s&gu The remainder of the paper
goes into detail on the proposed conceptual framewehich attempts to integrate
food system activities with their multiple outconeewd feedbacks to drivers of
change. In the conclusion, shortcomings in theetuirconceptualization are outlined,

particularly the complications of spatial and temgbccale.

Modern food systems and the challenges theg pos

The wide ranging literature on “food systems” rdgenultiple perspectives
and a literature that is very much influenced bey/whorld view of the particular author
(Sobal, Khan and Bisogni 1998). For research fedws managing or adapting food
systems to better accommodate environmental andl soncerns, the most useful
conceptualizations are those which describe thenafactivities from production
(‘the field) to consumption (‘the table’), with gexular emphasis on processing and
marketing and the multiple transformations of faloat these entail (Heller and
Keoleian 2003); (Dixon 1999);(Lang and Heasman 20@kannon 2002). However,
most studies fall on one side or the other of @ §aparating producers from
consumers (or supply from demand). The activitesiral to food systems play
critical roles in the lives of both sets of actdrst often policy and other interventions
are aimed at only at one of the two groups. Fangde, agricultural development

studies such as Pingali and Khwaja (2004) analygddod chain in order to identify
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interventions which might increase the value adtiatlsmall holder producers and
rural enterprises can capture for themselves, blyarereasing the economic value of
agriculture for them as a livelihoods strategynd &2004) and others study the food
chain and the tremendous transformations that tekes place in terms of their
implications for consumers and shifts in the com@ion of economic power. Some
of the literature on community food systems trizbring the food supply side
together with consumption in order to tackle testion of how to make food
production and consumption more sustainable egndHckson and Heffernan
(2002). Yet another group of studies focus orrtihe of agricultural growth and
trade in national economic growth (Ruttan 2002)

Regardless of on which side of the supply/ dematationship authors
concentrate, they agree that over the past 50 jeadssystems have transformed
tremendously. Analytically food systems are udgfsgparated into four areas:
production, processing and packaging, distribugéiod retail, and consumption. The
first three are commonly collectively referred tothe “food supply chain”. In the
area of production of raw materials for food, thaon trends have been identified by
Maxwell and Slater (2003); Kennedy et al (2004 aang and Heasman (2004) as:

* intensification of agriculture and productivity gvth due to yield
increases,

e an accompanying narrowing of the genetic pool gomerops and
animals,

« concentration in the control of agricultural inputs

» trend to larger farm sizes with hired labour glbypadccompanied by
increasing fragmentation among marginalized snatdrs,

e anincrease in urban agriculture
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* inability for small farmers to support themselvieotigh agriculture
alone, and

* increased inequity in infrastructure and informatsupply.

Added to these are environmental concerns:

e increased demands on water availability for iriigaiMolden and
Fraiture 2004),

* increase in pollution from agricultural inputs asull loss (Pretty et al.
2005),

* anincrease in industrialized meat production anthpor decline in
fish stocks,

e increases in the use of synthetic inputs and comialeseeds and plant
stock (Wood and Ehui 2005)

* and alarge increase in the energy demands throiti¢jin® food

production sectors (Matson et al. 1997)

Simultaneously, farming is no longer the dominartr®mic activity in the
overall food system (Lang and Heasman 2004); (Hekslvn and Heffernan, 2002).
For example, there has been a huge increase iné\alded” activities in the second
area, that of processing and packaging of raw maégento processed foods. The
major characteristics of the processing and packggibsystem are (summarizing
(Vorley 2001); (Page and Slater 2004; Reardon, &gprd and Farrington 2002) :

e an overall increased commoditisation of raw make(i@ore prepared
foods);

* high levels of specialization in tasks,
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e an emphasis on standard but exacting requirementaw foods
(shape, size, color) to meet processing requiresnent
* anincrease in the energy resources used, and
e increased attention to meeting consumer ‘demarmdgdrticular
products.
As these activities have increased, there hasineegasing concentration up and
down the food supply chain (vertical integraticag,the same corporations buy up
companies involved in different aspects of procesaind packaging, or form
partnerships with one another (Hendrickson andétieéin 2002); (Boehlji, Hofing
and Schroeder 1999).

The third area of activities is distribution anthik the networks for which
have expanded greatly as markets have globalizétransportation routes have
improved and extended. Food now travels very ltistances (Pretty et al. 2005) as
suppliers can source a vast range of goods froomdrthe world so that consumers
have access to a variety of cheap goods. Thisgr&a&ndously increased the carbon
costs of food. In principle, global trade increasespetition among producers,
although in many places market failures preventipcers and consumers from taking
advantage of these opportunities. The role andoeumf supermarkets is rapidly
increasing, although with considerable vertical hodzontal concentration among
the major owners (Reardon, Berdegue and Farring@0R2); (Lang and Heasman
2004), which is a trend for the retail sector aghale. Again, this trend decreases the
importance of food production overall in the fogdtem, as the retail sector has
expanded so considerably and become an importantesof profit. It also increases
the gap between consumers and producers. Fiaalgrtising now plays a huge role

in the retail sector, as consumers are faced vattiniy to differentiate among similar
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brands on the basis of a few characteristics; bation of consumer demand is a
competitive industry e.g. Gallo (1999)

Fourth, there have been similarly significant clesg how food is
consumed. In general, food prices have continoe®crease globally. This benefit
has not been felt in poorer and more remote aheaggever. Growth in incomes has
caused a world-wide dietary transition to more nfe@h a concomitant rise in
demand for grain production), dairy, sugars ansl lmilt there is a simultaneous
growth in nutrition concerns about malnutritionsmme places and obesity in others,
so that there is inequitable distribution of thalgy as well as quantity of food, and
negative consequences from multiple eating patt@opkin 2004). This is
exacerbated by the growth in urbanization and alladipn which relies almost
completely on purchasing food (Kennedy, Nantel &hdtty 2004). Food
contamination scares have increased because bé#wy levels of pesticides used to
grow fruits and vegetables, the dangers of indal&ted meat production and disease
such as BSE spreading quickly (IFPRI 2003); (Dragvet Green 2002). The
increase in GMOs has also caused widespread coaecerrheir potential human
health consequences.

This is a generalization of global trends, bullitstrates the multiple actors
involved in food systems, the broad array of envinent and social interactions

encompassed in food systems, and the multipleypohallenges posed.

Food security trends
Society still faces a number and range of fooddnse situations, with famine
as the most extreme case. Most often food seaarégalyzed in terms of why

people do not have it-- i.e. they are hungry ommoatished. The nature of food
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insecurity has shifted fundamentally in thé'2&ntury (Devereux 2000). With a
greater understanding of the social causes, itaapgkat famine mortality has
declined just about everywhere, and famine hapdeared except from the Horn of
Africa, the Sahel and North Korea. (The permanearidhis is not yet established and
environmental change may increase this risk in maftgreas.) Growth in incomes
and agricultural productivity, and improvementsnarket functioning, along with
political will to intervene to prevent famines, hagproved food security for many in
Asia and Latin America. However, there are sigtigbutional inequities throughout
most regions of the world which mean that differgrtups do not have the same food
security status. In Latin America and the Carilsh@@comes have risen in the past
307 years and aggregate food security has imprdnvadever there are still
considerable distributional inequities and pockétod insecurity — e.g. Haiti,
indigenous communities in Guatemala, and consideieas of Nicaragua (Corral,
Winters and Gordillo 2000). In Asia the situatisrsimilar, as food insecurity on a
large scale has been eradicated (although iegiii$ in pockets); notably, political
will has been as important as economic growth énddise of India and recently
Bangladesh (Deveraux 2000), (Dorosh 2001), (Tim20&4).

In Sub-Saharan Africa food insecurity still persjgshe major causes are more
than only the impacts of natural hazards or steesgeh as droughts (Deveraux and
Maxwell, 2001). Economic factors such as mark#dras and poverty contribute,
along with political instability and institutionaleakness, and conflicts play a large
role, so that now food security crises are rougivewed as ‘complex’ (Deveraux
2000). For example, the continuing food insecuntgouthern Niger, although due in
part to local crop failures on farms that are to@h, can not be easily ameliorated

because the chronically poor population has nonrecto buy food, which fetches

11
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high prices in neighbouring Nigeria (Clay 2005heTsouthern African drought of
2002-3 triggered local food shortages, but a coatimn of political, social and
economic factors prevented market and other meshmnirom getting the available

food to people who needed it (FFSSA 2004).

Food security analysis: from availability to aceesnd utilization

Methodologically, the analytical literature expliaig food security has
evolved since the late 1970s from a focus on natifmod production and stocks (or
the supply of food), which emphasized availabledfeapply at aggregate levels, to a
more nuanced and individual-focused approach, wénsphasizes access to food
along with consumption patterns and preferencesthar words, the demand for food
is now considered as very important (Maxwell 2000nhe methodological note is
that much of the current understanding of why spexple are food insecure has
been gained from micro- or household level studrespntrast to a broad systems
approach.

Amartya Sen ((1981); (Dreze and Sen 1989)) is usally credited with
establishing the importance of access to foodpas®ed to only availability, as
critical to food security. Sen’s explanation thatividuals have bundles of
entitlements, or resources, among which they cahange and substitute, helped to
analytically frame the notion that access to fo@s & major determinant of food
security. Access is determined by how well peaple convert their various
financial, political, and other assets into foodhether produced or purchased. This
insight explains inequity in food distribution aaliocation, based upon income,
political and social power. Thus although a copstrch as India may have ample

food stocks, numbers of people are still food insedecause of poverty, low caste

12
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status, inadequate market access, gender andtage, @her words, they have less
access to food than do other groups (Maxwell and5h992); (ODI 2001). The
tremendous growth of urban areas has also spumeddhfor a different view of food
security, with an emphasis on access and incorsasceeasing numbers of people do
not grow their own food, and are in fact quite reeubfrom the production process
(Ruel et al. 1998).

Field studies have additionally contributed insgyimto the temporal
dimension of food security, so that transitory faeskecurity (seasonal or one event
only) is viewed quite differently from chronic (Igrierm) in terms of both its causes
and the solutions. Thus stability is also an inguair part of food security, and
seasonal variability in either food supply or inemould be considered a potential
indicator of insecure food status if trend levebrevalready low. Additionally, the
impact of multiple seasonal shocks can build ug tiwee so that households never
have time to recover (Maxwell and Smith, 1992);(Btr Holden and Clay 2004);

(Le Sage and Majid 2002).

Including utilization:

The public health emphasis on nutritional outcomes further amplified the
food security framework by adding the idea of métion as important for food
security. . This view highlights age, health amkdse influences on how the human
body can utilize food and its needs for differeatrients, calories and protein (Young
2001); (Pelletier, 2002; (Bank 2006). Utilizatismaffected by poor hygiene, food
preferences and the physiological condition affectood absorption. Although
overall hunger levels have decreased, micronutdefitiency is still a large issue in

India, for example (von Braun 2005). HIV/AIDS feetlatest and most devastating
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disease to affect nutritional outcomes, as resdaaslshown that malnutrition can
exacerbate the progress of HIV-related infectiamsl that HIV-infected persons
require more calories and nutrients to sustain tfi¢addad and Gillespie 2001).

In addition, the danger of contaminated food i®getzed, as it affects health
and nutritional outcomes (World Bank 2006). Cortation can come from multiple
factors ranging from washing with dirty water tongsspoiled fish to introducing
diseases into food as a consequence of moderngiraalpractices, as with BSE and
beef in Europe. Furthermore, modern food prangdsas resulted in less healthy
foods which, although increasingly popular, confats, added chemicals, and high
levels of salt and sugar (Popkin 2004)

A result of the diet transition that occurs witlogth in incomes, the advent of
modern processed foods and increased urbaniz#t®aangerous impacts of obesity
and bad diets have introduced a different set titrmnal concerns (Popkin 2004).
With this interest in the health outcomes of folmthd security becomes a concept that
applies to a multitude of consumers in wealthiamtdes. Some authors refer to
“food poverty” to describe the low quality food dable to groups with lower socio-
economic status in developed economies; the mddethsystem has resulted in new

but serious inequities of food availability and ess ((Wrigley 2002);(Dowler 2004).

Beyond food security to livelihoods

The development of the livelihoods approach togptyvand vulnerability
studies has further altered views on food secufltye most important point is the
recognition that households have multiple objestiveyond achieving and
maintaining food security (Swift and Hamilton 20049 they may go hungry but

preserve other household assets. Secondly, in plaogs agriculture is not the
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primary income generator for rural householdsfioitiple reasons. So the
contribution of agriculture to food security must ¢ritically examined. Often people
buffer themselves against food and income failbgediversifying out of agricultural
production on their own farms (Ellis 2000),(Brycest000). Remittances from
relatives working in urban areas, or wages receiged/orking on someone else’s
farm or in a nearby business are becoming more fitaposources of household
income. A third contribution of the livelihoods appch is the view of the natural
resource base as an asset on which people depatheifcsurvival, just like financial,
social or physical assets. This acknowledgesthtigaenvironment does more than just
produce food for people; it is also a source obme and a buffer against a variety of
biophysical and social/ economic shocks (Scoon88)19This offers potential for
seeking a balance among overcoming constraintpamedcting assets, or achieving
sustainability (Moorhead and Wolmer, 2001), as otapitals can be substituted for
natural capital, or natural capital can be usesbfaport livelihoods in a variety of
ways (Ellis and Allison 2004).

Research from the LADDER project (http://www.od@Lae.uk/ladder/), the
IDS SLSA project (http://www.ids.ac.uk/ids/knotmpcts/slsa/), and the Livelihoods
Options project (http://www.odi.org.uk/Livelihoodgns/default.htm) all highlight a
fourth important contribution of the livelihoods@pach, which is that the results
people are able to obtain from using the variogg@sat their disposal are mediated
by the policy and institutional environment arouhdm. Institutions at multiple
levels either constrain or foster household livadith strategies, and thus food security
outcomes, often unintentionally (Swift and Hamil@®01). For example, in spite of
decentralization being a stated policy objectivénatia, much of southern Africa, and

East Africa, the process can still result in loglges maintaining or increasing their
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control over important resources such as watelar| preventing poorer or more
marginalized groups from obtaining access and byedeversifying or strengthening
their livelihood and food security strategies.

In conclusion, the pressing issues pertaining ¢al foroduction and food
security today have to do with food systems, en@ssing a range of economic and
environmental and social features that are undeggapid change (Maxwell and
Slater 2004; Lang and Heasman 2004). Some of #jerrirends which have shifted
during the transition from traditional to modermdbsystems are summarized in
Table 1. On the supply side, raw food materialdengo many transformations and
travel long distances before they reach retail etark Although food insecurity
persists in critical areas, globally dietary comsefiocus less on under-nutrition and
more on obesity and food safety. Income is the@ry determinant of consumption
and food security status, although distributionaluities are also important.
Overall, food systems have become increasinglyaliondd, interconnected and
complex. Hence their interactions with environnaéohange are not straight-

forward.

Understanding Global Environmental Change andrntsiiactions with food system
performance

GEC encompasses changes in the biogeophysicabanwent caused naturally or
caused (or strongly influenced) by human activiti#aese may manifest at the global
scale or occur locally but be so widespread they Hre a global phenomenon
(GECAFS 2005). Examples include phenomena suchasges in vegetation
species in a savannah system due to grazing peeasdrthe absence of fire (Walker

and Abel 2002), changes in atmospheric compositam the release of greenhouse
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gases and the consequences of these such as atcteaperatures (Walker and
Steffen 1997), variability in precipitation cycldse to the ENSO phenomenon and
other regional patterns (Conway et al. 2005), &edntodifications to surface
hydrology resulting from the establishment of iatign systems, dams and other
modifications to river flow (Steffen et al. 2003)T'hus food systems are themselves a
driver of global environmental change (Wood andiE005) and the future trends in
food systems are a concern for ecosystems, patigw@s demand for food is
expected to increase, with increases in incomegapdlations.

A key notion in GEC research is that changes irsgstem drivers will have
consequences for the services that any given eewmsysan then provide, both for its
own maintenance and for services such as food gioowng that contribute directly to
human well-being (DeFries, Foley and Asner 20(M)tlennium Ecosystem 2003).
For example, mangroves may be cut down to makefardish farms. While this
enhances the food provisioning service of the eébasbsystem, it removes the other
ecosystem services of flood control and breediogmus for native fish species that
mangroves provide. Thus trends in GEC and ecasységvices have important
implications for the performance of food systems.

With these considerations in mind, the full phenonoreof GEC and its
consequences for food systems can only be undergta@ look at the interactions
between humans and the biophysical environmentgg@onses the social and
biophysical systems make in reaction to one anp#mel the iterative feedbacks that
these same responses cause.

For example, with respect to food production, réstumdies (Geist et al.
2005), (Wood, Sebastian and Scherr 2000), (Woodsdma 2005)agree that land use

modification for food production has significantdanwide-spread impact on
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ecosystem functioning, biodiversity, and atmosgheomposition (Walker and
Steffen 1997). Much of this impact has been nggat.g biodiversity losses have
been recorded from land conversion; water avaitgtahd access have been heavily
modified for agricultural use; intensive agriculilipractices have polluted water and
soils; human activities have introduced invasivecsgs(Wood and Ehui 2005);
(DeFries, Asner and Houghton 2005). Additionddyd use modification and
intensive agricultural practices have been linke@HG emissions (Walker and
Steffen 1997). There is also evidence that lotgren changes have led to
productivity declines in multiple food productiopssems; for example, losses due to
soil erosion, loss of forest cover, decline in pesiguality and availability, water
scarcity, and declines in fish stocks.

These combined impacts have raised questions iteuai regions about the
ability to maintain agricultural productivity, whHiamay have food security
consequences as in many places people still relgaatly produced food rather than
internationally traded food(Wood and Ehui 2005)I téends indicate that food
consumption levels (overall and per capita) wilrease, as they have been over the
past 50 years, so the question of how sustainbbketincreases in productivity can
be is significant (Ruttan 1999). However, moststs of the impact of GEC,
particularly climate change, have only looked atplotential consequences for crop
production, e.g.(Fischer, Shah and Velthuizen 2002)

This paper relies upon a framework of food systanikeir broader context which
uses drivers and outcomes, which is cyclical, ahetkvincludes feedbacks and
interactions of more than one driver (see Figude Tais approach inherently accepts
that ecosystems are managed for human benefiseira services emphasized (e.g.

food production) at the cost of another (e.g. ciater for fish). It adopts the idea

18



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

behind adaptive management that an appropriateeptural framework e.g.(Holling
and Meffe 1996); Berkes and Folke 1998) will leacéppropriate decisions. It
therefore considers food security and a sustairebl@onment as important and

worthwhile societal goals which food systems affaghificantly.

The value of a “systems” approach for applied resba

There is a tradition in both the social and biojtslssciences of using the
concept of aystento help in addressing complex problems with mediirsality
(both environmental and social) which result frarteractions among components
which are interdependent. Often, there is more tiree route to an outcome within a
system. Another element of a systems approadtaidiie system of interest can be
assessed in the broader context or environmenhichwt is found, and the impact of
changes in these broader environments can be evedidt the scale of analysis
(Aronson 1996). Finally, systems approaches camlalp in understanding the
critical factors that lead to particular outcomeshe interactions that govern a
specific behaviour of interest (Kassa and Gibbodx20 Others maintain that systems
approaches help to understand complexity becais@assible to identify a small
number of key controlling processes, which allowstsgns to “self-organize” and
hence be adaptive and flexible (Holling 2001).

An advantage of framing food systems with this apph is that one can treat
them as generic entities with the primary object¥groviding food security. The
basic categories of activities and outcomes aresdhge everywhere, but the specific
contexts, e.g. market-driven, subsistence, impaseH, etc., determine whether or not

food security for all is equitably and compreheegnachieved and how.
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The understanding of a food system elaboratedisnptper lends itself to a
“systems” approach as described by (Ison, Maitery@arr 1997), in that it is a
“problem-determined system” rather than a “systeatesmined problem”. In
developing the idea of food systems as complexrbgeneous over space and time
and replete with non-linear feedbacks, the intenisdbe fully inter-disciplinary,
aiming for marriage of natural and social scieaki to that suggested by (Scoones
1999) in which he argues that the focus of “newdlegy concerns itself with history,
variability, complexity and uncertainty, just ag thest social science and policy
analyses also do. Thus the paper aims to bring morlogical understanding into the

social explanations of food system performance,\acelversa.

Systems approaches in the ecological and socehlitire

In the field of ecology, the conceptualization ofAhecological systems
function has evolved from a static equilibrium viewa view in which adaptive
cycles, non-linear dynamics and inevitable surpaigecritical (Holling,
2001),(Carpenter et al. 2001). This view embraeemtion and complexity as
inherent to ecological systems and, in fact, aont@mt components for maintaining
ecosystem integrity or functioning (this is resilie) in spite of unexpected or large
shocks (Holling and Meffe 1996). Much of the reshan this area has been aimed at
understanding the critical slow processes at whmlrern the phases of ecosystem
change, and how although systems go through fl(cketirbance then recovery),
they are (or are not) able to maintain the basictions and deliver the same
ecosystem services (Gunderson and Holling 2002).

The farming systems research (FSR) approach watdempt to place

agriculture in its broader context and recognigednnections to the surrounding
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biophysical, social and economic environment a$ agethe interactions among
farms, outputs and the farmers who managed thethr{€m 2001). The
development of agroecology furthered this by resitdicing the importance of
ecological dynamics into the understanding of adtical production systems
(Francis et al. 2003). The Integrated Naturaldrese Management paradigm placed
agriculture into an even broader environmental @arénd recognizes agriculture as
one of a range of ways to manage ecosystems toesti®ir beneficial services.
Consequently natural resources are recognizedoaglprg multiple functions and
services to managers, who themselves have mudjgaés. For example, food
production relies on managing natural capital foe specific service — food -
however this is in a context where there are afleenands on natural capital, and
farmers and the environment are diverse (Izac amdigz 2001).

To understand modern food systems, which includehnmaiiore than
agricultural production, economics is paramoufbr the study of macro-economics,
economies are often envisioned as systems whichb@aypen or closed, depending
upon how much trade and exchange they have wittr @tonomies. As trade
among nations has grown, an understanding of swpumlydemand and
interdependence between them introduced lots @hhsto the economic
dimensions of food markets (Jayne and Jones 1997 understanding of how
domestic and international markets are linked, leol changes in trade policy
interact with other institutions and policies affag rural livelihoods is key to studies
on the impact of trade liberalization for food setyuoutcomes (Imber, Morrison and
Thompson 2003);(Stevens, Devereaux and Kennan 2003)

In the late 1980s, critical writings from rural s@ogists about the political

economy of food production fostered the concep@ ‘ddod system’ as a political,
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economic and social structure (Lang and Heasma#)Z0ixon 1999);(Fine,
Heasman and Wright 1996). These studies analgzedhnections and interactions
among components of the food supply chain to utaedsthe consequences for the
farmers at one end of the supply chain. The siraaf policy and economic factors
and regulations are highlighted, as are the alwlityey actors and networks to shape
the food system. This work highlights concernsutlboe concentration of corporate
power in agriculture and food production, and thetiple factors other than the
provision of healthy and affordable food that drikie food business, particularly the
drive for financial profits. Much of the recent #ohas been driven by the search for
alternatives to globalized food systems becausemterns about their
environmental, social and economic consequencest the local level (Hendrickson
and Heffernan 2002).

The notion of agricultural systems as both soaial @cological (or coupled) is
therefore not new. (Folke 2002); (Berkes and &di€98)describe coupled social-
ecological systems as co-evolved, with mutuallyeshelent and interacting social and
ecological components. This is also a promisingl@héor food systems, as Norgaard
(1984) first described of agricultural systems @geolved social and ecological
systems. The more recent take on co-evolved edupistems has spawned

considerable research efforts by the Resiliencede (www.resilience.orpjand

recommendations for analysis. Critical points #pproach are: analyzing the
patterns of interaction that produce outcomes;geizing the continual occurrence of
feedbacks as critical for adaptation and dynanaing; acknowledging that uncertainty
and surprise are the norm, so one is always magagicontext of change.

In the notion of systems as used above, | do nann@ imply that every

outcome in the world is governed by macro-levedtouctural features. Individuals
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also can make a difference and actors affect chédmmgagh their agency, or maintain
certain institutions by their actions. In compbystems there is an interplay between
structure, which is usually at a broader or maexwel, and agency, which is local or
micro level (Clark 1998). Thus although institutsoand structures govern people’s
actions, the structures are also modified over aa result of individual actions
(Leach, Mearns and Scoones 1999). This evolutighinking (known as
structuration) about social systems has allowedherecognition of important
heterogeneity among households, communities, atdutions themselves. This
ability to allow for and accommodate differencescagnindividuals at the micro-level
Is an important link to much of the more receneegsh on food security which is

household level.

A food systems framework for GEC research

A conceptual framework of a food system suitableG&C research is shown
in figure 1 b. This framework is intended to allfav a comprehensive analysis of the
interactions among broadly defined food systemsghoioial environmental change, in
the context of socio-economic and policy chandgencludes the major activities and
actors involved in food systems, as well as thigcatiprocesses and factors
influencing the social and environmental outconied are also part of a food system.
A central notion to this framework is that the pairy outcome of any generic food
system is food security, although in specific catgdood security may not be
achieved because actors have multiple objectiveteoe are market and other
institutional failures, etc. This framework linktge production and consumption sides
of food systems, as described by Dixon (1999) aelleHand Keoleian (2003). To

incorporate the full range of issues discussedtaritst part of the paper, the
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framework also incorporates food system outcomatsdfiect the natural resource
base, and that contribute to other social capitatsecurities such as income,
employment, and health. Often decision makersudtiple levels have to choose
among different outcomes, as they may not all hakygor simultaneously feasible.
These choices or “tradeoffs” can be quite acute.

The framework separates activities from outcomete gxplicitly. This
allows recognition of key determinants of food s@gwutcomes that are not directly
linked to food system activities, although they naégo be influenced by them—for
example, income, which could enter the systemdrs/ang force or as one outcome
of food system activities for those involved demgtiabour or financial capital to
them. This distinction among the activities anttomes also enables a close look at
interactions among the multiple drivers that infloe food systems—i.e. none of the
outcomes is caused by only one driver.

By breaking down the food system into componemtd,then trying to
identify the major determinants of those compon€otsa given location), | hope to
facilitate analysis of whether, when, where, and laagiven shock or trend might be
affecting one or more parts of the food systemis bhilds upon the idea that within
complex systems it is possible to identify key msses and determinants that control
outcomes. Approaches to complex systems suctoas thscussed in (Geist et al.
2005) and (Walker et al. 2002) also maintain thiegt possible to identify these key
processes through the rigorous analysis of caskestu Including the activities and
the outcomes as part of the system also enablesstadding of how the whole food
system interacts to create vulnerabilities to GE@ays that one might not see if you
only evaluated the components separately. Thsalows the identification of

options to buffer against or mitigate the impadtshmcks.
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A brief description of the food system componentkivs.

The food system activities

The food system activities are grouped into fouegaries: producing food,
processing and packaging food, distributing andiliety food, and consuming food.
For the most part, different actors are involved@ach of the four categories (Dixon
1999; Cannon 2002). The distinctions are blurrhmayyever, as more integration of
control and ownership is happening among procespanxkaging and retailing actors,
so the same actors are key to multiple food systetities (Sundkvist, Milestad and
Jansson 2005). There is a substantial literatesertbing the first three categories as
constituting théood supply chainand discussion of the profit margins to be exptbi
at the different stages.

Producingfood includes all activities involved the prodactiof the raw food
materials. These range from the process of obigimiputs such as land and labour,
preparing land, breeding animals, planting cropshaaining young animal stock,
caring for the growing food material (including wiggy, thinning, fattening,
vaccinating, etc), and then harvesting (includinigl foods) or slaughtering it. A
variety of social, economic, physical and biologfe&tors determine these activities,
from land quality to climate conditions, land teeumput prices, agricultural or
harvest technology and government subsidy prowssiotended to protect or promote
production. Key actors include farmers, huntashermen, the multiple suppliers of
production inputs including agricultural laboureaiad land owners.

Processing and packagifmpd includes the various transformations that the

raw food material (vegetable, fruit, animal) underg before it is sent to the retall

market for sale. All of these activities “add \&luo the raw material in an economic
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sense, but these activities may also significaaitlyr the appearance, storage life,
nutritional value, and content of the raw materidtor example, wheat undergoes
extensive processing and packaging before it besdomead. Increasingly the dairy
industry involves much more processing and packgpgirraw milk (Reardon,
Berdegue and Farrington 2002). The determinantisesle activities are quite
different from those pertaining to producing foadd involve a different set of actors
and motives, although the trend is for consolidattwoughout the commercial food
sector. The exception to this are the regulatodids established to control quality
and safety. However, many of the standards ghisrsector are privately
determined, raising concerns about safety andheatcomes (Vorley, 2001),
Reardon et al 2002). The key actors are the mmeh who buy from producers and
sell to processors; the owners and managers oépsowy and packaging plants; trade
organizations that set standards.

Distributing and retailindood includes all activities involved in movingeth

food from one place to another and marketing ithdugh they are grouped together
here, distribution and retailing do not always gmdhin hand. Distribution is heavily
influenced by transportation infrastructure, tragigulations, and storage
requirements. Government redistribution or tranpfegrams such as food stamps
also influence this. Retail is increasingly intheed by how markets are organized,
where they are located, and what sort of niche@mpum category the product may
fitin to (e.g. Reardon et al 2002). Advertisisgai significant activity under retailing
(Millstone and Lang 2003). Key actors in distribatand retail are supermarket
owners, the transportation sector, government tniessthat regulate markets, and a
range of middlemen who go between the processarparkagers and the final

markets.
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Consumingood involves everything from deciding what toes# through to
preparing, eating and digesting food. Prices arg influential, as are income levels,
cultural traditions or preferences, social valweijcation and health status. As diets
globalize and the food system globalizes, the erftte of advertising and the structure
of the food supply chain also have a large infléeoe what people choose to eat.

The primary actors are consumers themselves.

The food system outcomes and their determinants:

The food security outcomes are highlighted in di@tahe framework in
figure 1b. The three major categories of food ggcdeterminants are access,
availability and utilization, as described by FAGtdmoulis and Zezza 2003),
Maxwell and Smith (1992) and Devereaux and Max{fD1) and USAID (e.g. see
http://www.fantaproject.org/focus/foodsecurity.shtmrhe analysis can be made for
any unit of analysis, from an individual to a nati&ood availabilityrefers to the
amount, type and quality of food a unit has atlisposal to consume. It may be
produced locally, imported, or reflect a changstocks. Availability may vary
seasonally or by geographic location, as well hest of other biogeophysical and
socioeconomic factors. Accessfood refers to ability of a unit to obtain assdo
the type, quality, and quantity of food they requiFood utilisatiomefers to
individual or household capacity (including straésy to consume and benefit from
food. This includes how and why it is selected prepared and utilized by the body,
as well as the social value food has in societgchbof these can be further broken

down as follows.
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Food Availability

Three categories of determinants — productiastridution, and exchange —

contribute to food availability. Although famitigto many food security analysts,

they have been modified slightly to fit the agenfldescribing a food system

holistically.

Production= how much and which types of food consumed (bivan unit)
are available through local production. The deteamts of availability from
local production include seed varieties, land haidsizes, resource tenancy
arrangements, irrigation availability, cropping leydabour availability,
human capital, energy sources, input and outpaégyiavailable and adopted
technologies, and the control local producers ltawez their own products.
Distribution = how food for consumption is made available (jtglty
moved), in what form, when and to whom. The debeamis of distribution
include transportation and infrastructure, pubditesy nets, storage facilities,
availability of post-harvest processing, goverma(pmower distribution,
corruption, whether food has worth beyond consuomptisecurity, and the
enforcement of trade barriers and borders (regiandlinternational).
Exchange= How much of the available food is obtained tlyiloexchange
mechanisms such as barter, trade, purchase, @&. |d2gterminants of
exchange include income levels and purchasing panfermal social
arrangements for barter, local customs for giving eeceiving gifts,
migration, gender and age structure, markets, tefrtrade, currency value,

and subsidies.
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Access to food:

Three groups of determinants contribute to acciéisgiof food: affordability,

allocation, and preference.

Affordability = the purchasing power of households or commuigéative to
the price of food. The determinants of affordapiinclude pricing policies
and mechanisms, seasonal and geographical vagatigrice, local prices
relative to external prices, the form in which heluslds are paid, income and
wealth levels.

Allocation = the mechanisms governing when, where and how ¢daade
accessed by consumers. Markets are a key deternahBood allocation;
government policies often are designed to correaket failures by allocating
food to remote areas or at lower prices. Socipitab(as a function of age,
class, gender) influences informal allocation psses (e.g., within
households), while at a broader scale social/ipalitapital in urban areas
influences where supermarkets are located. Batialsand political capital
influence rules for fishing, hunting and gatheringural communities.
Preference= social or cultural norms and values that infkeenonsumer
demand for certain types of food. Determinants bmayeligion, season,
advertising, preparation requirements, human dapéistes, customs, and

female labour force participation.

Utilization:

The three elements of food utilisation are nutniéibvalue, social value, and food

safety.
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¢ Nutritional value= how much of the daily requirements of calongsgmins,

protein, and micronutrients are provided by thedfpeople consume. Both
over and under nutrition are issues (e.g. WorldkB2006). Determinants of
nutritional value include diversity of food consuinéype of primary protein
(animal or vegetable), disease incidence (whicectsffood absorption),
education, facilities for cooking and preparingdpaccess to clean water, and
hygiene practices (Sobal et al 1998), (Pelleti€¥2{Haddad and Gillespie
2001)

» Social value= all of the social and cultural aspects of constom, for
example, eating meals together may be an impagpmof kinship, or it may
be very important to always have food for guestspecial foods may be an
integral part of important holidays. In some pk&eating locally or
organically produced food is highly valued (e.g 8iow Food movement).
Understanding the determinants of social valueiregunsight into the
community and household relations, as well as riltustoms (Dixon 1999,
see also Lang and Heasman 2004).

» Food safety this is the dangers introduced from the additbohemicals
during production, processing and packaging, and-fworne diseases such as
salmonella and CJD. The main determinants ofareshe procedures and
standards and regulations (or lack of) for fooddpiaiion, processing and
packaging.

An example of using these concepts to identifyitgortant determinants of access
to food and relate them to the broader food systeshown in Table 2. Here the
determinants are in many cases a direct outconfead system activities, such as

production and distribution, but in other casesdéerminants are external to the
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food system activities, or linked to environmemabther social outcomes such as

income.

Other food system outcomes

In addition to food security, food system acti\gtizave environmental
outcomes, and food security itself is determinepart by environmental factors
independent of the food system activities. Theceptual framework in Figure 2
includes not only the physical stocks of naturalitzd but also ecosystem services,
under the heading of “Environmental capital”. Nat capital ‘comprises the land,
water and biological resources’ that people usedoious activities (Ellis 2000, p
32). Ecosystem services are the benefits peopéerofoom ecosystems. They
include provisioning, regulating, supporting andtwal services (Millennium
Ecosystem 2003). Both natural capital and ecosysgzvices are inherent initially to
any ecosystem, but they are then modified over.time

The determinants of natural capital are largeljugriced by the location and
geographic endowments; for example tropical foregithave high levels of species
diversity but low levels of soil carbon and nutt&rin comparison to temperate
grasslands. However, beyond the endowments ace pmanagement by people
largely determines how much of that natural capstahaintained. Similarly,
ecosystem services are a function of both geograptynmanagement. Thus pasture
management, which often involves not only contngjlgrazing patterns but also
controlled burning, can result in the predominaoic&oody shrubs rather than grassy
rangelands, despite the initial or “natural” vegieta In a pasture system, the
incentives to manage for one outcome (grass fonals) rather than the other (woody

shrubs) are very much influenced by socio-econdattors such as the prices for
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animal products and the tenure regimes controdicess to the pastures (Walker and
Abel 2002).

Just as access is important for food securityfrdmeework acknowledges that
access to environmental capital is as crucial tomues as the stock or state of the
ecosystem. This access is mediated by a varidgctdrs (Leach et al 1999; Young
2002). The notion of “environmental entitlemenggtends the premise of political
ecology that environmental outcomes are mediatesbbial, political and
institutional dynamics (Leach et al 1999). Justrtstiements to food and power are
differentiated by social and political contextstso entitlements to the natural
resource base are contested, dynamic and diffaterithe classic example is land
tenure.

Much of the food security literature stresses thpartance of social and
economic determinants of food security, and thenéaork discussed here has
specifically described these in the box entitleakctal welfare”. These factors are
included both as outcomes of food system activdies as determinants of food
security. This is an insight from the sustaindbelihoods approach, which
acknowledges the multiple objectives of househaldeymunities and governments,
and the tradeoffs inherent in decisions made bgfdhese units. Thus a household
may choose to forgo some level of food securitthenshort term in order to protect
other assets such as livestock or land. For tdwsetly involved in the food supply
chain, food system activities play a huge partatednining their income, wealth,
social and human capital. However, for many othecome and education are
determined by non-food system related activitiese framework proposed here
allows for both possibilities. The framework aldtows health to enter as a

determinant of food security outcomes, althoughhidath status of a unit is often
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influenced by factors outside of the food systéfhe same approach can be taken to
social capital, which has also come to be incrghgirecognized as a crucial element
in managing food insecurity, natural resourcesathér key livelihood elements

(Swift and Hamilton 2001),(Ellis and Freeman 2002).

Evaluating the food system outcomes

The three categories of outcomes considered siftamework — food
security, environmental security, and social welfarare often those among which
decision makers at different levels (householdyidis nation, or region) make
conscious or unconscious choices. There are nvagyg in which these outcomes
can be evaluated, depending upon the perspectiokjectives of the evaluator.

This food systems framework is useful for identifyientry points for
changing undesirable outcomes, through an analysie drivers and activities that
resulted in these outcomes. In a companion p&peaksen 2006) theulnerability of
food systems described as a state when food systems argtksk and fail to deliver
food security, whether this is due to an overwhefyrshock, structural issues, actors
in conflict, or environmental degradation. Theiba@®al of vulnerability analysis is
to try and assign causality, albeit complex, arhttievelop adaptation strategies to
lessen that vulnerability. Others may be more @gtd in the balance among
environmental outcomes and food security outcoimethat between food security
and income that results from the structure, prazeasd management of the food
system; they may want to develop interventionsitoaase a particular outcome.

Ideally using a food systems approach will makeiexpvhere in the system
processes are combining to produce an undesirabderne and help to identify the

changes or adaptations that could be made toth#eyutcome. As so often these
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interactions and the feedbacks they produce arenuéstood or ignored (Sundkuvist,
Milestad and Jansson 2005), this framework servetedor researchers and decision
makers in clarifying where to focus, with the benef an integrated analysisf(
Berkes and Folke 1998);(Sayer and Campbell 2081 minimum, the analysis
encouraged by the use of this framework shouldigeoa platform for multi-
stakeholder learning and adaptive management, vdaictbe used along with
decision support frameworks and scenarios exercises

Tradeoffs

There will most likely be tradeoffs among any of food system outcomes in
the short term, and managers and decision makéralsa often be concerned with
how to resolve those tradeoffs in the longer teBaying that there are tradeoffs
among objectives recognizes that although manybkand environmental objectives
may often be mutually compatible, in resource aamséd situations they are
inevitable. For example, in looking at how to gelicy to both ensure the viability of
farmer livelihoods and conserve ecosystems in¢edorest margins, (Tomich et al.
2005) assess which options there are for “win-vgittiations, in which situations
both sets of objectives can be maximized, and aselye under which options
conservation can only occur at the expense of swidkr livelihoods.

There is an extensive debate over the relatiortsétyween food security and
the environment, with earlier work describing thamin conflict (see Moorehead and
Wolmer (2001) for an excellent summary). Howevecent work recognizes that
often there are complementarities between the gwstood security and
environmental conservation. A more pragmatic vimids that there are inevitable
tradeoffs among social welfare, economic growth @mdronmental sustainability

(Vosti and Reardon 1997), which are heighteneténshort run. The Millennium
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Ecosystem Assessment conceptual framework (20G8} tioat the general increasing
demand for ecosystem services has added more yrgeresolving these tradeoffs.

A stylized example of evaluating the tradeoff¢aad systems is given in
figure 2 (adapted from (DeFries, Asner and Hougl2@05)). Here the potential
tradeoffs among six different food system outcoaresshown in a spider diagram,
and compared between two different hypotheticatlesys. In the first system, local
production of food is enhanced at the expenseenétfordability of food overall, and
the nutrient stocks in soils also increase. Insi®ond system, food is more
affordable but less of it is available from locabguction; at the same time nutrient

stocks of soils have decreased.

Institutions and entry points for adaptation/ intentions

Resolving tradeoffs requires decisions. By empiagithe importance of
social mechanism for ecosystem management, Folide(2002) introduce a helpful
entry point for understanding coupled systems siscfood systems. Institutions and
policies are part of the decision-making arrangdam#rat shape the resource
management outcome. (Anderies, Janssen and 02004 Holling, Berkes and
Folke 1998) (Mehta et al. 1999)and (Young 2001 )ndeinstitutions as rules that
structure how people interact with the world arotimeim. Institutions vary in their
flexibility and responsiveness to feedback. Thderstanding is critical for much of
the social, political and economic literature onvtto improve the policy process,
particularly for development and environmental essuAdopting this view for the
study of food systems means that one needs to staddrthe institutional dimensions
of these systems in order to explain the rules gorg food system functioning and

to identify entry points for change. For examg@&ndkvist, Milestad and Jansson
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2005) argue that in modern food systems, the feskdlfaom outcomes to activities
are not sufficient recognized, and that this Ieadsappropriate management with
unintended consequences. It will only be througtitutional reform, they argue, that
the necessary feedbacks can be recognized and athttagvoid negative
consequences. Similarly, in their discussion efithpact of trade liberalization on
food security, (Stevens, Devereaux and Kennan 2@@®hasize the importance of

the local institutional context in determining teesitcomes.

Complicating factors: time, space

So far this discussion has not delved into thecatiissues of temporal and
spatial scale and how they influenced food systeRtmd systems as described here
are multi-scale with respect to both time and sphaegce their analysis must trace
these cross-scale interactions. Within a foodesyghere will be feedbacks both
from different points in time and from one levetdke) of analysis to another. Scale
is important for the analysis of food systems beedte scale of observation
influences which of a given range of parametecbserved to be more influential on
an outcome (Wilbanks and Kates 1999). Thus explamaof cause and effect will
vary according to the scale of analysis or levedladervation. Scale poses a
particular problem for explaining food security,faed security is best understand
and evaluated at the household level. Howevergbverned by food system
activities and other determinants which span frbenldcal to the global scales. Most
discussions of ecological systems envision theenasedded in scale hierarchies
(Holling 2001); this is less well documented foe s$ocial side, although some
institutional analysts also recognize that instiog and actors are also embedded in

scale (e.g. Gibson, Ostrom and Ahn (2000); Youli®12; Berkes (2002)). The scale
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of observation can also limit understanding of ehiariables are endogenous and
which exogenous, unless the analysis is delibgratelti-scale.

Note that the diagram in figure 1 is intended taubed iteratively, so one can
begin or end anywhere, and the diagram should eatterpreted as hierarchical.
The diagram shows the food system at any givent ioitime or space. However
cross-scale interactions are embedded, as theslraivities and outcomes will
interact across scales. Although one may chanaedlyse the food system of a
particular unit, one also has to consider thatlthigl of analysis has links to higher
and lower levels. This is illustrated in figurea3fordability at the local level is
influenced not only by other local factors suchre®me, but also regional level gas
prices and national safety-net policy.

Perhaps more problematic is that system varialalityss scales results in
heterogeneous outcomes over both space and timaggisen pattern of outcomes
will be context-specific. Any conflicts betweereth will be difficult to resolve with
only generic solutions. Scale is also criticaldese policies are implemented at
different levels, e.g. national, district, munidipaand understanding how policies
interact either to reinforce one another or, anose often the case, confound or act at
cross-purposes to one another is important toifgerg policy or decision strategies.
Cross-scale interactions often introduce surprigess institutional analysts maintain
that unless one figures out the cross-scale irtierecthey may result in a messy
management situation (see Young 2002). Some wistech as Cash and Moser
(2000) have focused on how to get a better scileb#tween social, political and
economic management mechanisms and the ecosystesspes that are being
managed. Sundkvist et al (2005) maintain thaadie in space and time is a large

reason that the feedbacks upon which food systenagament ought to be based (in

37



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

an adaptive manner) can be ignored or are masKdiks is even more critical given
the extent to which modern food systems depend opmss-scale subsidies. Cross —
scale subsidies are very common in food systempgdter et al. 2001); for example
food is imported from one location to another, asrepatial scales, and increased
agricultural productivity today may be at the coflssufficient water availability in the
future. Thus cross-temporal analysis is alscsana because so many tradeoffs
involving ecosystem services are between short ¢gaims and long term costs.
Another dimension is the importance of stabilitgptime to ensuring food security
(Maxwell and Smith 1992). A diversity of sourceslastrategies is necessary because

of the seasonal heterogeneity.

Conclusions

This elaboration of how to describe food systemaninntegrated fashion
leads to several conclusions. First, to undersgasygbtem holistically it is necessary
to describe and analyze not only the components pad actors, but the interactions
among these parts and actors that produce vaoaltemes. A goal of the system’s
description is thus to explain the patterns ofrextdons among the activities, external
drivers, and the outcomes, so as to fully assegsmergent properties, as well as
cause and effect. Thus, while | accept the inltezemplexity of integrated food
systems, | believe that a systematic approacheio &imalysis, through the use of case
studies, can reveal critical processes and fatihatsgovern their complexity.
However, without an adequate treatment of croske sggeractions over space and
time, the analysis will fail. The second conclumsie therefore the need to treat food
systems as multi-scale, even if the outcomes efast are focused at one scale in

particular, for example regional.
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Third, as food systems are coupled social andgaa! systems, institutions
play a key role in mediating between the social ecwlogical processes and
resources. In light of this, this framework iseintled to help the multiple managers of
institutions to better understand the nature optedifood systems. It is intended to
create new knowledge that is appropriate for sdeahing and adaptive
management.

Fourth, this investigation has required integiticross disparate literatures
which rely on quite different methods and haveeatéht goals. For example, much of
the ecological systems literature seeks to idewctitycal parameters, while food
security literature looks for root causes, and fpoticy literature wants to identify
key issues for policy resolution. | have trieditml common ground but recognize
that are still some incompatibilities which may qaitate analysis: most critically,
the understanding of individual agency versus syst@roperties in determining
outcomes, and identifying the key institutions withich to work to bring about

change.
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Table 1: Comparing traditional and modern food sytems

“Traditional” Food
Systems

“Modern” Food Systems

Employment in food sector

In raw food production

fdod manufacturing ang
retail

Supply Chain

Short

Long with many food
miles and lots of nodes

Typical food consumed

Basic staples

Processedviatbda
brand name; More animal
products

Purchased food bought
from

Small, local shop or markg

2iarge supermarket chain

Nutritional issues

Under-nutrition

Chronic dietaligeases

Main source of national
food shocks

Poor rains; production
shocks

International price and
trade problems

Main source of household
food shocks

Poor rains; production
shocks

Income shocks leading to
food poverty

Environmental concerns

Soil degradation, land

Nutrient loading, chemical

clearing

runoff, water demands

Source: adapted from Maxwell and Slater, 2004.
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Table 2: Linkages between food system outcomes aadtivities

Access to Food

Characteristics of food security
outcome for Site X

Major Determinants of food
security outcome

Linked to FS Activity? Or
Other Outcome?

Affordability

Staple grains are cheap if
imported; expensive if local.

Costs of local production higher
than foreign.

Determined primarily by the
activities under Producing.

Fruits and vegetables cheap ang
available in rural areas.

| Increasing numbers of farmers
moving into horticulture so is
surplus.

Determined primarily by the
activities under Producing.

Fish and beef are luxury foods.
Chicken is every day food in
urban areas.

Fish increasingly scarce becaus
waters over-fished.

Beef is for the export market.
Poultry is a new growth sector
and so is available everywhere.
Processing centered near urban
areas.

elncomes differences between
urban and rural areas important
(social welfare).

Aquatic systems reaching their
threshold (natural capital).

Beef and chicken price and
availability determined by
Producing, Processing and
Retailing.

Allocation

Most food only available in
supermarkets.

Supermarket chains dominate in
urban areas and local markets
have been driven out of busines

Retailing.

5

Few markets in rural areas.

Roads in bad shamgorM
markets are in the cities. Lack g
local transport.

Roads determined by physical
fcapital (social welfare).

Incomes and lack of transport
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service from government also
under social welfare.

Markets in cities due to economi
structure.

Preferences

Imported wheat flour preferred
cities to local maize flour.

iAdvertising; new preferences for
convenience foods.

Determined by Retailing and
Consuming.

Fish and beans are traditional
foods.

Fish traditionally plentiful; beans
also grown locally traditionally.

Determined by social welfare an
social value of food.

Young people like burgers from
fast food chains.

Advertising

Determined by Retailing.
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Figure 3: tradeoffs among outcomes for two different foodystem.
(after de Fries et al 2005
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Figure 4: Cross-scale linkages in food systems
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