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Abstract

Food production depends on a stable and productive environment. Hence, environmental changes (such as climate change) may destabilize agricultural production in some regions. Assessing and identifying which regions are vulnerable to these problems, however, is challenging because food production takes place in constantly evolving systems, where farmers make continual decisions to adapt to changing circumstances. Many existing theoretical frameworks to assess vulnerability in food systems fall along a continuum from those that are based on large-scale generalizations and downplay local contextual issues to those that are so site-specific that they may obscure general trends. A landscape ecology approach offers a good compromise whereby scholars have used a small number of local variables (such as the diversity of species present in the system and the extent to which individuals in the system are connected to other individuals) to characterize the vulnerability of ecosystems to shocks such as wildfires and pest outbreaks. This approach seems to offer a useful framework to identify climate change vulnerabilities in agricultural ecosystems, but has not yet been adequately tested and refined. This paper uses a range of historical examples, such as the Irish Potato Famine and El Nino induced famines in the late nineteenth century, to propose a new framework for understanding vulnerability to climate change in human-managed food systems.

Introduction:  Vulnerability to climate change within food systems.    

To survive, most of us depend on a web of food producers, distributors, processors and retailers who work together to move food from farm to plate.  This extremely complex system has profound implications on the type of society we live in and the impact we have on the environment (Friedland et al. 1981, Friedland 1994, Connor and Schiek 1997).  On the surface, today’s food system is amazing: for remarkably little money, consumers have the choice of an unparalleled selection of healthy and nutritious food.  

However, on closer inspection, the “global agri-food network” may have serious problems (Bonilla and May 1997).  There is evidence that market forces lead farmers to create ecologically fragile monocultures that depend on polluting and expensive chemicals (Altieri 1999).  There is evidence that trade in agricultural commodities favours large retailers and processors who take advantage of farmers through long-term, exploitative, and restrictive contracts (Winson 1992).  Overall, our globally integrated economy may have resulted in a food system that is economically, socially and environmentally unsustainable in the long-term and vulnerable to shocks or disturbances that may emerge in the short-term (Fraser et al. 2003, Fraser et al. 2005).  Especially as we face a future full of climate uncertainty, where it seems likely that extreme weather conditions will become more common (Intergovernmental Panel on Climate Change 2001), we need to understand the characteristics of food systems that may be able to withstand these threats.  

“Local food systems” where producers and consumers have much more direct contact – ideally by living in the same region – may provide an antidote to these problems (Stagl 2002).  The logic is that local food systems will improve the working and living conditions for small farmers who use local inputs (such as manure rather than chemical fertilizer) (University of California Sustainable Agriculture Research and Education Program 2005) and encourage a diversity of crops rather than rewarding farmers who produce only a small number of export commodities.  Furthermore, shorter “Food Supply Chains” redefine the relationship between producers and consumers by providing a clear signal as to the origin of food (Marsden et al. 2000 p. 425).  Short supply chains are also supposed to increase trust between consumers and producers. 

Unsurprisingly, however, this is an extremely complicated set of issues, and simple answers are – at best – misguided (Ilbery and Watts 2004, Watts et al. 2005).  For example, a farmer who diversifies her/his crops may sacrifice economies of scale that would make them not only more economically efficient but also encourage a more efficient use of environmental resources (Anderson and Strutt 1996).  Might this actually increase vulnerability to unexpected crises and undermine the opportunities for long-term sustainable growth?  Similarly, as we face towards a future of uncertain climate patterns, it may be foolish to promote local food systems (Fraser and Mabee 2004) where an unexpected drought, flood, windstorm or pest outbreak, may spark a local collapse (Fraser 2003).  In this case, the global system might be better since it should be able to move food efficiently to where it is most needed (Fraser Under Review).    Finally, how can we even characterize food systems as “global” or “local” when even the most “local” farmers may obtain inputs from a huge region and then market products to a large range of consumers?  Establishing a global-local distinction, therefore, is simplistic and problematic (Hinrichs 2000) and we need more sophisticated tools to identify food production systems that may be vulnerable to climate change.  

Literature:  theories on vulnerability

At the heart of identifying food systems that are “robust” versus those that are “vulnerable” is the need to identify situations where relatively small changes in climate (such as minor drought) may cause a large or significant impact on human wellbeing.   Some scholars have approached this task from a quantitative modelling perspective, and link climate prediction scenarios with crop productivity.  These models often result in maps that show where grain yields may decline or increase given possible future weather conditions (Adams et al. 1990, Reilly and Graham 2000).  This approach is extremely effective at communicating with policy makers as it reduces a huge amount of science to some very simple visual tools.  Despite many merits, these models have been criticised for ignoring the extent to which farmers adapt to changing circumstances (Kandlikar and Risbey 2000) and these criticisms led modeller to develop a second generation of climate change impact models that assume farmers will inevitably plant the crops most suited to the new climate conditions (Mendelsohn et al. 1994).  This approach, however, tends to down-play the extent to which farmers are constrained by things like land tenure (Fraser 2004) and international competition (Fraser In Press).  As a result, some advocate a more qualitative approach, and suggest a range of local indicators that will determine whether or not a community’s food system is vulnerable to climate change.  For example, chapter 18 from the 2001 Intergovernmental Panel on Climate Change’s Impacts and Adaptation Report highlights the sort of local conditions that will determine if a community is likely to be able to adapt to climate change.  These include: “the structure of critical institutions, the derivative allocation of decision-making authority, and the decision criteria that would be employed” and “the ability of decision-makers to manage information, the processes by which these decision-makers determine which information is credible, and the credibility of the decision-makers themselves.” (Intergovernmental Panel on Climate Change 2001).  While this approach is useful in that it identifies things that we need to pay attention to, it is difficult to imagine how policy could be developed from such a list. 

Broadly speaking, these two approaches challenge us to consider what we need out of a theoretical framework.  Should a framework guide us to produce easy to communicate results at the expense of missing critical local factors?  Or, is it better to have a framework that guides policy makers, activists and academics to collect context-specific information that may make it difficult to see generalized trends?

In an effort to find a compromise between these two approaches, some scholars have proposed nested flowcharts that show how social and environmental forces interact to create situations vulnerable to sudden changes (Turner et al. 2003).  Thus far, most of these frameworks are relatively untested.  Some work has been done in the developing world (Scoones 1995), specifically on how coastal and low lying communities are vulnerable to climate change (Adger 1999, Adger et al. 2005).  Less work has empirically tackled the issue of vulnerability in the developed world (Fraser and Mabee 2004). 

Others take a slightly different approach and propose that vulnerability is a function of “meta-indicators” such as “the ability to adapt” or “environmental sensitivity” (Kasperson et al. 1995, Alcamo et al. 2001, Fraser et al. 2003).  Although these show progress, it has proven very difficult to provide concise or operationally useful definitions of these sort of over-arching variables.  For example, Watts and Bohle (1993) have presented one of the most cited conceptual models of food insecurity, which they break into three elements: the exposure to a risk or hazard, the capacity to adapt to this hazard, and the potential of the problem to have severe consequences.  It is unclear, however, how to operationalize exposure, capacity or potential.  

One interesting framework, which seems to combine the best of bottom up and top down approaches, is found in the field of landscape ecology, where scientists have studied why some ecosystems seem stable for long periods and then suddenly collapse in a catastrophic fire or pest outbreak (Gunderson 2000, Holling 2001).   Using case studies that range from the Florida everglades to the boreal forest (Holling 1986, Gunderson et al. 2002), this group has concluded that ecosystems with low species diversity are more vulnerable than ecosystem with a larger number of species.  This is because a disturbance that affects only one species may harm a significant proportion of individuals in a specialized ecosystem.  Ecosystems where the individuals are close together tend to be more vulnerable than ecosystems where individuals are widely spaced as a disturbance may spread more easily in a tightly connected region.  Finally, ecosystems with large amounts of biomass, which provides the fuel for a fire or the fodder for pests, are more vulnerable than ecosystems where there is very little biomass (Gunderson and Holling 2002).  This landscape ecology approach is useful in that the indicators it uses (diversity, connectivity, and biomass) are sufficiently general that they are not overly prescriptive, but are specific enough that it is possible to use them to collect and display relevant data.  This approach is also useful because it highlights how some ecosystems become more vulnerable to collapses over time.  After a major disturbance, such as a fire, a region may quickly be colonized by a large number of species that are spread out and have very little biomass.  Over time, plants grow, increasing biomass, ecological niches fill in, increasing the connectivity of the ecosystem, and more successful competitors out-compete less successful species, reducing the number of species present.  This process creates ecosystems where even small problems may cause major impacts.  

Unfortunately, this landscape ecology framework only works well in some ecosystems, and is not particularly relevant to human managed ecosystems, such as those found on farms (Fraser 2006).  Nevertheless, the landscape ecology framework stands as a sort of template that can guide us to develop a climate change vulnerability framework that should be clear about indicators required, allow regions be compared, highlight trends through time, and simplify complexity without being simplistic.  This discussion also leads to a challenge: just like the landscape ecologists, who investigated the characteristics of vulnerable ecosystems by doing fieldwork on past forest fires and pest outbreaks, is it possible to determine the characteristics of food systems vulnerable to climate change by studying past cases where environmental triggers have caused famines?  After all, sometimes, major changes in the environment have very little effect:  a drought in Southern Africa during 1991-2 was referred to as “apocalyptic” when grain yields in ten states were 56% below normal years (Green 1993) and 17-20 million people were exposed to starvation.  Despite this, there were no famine-related deaths in South Africa.  Alternatively, sometimes relatively common environmental problems cause massive famines.  Twenty five percent of the Irish population either died or lost their homes when a fungal pathogen destroyed the potato crop from 1845 to 1850.  Interestingly, the blight that caused the collapse was a common problem amongst Irish Farmers in the decades leading up to the famine, and continues to be one of the biggest environmental challenges potato farmers face today.  Similarly, El Nino induced droughts triggered a series of famines that rocked the monsoonal region in the late eighteen hundreds, killing approximately 43 million people (Davis 2001). Traditionally, drought is quite common in these regions.  Famine, especially on the scale witnessed in China and India, is not.   What made Ireland in 1845 or the colonies in the late nineteenth century so vulnerable that relatively common environmental problems destroyed the fabric of society?  

Analysis: Some common threats of past famines.

The first feature that stands out as common in these various situations is that, over time, each region increasingly depended on fragile and specialized agricultural systems.  For example, over the period leading to the Irish Famine, a combination of population growth and declining opportunities for off-farm employment meant that the Irish peasants was forced to maximize crop productivity just to survive.  As potatoes produce approximately twice the calories of corn (per hectare) and grow on marginal soil, this meant that the western parts of Ireland became like one large densely packed potato field (O'Grada 1989). This created an ecologically connected landscape high in biomass and low in diversity, which, in the words of the landscape ecologists is “...an accident waiting to happen.” (Holling 2001 p. 396).  It seems that social conditions led to a situation where farmers were forced to created an ecosystem that allowed the blight to spread quickly and undermine the food supply for a huge number of people.  With regard to the famines that stalked India in the late nineteenth century, we see a similar shift from diversified agro-ecosystems to simple, ecologically fragile ones as agriculture moved away from fuelling local needs to feeding specialized demands of European consumer. This led to wide-spread monoculture plantations across huge regions of the tropics  (Rau 1991).  The importance of understanding the characteristics of the agricultural landscape is backed up by a range of scientific field studies (see:  Gliessman 1998) many of which highlight how diverse agro-ecosystems are better able to withstand extreme weather conditions than simple ones (Altieri 1999).   The development literature echoes this conclusion, and there is evidence that increasing crop diversity is a common way that farmers across Africa reduce the chance that a drought will destroy their harvest (Unruh 2004).    

It is not sufficient to simply examine the characteristics of the agro-ecological landscape, however, as in many cases farmers can adapt to even sever weather changes regardless of the characteristics of the agro-ecosystem.  For example, although agriculture on the US Great Plains is ecologically simple, farmers there have been able to adapt to changing rainfall patterns for the past fifty years by using deep sources of ground water for irrigation.  Whether this management strategy can continue in the future is open to debate.  However, the fact remains that thanks to irrigation this area has been able to keep the vagaries of the weather at bay for many years (Opie 2000).   In other cases, however, farmers have fewer management options.  Absolute poverty may prevent farmers from being able to develop new management practices.  Prior to the Irish Potato Famine, many peasants were unable to afford the draught animals or ploughs required to plant grain and did not have access to enough land to diversify their crops.  Before to the famines in India and the Philippines, many poor people had become labourers on plantations, hired to produce a single crop.  When droughts caused the tea, cotton, sugar and coffee to fail, the poor were simply left unemployed without any alternative ways to survive (Davis 2001).  Evidence gathered before and after the 1984 famine in Ethiopia echoes this observation, and suggests that only relatively affluent farmers planted a diversity of crops as a drought-insurance policy.  The utterly poor were unable to afford the opportunity cost that this strategy entails (Blocka and Webb 2001). As a result, the second characteristic that stands out as common in these cases is that areas vulnerable to climate change seem to have few agricultural management options open to farmers that would allow them to adapt.  

The third key characteristic is that the worst hit by environmental problems are inevitably the poor.   It is important, however, to treat poverty holistically, and not simply refer to financial assets such as money in a bank account.  For example, there was a loss of social, natural and financial assets in the decades leading up to the Great Irish Potato Famine.  In this case, industrialization in England effectively terminated the Irish linen industry, destroying most off-farm sources of income.  For example, the 1821 UK census shows that 41.2% of Ireland’s population was involved in the industrial or commercial sector, and 40.1% involved primarily in agriculture.  By 1841, only 30% of Ireland was considered industrial or commercial, while 53% depended on agriculture for their entire livelihood (Mokyr 1987).  The primary reason for this decline is that the "industry" in Ireland consisted almost entirely of cottage industries such as linen production that would have taken place on the farm.  These firms were simply unable to compete with the large textile mills from Northern England (Foster 1988).  These industrial changes combined with a decades-long fall in the price of grain that led property owners to evict tenant grain farmers in favour of pasturing livestock.  This took away the peasants most valuable asset, their land.  Additionally, the tradition of partible inheritance, whereby each son received a portion of the family’s land upon reaching maturity, caused farms to be endlessly subdivided, again reducing the peasants’ supply of natural capital (Fraser 2003, Fraser et al. Forthcoming).  Later in the nineteenth century, the famines in India came at a time of radical social disruption as the British Empire turned formerly independent nations into sources of cheap commodities and labour.  Communities were destroyed, and the social capital that would have provided security in times of want vanished (Polany 1944).  To assess changes in these different forms of capital, we can draw on ideas from the development literature that suggests that there are different types of capital – natural, financial,  social and human – all of which are important assets when crises emerge (Chambers 1989, Chambers 1994, Scoones 1998).  The assets approach itself grew out of Sen’s pioneering work on famines, which he argues are not caused by an absolute lack of food as much as they are caused by a lack of the capability of impoverished residents to obtain food (Sen 1981).  

The fourth and final common denominator in these situations is that the rich and powerful, such as the government, international community or large landowners, did not provide much in the way of effective relief as famine conditions emerged.  In the case of Ireland, the British Government had the “Poor Law” that set up relief houses and food-for-work programmes.  However, these programmes were massively over-subscribed and could not meet demand.   In the case of Ethiopia in the 1980s, the national government failed to provide much in the way of effective relief.  Although hampered by inefficiencies and delays (de Waal 1997), the international community did provide help, but that was only after the media and popular celebrities brought the image of starving children into the homes of affluent Europeans and North Americans.  The Indian Famines in the late nineteenth century provide a slightly different story.  The British Government had made serious attempts to “famine proof” some poor regions by establishing rail and telegraph networks.  Theoretically, these were to ensure that colonial authorities quickly learned about famines and directed grain to be shipped into starving regions.  In the 1880s, American President Ulysses Grant extolled the virtues of using rail to reduce vulnerability to drought in China:  

In the matter of famines, of which he had heard so many distressing stories since he came to China, it would be a blessing to the people to have railway communications.  In America, there could be no famine such as had recently been seen in China, unless, as was hardly possible in so vast a territory, the famine became general.  If the crops failed in one State, supplies could be brought from others at little extra expense in money and time.  We could send wheat, for instance, from one end of the country to another in a few days. (J. T. Headley, The Travels of General Grant, Philadelphia 1881, quoted in Davis 2001: 5)

Unfortunately, the opposite situation emerged, and instead of ensuring food reached the starving, rail and telegraph networks resulted in food being exported to regions where consumers were able to pay higher prices.  Therefore, rail and telegraph networks meant that the price for grain was driven by whatever the richest consumers in the world could afford rather than by being driven by the needs of local consumers: “It was apparent to the Government [of India] that facilities for moving grain by the rail were rapidly rising prices everywhere…”  (Letter from Madras Government to Government of India, 30th November, 1876.  Quoted in Bhatia 1963).  

Discussion:  Developing a framework to identify vulnerability. 

From these situations where changes in the environment triggered famines, we can conclude that a framework to identify vulnerability to climate change within food systems must include data on four scales.  First, we need to collect data on the characteristics of the agro-ecosystem.  This would involve understanding things like crop diversity, moisture requirements, soil organic matter, and the arrangement of fields across the landscape.  The tools of landscape ecology are key here.  Second, it is necessary to assess whether or not there are viable farm management options that would allow farmers to adapt to environmental changes.  For example, if there were easily accessible irrigation systems or if farmers were able to move livestock to areas unaffected by drought.  Third, at the community level, policy makers would need to assess the extent of assets such as social networks as well as financial and natural capital to determine if communities would be able to survive.  For example, would people be able to rely on friends and families in areas unaffected by a problem to send food or money?  Fourth, it would be necessary to determine if there was regional, national or international policy in place to protect people in times of need.  This would mean ensuring markets continue to function, that roads are in good repair and that there are emergency plans in place.  

These factors are heuristically captured in figure 1, where the severity a threat, such as a drought, is displayed on the x-axis and the impact of that threat is displayed on the y-axis. (Note:  as it is problematic to display all the multi-faceted impacts of climate change on a single axis, examples of these impacts are displayed to the left of the axis roughly ranked by their severity.)  The four data-collection scales are displayed in the centre of the figure and start with the field scale, then move to the farm, community and institution.  These scales represent four lines of defence a region has against climate change, and within each scale, policy makers will need to assess whether or not the ecosystem, the farm, the community and institutions have the adaptive capacity to prevent an environmental problem from causing a major catastrophe. For example, if the ecosystem has enough resilience to withstand a specific drought, then the impact may be constrained to crop productivity loss.  This is denoted by the first arrow leading to the y-axis.  If however, the drought overwhelms the ecosystem’s resilience, then the likely impact of the drought will grow and it will be up to the farmer to try and adapt to the problem.  Adapting to a problem might result in a farmer selling off productive assets but these measures might be sufficient to survive.  If the problem also overwhelms the individual farmer’s ability to adapt, the likely impact will continue to grow even further and may provoke a community-level response such as some members of a community moving to a city in search of waged employment.  If these actions are not sufficient to overcome the environmental problem, then the last line of defence will be whether there are institutional safety nets in place that can cope with the crisis.    

As things like eco-system resilience and community assets will vary from place to place, the way each of these scales is assessed will be need to be tailored to local conditions.  These sort of local contextual issues can be captured through participatory research methods.  Specifically, a process called process called “mediated modelling” that involves bringing stakeholders together to develop dynamic models of complex systems is particularly useful.  Used in a range of settings including park management in upland UK (Dougill et al. Under review) , transportation planning in the US (Stave 2002  ), and strategic business planning (Sterman 2002), mediated modeling starts by asking stakeholders, often in a focus group or qualitative interview, to develop a mind map or flow chart of the system under consideration.  This flow chart is supposed to show how social, political, economic and ecological forces interact to produce unintended consequences, or help identify how complex systems might respond in unpredictable ways to sudden changes.  This process could be used to highlight how factors at one scale may affect the resilience/vulnerability of another scale.  For example, this sort of participatory research has shown how a  common farm management response to drought in the Kalahari is to drill more boreholes to access ground water but that this affects the long-term carrying capacity of regions, and therefore, increases ecological vulnerability to drought (Dougill et al. 1999).  Similarly, many poverty reduction strategies endorsed by donors and governments throughout Africa focus on improving household incomes  through promoting marketable crops (Ellis and Sumberg 1998).    However, fragmented markets and poor policy implementation may mean that this sort of policy leads farmers to specialize their production on export commodities, which may increase vulnerability to climate change.   A participatory process, guided by the framework in figure one, should reveal these sort of trade-offs and allow policy to be better directed in the future.  At present, the mediated modeling approach has not been tested using this specific vulnerability framework.  Doing this represents the next step in this research project, though it is hoped that once dynamic models are sufficiently refined, and agreed upon by as large a number of stakeholders as possible, it should be possible to identify key points where policies can have a useful effect at preventing problems from emerging in food systems.   

Conclusion:  The next steps.

Environmental threats to the food system have been a common feature of many civilizations, and history is littered with groups who failed to adapt when environmental problems arose.  This includes the Vikings who farmed Greenland (Anon. 1970) during a warm spell but were not able to adapt ot colder conditions and the Mayans who seemed to have evacuated their cities after periods of drought (Haug et al. 2003).   As we face towards a future many think will be full of environmental surprises, we need to ask ourselves, “are we headed in the same direction?”  The problem is that even knowing how to start answering this question is a bewildering task requiring the skills of a tremendous number of academic disciplines who must interact with local communities to capture both the global scale of the challenge without sacrificing contextual local knowledge.  This complexity must then be communicated to policy makers in a way that is simple yet not simplistic.  

This paper has made a modest attempt at describing the sorts of tools that could be used for this enquiry.  By reviewing a series of historic cases, this paper has argued that vulnerability in the food system requires a detailed understanding of how socio-ecological systems respond at four scales (ecosystem, farm, community and institution) and that these scales act as different lines of defence against the problems posed by climate change.  If environmental problems overwhelm the first line of defence, we can fall back on the second.  As our defences crumble, however, the likely impact of a problem will grow.  Although these four scales represent a simple, and easy to communicate framework, assessing vulnerability within a specific region needs to involve a range of stakeholder input that can – ideally – be facilitated by a process to develop dynamic models that capture complex socio-ecological feedbacks. 

This paper represents an interim output of a multi-year research project.  Thus far, only historic data and secondary sources have been used to establish this basic framework.  The next step is to begin intensive fieldwork in a range of settings to refine this approach more fully and begin assessing where we are indeed vulnerable.  
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Figure captions

 Figure 1
Figure � SEQ Figure \* ARABIC �1� Heuristic framework showing how the impact of a climate change problem such as a drought (y-axis) is a function of the severity of the drought (x-axis) and agro-ecological resilience, farm adaptability, community assets, and institutional safety nets.  









