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Climate change poses new challenges to agriculture and society in general, in partic-
ular regarding land use and the supply of food. For years it has been out of the food 
policy agenda, both for policy-makers and social movements. However, the discus-
sions of climate change in and after the 2009 united nations Framework Convention 
on Climate Change Copenhagen conference and the publication of data showing 
both the role of agriculture in climate change and the effect of climate change on ag-
ricultural production, increased the interest of climate change as inserted in the food 
system. together with other factors, such as increasing demand for food in many 
countries, peak oil and rising crude oil prices, bio-fuel production on agricultural 
lands, food market speculation and land grabs, climate change pushes agriculture 
towards a new era of major uncertainties and shocks. the instability and lacking re-
silience of the global agri-food system is apparent and new and radically improved 
solutions are urgently needed. this special issue of the International Journal of Sociol-
ogy of Agriculture and Food addresses these issues on several levels: structural, politi-
cal, practical and conceptual.

many observers, policy-makers and academics have agreed that the post-war 
‘productivist years’ of global agriculture, which may have fed more mouths but 
also led to over-supply of agricultural goods and malnutrition and starving, not to 
mention major environmental disasters, should be brought to an end (Wilson, 2001; 
almås, 2004). to replace this productivist regime, governments developed agri-en-
vironmental programmes, focusing on the multifunctionality of agriculture in coex-
istence with greening exports from food-exporting countries (Rønningen et al., 2005; 
Potter and tilzey 2007). But the current situation introduces two major challenges 
for policy-makers: how to feed a growing world population under increasing condi-
tions of uncertainty, whilst maintaining a vulnerable environment after decades of 
agro-ecosystems’ overexploitation. in such context, mitigation and adaptation strat-
egies are proposed and improvization seems to be a common characteristic.

One example of improvisation is bio-fuel policies. Bio-fuels were at first proposed 
as an alternative fuel to reduce CO2 emissions. this perspective was disputed later, 
because of social opposition and new scientific evidence showing inefficiency in 
terms of greenhouse gas emissions and land use (Cassman, 2007; mol, 2007; Runge 
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and senauer, 2007). Other contradictions arise as a result of the organization of the 
global agri-food system itself. While mitigation and adaptation strategies are pro-
posed, a global food system is characterized by long-distance trade of food, depend-
ence on fossil fuels, and direct negative impacts on CO2 emissions. the question is 
how can agriculture become a part of the solution, rather than aggravating the prob-
lems? the same could be said for those production systems that are extremely fossil-
fuel dependent and inefficient from the energetic point of view, but at the same time 
are reinforced through mitigation strategies under climate change policies.

the challenges for agricultural and food systems introduce new problems for 
policy-makers across the world. developing countries, which are more likely to suf-
fer more severely the impacts of climate change and where the highest rates of food 
insecurity exist, will also need to look at the problem and develop proper policies. in 
this context of uncertainty, shocks and policy improvizations, do agricultural poli-
cies regain a strengthened production focus? With increased focus on producing 
more food, there is a risk of reinforcement of intensive agricultural production in 
rich and poor countries in spite of the social and environmental effects being known. 
this time around, however, a science-based second green revolution is proposed as 
a solution to these problems. thus, will climate change favour the appearance of a 
new food regime?

a potential global shortage of food introduces a moral dilemma: should farmers 
and politicians be more concerned about protecting the environment, landscapes, 
and animal welfare (as in ‘post-productivism’), or should their first priority be the 
maximum production of food to prevent starvation in poorer countries because of 
climate changes (under ‘neo-productivism’)? if policy is readjusted and food pro-
duction encouraged, how can we ensure that the environmental damage caused by 
intensive agriculture is not reinforced? What responses and changes can be identi-
fied in the wake of this potential neo-productivism? And what impacts do mitiga-
tion and adaptation strategies have on agriculture and farmers? Who decides the 
schemes to be applied in different contexts? Should other more environmentally and 
social-friendly systems be promoted and improved in order to produce more food? 
What is the role of farmers as primary actors in the food chain? Will climate change 
policy-making affect the governance of agricultural policies? Will climate change be 
an opportunity for local peasant-focused food regimes, which are resilient to future 
environmental and market shocks and are more socially sustainable?

More specifically, in response to this shift from stable rural development premised 
on post-productivism in Europe to a global food economy increasingly influenced 
by shocks and surprise events, will the recent respite in productivist approaches 
turn out to be a temporary shift? if not, will a neo-productivist regime emerge where 
aims of food production regain the main focus on behalf of multifunctional aims, 
like we have seen in many countries in the latter decades? do these changes amount 
to the advent of a new ‘bio-economy’?

With regard to the peak oil scenario: can farmers make a living growing feed-
stock for industrial or energy production? is this moral in a context of millions of 
people suffering from hunger? Are we seeing a new technological imperative in 
agriculture? How do responses differ between countries and between different 
agricultural policy regimes? What are the consequences for rural, environmental, 
and socio-cultural sustainability? What are the implications for rural diversification 
strategies and for the inclusion of previously excluded social groups, such as women 
and peasants? is there a decisive shift in the balance of power in rural areas between 
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production, consumption, and environmental interests? and does the new focus on 
climate, food, and energy production challenge conceptualizations and theoretical 
approaches within rural studies?

One may also ask if we have seen the beginning of the time of food uprisings, 
with climate change as a promoting factor that adds to a global uncertain food sys-
tem. during the 2006–2008 food price increase, the FaO real food price index rose 
to 184.7 points above the 2002–2004 average of 100 (FaO, 2011). as a consequence, 
more than 40 countries experienced food rebellions: in march 2009, President marc 
Ravalomanana of madagascar had to step down in the midst of an economic crisis. 
the opposition claimed that his regime had opened up too much to foreign invest-
ments, particularly in mining and agricultural land. in november 2008, south ko-
rea’s transnational company daewoo signed a 99-year lease for half of madagascar’s 
arable land, the firm expecting to pay ‘nothing’ for the lease (Blas, 2008). The deal 
would have turned over 1.3 million hectares to produce corn and palm oil for export 
at a time when one-third of the country’s children were malnourished. daewoo of-
ficials said later they were already putting plans together to switch their investment 
to more receptive countries in the region. Recently, the 2008 food price peak has been 
surpassed, and at present the real food export price index of 55 commodities has 
risen to 205.7 (FaO, 2011), an all-time high.

in some arab countries that have recently experienced insurgencies, protests 
against food price hikes were lighting the blaze and giving intensity to the political 
revolts. and the appearance of recent anti-government protest movements of ‘indig-
nants’ in european countries such as spain, italy and greece, lent arguments to an 
analysis saying that the present systems are neither sustainable nor resilient. thus, 
climate change is an element that adds more uncertainty to an already uncertain 
food system. it poses a challenge to policy-makers, who will have to address the 
issue of food–feed–fuel under this changing political and economic climate. Food 
insecurity and food price instability seems to have been a permanent feature of the 
twenty-first century. Future climate change and other shocks such as volcano erup-
tions and political upheavals and protests may even increase food insecurity, both in 
the global south and north.

the focus of the papers in this issue of ijsaF is on ‘agriculture and climate 
change’. agriculture may be seen in a climate change perspective as both a cause 
and a solution. Being part of the solution offers agriculture and agricultural indus-
tries an opportunity to regain positive attention on the value of secure productive 
land and resources. in the new bio-economy vision of the european union, agricul-
ture can, through sustainable intensification land management and forestry, make a 
major contribution to minimizing gHg emissions due to carbon storage. Countries 
in need of supporting national productions view this as a good justification, together 
with arguments for national food security and for further protection of agriculture-
dependent rural areas. Visions for sustainable intensification of agriculture and for-
estry, which can be named an emerging neo-productivist regime, call for innova-
tion, knowledge, technology, and funding. We should be aware that success of grand 
ideas and visions depend on the uptake of new technology and practises, not only 
on the willingness to pay for its products in the market.

Other visions would argue that agriculture, as part of the solution, means a focus 
towards small-peasant agriculture. Which form of new food regime this would raise 
is not yet known, but peasants all over the world claim they can cool the planet and 
feed the world.

The compilation of articles in this issue address these awareness’s from different 
angles.

The Articles in this Issue

lawrence Busch, in his article, deals with the heated debate about possible reasons 
behind climate change and analyses how the development of scientific measure-
ment standards define problems in ways that are not easily transparent and under-
standable. Yet, standards must be developed to identify the phenomena of concern 
to both climate scientists and the public. Standards must be identified to stabilize 
the phenomena of interest, turning them into something that can be acted upon. in 
addition, standards must point the way forward and measure progress toward the 
amelioration of the problem(s). in short, standards simultaneously perform, meas-
ure and point toward the transformation of ‘the climate.’ Yet, even as standards are 
necessary, they may actually lead us astray. drawing on Foucault and recent science 
studies, Busch argues that grappling with climate change will require changing the 
political and even epistemological climate, re-enacting the sciences as well as agri-
culture and food.

alan Renwick and anita Wreford claim that climate change is likely to be a ma-
jor factor influencing agriculture over the next century, both directly and indirectly. 
Taking Scotland into consideration, Renwick and Wreford state that the direct effects 
of climate change on scottish agriculture are likely to be relatively benign, if not 
positive, with the exception of extreme weather events. However, the obligation to 
address climate change through the reduction of greenhouse gases from all sectors, 
including agriculture, may have a more important impact on the agricultural sector 
in scotland. the commitments to reducing emissions and to the development of a 
land-use strategy raise profound questions for scottish agriculture. in one sense, this 
relates to its ability to maintain and increase production in light of possible increases 
in food demand. in another sense, it relates to the balance of power between the state 
and the farming sector in determining the use of land in scotland and the roles and 
responsibilities of both.

Ruth Beilin, serenity Hill and tamara sysak have analysed victorian (australia) 
farmers responses to climate change and peak oil, considering international, nation-
al and regional policy recommendations for adaptation and mitigation. the policy 
recommendations are found to lack coherence and integration across scales. the 
farmers’ ability to adapt is therefore found to be limited at farm level. instead of 
adapting future-oriented farming practices to de facto effects of climate change and 
new resources when fossil oil sources are exhausted, short-term mitigation strate-
gies are employed. For instance, in periods of severe drought farmers are found to 
apply maladaptive responses that rely on scarce resources and a continuation of 
‘business as usual’.

in a second article analysing the australian situation, Chris evans, Christine stor-
er and angela Wardell-johnson show that the majority of farmers disagreed that 
climate change was occurring. adding information that farmers do not trust science 
or government, a huge barrier is hindering information to diffuse between these 
groups. evans et al. suggest that climate change information should be framed with-
in the local socio-cultural, economic, and biophysical environment of the people it is 
intended to influence, before expecting great changes in farming behaviour to occur.
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jostein Brobakk and Reidar almås have analysed the causes of rising food prices 
in 2008. From a climate change perspective, one could expect that perceptions of un-
certainties regarding production of food in an unstable natural environment would 
cause increasing prices. Brobakk and Almås argue, however, that it is first and fore-
most deregulation of the financial sector that should take the blame for the rapid 
increase in food prices. long-term control of production (into less surplus food), 
globalization of trade, low national food and grain stocks, and increased bio-fuel 
production on agricultural land have resulted in a food market more vulnerable to 
external shocks.

elisabeth abergel explores whether climate change can force the changes towards 
a new food policy regime. she analyses the relationship between climate change and 
the potential for transition to a new food regime through the development of cli-
mate-ready crops, a widely proposed and supported adaptation strategy that aims 
to ensure food security in a changing climate context. she theorizes the practical 
limitations of this adaptation strategy from a bio-capitalist perspective (Rajan, 2003), 
and considers how global climate change exposes the weakness of biotechnological 
solutions. in contrast to supporting the emergence of a neo-productivist regime, ab-
ergel suggests that new regimes of food production are needed that aim at working 
within the complexity of ecosystems.
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Abstract. In their understandable zeal to ward off the ‘nay-sayers’, for whom cli-
mate change is merely an illusion, rural sociologists have defended the modern 
constitution that separates the natural from the social. Yet, standards must be de-
veloped to identify the phenomena of concern to both climate scientists and the 
public. Standards must be identified to stabilize the phenomena of interest, mak-
ing them into something that can be acted on. In addition, standards must point 
the way forward and measure progress toward the amelioration of the problem(s). 
In short, standards simultaneously perform, measure, and point toward the trans-
formation of ‘the climate.’ Yet, even as standards are necessary, they may actually 
lead us astray. Drawing on Foucault and recent work in Science Studies, I argue 
that grappling with climate change will require changing the political and even 
epistemological climate, re-enacting the sciences as well as agriculture and food.

We live in an age of crises – the climate change crisis, the financial crisis, the health 
care crisis, the crisis of democratic governance, and the biodiversity crisis among 
others. These are usually posed as future (or current) situations to be avoided. at 
the same time, a variety of persons and groups have proposed desirable futures in 
which crises will be resolved, and other chronic problems will be ameliorated. These 
include the promises of nanotechnologies, genomics, renewable energy sources, 
geo-engineering, greater income equality, food for all, green chemistry, and so on. 
The proponents of such potential futures attempt to perform them by engaging in a 
variety of (usually) appropriate activities.1 They lobby for and engage in scientific 
research. They protest in the streets. They propose new policies, laws, regulations, 
and standards.

short-term crises are immediately apparent.2 We can all see the fire that is con-
suming down town, the farm that is under water as the result of unexpected heavy 
rain, the volcano that erupts. In each of these cases, we can then take action. we may 
disagree about which actions to take, but the immediacy of the situation forces us to 
take action. The story of Nero, fiddling while Rome burned, is clearly the exception.

But the crises that face us today as well as their solutions are generally not im-
mediately apparent. as Jared Diamond (2005) has made abundantly clear, there are 
many historical examples of societal collapse brought on by failure to recognize long 
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term environmental degradation. Indeed, not only small simple societies, but even 
large complex ones, such as that of the Mayans, have apparently vanished in this 
manner. Of key importance in most instances was that the very gradual character of 
the change made it barely noticeable to most or even all members of the population.

In contrast to the members of these now extinct civilizations, we have two major 
advantages. First, given our much greater ability to manipulate the natural world, 
we can do damage on a much greater scale and thereby notice it far sooner – perhaps 
soon enough to make the necessary corrections. second, over the last 150 years we 
have developed the means to detect – with more or less success – relatively small 
changes in our environment. Doing this has required sifting through ever more mas-
sive amounts of data and, perhaps most importantly, developing standards of all 
kinds.

Specifically, we have developed standards, in the form of metrics, indices, instru-
ments, reference materials (i.e., standardized physical objects) and the like 1. to iden-
tify the phenomena of concern; 2. to stabilize the phenomena of interest, making 
them into something that can be acted on; and 3. to point the way forward and meas-
ure progress toward the amelioration of the problem. In short, standards simultane-
ously perform, measure, and point toward the transformation of the phenomena of 
interest (Busch, 2011). Yet, even as standards are necessary, they may actually lead 
us astray. But before addressing this issue, let me digress by examining briefly the 
‘official’ sociological response to climate change.

The Elephant in the Room
recently, sociologists and other social scientists have been called upon to embrace 
the ‘human dimensions of climate change’ (Nagel et al., 2009). To my mind, there is 
something fundamentally oxymoronic about this phrase. climate change is clearly 
a human concern at its core; nature does not particularly care one way or the oth-
er. were we to disappear from the planet tomorrow, the earth would still revolve 
around the sun. as humans, we appear to have: 1. created much of the current round 
of climate change; 2. identified it as a problem for us (as well as for the many other 
life forms on which we depend) through the use of a wide range of scientific instru-
ments, methods, and models, most of which are inaccessible to the general public; and 
3. proposed a number of (heatedly debated) policy changes designed to mitigate it. 
all of these activities are human in character even as all involve interaction with 
the (rest of the) natural world. as the now voluminous literature on science studies 
shows, the ‘modern constitution’ that neatly divides the social from the natural is 
fundamentally flawed (see e.g. Haraway, 1997; Latour, 1993, 2004; Henke, 2008; Law, 
2008).

Furthermore, the call to greater sociological research on climate change suggests 
drawing on literatures of political economy, human ecology, status attainment, cul-
tural and meaning systems, policy process research, and the social organization of 
science and science policy. while doubtless all of these approaches can provide rel-
evant insights, it should be apparent from my argument above, that there is a rather 
large lacuna here: the failure to include science studies – that is, studies of the prac-
tices and content of the natural sciences of climate change. Indeed, the report calls 
for the training of more sociologists in natural science methods, even as it fails to 
ask sociological questions about those methods. In the ‘official’ document, only the 
papers by Dunlap (2009) and Mccright (2009) raise questions about the nature of 

science, and then mainly in the context of distinguishing among ‘mainstream’ and 
‘skeptics’ camps. Virtually all the other papers in the report as well as the introduc-
tory overview essentially presume that the science must inexorably lead to a par-
ticular set of policy recommendations (e.g. carbon emission reductions), which we 
fail to take up at our peril. They ignore 1. the dynamic character of climate change 
science, 2. its internal disputes and controversies, especially with respect to climate 
models (Demeritt, 2001), 3. the sharp divide between the social and natural sciences 
(e.g., wainwright, 2010),3 and 4. the assumptions behind the social imaginaries of the 
natural sciences. as such, they once again become handmaidens promoting a partic-
ular set of seemingly unquestionable policies and technologies as did the literature 
on the diffusion of agricultural innovations (e.g. Rogers, 1995), rather than critically 
examining those policies and technologies. Moreover, this is hardly a minor point: if 
the climate change scientists are even close to on target in their overall predictions, 
then we collectively can neither afford to adopt mistaken policies based on false as-
sumptions about the future, nor can we afford to do nothing. Let me explain.

Making Crises Visible
clearly one cannot directly perceive global warming. There are several very impor-
tant reasons for this. First, as anders Blok (2010, p. 897) notes, building on work of 
John Law, ‘there is not “one global” but many “situated globalities”’. Climate change 
as experienced by a Ugandan farmer is quite different from that experienced by 
one in the us Midwest. second, the changes we are talking about are subtle ones; 
changes of just a few degrees over a century are likely to cause considerable harm 
to (some) humans and other living creatures. Farmers may remember the terrible 
winter of 1977 or the drought of 1996, but they do not notice small changes in aver-
age temperature. Third, it appears that the variation in temperature is increasing. 
so when I experience a particularly warm winter, I cannot immediately attribute it 
to global warming. after all, temperatures always vary from one year to the next. 
Fourth, to know with complete confidence, I would need to experience warming 
everywhere all at once, playing what Donna Haraway (1997) calls the ‘God Trick’. 
even a second best solution, to cover the entire planet with thermometers, would 
require that I be everywhere at once, or have the means for acting at a distance in in-
numerable locations. Moreover, the cost of blanketing the planet with thermometers 
would vastly exceed the budgets of all the nations of the world. Fifth, I would have 
to gather and analyse data from all of these thermometers over time and to extrapo-
late from that what would happen in the future. This would require having begun 
the process many decades ago and arguably acquiring more computing power than 
we currently have from all computers combined.

however, several centuries ago the science of the state was invented. It was 
known as statistics (Porter, 1995). statistics were initially little more than aggregat-
ed information about all sorts of characteristics of populations of humans – their 
wealth, their religious affiliation, their income, their demographics. As Michel Fou-
cault (2007) has observed, much of this was caught up in what was called at the time, 
Polizeiwissenschaft, police knowledge, or knowledge that could be used by a ruler to 
police the population (cf. scott, 1998). however, as time went on, statisticians began 
to develop the tools we know today. First, it became possible (with varying degrees 
of confidence) to make statistical inferences, to extrapolate from samples to popula-
tions, and from historical data to the future. second, statistics began to be applied 
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not solely to human populations and matters of state, but to virtually any subject, 
including climate change. Finally, the very notion of statistics lost its state-centered-
ness and became the anodyne notion of a branch of applied mathematics.

Consider the now famous hockey-stick figure (Figure 1), the chart providing de-
viations from the mean temperature for the last 1,000 years. several things are im-
mediately apparent from perusing it.
1. Constructing it required multiple measures from different instruments and ma-

terials.
2. The variances on nearly every measure are quite large.
3. some of the measures are considerably at variance with others.
4. At least as displayed in the figure, all the sources are given equal weight.
In addition, a few moments reflection reveals several other characteristics:
5. each measure is dependent on measurements taken at spatially and physically 

different sampling sites. Put differently, the ice cores of the polar ice-caps pro-
vide, for example, a different set of samples from an examination of tree-rings. 
These, in turn, provide different data than do sedimentary samples or soil pro-
files.

6. Each data point conceals variable confidence intervals. In other words, ambi-
ent temperature data from thermometers taken yesterday likely have a much 
narrower confidence interval than those inferred from ice cores as evidence of 
temperature 1,000 years ago. Similarly, ice core samples will likely have a differ-
ent confidence interval than those of tree-rings.

7. The entire exercise conceptualizes climate change as a global problem. Yet, its 
effects will be felt locally. In some places, the climate may hardly change at all. 
Food production may actually increase in some locales, even as it decreases 

elsewhere. Put differently, the global is a construct; there is no such place. Yet, 
while local variability has been noted, the studies that carry prestige and fund-
ing tend to be those that emphasize the global, i.e. abstract and generalized, 
effects.

actor-network Theory (anT) (e.g. Latour, 1987, 2005; Law, 2008; callon et al., 2009) 
provides a useful way of making sense of just what is going on here. although space 
prohibits a detailed discussion of anT here, a few words are in order for those unfa-
miliar with it. Proponents of anT argue that rather than taking the major antinomies 
of contemporary life for granted, we must ask how the practices of scientists and 
others include sorting phenomena along various divides: culture/nature, human/
non-human, true knowledge/false knowledge, local/global, social science/natural 
science, etc. similarly, rather than taking class, race, gender or ethnicity as explana-
tory variables, anT turns the questions around and asks how these phenomena are 
(re)constructed by a range of social practices. Moreover, anT proponents assert that 
we all live in a world that includes not only other human actors, but a wide range 
of non-human actants that influence human actions by virtue of their resistance. 
For example, the most respected climate scientist would have little to say were the 
tools of the profession (e.g. climate models, professional associations, scientific in-
struments, tree-rings, ice cores) unavailable to them. similarly, the most productive 
farmer would suddenly become rather unproductive were the tools of the trade (e.g. 
plows, tractors, fertilizers, soil) to become unavailable.

Moreover, to pursue this proponents of anT employ a particular set of methods. 
This includes following the actors/actants through controversies (e.g. global climate 
change), observing how 1. they construct networks, 2. they attempt to create ob-
ligatory passage points where all practitioners must pass (e.g. mathematical climate 
models), and 3. they create immutable mobiles (objects that can be transported from 
site to site while remaining relatively stable, e.g. thermometers). In short, anT forc-
es us to ask a different set of questions about climate change, as illustrated below.

An Actor Network Approach to Climate Change

From an ANT perspective, first, we never have data on temperatures everywhere; 
we have networks of points that can be brought together to tell multiple stories. In-
deed, as Hulme et al. (2009, p. 201) note, ‘different formulations of the baseline pe-
riod can result in quite radically different (statistical) portrayals of past and future 
climate change’. Moreover, these stories are based on both scientific data and cul-
tural expectations about climate. In short, shifting temporal, spatial, and cultural 
constructs of climate allow us to tell rather different stories. Second, we have scien-
tific networks – what Diana Crane (1972) once called invisible colleges – that permit 
the assembling of these data into intelligible form through the endless empirically 
grounded debate that constitutes science. Third, we have to extrapolate from the data 
in order to make the claim for global warming; as is always the case, the data do not 
speak for themselves. Indeed, the extrapolation process is actually quite complex. at 
the very least it involves five extrapolations: a. from the data points to the rest of the 
planet; b. into the future based on past data; c. from the rather messy data to tell a 
much clearer and more remarkable story: that climate change is happening; d. from 
average changes to changes in particular locations; and, finally, e. from these data to 
policy recommendations.

Figure 1. reconstructed Temperature, 1000-2004.
Source: Image created by robert a. rohde/Global warming art; reprinted by permission. Figure illus-
trates 10 different estimations of the last millennium of temperature change, based on different proce-
dures. For more details, see rohde, 2009.
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At any of these ‘moments’ it is possible that things could go awry. The instru-
ments used to collect data might give false readings. The models used to do the cal-
culations might be significantly flawed.4 One or more of the various extrapolations 
might later prove to be erroneous. The policy recommendations, especially if based 
on global aggregations of data rather than much smaller units, might make the situ-
ation worse. Given this, is it any wonder that the international scientific community 
took several decades to reach its conclusions?

Please do not misunderstand. This is not an argument that climate change is not 
happening. nor is it an argument that we are not contributing to it by virtue of the 
changes that we have made in the world. however, it is an argument that emphasiz-
es the necessarily tentative character of such complex extrapolations. This becomes 
all the more problematic when it comes to measuring remediation, as I shall attempt 
to show below. But first let us look at the question of causes.

Identifying the Causes
Figure 2 shows the attributions of climate change to various major suspected or 
confirmed causes from 1900 to 1990. It also compares the modeled change to the 
‘observed’ change over that time. Note that this figure is considerably more com-
plex than that in the previous figure since it implies a relationship between measured 
temperature change over the century as well as estimated emissions that might ac-

count for positive or negative temperature variations. here again, implicit is that 
each source of temperature change must be measured in a different way. Measuring 
sulfate emissions is different from measuring greenhouse gases, which is different 
in turn from measuring solar energy or volcanic eruptions. each of these measures 
is also likely to have a different statistical error rate, since some measuring instru-
ments are more accurate and precise than others. Indeed, some are based on known 
physical relationships, others on previous experimental data, and still others on the 
tacit knowledge obtained through years of modeling (Polanyi, 1958). Furthermore, 
all must be converted to a single metric in order to be displayed in the figure.

Of course, we could (and doubtless climate specialists have) employed a wide 
range of statistical procedures to analyse these data. But, despite this, all that the 
statistical analysis can tell us is that the variables in question co-vary to a certain 
degree. Even if we were to ‘explain’ 95% of the variance (highly unlikely given the 
variable quality of the data), we would simply have significant evidence in favour 
of the hypothesis that greenhouse gases, largely created by human endeavours, con-
tribute to climate change. since the data are not experimental, they cannot tell us 
whether any given set of variables causes temperatures to rise. we will only be able 
to determine that ex post facto, by implementing changes to reduce greenhouse gas 
emissions.

Making Policy Choices
Based on the data shown in Figure 2, and many other studies as well, climate mod-
elers have concluded that greenhouse gases, largely of human origin, are the major 
contributor to climate change. Based on their analysis, one obvious policy recom-
mendation that flows from this conclusion is that it would be prudent to reduce 
those emissions.5 Furthermore, since most of the emissions come from motor vehi-
cles in the form of carbon, considerable effort has been expended in many nations 
to reduce carbon emissions by motor vehicles. Moreover, many nations have agreed 
that carbon reductions should be brought about by commodification of carbon and 
the introduction of carbon emissions trading. ‘In sum, under climate management 
regimes like the Kyoto Protocol, the world comes to be revealed as an undifferenti-
ated grid of planetary carbon-ordering’ (Lansing, 2010, p. 720). Yet, clearly, nothing 
in the science of climate change leads inexorably to this particular means for reduc-
ing greenhouse gas emissions (hulme, 2009).

however, let us proceed here on the assumption that reduced carbon emissions 
from motor vehicles is the strategy undertaken. There are at least two ways in which 
this might be accomplished: First, we could reduce or eliminate the use of motor 
vehicles. however, doing so would be quite disruptive and would likely prove in-
feasible except in the very long run. second, we could reduce or eliminate the emis-
sions produced by motor vehicles. This is the route already taken to varying degrees 
by several nations. Furthermore, most of these nations have chosen to focus on car-
bon emissions, although many other greenhouses gases are implicated in auto emis-
sions.6

But these decisions are both unevenly distributed and nested. Quite obviously, 
regardless of the approach taken, wealthier vehicle owners (and, more generally, 
nations that are wealthier) will find it less life-changing to reduce or eliminate emis-
sions than poor vehicle owners and poorer nations. Furthermore, once one has de-
cided that reducing emissions while maintaining most (if not all) of the motor ve-

Figure 2. climate change attribution, 1900–1994.
Source: Image created by robert a. rohde / Global warming art; reprinted by permission. Figure illus-
trates five year moving average of temperature measurements from various sources, results estimated by 
using a model, estimated contribution of each predetermined factor independently of running the model.
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hicle fleet is the approach to follow, then there are only four possible alternative 
approaches remaining: First, one can change the fuel one burns; this is one of the 
reasons for shifting to ethanol production, which itself transforms the agricultural 
landscape. second, one can change the means of locomotion; this is the approach 
of hybrid as well as electric vehicles. Third, one can increase the fuel efficiency of 
conventional engines, i.e. reducing the number of calories required to propel a given 
mass a given distance; this is the rationale behind laws mandating greater fuel ef-
ficiency. Finally, one could do all of these, either in the form of a combination, or as 
alternatives used in different vehicles.

Before continuing, note that we have now whittled the complex and vexing – 
indeed, the wicked ( rittel, 1972; rittel and webber, 1973; Batie, 2008) – problem 
of climate change down to one focus: greenhouse gas emissions of motor vehicles. 
Furthermore, since carbon emissions make up the lion’s share of total motor vehicle 
emissions, we may measure the emissions in terms of the carbon footprint of a given 
vehicle. This makes the problem far more tractable, but at the expense of ignoring 
many of the complexities surrounding it.7

In the US and the EU, we have seen several efforts to reduce carbon emissions, in-
cluding: 1. increasing fuel efficiency in automobiles; 2. developing hybrid and elec-
tric vehicles; and 3. replacing some of the (petroleum-derived) gasoline with ethanol 
from edible plants, thereby indirectly raising the price of food. The first of these al-
ternatives is arguably the least problematic, since conservation is the most effective 
means of reducing emissions (see e.g. roberts, 2004) as well as the one with the few-
est likely unexpected consequences. But let us examine the other two alternatives.

electric vehicles clearly reduce emissions at the point of use, but it is not clear that 
they reduce overall emissions if the electricity they employ comes from burning coal. 
hence, electric vehicle emissions standards must take into account the source(s) of 
electricity and what emissions they produce. Indeed, depending on the quality of 
the coal they burn and the efficiency of electricity generation and transmission, elec-
tric vehicles could increase greenhouse gas emissions. hybrid vehicles are perhaps 
less problematic since they do not require recharging on a grid, but gain their electri-
cal power from braking and capturing energy that would otherwise be wasted.

employing ethanol as a partial substitute for gasoline poses yet another set of 
problems for standards development. as with electricity, the source of the ethanol is 
an important question since considerable energy must be expended to produce the 
ethanol. In the case of ethanol from maize, there appear to be two major problems 
for standards. First, there is considerable dispute as to the energy consumed over the 
entire length of the supply chain (see e.g. Pimentel and Patzek, 2005; hill et al., 2006). 
Ethanol is more flammable than oil and must be hauled to distillation plants and 
to distribution points by truck, while much oil and gasoline is moved in pipelines 
much more efficiently. More important for the argument that I wish to make here is 
that even as carbon emissions from ethanol appear lower than those from gasoline, 
maize ethanol produces considerable amounts of nitrous oxide (n2O). apparently, 
‘for an equivalent mass, it is almost 300-fold greater in its ability to warm the planet, 
and it is currently the third most important gas in causing global warming, after 
carbon dioxide and methane’ (Howarth et al., 2009, p. 3, emphasis added). Quite 
obviously, standards for carbon footprints do not include n2O emissions. Moreover, 
maize ethanol production has rapidly increased in the us – from 175 million gallons 
in 1980 to 9 billion gallons in 2008 (renewable Fuels association, 2009) – largely as 
a result of government subsidies, and now accounts for about half the global total. 

Finally, ethanol production from maize quite obviously competes with food uses of 
that cereal, helping to raise food prices and perhaps contributing to hunger in parts 
of the world.

The situation for ethanol from sugar cane, the common approach used in Brazil 
and eagerly purchased by europeans wishing to reduce emissions, is not much bet-
ter. again, the carbon footprint is lowered. and while sugar ethanol produces less 
in the way of n2O emissions, demand for it is leading to considerable and rapid de-
struction of the Amazon rain forest, thereby reducing the size of the world’s largest 
carbon sink (howarth et al., 2009).8

again, none of this analysis is meant to suggest that we should abandon attempts 
to develop standards that will allow us to measure the impacts of policy changes 
designed to reduce the impact of global climate change. It is meant to suggest that 
the kind of (Cartesian) science we have been doing for the last 300 years may finally 
have reached its limits.

Science for Wicked Problems

In his now nearly iconic volume, The Structure of Scientific Revolutions, Thomas Kuhn 
(1970) argued that most science was ‘normal science.’ Under conditions of normal 
science, practitioners know what experiments to perform and what results to ex-
pect. There are anomalies, but it is widely believed that pursuit of normal science 
methods and procedures will eventually lead to their disappearance. Probably no 
better case for normal science could have been made than cosmologists’ belief just 
a few years ago that they were close to the development of a Theory of everything. 
Indeed, one cosmologist recently frankly noted that ‘[f]or the past two decades, 
most of my colleagues and I have been working under the assumption that we can 
know everything about the universe’ (Ferreira, 2009, p. 43). Then, just as Truth was 
at hand, it evaporated.

Kuhn also noted that every so often the anomalies of a given normal science be-
came overwhelming, leading to a scientific revolution. At this time, scientists jump 
ship; they gradually reject the old order and embrace the promise of a new paradigm 
that would, if successful, become the new normal science. Yet, even as Kuhn distin-
guished normal from revolutionary science, he implied that 1. his metaparadigm 
was permanent and eternal (it was the structure), and 2. there was no other way to 
engage in science.

In contrast, in a few short articles, rittel (1972) and rittel and webber (1973) in-
troduced the concept of a wicked problem. They argued that many of the most seri-
ous problems currently facing the world cannot be adequately addressed by either 
conventional reductionist science or by various systems approaches grouped under 
Operations research or General systems Theory. They argued that those approaches 
worked reasonably well for ‘tame’ problems in which relatively clear solutions were 
at hand, but were rather unsuitable for grappling with ‘wicked’ problems – prob-
lems that are difficult to describe, the subject of considerable political debate, and for 
which no optimal solution is likely to be found. These problems involve situations 
that might be amenable to improvement, but their very messiness requires that one 
go beyond more formalized methods and, equally important, that one abandon the 
idea that a solution as such might be found. clearly, climate change is one of those 
wicked problems.
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Improvements of the situations characterized by wicked problems appear to re-
quire not merely a new paradigm, but a reinvention of science itself. In recent years 
a number of approaches have been proposed for reinventing science. Proponents 
of post-normal science (Funtowicz and ravetz, 1993) argue that it ‘reminds us that 
there are hosts of urgent policy problems involving science, for which routine exper-
tise is totally inadequate, and for which even the best professional knowledge and 
judgment are insufficient’ (Ravetz, 2005, p. 73). Others argue that Global Climate 
Models (GcMs) are problematic to the extent that they tend to obfuscate complexi-
ties, thereby providing policy-makers with neat – but perhaps inadequate – answers 
to complex problems. as shackley et al. (1998, p. 198) put it,

‘GcMs… lend much credibility to the prospect and legitimacy of uniting 
and globalising diverse activities, including national and regional policy 
making. They achieve this through the application of standardised tech-
niques, inputs and assumptions, as well as through promoting and legiti-
mising the development, in other related domains, of such standard meth-
ods and techniques. So, for example, GCMs provide justification for the 
creation of greenhouse gas emission inventories, as well as for changing so-
cial practices in a way which reduces such emissions… If they are believed, 
deterministic models such as GcMs and their applications could become 
enormously powerful, both in technical and social terms.’

In short, GcMs may lead policy-makers and the general public to believe that cli-
mate change is a difficult and costly, but fully tractable problem; all we need do is 
to implement a few costly but straightforward policies and we will be able to put 
this all behind us. But, as noted above, this is an experiment never before attempted. 
Moreover, what we do now will likely affect the situation in which our great-grand-
children will find themselves.

Still others note that science and society are co-constructed (Jasanoff and Wynne, 
1998; hulme et al., 2009). The standards, laws and regulations that we put into place 
are not mere extrapolations from the brute data of science; they are negotiated socio-
technical accomplishments that include both observations about the natural world 
and value commitments of scientists, politicians, and others. Indeed, at least one 
prominent meteorologist argues that ‘the separation of the cultural from the physi-
cal that is implicit in the dominant understanding of the idea of climate is a pecu-
liarly Western separation’ (Hulme, 2009, p. 15).

Co-construction applies not only to, for example, the legal frameworks defined for 
accounting for carbon emissions, but to the choice of research problems and meth-
ods, as well as to the myriad scientific instruments, measurements and standards 
that are an essential part of doing science. hence, chromatographs, thermometers, 
spectrometers and the entire array of scientific instruments each conceal (tempo-
rary) agreements about what is sufficient accuracy and precision, as well as what 
is feasible, necessary and affordable at a given place and time (Busch, 2000). If that 
is the case, then we cannot merely leave the science to the scientists, since the very 
process of doing science is essentially social.

Conclusions: Some Lessons of Climate Change Standards
As the Chinese word for crisis suggests, the climate change crisis offers both dangers 
and opportunities. On the one hand, our very quest to develop neat, well-defined, 

global standards with which to measure climate change may lead us astray. On the 
other hand, without standards we have no way of knowing what is happening or if 
our efforts are having even a modicum of success. Put differently, we need standards 
if we are to identify the phenomena we summarize as climate change, to develop 
policies to mitigate it, and to measure its mitigation or persistence. But at the same 
time, those standards will always be inadequate to the tasks at hand, precisely be-
cause climate change is a wicked problem. so what can we do?
1. as limited beings (wimsatt, 2007) we need to abandon the search for Truth with 

a capital T. But we need not fall into despair or some form of relativism. nor 
need we concede the territory to the reactionary critics who deny the realities 
of climate change. To admit that uncertainty exists is quite different than de-
nial. Yet, by demanding that scientific Truth stand up to ideologically motivated 
nay-sayers, we merely perpetuate one of the great conceits of our age. Indeed, 
climate change may provide precisely the moment required to break the bounds 
and bonds of cartesian science once and for all.

2. More positively, we need all the help we can get. We cannot maintain the fiction 
that science provides us with Truths which the rest of us must merely passively 
accept. We need to come to grips with the fact that scientific experiments a. are 
means by which we open new options for social development (Dewey, 1927), 
and b. are only fully tested when worked out in general use.9 Laboratory test-
ing (or its equivalent) is merely a first step down a rather long path. We also 
need to consider that science is but one source of knowledge about the world; 
other forms of knowledge always precede and inform it. For example, farmers’ 
knowledge is essential to understanding the (always) local effects of climate 
change on food production.

3. Perhaps most controversially, we must admit that reductionism has been a very 
fruitful approach to resolving scientific problems. But for precisely this reason, 
its use is quite limited with respect to wicked problems. In these instances we 
need both the broader participation called for by Funtowicz and ravetz (1993) 
and callon et al. (2009), but also counter-reductions. In practical terms that 
means that even as we support climate change modeling, we need to challenge 
the sometimes tacit and often concealed technical and political assumptions be-
hind such models (including the prestige currently associated with modeling 
itself). even as we develop standards for carbon emissions, we need to support 
counter-reductionists who develop standards for methane, nitrous oxide, and 
(many) other emissions. even as we agree that greenhouse gases are the ma-
jor human-induced element in climate change, we need to support scientists’ 
explorations into other causes and the development of standards that permit 
measurement of those ‘natural’ causes of climate change. Put more succinctly, 
we need reflexive standardization!

4. we cannot grapple with climate change as if it were a neatly bounded problem. 
as the widespread growth in the use of bio-fuels already illustrates, climate 
change issues are also intimately bound up with (among many other things) 
issues of food production and prices. hence, at the very least, standards for 
measuring climate change must also come to grips with the (positive and nega-
tive) impact that it has on our food supply. Moreover, this impact will likely not 
be felt evenly across the globe, but will have different consequences in different 
locales. For example, farmers benefit from higher food prices at the proverbial 
farm gate, even as urban dwellers are forced to pay.
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5. Finally, we must reject the idea that the natural sciences alone can guide us. The 
future is constructed, performed, and enacted by our collective actions. when 
scientists envision a world of, for example, reduced carbon emissions, they draw 
on images of the future that extend far beyond climate science, and that include 
images of what ‘the public’ believes and accepts, as well as what policy-makers 
are likely to find acceptable. Such images are part of a much larger (and often 
more contentious) body of knowledge obtained through everyday practices and 
expectations by both scientists and the rest of us. as wynne (2005, p. 68) puts 
it, ‘imaginations of the public world, however that is construed, can be taken 
as integral to scientific knowledge-generation, not simply as afterthoughts’. We 
need to develop better means by which to ask collectively what kind of future 
we want and how we might get there, rather than assuming that there is merely 
one future and one road to it.10 To do that we need all the good science we can 
get, but, as Dewey (1927, p. 208) reminded us many years ago, ‘[t]he essential 
need… is the improvement of the methods and conditions of debate, discussion 
and persuasion’.

In sum, the standards we employ to detect, measure, monitor and remediate climate 
change will have a profound effect on the political, social and economic climate. 
They may have an effect on the biophysical climate as well. But unless we challenge 
the assumptions upon which these standards are based, unless we engage in reflex-
ive standardization, we may be led, lemming-like, into the abyss. If social scientists 
are to become engaged in action about climate change, we cannot be content with 
merely grafting our knowledge about society onto the models of climate change 
scientists.

Notes
1. For examples of performative approaches, see callon, 1998; hilgartner, 2000; MacKenzie et al., 2007.
2. To argue that they are immediately apparent is not to say that these phenomena are always inter-

preted in the same way. There is widespread agreement that hurricane Katrina demolished a large 
portion of new Orleans. however, some persons saw it as proof that the second coming was near, 
others that God was punishing sinners, and others that people built homes in places that should have 
been left in their ‘natural’ state.

3. wainwright (2010, p. 986) asks: ‘Do we in fact know which are the “fundamental questions” underly-
ing global warming? If so, how? Is this a question that can be ascertained scientifically?’

4. The case of the recent financial collapse should make us pause; it was based on complex assumptions 
built into mathematical models – assumptions that later proved inadequate to the maintenance of the 
financial system. While these models are quite different from those used in climate change research, 
both sorts must include assumptions that are either unrecognized or ignored as unlikely or both. see 
Derman and wilmott, 2008.

5. at least a few scientists see the solution in the more drastic step of geo-engineering; see e.g. wood, 
2009.

6. according to the ePa (n.d.), auto emissions include hydrocarbons (including those from incomplete 
burning as well as evaporation of fuel), nitrogen oxides, carbon monoxide, and carbon dioxide.

7. That said, merely measuring carbon emissions involves a set of complex calculations, and opens new 
possibilities for fraud. see e.g. BBc, 2007; Green and capell, 2008.

8. For a highly critical view of sugar-ethanol production and its impact on the Brazilian rain forest as 
well as on small-holders, see Grain, 2009.

9. computer scientists have been aware of this problem for some time; only after considerable use do 
many software problems become apparent (see Parnas et al., 1990). It is also recognized in pharma-
ceutical research as post-market surveillance of new drugs. When Vioxx (rofecoxib) was withdrawn 
from the market due to increased risk of heart attack, it was withdrawn because widespread use in 
a large population revealed problems not noticed in clinical trials. Most agricultural scientists and 

farmers have been less comfortable with this approach, only accepting that some pesticides were 
toxic many years after the problem had been noted.

10 we also need to ask whether the current form of capitalism, which excludes the interests of future 
generations from its calculus (e.g. wainwright, 2010), and the current form of democracy, which ex-
cludes the representation of things (e.g. Latour, 2004) are adequate to the tasks at hand.
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Abstract. As enshrined in the 2009 Climate Change Act, Scotland has one of the 
most ambitious and binding targets for greenhouse gas reductions in the world. 
By 2050 it has committed to reducing emissions by 80%, with an interim target of 
42% by 2020. The agricultural sector is a significant source of emissions within 
Scotland and therefore has been set a specific target – to achieve a 1.3 mt reduction 
by 2020. The approach adopted within Scotland to achieve these targets can be de-
fined as a Voluntary Environmental Programme involving actions focussed on ex-
tension and incentives. Improving the efficiency of the agricultural sector is seen 
as the primary way to reduce emissions, thereby placing little or no constraint on 
the development of farm businesses. Following the method for classifying policy 
actions developed by Pannell, the approach adopted is shown to be appropriate 
(with certain caveats) given the nature of the changes required and the impact on 
private firms and wider society. However, fundamental challenges are shown to 
exist in actually relying on this approach in practice. These relate to achieving the 
required levels of participation and the monitoring and measurement of the pro-
posed changes to farming practices. The industry’s response to the 2007–2008 food 
price spike bears witness to the fact that even if these challenges are overcome, 
any gains made are susceptible to changes in practice and land use driven by an 
improved market situation. For these reasons, the article concludes that tighter 
restrictions are likely to be placed on farms to ensure that the targets are met and 
these are likely to constrain the choices of land managers.

Introduction
Climate change is likely to be a major factor influencing agriculture over the next 
century, both directly and indirectly. In Scotland, the direct effects of climate change 
on agriculture are likely to be relatively benign, if not positive, with the exception 
of extreme weather events (Scottish Government, 2010a). However, the obligation to 
address climate change through the reduction of greenhouse gases from all sectors, 
including agriculture, may have a more important impact on the agricultural sector 
in Scotland. Over and above the United Kingdom’s (UK) commitment under the 
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Kyoto Protocol to reduce emissions by 12.5% below 1990 levels, Scotland has set a 
further ambitious target of emissions reductions by 80% by 2050.

Achieving these commitments raises a number of profound questions for Scotland 
and Scottish agriculture. These include the appropriate measures to put in place and 
the choice of policy instruments. Linked to this is the potential impact on the balance 
of power between the state and the farming sector in determining the use of land in 
Scotland and on the roles and responsibilities of both. A future challenge is whether 
or not Scotland can maintain and increase production in light of possible increases 
in food demand (as highlighted in the Vision for Scottish Agriculture, Scottish Govern-
ment 2010c).

Research Questions and Methods

The main research questions addressed within this article are: whether or not the 
approaches adopted by the Scottish Government to achieve the set reductions in 
emissions from the agricultural sector are likely to succeed and; whether this will 
impinge on the ability of the farming sector to respond freely to market signals.

To address these questions a series of steps are followed. Initially a detailed re-
view of the evolution of climate change policy in Scotland is undertaken. This is 
achieved through analysis of available policy-related documents, including: outputs 
from Government appointed stakeholder groups; Government consultation docu-
ments (including stakeholder responses); supporting documentation for the Climate 
Change (Scotland) Act itself (including proposed implementation strategies) and 
relevant ministerial speeches. A two-stage approach is then undertaken to evaluate 
the appropriateness of the policy options chosen in Scotland. The first stage, using 
a conceptual framework developed by Pannell (2008), considers whether or not the 
chosen approach is theoretically consistent with the aims of Government. Pannell’s 
framework is chosen because its two-dimensional approach (based on assessing 
policy tools in light of the distribution of costs and benefits between the private firm 
and wider society) allows for policies to be simply assessed, whilst still being con-
ceptually rigorous. The second stage considers whether or not the Scottish approach 
is likely to be successful in practice by evaluating the policy mechanisms against 
a series of criteria laid down in Borck and Coglianese (2009). The final stage of the 
analysis involves assessing the impact of alternative measures to control emissions 
from agriculture on farm businesses.

The article begins with a brief overview of the development of climate change 
policy in Scotland, including the views of the agricultural industry. It proceeds to 
assess more generally the appropriateness of these policies using the framework de-
veloped by Pannell (2008). Potential obstacles to achieving the policy goals through 
the use of a voluntary approach are then outlined. The article concludes with a dis-
cussion of alternative approaches that may have to be utilized and the possible im-
plications for land managers.

Evolution of Climate Change Policy in Scotland

Though concern over climate change and agriculture has a relatively long history 
within Scotland, a key milestone was the publication in March 2006 of A Forward 
Strategy for Scottish Agriculture: Next Steps. The Forward Strategy recommended that 

a stakeholder group be established to evaluate and monitor agriculture’s response 
to climate change, through mitigation and adaptation (including the potential for 
related business opportunities).

In response, the Agricultural Climate Change Stakeholder group (ACCSG) was 
established in November 2006 and comprised a range of stakeholders, including 
those representing land managers, environmental organizations, government, 
NGOs and research institutes. A number of recommendations were made (ACCSG, 
2008) providing useful insight into the perceived responsibilities of the key actors 
(government and industry). For policy, there was a call for better integration be-
tween separate policy themes (e.g. agriculture, biodiversity, flooding etc) and for 
lessons from other environmental incentive schemes and regulatory controls to be 
heeded. For industry, the group highlighted both a need for awareness of influences 
of climate change amongst farmers and land managers and also recognition of the 
need to contribute to mitigation. A wider role in raising awareness was highlighted 
for representative bodies from across the supply chain and the importance of col-
laboration stressed. There were also recommendations calling for improved knowl-
edge transfer and further research (recognizing the huge uncertainties surrounding 
climate change). Given the nature of the challenge and composition of the group, it 
is unsurprising that support for a collaborative and voluntary approach to tackling 
climate change emerged.

From Recommendations to Policy
The ACCSG report began to identify responsibilities for tackling climate change. 
However, they were able to make recommendations based on a broad discussion of 
the relationship between agriculture and climate change unfettered by actual policy 
commitments. The extent of the challenge (as set by the Climate Change (Scotland) 
Act) was not known (although widely anticipated). Therefore the group did not 
have to deal with thorny questions such as the overall emissions reduction from 
agriculture and how the burden should be distributed between farmers and land 
managers and wider society.

The actual scale of the challenge emerged with the passing of the Climate Change 
(Scotland) Act of 2009, which set the target for Scotland of achieving an 80% reduc-
tion in greenhouse gas (GHG) emissions from 2006 levels by 2050 (with an interim 
target of 42% by 2020). Whilst the act sets the target for Scotland as a whole, it was 
clear from the outset that agriculture (and land use more widely) as a significant 
contributor to overall emissions would have to play its part in achieving the target. 
the Climate Change Delivery Plan (CCDP) (Scottish Government, 2009a) outlined in 
more detail how the reduction could to be achieved for Scotland as a whole and 
highlighted the need for four transformational outcomes to occur for there to be any 
real chance in achieving the target.1 For agriculture and land use the transforma-
tional outcome was seen as:

‘A comprehensive approach to ensure that carbon (including the cost of 
carbon) is fully factored into strategic and local decisions about rural land 
use through appropriate protection for Scotland’s carbon rich soils; mini-
mising emissions from agricultural and other land use businesses; encour-
aging the sequestration of carbon, for example through woodland planting; 
and the use of natural resources to generate renewable energy.’
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More specifically the delivery plan noted that the share of the emissions from agri-
culture and agricultural land use could be reduced in 2020 from 2006 levels by 1.3 
MtCO2e.2 According to NFUS calculations, this represented the equivalent of a fall of 
10%, which was small in comparison to some sectors where the identified reductions 
reached 50% (NFUS, 2009). The relatively low percentage for agriculture probably 
reflects the high level of uncertainty surrounding emissions from agriculture and 
potential difficulties in securing reductions. In fact these challenges led the United 
Kingdom Climate Change Committee (UKCCC) when examining reductions for the 
UK as a whole to argue that targets for agriculture in the first implementation pe-
riod might be inappropriate (UKCCC, 2008). Other key targets for land-use included 
increasing planting rates for trees to between 10 and 15 thousand hectares per year 
by 2015 (a major increase on the current levels of planting) and to sustain that rate 
thereafter to maintain the levels of carbon sequestered annually in trees and soils.

Within the CCDP support for a voluntary approach to achieving the targets was 
clearly in evidence: ‘Short term action will focus on improved advice and services to 
land managers and opportunities for grant aid through the Scotland Rural Develop-
ment Programme’ (Scottish Government, 2009a, p20). Of course the Government 
was not oblivious to the challenges associated with such an approach and noted that 
‘The ability of increased advisory and communication activity, coupled with existing 
incentive structures, to realise the level of reductions required in avoidable emis-
sions from the agriculture sector’ was a significant risk to achieving the 42% target. 
Within the CCDP reference is also made to the fact that ‘a key challenge for the land 
use sector is to achieve these targets while working within the global context of in-
creasing demand for food.’ This is a major issue and, as will be discussed later in the 
article, presents a real challenge to the success of a voluntary approach.

In practice, the voluntary approach mooted in the CCDP took the form of the 
Farming for a Better Climate (FFBC) initiative and the use of options available in the 
Scottish Rural Development Programme (SRDP) and other support for renewable 
energy initiatives. As described by the Scottish Government, ‘FFBC is a targeted 
communication strategy designed to encourage farmers to adopt efficiency meas-
ures that reduce emissions, and help them adapt to climate change while at the same 
time having an overall positive impact on business performance’. In addition, an 
innovative approach was taken through extending the monitor farm concept which 
had been successfully used in Scotland for helping farmers develop the commercial 
side of their businesses (ADAS, 2008).

Since the passing of the Climate Change (Scotland) Act further work has been un-
dertaken developing policies relating to both mitigation and adaptation. These were 
published in 2010 and 2011 (Scottish Government, 2010a, 2011). In particular, the 
targets set in the Climate Change Delivery Plan were replaced in 2011 by the more 
detailed Report on Proposals and Policies (RPP) (Scottish Government, 2011). The 
RPP revised the possible emissions reductions from current and proposed policies 
in agriculture down from 1.3 MtCO2e to 0.9MtCO2e. Overall the RPP estimated that 
current policies were able to deliver a 38% reduction in emissions by 2020, 4% below 
the target of 42%. The RPP also extended the range of potential options to reduce 
carbon but re-iterated the approach of the Scottish Government.

‘The key challenge in this sector is to contribute towards climate change 
targets while ensuring that Scottish agriculture remains productive and 
competitive. The Scottish Government’s approach is to begin by seeking 
the maximum uptake of voluntary actions which both reduce avoidable 

emissions (those that arise from inefficient use of fertilisers and other re-
sources rather than from the fermentation of feeds in the guts of animals) 
and improve farm performance’ (Scottish Government, 2011).

Overall in Scotland, the carrot is clearly more in evidence than the stick with a focus 
on win–win opportunities and with few constraints being imposed on land manag-
ers.

Industry Support

Unsurprisingly, a voluntary approach to achieving environmental goals is often 
favoured by industry as it is seen as preferable to the implementation of costly 
regulation (Borck and Coglianese 2009; MacLeod et al., 2009). Through the policy 
consultation process these views were expressed strongly and consistently by the 
main farmer and land manager organisations (National Farmers Union of Scotland, 
NFUS, and the Scottish Rural Property and Business Association, SRPBA). Analysis 
of consultation responses highlights that they recognized the responsibilities of their 
members in helping tackle climate change, but clearly support a voluntary incentiv-
ised approach.

‘Farmers and other land managers also need to contribute to the mitiga-
tion of climate change. This may require wider adoption of current best 
management practices, such as nutrient budgeting and energy efficiency 
but, given appropriate policy support, more significant adjustment to the 
nature of agricultural land management could be achieved to provide ‘win-
win’ outcomes’ (NFUS, 2008).

‘The SRPBA is hopeful that the Climate Change (Scotland) Act will not 
impose further regulations on land managers but will ensure that targets 
are met by creating positive incentives for them to reduce greenhouse gas 
emissions’ (SRPBA, 2009).

In addition to the non-regulatory approach they strongly support the choice of 
measures that may improve business performance as well as cutting emissions:

‘And it is the next step in delivering further efficiencies on which we are 
now focussed. Much of what can and should be done will be measures 
which, regardless of their beneficial environmental effects, will first and 
foremost, make business sense to our primary producers’ (NFUS et al., 
2010).

‘For example, if land managers are told that they can contribute to reducing 
greenhouse gas emissions by practising precision farming when applying 
fertilisers, which would also reduce their overall costs, they will be more 
likely to take up this measure than if the message is conveyed in a purely 
“mitigate climate change” manner’ (SRPBA, 2009).

However, within the consultation responses some areas of potential conflict between 
government and industry begin to emerge, particularly concerning afforestation 
plans.
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‘NFU Scotland doubts very much whether this approach to tackling cli-
mate change will achieve anything positive. It is naive in the extreme to 
think that simply planting more trees on mainly agricultural land, to lock 
up carbon, will make a significant contribution in addressing what is a 
global and complex problem’ (NFUS, 2009).

The closeness between the approach of the government and the industry is seen 
clearly in the speech given by the cabinet secretary to the NFUS AGM in 2009.

‘I will defend the Scottish livestock sector to the hilt, because we owe it to 
the world to produce food. But at the same time, we have a responsibility to 
be as efficient as possible, including in greenhouse gas terms. The research 
clearly shows that you’ll make more money too. So it’s in the planet’s inter-
est, but it’s in your interest as well’ (Lochhead, 2010).

Lochhead’s assertion is supported by Scottish Government estimates, which suggest 
that by achieving the greater efficiencies that ‘Farming for a Better Climate’ encour-
ages, farmers and other land managers could save up to an estimated £464 million 
between 2011 and 2022.

To date, the development of climate change policy within Scotland appears to 
place few constraints on the agricultural sector’s freedom to farm beyond current 
environmental restrictions (for example, those included within the cross-compliance 
regulations) and the need to follow best practice. Whether or not this laissez-faire 
approach can be maintained will depend upon its effectiveness in achieving the set 
targets. Using a framework developed by Pannell (2008), the next section briefly 
considers whether or not the chosen policy mechanisms (extension and incentives) 
are appropriate. This is followed by a more detailed examination of some of the 
practical hurdles associated with the use of a voluntary approach.

Choice of Policy Options

Pannell notes that there are a number of policy options available to achieve changes 
in management of privately owned land. He also notes that existing agri-environ-
mental programmes from around the world use a range of mechanisms to encour-
age change, including education, awareness raising, technology transfer, research 
and development, regulation, subsidies, and other economic instruments (Pannell, 
2008). As highlighted in Table 1, he categorizes the mechanisms into five types de-
fined as positive and negative incentives, extension, technology development and 
no action.

Having defined the possible options available, Pannell proceeds to derive a sim-
ple but useful framework for assessing the most appropriate situations for use of 
the different policy options. This involves dividing the policy space in terms of the 
impact of the action on private (the individual firm) and public (being everyone else) 
net benefits (returns minus costs). This is highlighted in Figure 1.

For example, Pannell argues that where actions produce positive private and pub-
lic net benefits as shown in area A (which may be classified as win–win situations) 
then extension is the appropriate mechanism. Alternatively, where an action may 
lead to a reduction in profitability of the firm (negative net benefits) but will produce 
more than compensating public net benefits (triangle C), positive incentives should 
be used.

Pannell also provides useful insight into a question raised by Bork and Cogli-
anese. That is if actions are truly win–win why have firms not already exploited 
them? (Borck and Coglianese, 2009). Recent analysis highlights a number of such 
actions that could be implemented in the UK (MacLeod et al., 2010) and understand-
ing why they have not been adopted is crucial to assessing whether they really are 
viable options. Pannell provides part of the answer by raising the concept of learn-
ing costs and notes that ‘even though private net benefits from land-use change are 
positive… there may still be costs and impediments to learning that must be over-
come, resulting in lags to adoption’. Though he notes that in reality extension may 
shorten, but not eliminate, the lags to adoption.3

category Specific Policy Mechanisms Included
Positive incentives Financial or regulatory instrumentsa to encourage 

change.
Negative incentives Financial or regulatory instrumentsa to inhibit 

change.
Extension Technology transfer, education, communication, 

demonstrations, support for community network.
Technology development Development of improved land management 

options, such as through strategic R&D, partici-
patory R&D with landholders, or provision of 
infrastructure to support a new management 
option.

no action  Informed inaction.

Table 1. Alternative policy mechanisms for seeking changes in management of pri-
vate land.

Note: a Financial or regulatory instruments include polluter-pays mechanisms (command-and-control, 
pollution tax, offsets), beneficiary pays mechanisms (subsidies, conservation auctions and tenders), and 
mechanisms that can work in either way, depending on how they are implemented (define and enforce 
property rights, such as through tradable permits).
Source: Pannell, 2008.

Figure 1. Suggested classes of policy tools for different levels of public and private 
benefits.
Source: Pannell, 2008.
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Pannell’s framework suggests that (depending on the initial allocation of prop-
erty rights) the extension approach adopted by the Scottish Government is appropri-
ate for the ‘win–win’ options and that where the reduction in private net benefit for 
each tonne of co2 equivalent is less than the social cost of carbon (Moran et al., 2010) 
positive incentive approaches promoted by the Scottish Government may be ap-
propriate. His approach also supports the idea that where the private cost is greater 
than the social benefit (area D in Figure 1), then development of new technologies 
(supported by R&D) may be appropriate. However, the choice of the right policy 
mechanism is neither necessary nor sufficient for actual achievement of the policy 
goal as becomes clear in the next section.

Will the Voluntary Approach Deliver?

Following Krarup (2001), the Scottish Government’s policy towards climate change 
within the agricultural sector may be seen as a form of voluntary environmental 
programme (VEP). There is a growing literature on the relative effectiveness and 
efficiency of achieving environmental goals through voluntary environmental pro-
grammes as opposed to other approaches (for example, Brouhle et al., 2004; Gun-
ningham and Sinclairi, 2002; Borck and Coglianese, 2009) and this provides insights 
into the likelihood of success of the policy.

Prakash and Potoski (cited in Borck and Coglianese, 2009) highlight that the ef-
fectiveness of the voluntary approach can be represented by the following simple 
formula:

Effectiveness = Number of Participants × Average effect per participant + 
Spillover effects

Therefore, in the context of this article, effectiveness depends upon the level of par-
ticipation by farmers and land managers, the direct effect of participation on emis-
sions and any knock-on effects associated with participation. Issues surrounding 
each of these components are examined in the following sections. It soon becomes 
apparent that although the formula looks relatively simple, populating it presents 
serious challenges.

Participation

The first challenge to ensuring sufficient participation is the fact that agriculture is 
dominated by small businesses (there are upwards of 50 000 holdings in Scotland, 
although around 20 000 may be considered significant producers). Therefore, unlike 
other sectors where there are a few large players, a voluntary approach in agriculture 
means that a large number of individuals with their own attitudes and motivations 
have to volunteer to take part. The scale of the task was highlighted in the CCDP 
where estimates were produced that uptake would have to be in the region of 90% 
to achieve the required reduction of 1.3mt by 2020 (Scottish Government, 2009b).

There is an extensive literature relating to the uptake of voluntary agri-environ-
mental schemes within the UK (for example, see Morris and Potter, 1995; Wilson, 
1996; Wilson and Hart, 2001; Burton et al., 2008; Burton and Paragahawewa, 2011). 
This literature highlights that a range of factors encourage or hinder uptake of vol-
untary schemes including age, education, size of business, social capital, cultural 

issues, etc. Whilst this literature does provide insights into the decision-making pro-
cess, it should be noted that signing up to a voluntary agri-environment scheme is 
not necessarily the same as undertaking activities that mitigate climate change. This 
is because agri-environment schemes usually involve some trade-off between adop-
tion of the measure and production (in return for a payment). Many of the measures 
being proposed in Scotland may be seen more in the light of adoption of new tech-
nologies (Lindner, 1987; Feder and Umali, 1993; Mathijs, 2003) although many of the 
factors that drive technology adoption are similar to those that drive adoption of 
voluntary agri-environment schemes. In general, a key finding is that even if adop-
tion provides financial benefits to a farm, a range of other social and cultural factors 
will actually determine whether a measure is adopted.

One important area highlighted in the literature on adoption (either of new tech-
nologies or environmental measures) relates to the attitudes and values of land 
managers and this is equally likely to be an issue for measures relating to climate 
change. It is clear from the earlier sections that the representative bodies recognize 
the responsibility of the agricultural sector to play its part, but is that the case for the 
rank and file? Barnes and Toma (forthcoming) note that there is a surprisingly small 
literature on farmer attitudes towards climate change and that which exists has been 
either at the generic or conceptual level (for example, Adger et al., 2007; Howden et 
al., 2007; Iglesias et al., 2007) or, where the work has been more applied, the focus has 
been on more vulnerable regions (Maddison, 2007; Gbetibouo, 2009; Gwimbi, 2009; 
Mertz et al., 2009). As might be expected, in the studies which have been conducted 
in developed countries, a variety of attitudes emerge, ranging from scepticism in 
the US (Harrington and Lu, 2002) to mixed perceptions in the UK in the 1990s (Hol-
loway and Ilbery, 1996) and to a more recent acknowledgement of the importance 
of climate change in the UK (Farming Futures, 2008). In relation to Scotland, Barnes 
and Toma surveyed close to 600 dairy farmers in 2009 and found that only 50% 
perceive climate change as a problem for their business. This lack of concern might 
simply reflect the perceived wisdom that the impacts of climate change on Scotland 
itself may actually be relatively benign, but does highlight that there could be sig-
nificant challenges to getting farmers to adopt mitigation measures.

The analysis has thus far concentrated on the government/agricultural sector re-
lationship. However, other drivers are pushing farmers towards taking actions to 
reduce emissions. This is particularly evident with recent actions by the major su-
permarkets within the UK (Smith et al., 2010). Marks and Spencer, for example, are 
aiming to make all their activities carbon neutral as well as helping their suppliers 
cut their emissions (known as Plan A). Whilst supermarkets may be undertaking 
these voluntary actions to maintain a commercial advantage, there is likely to be 
a more direct business imperative for farms to cut emissions. Therefore, it is not 
much of a leap to see carbon management simply as an extension of the current 
farm assurance schemes in operation across the UK. Adoption of these quality as-
surance schemes became virtually mandatory as supermarkets became increasingly 
concerned about traceability in the face of a number of high profile food scares. Their 
dominant role in the food supply chain is well recognized (Burt and Sparks, 2003) 
and, therefore, they have the ability to exert significant pressure on their suppliers.

The combination of the fact that the government is focusing on ‘win–wins’ and 
providing incentives, the support for the approach by industry bodies, the raised 
awareness by many farmers of the issues surrounding climate change and the push 
from the major retailers can therefore be seen as factors that could encourage the 
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wide-scale participation that is required. However, as the next section highlights, 
other challenges still have to be overcome.

Impacts of Participation

A fundamental constraint on the effectiveness of the voluntary approach is the level 
of uncertainty as to the actual impact of participation. This may be viewed in terms 
of monitoring and measurement. First, although farmers and landowners may sign 
up to the agreement it is actually very difficult to monitor practices precisely (al-
though record keeping for pesticides and fertilizer applications are already required 
under existing schemes, ADAS (2009) note that verification will require an auditing 
process and therefore will be expensive). However, even if farms fully comply, there 
is a very high level of uncertainty surrounding the actual (rather than assumed) rela-
tionship between management activities and the associated emissions (for example, 
altering the timing of the spreading of fertiliser). As Renwick et al. (2002) highlight 
in the context of carbon sequestration, this is in part due to the challenges of measur-
ing the actual emissions coming from the land (or livestock). Further complications 
occur because of the relative crudeness of the current approach taken to measure 
emissions (known as the inventory) at the country level. This crudeness means that 
the inventory is unable to accurately assess the current emissions at the level of the 
individual farm, and is also insensitive to many of the management options promot-
ed to reduce carbon. This hardly provides confidence for those tasked with cutting 
their emissions and whilst significant resources are being put towards improving 
the UK inventory there will still inevitably be major gaps in our understanding.

Differentiating between reductions that have occurred as a result of participation 
rather than simply by the effects of other drivers is also a challenge when assessing 
the effectiveness of voluntary schemes (Borck and Coglianese, 2009). On the surface, 
this may not appear to matter as it is the overall reduction in emissions that count 
for Scotland. However, failure to identify the cause of the reduction may increase 
the risk of not achieving the set targets. For example, there has been a marked re-
duction in GHG emissions in Scotland since 1990, due largely to structural changes 
within agriculture (significant declines in livestock numbers and declining crop ar-
eas). Therefore if this trend continues after the introduction of the measures pro-
moted by the Scottish Government, it may be tempting to attribute the gains made 
to the policy rather than the structural changes. The problem is that if the structural 
decline is reversed, as happened so dramatically in the case for wheat production in 
2007–2008, then part of the assumed gains from the voluntary approach will be lost. 
Therefore it is important to differentiate the impact of structural changes in agricul-
ture from those arising due to uptake of the voluntary measures.

Spillovers and Knock-on Effects

In the literature, spillover effects are defined as the potential impact of the VEP on 
other firms (Borck and Coglianese, 2009). That is, if other firms adopt similar prac-
tices to those within the VEP (for example to ensure they do not cede some advan-
tage to competitive firms) then the impact of the VEP may be greater than simply the 
sum of the actions of those signed up to it. This particular spillover effect may not be 

that significant in the context of individual farms (but may be for the major retailers), 
however there are other spillover or knock-on effects that may be of importance.

A number, though not all, of the actions are aimed at improving efficiency on 
farms. Others, for example, improving animal health, will also indirectly improve ef-
ficiency. If farms simply maintained their existing level of production, then a saving 
in emissions could be realised. However, economic theory suggests that increased 
efficiency means lower costs and lower costs lead to increases in production (a form 
of Jevons’ paradox).4 In this situation the overall impact on emissions will depend 
upon whether or not the output boosting impact offsets the GHG saving effects. This 
is the difficulty of having national targets and targets based on production as op-
posed to consumption (SEI, 2009). Improved efficiency will help reduce overall glob-
al emissions associated with food production, but may actually lead to increased 
emissions within an individual country. Of course, the increased efficiency leading 
to increased production and increased emissions argument should not be reversed 
to lead to a call to farm inefficiently and save the planet.

Reversibility
Even if the above challenges are surmounted, there is the possibility that any gains 
achieved in the short term are lost in the longer term if firms are able to revert to 
previous practices without fear of punishment or, in the case of agriculture, change 
production (i.e. move from crop to livestock, grass to crops) in response to markets.

Therefore whilst the voluntary approach appears to have attractions due to the 
imposition of few constraints on the agriculture sector, this section has highlighted 
the practical constraints to using such an approach. It should be acknowledged that 
a number of these challenges, especially in relation to measurement and monitoring, 
are as relevant to other possible approaches as to the voluntary one (ADAS, 2009). 
This said the evidence appears to support Morgenstern and Pizer who argue that 
‘it is hard to argue for voluntary programs where there is a clear desire for major 
changes in behaviour’ (in Borck and Coglianese, 2009).

It is clear that the Scottish Government have also maintained the right to change 
direction: ‘The Scottish Government will work hard to represent the best interests of 
Scottish agriculture during the CAP negotiations. Attaining a high uptake of FFBC 
voluntary measures without resorting to regulation remains the priority. However, 
a mandatory regime may be necessary if insufficient progress is achieved by the sec-
tor’ (Scottish Government, 2011).

It may though be, in this particular case, that the relatively low target for agri-
culture (under 10% reduction by 2020 from 2006 levels) means that even with these 
difficulties, the target may be achievable with little impact on farm businesses. For 
example, it is estimated that a 4% reduction had already occurred by the end of 2007 
(NFUS et al., 2010). However, the next section argues if the market situation im-
proves for agriculture in Scotland, it will be much harder to achieve reductions with-
out resorting to policy mechanisms placing greater constraint on farm businesses.

Market Forces versus Climate Change?

Over the last 20 years or so there has been a sustained period of low prices for agri-
cultural products within the UK, with only the occasional respite. As noted earlier, 
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in Scotland this coupled with other factors such as reform of the CAP and produc-
tivity gains in the dairy industry has led to a marked decline in livestock numbers 
and also crop areas. In addition, there has been a trend towards reduced applica-
tions of artificial fertiliser onto grassland (Defra, 2009). These changes have meant 
that significant reductions in emissions from agriculture have occurred (estimated 
at 20% since 1990 by the NFUS; NFUS, 2010). Although the term post-productivism 
has engendered much debate (for example, see Ilbery and Bowler, 1998; Evans et al., 
2002; Mather et al., 2006; Wilson, 2007; Ward et al., 2008) it is reasonable to argue that 
uptake of agri-environmental schemes, increased diversification and pluriactivity 
has seen agriculture move away from a focus purely on commodity production. As 
returns from commodity production fell and support to agriculture became increas-
ingly questioned, farming and landowner organizations began to embrace their new 
role and promote their members more strongly as ‘guardians of the countryside’ (for 
example, see NFU, 1998). It can be argued that these factors have made it easier for 
governments to encourage uptake of schemes to protect the environment. That is, 
there has been less conflict between the financial goals of the farm business and the 
wider goals of society.

However, as has been highlighted above, after many years of struggling to pro-
duce profits, the industry sees a brighter future as a number of institutions (includ-
ing the OECD) are predicting a sustained period of higher agricultural commodity 
prices. This is due to the often quoted combination of factors including rising world 
population, increased affluence in China, and the production impacts of climate 
change in some regions of the world.

The response to the recent high prices of 2007–2008 highlights how policies that 
protect the environment can soon disappear when other pressures emerge. In Scot-
land, wheat production increased by around 17%, set-aside was removed across the 
EU and concern was raised about farmers’ continued participation in agri-environ-
mental schemes (Observer, 2008). As noted by the then head of policy at the Council 
for the Protection for Rural England, ‘The problem is that the mindset of farmers 
will switch back to production, and it will become increasingly difficult to persuade 
them of the value of environmental intervention’ (Observer, 2008). This might espe-
cially be the case for climate change where the main environmental effects are seen 
as spatially (other countries) and temporally (future generations) removed from the 
activities of the business.

This brings us back to the fundamental question as to whether Scottish farmers 
can both take advantage of opportunities to boost production in the face of higher 
prices arising from the global supply and demand situation and achieve severe (rela-
tive to other countries) targets for the reduction of emissions. Of course, Scotland is 
not alone in the challenge of trying to achieve this balance. For example, the situ-
ation is even more acute in New Zealand, where even though the overall emission 
reduction targets are significantly less than Scotland, agriculture forms both a major 
part of those emissions and also of the economy (MAF NZ, 2010). There are clear 
moral dilemmas that arise if policies to reduce emissions prevent production from 
increasing. Whilst it may be argued that the hunger problems facing the world cur-
rently are a question of distribution rather than overall production, higher prices sig-
nal shortages. Therefore, do we prevent farmers from increasing production today 
and alleviating these shortages at the possible expense of future generations? Given 
the worldwide response to the food price crisis of 2007–2008 (including such actions 

as export bans), it would seem likely that for politicians the voices of those alive now 
will outweigh those of the future.

A Need for Alternative Approaches
If the climate change targets are to remain in place in Scotland, alternative approach-
es may be required in the future both to secure any gains that have already been 
made (thus far mainly through structural change) and to make further reductions 
in the light of increased demand for agricultural products. There is an extensive lit-
erature on the relative advantages and disadvantages of the various approaches to 
achieving environmental improvements described by Pannell and outlined in Table 
1 (for example, see Hatch (2005); Hahn, 1989; Wu and Babcock, 1999). Here some are 
briefly discussed in terms of the constraints they will place on agriculture.

If we consider area D in Figure 1, we have a situation where the public benefit is 
outweighed by the private cost of implementation and Pannell suggests technol-
ogy development as a possible action in this situation. Work undertaken to develop 
Marginal Abatement Cost Curves (MACC) for the UK Climate Change Committee 
(MacLeod et al., 2010) highlighted a range of options that could reduce emissions 
but currently were too expensive to implement (that is their cost per tonne of car-
bon saved was significantly above the estimated social cost of carbon). Significant 
research effort across many countries (the Global Research Alliance, for example) 
is investigating a range of ways of reducing emissions whilst increasing produc-
tion and if these yield practical results could reduce the costs of new technologies. 
In addition, increased profitability may lead to the industry being able to invest in 
technological solutions that can significantly reduce emissions. The new technology 
route like the VEP offers the promise that it would allow agriculture to achieve its 
commitments with the minimum of disruption to the business. However, as with a 
VEP there are uncertainties over practical application and adoption of new technolo-
gies and it cannot be relied on to deliver specific targets.

Within other parts of the European economy tradable permits have been imple-
mented as a way of reducing emissions (European Trading Scheme, ETS). The cap 
and trade approach potentially gives greater control for the Government in terms 
of achieving its targets (by setting the cap on overall emissions levels, whilst the 
tradable nature of the permits potentially enables these targets to be met in the most 
efficient way (US EPA, 2010). A potential advantage is that it still allows flexibility 
for firms to respond to price signals emanating from changes in supply and demand. 
For example, if wheat prices rise due to changes in market conditions making pro-
duction more profitable, then wheat farmers would be able to buy permits from 
other farmers (and potentially other sectors if the scheme were economy wide) and 
increase production in response. Also the fact that the permits can be traded will 
encourage farms to adopt new methods that reduce emissions. However, the fun-
damental issue is that if trade is restricted to within agriculture the industry overall 
will be constrained and limited in its ability to produce. If it is economy-wide then 
there is the potential for agricultural activities to decrease markedly if other sectors 
buy permits from agriculture, though the advantage is that at least they will be com-
pensated for this decline. In addition, significant problems exist in terms of imple-
menting such a scheme at the farm level. These relate to the sheer number of farms, 
and the measurement and monitoring of emissions at the farm level (i.e. similar to 
the voluntary approach). It is perhaps not surprising that Australia abandoned plans 
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to include agriculture in an emissions trading scheme and that New Zealand has 
done so only at the level of the processing industry (MAF NZ, 2010).

Command-and-control measures (for example, Nitrate Vulnerable Zones (NVZs) 
or cross-compliance regulations)5 potentially place more restriction on the actions 
of farms. The blanket approach of NVZs has always been unpopular (hence the ini-
tial recommendation from the ACCSG, that lessons should be learnt from existing 
regulations). Although focussing on the English situation, a review of alternative 
approaches by ADAS examines a number of regulatory options to reduce emissions 
including extension of NVZs and catchment sensitive farming. Their recommenda-
tion was that an enhanced cross-compliance scheme appeared the most effective 
policy tool for achieving emission reductions (ADAS, 2009). They do, however, see 
potential scope for other approaches such as an extension of NVZ regulations to 
produce gains. It is clear that the Scottish Government also see the CAP cross com-
pliance regime as the possible vehicle for a mandatory approach.

‘The present European Union Common Agricultural Policy (CAP) provides 
a level of income security to farmers as well as a “cross-compliance” frame-
work for sustainable management of the environment. The CAP is due for 
revision at EU level in 2014 and there is potential for specific climate change 
mitigation measures, including some of those encouraged in Farming for 
a Better Climate, to be made mandatory through the cross compliance re-
gime that links farming practices to subsidy payment.’

The advantages of cross-compliance include the fact that the regulatory framework 
(including monitoring) is already in place and it is associated with the carrot of re-
ceiving support (in the form of the single payment scheme). The disadvantage may 
be that if cross-compliance becomes too onerous and the single payment is reduced 
significantly (as might be the case under budget constraints to the CAP) then po-
tentially farms may opt out of the Pillar 1 reducing the effectiveness of cross-com-
pliance. Whilst this is unlikely to occur under current situations (because the single 
payment is a significant source of income for many farms) a marked improvement 
in profitability of commodity production might make it more viable to forego it. Of 
course, the option is then available for the Scottish Government to simply make the 
cross-compliance regulations part of general environmental constraints.

Beyond environmental regulation, there are more restrictive measures available. 
At the extreme this could involve land nationalization, though not since the 1940s 
has this been a serious consideration within the UK. However, the Scottish Govern-
ment are aware of the need to satisfy many other demands on land use in Scotland 
(such as recreation, tourism, renewable energy, forestry, etc.) and this formed the 
basis of the recent Rural Land Use Study (Scottish Government, 2009c). Some form 
of land-use planning (for example, zoning) may potentially be an option, placing 
more restrictions on the ability of landowners to decide the use of land. However, 
the development of the Land Use Strategy (Scottish Government, 2010b) highlights 
that the Scottish Government favours a more hands-off approach to land use.

The extent of the reductions from agriculture will effectively determine the extent 
that activities are constrained. In the initial stage, the reductions are fairly unambi-
tious and could in theory be achieved through actions that have very low cost for 
farms and place little restraint on their business decisions (MacLeod et al., 2010). 
However, after 2020 as the targets become more challenging and the scope for the 
use of ‘win–win’ measures becomes more limited then achievement of the targets 

will become more difficult. This means that climate change policies may not be seen 
to impose significantly on what farmers are doing now but more so on future choices 
of land use.

Conclusion

The development of climate change policy in Scotland has been shown to be a mix-
ture of stakeholder dialogue coupled with a voluntary approach that includes the 
use of funds available through the rural development programme as well as schemes 
designed to encourage renewable energy production. Pannell’s framework suggests 
that, in theory at least, the response is appropriate to the policy goal and the nature 
of the actions that are being sought from agriculture. In general, this approach places 
very few constraints on the freedom to farm within Scotland, both in terms of the 
choice of what to produce as well as how to produce it. To date a close relationship 
between government and industry has been evident with general agreement as to 
the approaches adopted. However, it is clear that the strength of this relationship is 
yet to be fully tested. Such a test will arise if the voluntary approach fails to deliver 
the required reductions; for example, due to a lack of participation or the knock-on 
production effects of participation. A major challenge will also arise if the expected 
improvement in the market situation for agriculture occurs and provides farmers 
with the incentive to maximize production again (though this time driven by the 
market rather than the policy-driven production boosts of the post Second World 
War period). A question then arises as to the nature of the relationship between 
government and farm representatives and whether the latter are strong enough to 
enable them to ‘override’ the government by increasing production from farming 
even if it means they fail to conform to any targets for carbon emissions. That is will 
government be able to constrain farming options, or will market forces be heralded 
as the best way to advance agriculture and the nation’s future?

If GHG reduction targets do remain in place, it seems inevitable that other pos-
sible policy options to reduce emissions will be required beyond those currently 
in place. Potentially, these will have a greater impact on the production choices of 
farmers. Of these, the creation of markets for carbon and support for the develop-
ment of new technologies may impose the least constraints on the choices of individ-
ual farms. However, as has been shown, there are disadvantages to these approaches 
and further action may be required. It would seem inevitable that a mandatory ap-
proach will have to be adopted, possibly through extension of the cross-compliance 
regulations. These regulations will potentially impose greater constraints on the ag-
ricultural industry depending upon how far beyond current best practice they go. 
Regulations to ensure best practice may be seen as a justifiable constraint to place on 
the industry (as is the case with most environmental regulation at the present time). 
That is, the restriction is not on the freedom to farm, but more on the freedom to 
farm badly. However, given that significant GHG emissions arise from normal best 
practice, perhaps more so than other forms of pollution, if future targets mean that 
the Scottish Government have to go beyond this then more constraints on produc-
tion choice will occur. Policy will need to be designed to ensure that this is under-
taken in an efficient, effective and equitable way for agriculture and wider society.
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Notes
1. Transformational outcomes are seen as major changes that need to be in place by 2030 in order for 

Scotland to meet its 2050 target.
2. This figure is based on the Climate Change Act target which is equivalent to a 42% reduction on 1990 

levels in overall emissions in Scotland. There was some leeway for this target to be revised; for exam-
ple, on advice from the UK climate change committee that the target is not achievable.

3. It should be noted that Pannell develops his framework using numeric examples to account for learn-
ing costs and other factors; however, for the purposes of this article the simple exposition is deemed 
sufficient.

4. In economics, the Jevons paradox (sometimes called the Jevons effect) is the proposition that techno-
logical progress that increases the efficiency with which a resource is used, tends to increase (rather 
than decrease) the rate of consumption of that resource.

5. Cross-compliance is an element of the Common Agricultural Policy (CAP) within the EU. The CAP 
is split into two pillars. Pillar 1 comprises direct payments to farms (known as the Single Payment 
Scheme) that are conditional on farms complying with a range of requirements relating to environment 
performance (known as cross-compliance).
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Abstract. Climate change and peak oil will have profound impacts on food pro-
duction across the world. This article uses selected documents from the agri-
culture policy arena to explore international, national and local scale responses 
and recommendations. Using two regional Australian case-studies, we describe 
local farming practice. We find that while seeking to be adaptive overall, farm 
decisions are, necessarily complex, often limited and result in both short- and 
long-term perverse outcomes. This includes changes previously considered as in-
novative or adaptive responses to climate change or energy constraint. By con-
trast, these responses now may appear reactive and maladaptive. We argue that 
the maladaptive responses are most likely to continue because of a lack of policy 
coherence and integration across scales. Farm experimentation and improvization 
requires supportive coherent policies. Good on-ground decision-making requires 
clear signals that support change beyond current variations within a ‘business as 
usual’ trajectory.

Introduction
there are many levels to the discourse around climate change and peak oil. in this 
article, we consider policy responses associated with food and agriculture in a 
farming area of Victoria australia, through the critical examination of three policy 
documents at various levels and foci and their implications for australian farmers. 
underpinning the article is a social and ecological systems (SeS) approach, which 
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counters reductionist analysis and arguably encourages the possibility of adaptive 
capacity and resilience within a system (harris, 2007). therefore, we imagine the 
global forces of climate change and peak oil as a constellation of variables in the 
SeS that are constantly emerging. this emergence is characteristic of system dynam-
ics; but when policy-makers are considering how to formulate and provide useful 
direction to guide the continuing level of change and adaptation required to deal 
with so much uncertainty, we argue there appears to be conventional resistance to 
transformative change built into their policies. the ideal is to be able to engage the 
agricultural farming system as an SeS, as the resilience narrative describes (Folke, 
2006), wherein the shocks to a system can be absorbed for long enough to allow on-
going innovation and successful adaptation.

Policy responses to issues such as climate change and energy security are complex 
and not automatically congruous, for example, investment in unconventional gas 
may augment fuel supplies, but could also have potentially significant implications 
for greenhouse gas emissions (howarth et al., 2011). Responses extend across multi-
ple levels where they are developed separately in countries, states and cities and the 
lack of consistency and recognition of interrelationships raises questions about the 
effectiveness of such initiatives. However, global scale issues require global commit-
ment as well as local solutions. multilevel governance literature describes this situa-
tion where the interaction of institutions exists at multiple levels. as Paavola (2007, 
p. 98) suggests, multi-level governance solutions may emerge because an upper 
level of governance is established to coordinate between lower-level solutions, or 
because lower-levels of governance are established to implement higher-level strate-
gies’. urwin and Jordan (2008), in a study focusing on policy across multilevels, ar-
gue that climate change needs to be integrated into all areas of public policy-making 
(i.e. both climate and non-climate sectors) if policy is to support rather than obstruct 
adaptive responses – a process they term ‘climate proofing’. They acknowledge the 
tensions of multilevel policy-making between-policy makers at higher levels and 
the implementers at the on-ground level recognizing the need to view the issues 
as both top-down and bottom-up. their research found few examples in the uk of 
existing policies within agriculture and the water-resources sector that actually pro-
moted integrated climate change adaptation responses and found examples where 
adaptation options in effect were hindered at local levels. These and other authors 
(Pahl-Wostl, 2009; daniell et al., 2011) note, however, that the task of integrating 
climate policy across scales is laden with both practical and political complexities 
particularly as climate policy intersects in some way with almost all other policies. 
therefore, the risk of perverse outcomes or maladaptation associated with reverse 
engineering policies continues.

Recently, Barnett and O’neill (2010, p. 211) have described maladaptation as ‘ac-
tion taken ostensibly to avoid or reduce vulnerability to climate change that im-
pacts adversely on, or increases the vulnerability of other systems, sectors or so-
cial groups’. They identify five pathways through which maladaptation to climate 
change can occur:
1. pathways that, relative to opportunities, increase emissions of greenhouse gas-

es, i.e. adaptation practices that themselves increase energy usage;
2. disproportionately disadvantaging the most vulnerable, i.e. by aiming to fulfill 

the needs of one group another more vulnerable group may be further impact-
ed;

3. high opportunity costs whereby the social, economic and/or environmental 
costs of the proposed adaptation are higher than other adaptation courses of 
action;

4. path dependency, i.e. owing to large capital outlays it becomes difficult to steer 
away from a particular course of action; and

5. reduction of incentives to adapt, i.e. where there is no encouragement to change 
behaviour and/or the responsibility for changing the behaviour is transferred 
from the individual (Barnett and O’neill, 2010, p. 212).

In this article, we will focus specifically on three of these pathways (increasing 
greenhouse gas emissions, path dependency and reduced incentives to adapt) that 
emerge from our case-study.

it is maladaptation or perverse outcomes associated with policy and on-ground 
practice that surface as a consequence of recent field research. The on-ground every-
day practice of farmers needing to juggle farm inputs in response to conditions that 
they have little or no control over helps focus the meaning of ideas relayed through 
policy frameworks. We apply Barnett and O’Neill’s (2010) definition of maladapta-
tion and the pathways through which it can occur to our analysis of those aspects 
of climate change policy most obviously affecting food and agriculture. We extend 
their ideas by pointing to what Urwin and Jordan (2008) have identified as the policy 
interplay – or lack of it – across global, national and state government. We argue that 
energy and climate change policy is silo-based (or non-integrative) and inherently 
intended to affirm reductionist ‘solutions’ rather than be responsive to integrative 
system wide change. therefore adaptive management is adaptive within the con-
fines of existing structural limitations. Adaptive management has emphasized the 
ability of local scale practitioners to adjust, reform, innovate – rarely acknowledg-
ing the ‘lock in trap’ (allison and hobbs, 2004) that farmers encounter when trying 
to innovate around one issue at a time – as if changes in one part of their farm will 
not impact on all parts of the social and ecological reality of that system. the local 
response is consequently constrained engagement with policy ideas, even as there is 
local evidence and awareness of the need for some or any energy and climate change 
action on-ground.

To build this analysis we assess the current evidence for the significance of peak 
oil and climate change for food and agriculture in the second part of the article. We 
selected recent documents in the policy arena that expressly address the future of 
food and farming. We chose documents focusing on different scales – global, nation-
al and sub-national – and specifically highlight the discourse of climate and fuel/
energy impacts on food and agriculture. at a global level, we selected the World 
Agriculture Outlook 2010–2019 (OECD and FAO, 2010) and briefly, its update in 
2011, World agriculture Outlook 2011–2020 (OeCd and FaO, 2011). at the national 
level we study the guide to the murray darling Basin Plan – a scoping document for 
looking at the future of water allocation in the murray darling Basin (mdB), an area 
that contributes around 40 % of the national gross value of australian agricultural 
production (aBS, 2008). at the sub-national level, we examine the State of Victoria’s 
Future Farming Strategy. in part four we describe the on-ground narratives of farm-
ers, with particular emphasis on farm decision-making as it relates to energy and 
climate. The discussion in part five draws on Barnett and O’Neill’s (2010) identifica-
tion of maladaptive pathways in policy and practice. We conclude by calling for ur-
gent recognition of the interconnectivity in system dynamics, time lags in adaptive 
capacity and a concerted effort to overcome the strictures of the current policy silos.
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The Significance of Fossil Fuels – and Oil in Particular – for Food and Agriculture
Oil supplies cater for 35% of the world’s energy demand (British Petroleum, 2010). 
Food production and distribution systems across the world are dependent on access 
to affordable fossil fuel-based energy. The production of most nitrogen fertilizers 
uses natural gas for the hydrogen and energy. Gas and oil are used for production 
of pesticides and herbicides and other agricultural chemicals. Farm machinery and 
pumps are run with petroleum fuel and other materials and equipment used on 
farms are often derived from oil (for example, plastics) or are made with the energy 
from petroleum fuel. Petroleum is used to transport farm inputs and farm products 
to market. Fossil fuel-based energy plays a significant role in the process of getting 
food to the consumer. For example, heller and keoleian (2000) estimate that food 
related energy use beyond the farm gate was over four times that of energy used 
directly in agriculture. the united States department of agriculture estimates the 
food related share of total energy consumption (92% of which is derived from fossil 
fuels; eia, 2010) in the uS was around 16% in 2007 (Canning et al., 2010).1

Peak Oil
in late 2008 the international energy agency (iea) shifted distinctly in tone with 
its declaration that ‘current global trends in energy supply and consumption are 
patently unsustainable’ (iea, 2008, p. 3) and ‘the era of cheap oil is over’ (ibid, p. 
15). in its 2010 World Energy Outlook, the iea warns that ‘the oil price needed to bal-
ance oil markets is set to rise, reflecting the growing insensitivity of both demand 
and supply” (IEA, 2010, p.6). This official caution has been complemented by a se-
ries of analyses from the private sector and military organizations that warn of a 
‘supply crunch’ some time within the next few years. the uk industry task Force 
on Peak Oil and energy Security (2010) declared that ‘as early as 2012/2013 and no 
later than 2014/2015, oil prices are likely to spike, imperiling economic growth and 
causing economic dislocation’. the uS Joint Forces Command (2010) makes similar 
predictions and a leaked German military report explores the consequences further. 
it states that there is ‘some probability that peak oil will occur around the year 2010 
and that the impact on security is expected to be felt 15 to 30 years later… shortages 
in the supply of vital goods could arise’ (Schultz, 2010).

Implications of Peak Oil on the Food System
the problem is not that oil is ‘running out’, the problem is one about cost and pro-
duction rate. We have developed the easiest half of the world’s oil reserves and are 
moving to the more difficult or ‘tough’ oil, which takes more energy to extract (see 
Sorrel et al., 2010). the rising price of oil will have direct implications for the food 
system, but there are also likely to be significant indirect implications. Gross domes-
tic product is a rough measure of activity in the economy. activity is related to the 
amount of energy in the system. in 2005, the united States department of energy 
highlighted this link between the global economy and oil prices: ‘[o]il prices remain 
a key determinant of global economic performance, and world economic growth 
over the past 50 years has been negatively impacted in the wake of increased oil pric-
es’ (hirsch et al., 2005, p. 30). not only is the current way we produce and distribute 
food dependent on affordable oil, the influences that an increased and volatile oil 

price has on the economy – for example, the amount of income households have to 
spend, and the amount of investment available for new infrastructure – will have 
very significant implications for food systems.

thirty per cent of the world’s cropland has been abandoned due to soil erosion 
and degradation in the last 40 years (Wood et al., 2006). moves to more marginal 
land increases both fertilizer requirements and transport costs. Soil degradation also 
reduces water storage in soil as well as carbon sequestration potential. the united 
nations environment Programme (nellemann et al., 2009) has estimated that up to 
25% of the world’s food production could decline due to environmental break-down 
by 2050 unless action is taken. Compounding pressures on the prices of nitrogen 
fertilizer associated with peak oil, Cordell et al. (2009) estimate that phosphorous 
could also peak by 2030.

Climate Change
in late 2009, the intergovernmental Panel on Climate Change (iPCC) authors up-
dated the latest climate science since the iPCC’s fourth assessment report two years 
prior <http://www.copenhagendiagnosis.org/press.html>. they warned that if 
long-term global warming is to be limited to a maximum of 2ºC above pre-industrial 
values, average annual per capita emissions in industrialized nations will have to 
be reduced by 80–95 % below 1990 levels by 2050. the report concluded that global 
emissions must peak then decline rapidly within the next five to 10 years for the 
world to have a reasonable chance of avoiding the very worst impacts of climate 
change. the chief economist of the international energy agency announced in may 
2011 that energy-related carbon-dioxide emissions in 2010 were the highest in his-
tory noting that this represents ‘a serious setback to our hopes of limiting the global 
rise in temperature to no more than 2ºC’ (iea, 2011, p. 1). the (australian) Climate 
Commission Secretariat (2011) points out that the 2ºC target ‘often quoted as de-
fining the boundary of “dangerous” climate change, is based on value judgments, 
informed by scientific understanding, and has been developed through a political 
process [and that] there are significant risks of serious impacts in various sectors and 
locations at temperature increases of less than 2°C’ (Climate Commission Secretari-
at, 2011, p. 18). Climate change will impact on altered seasons, and changing rainfall 
patterns and will see a shift in production zones (for australian examples, see Cullen 
et al., 2010). For farmers across the world, it will also result in greater uncertainty 
and production loss as a result of increases in the frequency of extreme events such 
as droughts and floods (OECD and FAO, 2010, p. 45).

already with a mean of 0.8°C warming over the last century we are seeing a sig-
nificant impact. In Australia, climate change has been linked to substantial increases 
in rainfall in northern and central parts of Australia, as well as significant decreases 
across much of southern and eastern australia (Bureau of meteorology and CSiRO, 
2010). there is an increasing likelihood that we are reaching critical tipping points 
that will trigger abrupt, non-linear changes in the global climate system (lenton et 
al., 2008). Factoring in historic emissions and the inherent inertia in the climate sys-
tem, Ramanathan and Feng (2008) suggest that we may already be committed to an 
additional 0.6–3.5°C (on top of the 0.8°C already observed). meinshausen et al. (2009) 
published estimates in Nature that the global constraint to achieve the required level 
of emissions reductions (e.g. to stay within 2°C) would only allow around 27–47% 
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of existing fossil-fuel reserves (reserves recoverable with existing technology and 
prices) to be consumed.

therefore, agriculture, energy and climate change policies need to respond to in-
terrelationships across systems. Without policy coherence there is a significant risk 
of maladaptive response – for example, where strategies to increase adaptation to 
climate change inadvertently increase emissions or exposure to increasing energy 
prices.

The Policy Arena 

We selected three recent policy texts at varying scales to explore these energy secu-
rity and climate policy discourses. the World Agriculture Outlook 2010–2019 (OeCd 
and FaO, 2010) updated in 2011 – World Agriculture Outlook 2011–2020 (OeCd and 
FaO, 2011) represents global food and agriculture policy. the guide to the murray 
darling Basin (mdB) Plan – a scoping document for the future of water allocation in 
the MDB – encompasses policy for an area that includes a significant proportion of 
australia’s arable land. at the sub-national level, we examine the State of Victoria’s 
Future Farming strategy. the strategy sets priorities for research and government 
service delivery to farmers. the guide to the mdB plan is a discussion paper – the 
starting point for a process to set water diversion limits on the river system. the 
OeCd/FaO document outlines current and future issues in food and agriculture at 
a global scale and is intended as a resource for member countries in setting agricul-
tural policy. the common thread between these documents is the shared intention to 
provide policy direction for the future of food and farming.

Global Scale Assessment: World agriculture Outlook 2010–2019, 2011–2020

this OeCd and FaO (2010) report covers projections for production of commod-
ity bio-fuels, cereals, oil-seeds, sugar, meats and dairy products out to 2010–2019. 
the report highlights ‘severe shocks’ faced by agriculture in recent years – high oil 
prices, commodity price spikes, food security fears and recession. nevertheless, for 
the purpose of projections it assumes ‘normal conditions’ (OeCd and FaO, 2010, p. 
12) and advises that ‘in the absence of unexpected shocks, growth remains on track 
with estimated long term requirements of a 70% increase in global food production 
in 2050’ (ibid, p. 11). it also assumes average or normal weather conditions, the ab-
sence of weather-related supply shocks. it acknowledges that ‘frequent weather dis-
turbances associated with climate change may render global yields much more vari-
able, leading to a greater instability in production and trade flows’ (ibid, p. 43) but 
offers no direction. The report notes that reducing greenhouse gas emissions will be 
expected but does not recommend how this can be achieved or by whom or when.

energy is discussed at some length – acknowledging that agricultural prices are 
underpinned by increasing energy cost structures particularly in regions where 
energy inputs are used intensively. the assumption of higher oil prices plays out 
by pushing agricultural commodity prices upward. Crop prices show significantly 
higher sensitivity to oil price changes compared to livestock products. this stems 
from a higher energy share in total crop production costs because of fertilizer, chemi-
cals and fuel prices.

Limits on production ‘as usual’ are mentioned briefly, but the general assumption 
is that people will respond with innovation in response to market signals and so 
maintain production levels. Diversification is suggested as an option for individuals 
in managing risks but this comes with a caution that it may result in reduced pro-
duction and profit (OECD and FAO, 2010, p. 59). The role of government in manag-
ing risk is highlighted, although the focus is on managing ‘short-term volatility’ and 
avoiding ‘catastrophic risks that are rare but have large consequences’ (ibid, p. 61). 
Despite recognizing the significant link between energy and food production, the 
general message of the report is that if the policy and institutional settings are right, 
farmers and consumers will respond to price signals; the global population will in-
novate – to achieve a 70% increase in food production by 2050. in general, these 
assumptions remain consistent in the update (17 June 2011). however, the more re-
cent analysis, reflecting on the context of the fifth year of extreme price volatility in 
agricultural commodities, provides a much more in-depth analysis of the drivers of 
price volatility – including climate and weather related shocks and energy and other 
resource constraints. The report modelling finds that the variability of oil/fertilizer 
prices and yields has the greatest impact on agricultural commodity prices, well 
above other macro-economic variables (ibid, p. 69). yet still the suggested policy 
response to these particular issues centres on raising the productivity of small-scale 
farmers in ‘developing countries’ (e.g. through public sector research and develop-
ment) and reducing post-harvest losses (ibid, p. 67). this falls short of acknowledg-
ing any serious vulnerabilities inherent in energy resource intensive systems across 
the globe.

National Arena: The Guide to the Proposed Basin Plan – Murray Darling Basin 
in October 2010, the murray darling Basin authority released the Guide to the Pro-
posed Basin Plan for public consultation. the focus is on the key decisions the au-
thority is required to make under the australian Water act 2007 in particular the 
new limits on water that can be taken from the Basin (sustainable diversion limits 
– Sdls). this document represents the start of an ongoing process, rather than new 
policy settings.

Decisions made through the plan process have potentially significant implica-
tions for food production in the region (particularly irrigated agriculture) – 39% of 
national agricultural production (including 42% of australia’s total fruit and nut 
production, and 32% of australia’s total dairy production) is located in the area cov-
ered by the proposed plan.

the development of the plan involved detailed hydrological modelling and con-
sideration of the impacts of climate change. It looked at scientific evidence regarding 
the mdBs environmental condition and commissioned social and economic impact 
studies to inform the guide. When assessing the potential impact of reduction of 
water allocations in line with climate change predictions, the authority extrapolates 
from observed trends in social and economic conditions. it doesn’t explore potential 
future scenarios for food and agriculture inclusive of more expensive energy inputs 
to agriculture.

to illustrate, one of the few pieces of supporting analysis that recognized the im-
portance of ‘non-water’ related structural adjustment as important context for deci-
sion-making was a report commissioned from Frontier economics (2010) this report 
still only included analysis that extrapolated past trends rather than entertaining 
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the possibility of non-linear change. in it and the guide itself, there is no mention of 
potential energy resource constraints or cost increases associated with either climate 
mitigation activities or rise in price of liquid fuels.

the climate change projections were developed by CSiRO (the government fund-
ed scientific advisory service) based on data current at the 2007 IPCC report. Despite 
the scientific evidence, this 2010 guide to the Basin Plan doesn’t discuss a range of 
potential climate scenarios or the new scientific evidence since 2007, which indicates 
a much greater sensitivity of climate to emissions (see above). although the guide 
deals with policy development that will potentially have a significant impact on 
the future of food and agriculture in australia (forming the basis of water alloca-
tion decisions and strategic regional planning and infrastructure investment in the 
mdB), it considers a very narrow set of future possibilities and scenarios and fails 
to acknowledge potentially important interrelationships between resource sectors.

Sub-national Arena: The Future Farming Strategy
Service delivery through the Victorian department of Primary industries is guided 
by the Future Farming strategy ‘to improve the productivity, competitiveness and 
sustainability of farm businesses’ (State of Victoria, 2008, p. 1). the strategy identi-
fies adaptation to climate change, reducing emissions and ‘intensifying competition 
for world markets and resources’ (ibid, p. 11) as central to its policy direction. it 
raises competition for resources as an issue, but does not acknowledge peak oil or 
the likelihood of absolute energy limitations affecting production or distribution of 
food. Change in general and the unknown qualities of food production in the future 
is described as positive ‘opportunities’: Government’s role is ‘providing the sector 
with the information and tools it needs to anticipate and manage the impact of the 
changes ahead’ (ibid, p. 23) and setting the right conditions for resource markets. 
however, the future is described in terms of the inevitability of ever increasing pro-
duction and competition where only the strong and innovative survive. the change 
trajectory is seen as inescapable, where: ‘the new era in farming is being driven by 
economic, climate and market forces largely outside our control’ (ibid, p. 6). there 
are limited possibilities for diversity of scale or structure in the vision for agriculture 
as:

‘successful, competitive farm businesses of the future will also be larger in 
scale and scope. They will use more off-farm capital, specialised technical 
and financial advice, and non-family labour. They will plan strategically, 
and trade more actively in land, water, capital and their products to re-
spond flexibly to fluctuating prices and climatic conditions’ (ibid, p.6).

across the policy arena that we have documented above, it is as Brooks et al. (2009) 
indicate – that policy actions are conforming to a very narrow range of mitigation 
and adaptive responses. these responses do not of themselves or associated with 
their previous policies, identify the need for reconceptualisation of approaches or 
strategies. instead, their incrementalist nature is intended by government and agen-
cies to spread risk even as it grows more unlikely that risk can be deferred in this 
manner. incrementalism reinforces ideas of modernization: the continuing associa-
tion with global production regimes as they have been conceived in the twentieth 
century (mcmichael, 2009).

Methodology
Field data for this article were drawn from two separate social science research pro-
jects based in the northern Victoria agricultural region from 2009 until the present. 
The projects, although different in approach, research questions and aims, both in-
vestigate how farmers are adapting to climate change by examining how farming 
practices have been changing over time within the case-studies.

in case-study 1, 20 farmers were interviewed from two sites chosen through both 
snowballing techniques and cold calling. Farmers were from both dry land and ir-
rigated areas and from a range of industries (dairy, beef, sheep, tomato and mixed) 
and family farm generations (first, second, third and fourth). The interviews last-
ed for approximately one hour where a range of issues were discussed, especially 
around drought, including how and why farming practices have changed over time.

in case-study 2, in dry-land farming districts around a small town in north-east 
Victoria, 32 farmers were selected through a quota sampling technique to initially 
complete a questionnaire about practice change (changes on their farm and observed 
in the local area in recent years). twenty of these were then selected randomly to 
participate in an in-depth interview. Farmers were from a range of ages and indus-
tries including beef, sheep, cropping, mixed and horticulture. in-depth interviews 
averaged one hour in length and focused on the life-histories of farmers, characteris-
tics of their farming practice, how and why they became interested in farming (and 
continue to farm), and plans for the future.

Both series of interviews were recorded, transcribed verbatim and thematically 
coded. Several common themes emerged from the two cases’ interviews around 
farming practice change particularly in relation to three of the maladaptation types 
as defined by Barnett and O’Neil (2010) – increasing greenhouse gas emissions, path 
dependency and reduced incentive to adapt.

The Local Reality
the northern Victoria region is agriculturally diverse consisting of large areas of 
dry-land farming where production is dominated by sheep, beef and cropping and 
irrigation-based industries including dairy, horticulture and viticulture. it is estimat-
ed that in 2005–2006 the gross value of agricultural and horticultural production was 
over au$ 2.2 billion accounting for approximately a quarter of Victoria’s agricul-
tural production (aBS, 2006). in responding to a changing climate with lower water 
availability due to both reduced rainfall and uncertain water allocations, farmers in 
the region have been adapting their farming practices in various ways.

The Irrigated Landscape
after eight years of drought, the majority of dairy farmers moved fully or partially 
away from a perennial pasture feeding regime to a semi-feed-lot system of growing 
crops and annual pastures. many are sowing autumn cereals and ryes and annual 
pastures to cut for hay and silage, conserving as much as possible for other times 
throughout the year. autumn crops are often supplemented with a summer crop if 
rainfall and/or water allocations permit. Particularly for the dairying industry, the 
competitive advantage for many years was the farmers’ ability to grow their own 
pasture throughout the year. now the feed needs to be handled numerous times 
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from growing, cutting, baling and carting it in, before eventually getting fed out to 
the animals. each of these steps requires additional energy, adding to the carbon 
footprint of the farm system. more equipment and machinery is required for a feed-
lot system of farming – feed pads, silos for storage, bigger tractors and graders and 
wagons to mix the feed – as well as the extra travel required to source food from 
other areas.

With the modified feeding regimes, the amount of land needed to be irrigated 
has reduced substantially and there is a more strategic approach to watering to get 
maximum growth out of everything. Many farmers are seeing this as a more efficient 
method of farming – efficiency being evaluated in terms of milk production and 
water use efficiency – and plan to continue farming in this way even if water alloca-
tions become more secure. although in the face of drought and water availability 
this appears a rational decision in the short term, on closer examination it suggests 
that some farmers are moving to more resource-intense regimes despite, or without 
considering the implications of long-term higher emissions and the potential future 
rises of input costs and scarcer resources.

Installing new infrastructure, particularly for more efficient watering and irriga-
tion, has been a priority for many through the drought. the Victorian Government, 
through a modernization project, is updating the irrigation infrastructure in the area 
with the aim of making water delivery more ‘efficient’. The original system relied 
on gravity to feed the water – the new system will require a substantial number of 
pumps, both on and off farms, to even water pressure and for water to be available 
on demand. there are savings in the amount of water used and hence the cost for 
this water for farmers, but this then needs to be balanced against the cost of the extra 
energy required to run these more ‘efficient’ water systems.

The Dry-land Landscape

Over the last 20 years in the dry-land region, there has been a move away from 
wool production to sheep meat production. there has been an increase in cropping, 
with new techniques (like mounding) and the dryer climate opening up areas for 
cropping that were previously too wet. although mixed farming is dominant, some 
farmers have moved entirely into cropping. there are examples where a move to 
pure cropping has been prompted by the drought as farmers no longer had reliable 
water for stock. Some farmers that kept their livestock were forced to cart in both 
feed and water – a significant investment in time and resources. In very recent years, 
as the relative price for grain has decreased in comparison to meat, some farmers 
have observed a ‘swing back’ to livestock.

there has been a major shift to supplementary feeding and feeding out rather 
than grass-fed over a longer period in the year as a result of the drought. in most 
cases, this has meant devoting more of the farm to growing crops. many have em-
ployed strategies like planting ‘grazing wheat’ and keeping most of the grain for 
their own animals and selling what is left. there are examples of producers moving 
to more intensive production systems for both beef and lamb, that is, farm feed-lots. 
a husband and wife who run sheep in a relatively high input system explain how 
supplementary and intensive feeding systems have become commonplace and what 
it means for them.

’’82 was pretty dry and you know, we sold off sheep in early December for 
$ 7 a head or something only to find that in February/March it rained and 
ewe prices had tripled and with a little bit of feed we could have kept them 
and that has been our attitude ever since – keep our sheep and buy feed 
into feed them… We’ve had so many years of drought therefore feeding of 
sheep has been a huge issue. i mean you keep buying grain or outside fod-
der all the time… we’ve thought of silage bunkers and things like that so 
that we could store. Because we haven’t got enough silos to store enough 
grain for the numbers, we’re feeding so we’ve looked at cutting silage in-
stead and storing that as a drought measure (wife)’ (Sheep farmers a).

although this is a common scenario for many of the farmers, there are others who 
fall at either side of this spectrum. there are those farmers that see adaptation as a 
short-term strategy and plan to return to old farming practices. there are those that 
take a more holistic approach to their on-farm management and the other variables 
that may come into play in the future. examples of this spectrum of approaches are 
cited below.

Maintaining the Status Quo
a third generation dairy farmer we spoke to has been working on the farm for the 
last 30 years. this farmer has adopted other strategies in addition to changing feed-
ing regimes to cope through the last drought, such as amalgamating three dairies 
with relatives and experimenting with beef and pigs as sidelines for additional in-
come. even though he feels the way he has been farming in recent years is more 
water-use efficient he doesn’t get the same fulfilment from it, and wants to return as 
soon as possible to the way he used to farm.

‘[W]e’re not believers in climate change or anything like that – our idea is 
that this is normal – and i’m not sure what normal is. there might be 20 
year droughts. But certainly drought is normal and i guess probably the 
thing that has made it so much more difficult has been the government 
policies on environmental water… i want things to return – not back to the 
way they were completely – but back to growing grass – but whether or not 
that’s going to happen i don’t know. if it didn’t happen i don’t know if i’d 
stick it out. i don’t want to buy feed and feed it out to cows and milk cows. 
it takes all the enjoyment and satisfaction out’ (dairy farmer a).

Managing for Change
On the other end of the spectrum was a first generation dairy farming couple who 
recognize that in planning for the longer term they need to start considering now 
what climate change and energy constraint may mean to them. as much of the ir-
rigation system in their area is being upgraded, this couple has been in negotiation 
with the project managers for the last two years as they cannot see the logic in chang-
ing from a gravity-fed system to a system run largely by pumps:

‘We are wedded to gravity. We think gravity’s time has come. Why in an 
environment where we’ve got man-made climate change would we want 
to put pumps in?… that’s what i said to you before about optimizing not 
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maximizing. there is no point in saying we have got fantastic water use ef-
ficiency when our carbon footprint has increased. What is the point? It’s a 
negative change’ (dairy farmer B).

These same farmers are also looking at different strategies they can employ around 
the whole farm in an effort to become carbon neutral in the future, such as installing 
solar panels and experimenting with capturing methane on their effluent dams.

there was also one small-scale horticulturalist expressly planning the farm opera-
tion in response to risks around oil and climate change.

‘if people keep learning there are positive signs that we could….ride the 
wave of energy descent, stay in front of it, get there, and manage to crea-
tively adapt to ride that wave and ride it down the slope rather than have 
it crash down on top of us, and find ourselves with farms that are energy 
dependent and without the fuel to run them and collapsing agricultural 
production’ (horticulturalist a).

While several had planned for variable weather, only a few farmers in these cases 
overtly listed climate change as a consideration in farm planning.

‘[it’s] hard to predict what will happen if we are looking at climate change…
maybe that will have a bigger impact than anything else in determining 
what flows and maybe that will have an impact on capital values’ (Sheep 
farmer B).

another farmer discussed explicitly the risk of high fuel costs in the future as a con-
sideration in their farm planning. it was seen as a potential risk but one that would 
affect everyone so in relative terms, their district less so than other localities.

‘Fuel prices are going to dictate the future of things too i would think don’t 
you? it’s not too bad at the moment but if it goes to $ 2 litre or something 
like that it will make things difficult. But those things are going to affect the 
country as a whole – we’re all in the same boat. i reckon the outback will 
probably suffer more than we will round here – distance, cartage, freight all 
those things are not going to get any cheaper… every district is going to be 
different because of its locality I think’ (Mixed farmer A).

Managing for Increased Production
We spoke to a very large family cropping business that is meeting the expectations 
of ‘success’ as envisioned in the Future Farming strategy. the vision for the future 
incorporates further intensification and reliance on inputs, albeit with some recogni-
tion of the need to reduce transport and fertilizer costs.

‘We’ve expanded the machinery manufacturing and modification elements 
of the business. We’ve had new technologies.. We’re now using crop mod-
eling with more intensity… we’re also conducting a number of research 
trials… that’s 10 000–40 000 tonnes that we produce every year. there’s no 
reason why that couldn’t be value added through an intensive animal sys-
tem here and we move 2,000 tonnes of animals and a high value product at 
that. We’re also keeping all of that high value nutrient nearby so the carbon 
footprint for fertilizer manufacturing reduces… the single thing that’s stop-
ping us is water’ (Grain farmer a).

Discussion
in the farming practices in our case-study areas in northern Victoria and in the doc-
uments discussed we observe a significant risk of perverse outcomes. We do not 
presume any specific links between these selected policies and the practices of the 
interviewed farmers. Our purpose was to look at how these different actors are mak-
ing sense of energy and climate issues and what this means for decision-making and 
options as each constructs it.

in discussing farming practice changes, we observed examples of moves to high-
er-input, energy-intensive systems as a direct response to drought. For example, in 
the irrigation areas, the modernization project has meant an increased reliance on a 
non-gravity fed system where the added electricity costs are indirectly and directly 
borne by the farmers. in the dry-land areas we observed an increased reliance on 
water cartage for stock with the attendant fuel costs and an increase in the extent 
of high-input cropping systems (across landscapes that were previously too wet). 
These cropping systems require significant investment in machinery and field infra-
structure. In livestock systems, local farmers have reported a significant increase in 
reliance on supplementary feed (that is grain or hay – often grown in high-input sys-
tems) either bought in or grown on farm. Before the drought, supplementary feed-
ing used to be employed as a strategy just for a short time, rather than a year-round 
feeding programme. there are cases of farmers taking this to the level of intensive 
feed-lot systems on farm – in the case of both sheep and cattle. these sorts of prac-
tice changes may well be an effective response to the short-term impacts of drought 
but they have the potential to lock in higher energy costs as input costs continue to 
increase.

In applying Barnett and O’Neill’s (2010) five pathways to our case-studies, it is 
clear that there is an overall potential for maladaptation. adaptation to climate vari-
ability within the ‘business as usual’ model for these production systems is increas-
ing dependency on fossil fuel-based inputs, increasing exposure to rising energy 
costs associated with peak oil and also contributing to increasing emissions. the 
lack of policy incentives to encourage change to alternative sources of energy at a 
time when the changes to water provision are creating opportunities for new infra-
structure and a rethinking of the farm operation system is perverse. as Gunderson 
et al. (2002, p. 325) noted, ‘with a pragmatic focus on policy implementation, most 
agencies seem to have a twofold strategy that is aimed at reinforcing the status quo: 
prove that extant policies are correct, and don’t act until confident of what to do 
next’.

these farms have had a disproportional level of stress that contributes to farmer 
vulnerability at social and ecological scales. the powerful in the agri-food system 
continue in the same circles (existing energy hegemony and food supply hegem-
ony). the cost of the new irrigation system will impact disproportionately on the 
already ‘shocked’ farmers and increasing energy costs exacerbate their disadvan-
tage. Opportunities to disconnect from the current production model may in fact 
arise, based on the general crises associated with peak oil – the extent of which will 
be experienced across the whole sector from production to consumption – as one of 
our interviewees noted. The off-farm flow-on costs will be significant for Australian 
farmers both internally (long distances) and internationally (very long distances) 
remembering that the post-farm gate costs are higher than on-farm production costs 
for food supply chains (heller and keoleian, 2000). however, opportunities are only 
such if there is flexibility to take advantage of these; the more cash strapped and 
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asset dependent the farmers are, the less chance there is to avoid tipping points or 
anticipate innovative approaches. At the farm scale, this process reflects the limi-
tations of previous decisions, pointing to the creation of path dependency. this is 
decision-making based on past assessments and ways of doing things, rather than 
fresh evaluation of current conditions or future possibilities.

Path dependency, therefore, is probably the most complex kind of maladaptive 
response to explore. this is because it is implicit in multiple scales of engagement 
within a system without being explicitly represented in the policy change process. 
the government promotion of large farms and corporate farm structures reinforces 
a certain economic path that, as mcmichael (2009), for example, argues, requires a 
homogenization of global farm production. This effectively operates to limit eco-
nomic viability for non-conforming farmers operating in independent ways – ways 
that are perhaps viewed as anarchic and unpredictable by the agriculture bureau-
cracy. it makes the small and middle-sized family farm, which has been described as 
‘inefficient’ since the days of white colonization and the transportation of a yeoman 
farmer idyll to australia (lake, 1987), disappear in the aggregation of land and titles, 
and in the loss of farm autonomy. Bureaucratic path dependency at a policy level 
reinforces economies of scale – that is, ‘get bigger’ – as if the agricultural markets 
will continue as previously despite the shocks associated with climate change and 
peak oil – and as if the best scale of response is for all farms to be uniformly large. 
as Cooper (in Brooks et al., 2009, p. 748) argues, the emphasis on modernization 
as a ‘transition from “inefficient” subsistence to “efficient” commercial production’ 
continues.

as Bäckstrand (2010) notes, most insidiously, policies are framed in such a way 
that when the twin challenges of energy security and climate change appear togeth-
er, they are framed as a positive opportunity, downplaying the conflicts and trade-
offs that would be the reality of implementing changes to fundamentally transform 
production and consumption systems. Adaptation itself has significant impact on 
society as history indicates (Brooks et al., 2009) – including a societal view of how to 
relate to the environment as we exit the twentieth century’s resource management 
strategy for the twenty-first century associated with SES and their adaptive capacity 
(Holling and Meffe, 1996; Walker and Salt, 2006) – and this transition is not compat-
ible with ‘business as usual’.

in this article, we have engaged with what government and global organizations 
are ‘saying’ about climate change and peak oil by analysing their published policies. 
We have applied these policy directions to our case-studies of farming in the north-
east of Victoria, Australia. In general we find a linear view of change, still described 
as ‘progress’ and still associated with the current productivity models. ‘Shocks’ – 
such as long-term drought (or sudden floods) associated with climate change, or 
increased energy prices – are superficially acknowledge in these policy models as 
‘blips’ on the path. This suggests significant risk both in terms of path dependency 
and in a failure to acknowledge the possible lock-in effect of particular pathways in 
isolation. the potential for non-linear large-scale shocks is not considered and on-
ground, farmers are encouraged to pursue high risk strategies (for example, high-
input systems) that lull them into a false sense of security. there is also the reality 
that as articulated in their policy statements, the global arbiters of these production 
systems most threatened by both predictable and unpredictable change are funda-
mentally not able to imagine a non-cause and effect response. This results in there 
being only one active direction open to policy-makers and that is to frame ‘progress’ 

as some kind of inevitable path, a kind of acceptance that does not encourage adap-
tive change at any level.

adaptation is a process of deliberate change in anticipation of or in reaction to 
external stimuli and stress. the dominant research tradition on adaptation to envi-
ronmental change primarily takes an actor-centered view, focusing on the agency of 
social actors to respond to specific environmental stimuli and emphasizing the re-
duction of individual vulnerabilities. an SeS analysis incorporating a resilience ap-
proach (Folke, 2006) (which we have labeled a twenty-first century approach) takes 
a more dynamic view, and promotes adaptive capacity as a core feature, anticipating 
system change and multiple adaptive responses. These implicitly reflect the inter-
connection between policies and actors, acknowledging uncertainty, and thereby 
exposing its components – countering the likelihood of maladaptive responses.

Our case-studies’ excerpts point to local incremental adjustments that mirror the 
policy analysis. there is little expectation of transformative action. as these inter-
views indicate, individual sources of resilience exhibit adaptive action at some small 
scale. individuals may survive in the short term because of the variables inherent in 
their operations, but the likelihood of longer-term survival (and the desire to survive 
in those particular configurations) remain unknown.

Conclusion
the purpose in predicting maladaptive responses is to avoid them. We looked to 
policy analysis and its recommendations to consider how global, national and state 
policies informed our experiences of interviews with farmers in the north-east of 
Victoria around climate change and peak oil. We concur with others that when set-
ting policy priorities for climate change adaptation, the objective is not to increase 
emissions or rely on resources that are becoming increasingly scarce and expensive. 
When prioritizing energy security (oil), the intention must be to decrease emissions 
and consider the implications of a changing climate; and, when setting priorities for 
emissions reduction, we cannot rely on resources that are becoming increasingly 
scarce and expensive and must consider all energy sources alongside the implica-
tions of a changing climate. in this way, the interconnectivity of system dynamics 
must be acknowledged as the basis for all policy directives.

Policy incrementalism reinforces tinkering at the reductionist end of the adaptive 
spectrum, oblivious to systemic logic – making minimal changes to current policy 
directions, perhaps even labeling those made as ‘adaptive’, but in effect maintaining 
‘business as usual’. this incrementalist approach reproduces itself at each scale of 
engagement and across scales, exposing the ‘locked-in’ reality of policy decision-
making.

in the presence of strong hegemonic powers that are vested in ‘business as usual’, 
we can only expect that the risks will be high and the shocks severe as the current re-
source management approach spirals down. We read the international, national and 
sub-national documentation on energy and climate change as conceptually vague 
about innovation and adaptation, expecting them to mysteriously emerge, presum-
ably at local levels, to sustain the current assumptions of food and energy policy in 
a time of climate change. the time-lag associated with stepping away from conven-
tional production-line approaches and imagining radical infrastructure change is ig-
nored in all levels of policy documentation. For the majority of farmers in northern 
Victoria the range of options in which they can ‘innovate’ or ‘adapt’ has narrowed to 
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only those existing within the current agro-industrial structures. in this their mala-
daptive responses mirror the global downward resource trajectory because of their 
best intentions to maintain ‘business as usual’.

Notes
1. Between 1997 and 2002 the increase in food-related energy flows made up 80% of energy flow in-

creases in the uS.
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Abstract. Independent research of Western Australian rural people’s attitudes to 
climate change and influences on their attitudes offered a preliminary assessment 
of the WA rural sector’s understanding of climate change and insights into po-
tential barriers to communication. Of the farmers surveyed (N=255) only a third 
(33%) reported to the researchers they agreed climate change was occurring and 
just 19% believed climate change was human induced. Over half (52%) were 
uncertain whether human-induced climate change was occurring and only 31% 
thought climate change represented a major threat to the future of their farm busi-
nesses.

Results also showed that only 33% of all respondents (N =411) found climate 
change information easy to understand. In addition, results indicated that gener-
ally respondents had concerns with the credibility of science and low levels of 
trust in government, which contributed to their attitudes to climate change.

These results suggested the barriers to climate change communication resided 
with the very structures that sought to communicate with rural people and were 
embedded in the comprehensibility, relevancy and saliency of climate change in-
formation. The results indicated that science and government may need to consid-
er utilising alternative strategies to distribute climate change knowledge within 
the rural sector. The results suggest that a better approach to distributing climate 
change information would be to frame the information within the local socio-
cultural, economic and biophysical environment of the people it was intended to 
influence.
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Introduction

the need to build australian farmers’ adaptation capabilities and resilience capaci-
ties was encapsulated in the national agriculture and Climate Change action Plan 
(naCCaP) 2006–2009 (nrMC, 2006). the naCCaP outlined strategic adaptation 
options to build resilience into agricultural systems in conjunction with mitigation 
strategies to reduce greenhouse emissions. research and development was pro-
posed to support the strategies in enabling the agricultural sector to respond to cli-
mate change.

the central element of the strategies was sciences’ role in communicating infor-
mation to farming communities to facilitate informed decision-making processes 
at business and community levels. naCCaP directed that the rural sectors under-
standing of climate change should be assessed and barriers to communication iden-
tified.

the successful implementation of the strategy was reliant on farmers and other 
stakeholders in the agricultural sector acknowledgement of the risk climate change 
could represent and the need to respond. therefore three questions for science and 
extension were: 1. Were australian farming communities accepting the evidence of 
climate change science was providing? 2. did farming communities necessarily in-
terpret the scientific evidence as a tangible indication of threat to their businesses 
and/or life-styles? 3. Were farming communities’ attitudes to science and govern-
ment influencing their attitudes to climate change?

Climate Change Awareness and Threat Perception

the intergovernmental Panel on Climate Change (iPCC) has since the second as-
sessment report (Watson et al., 1996) consistently reported an increasing level of 
confidence in evidence of global climate change and outlined potential impacts to re-
gions through the northern and southern hemispheres (McCarthy et al., 2001; Parry 
et al., 2007). australia and particularly southern areas of australia compromising a 
large proportion of the agriculture sector have been identified as highly susceptible 
to adverse climate change impacts (Kokic et al., 2005; hennessy et al., 2007).

Prior to this research a number of international studies gauging public aware-
ness of climate change of threat/risk had been conducted. two studies in the Us 
indicated that public concern regarding the risk climate change represented was 
relatively low. one study showed that just a third of people (34%) thought climate 
change was serious, while another 43% felt it was somewhat important to slow the 
rate of global warming (sustainable Energy Coalition in Bord et al, 1998). later Us 
research conducted in 2008 indicated concern may have decreased with only 18% 
of respondents indicating a serious concern about climate change (Maibach et al., 
2009). alternatively, a study in the United Kingdom found that over 90% of people 
who had taken part in climate change surveys believed climate change represented 
a risk and action needed to be taken (anable et al., 2006).

Yet when it came to understanding the climate change problem, Bord et al. (1998) 
found, as Kempton (1993) and Berk and schulman (1995) had, that people remained 
largely uncertain about the causes and threats that climate change represented. Un-
certainty, flawed or inconsistent knowledge and low threat prioritization remained 
prominent features of many people’s attitudes (anable et al., 2006)

at the time leading to this research, there had been only a limited study of ru-
ral australians awareness and attitudes to climate change (daFWa, 2006; Milne et 
al., 2008). Both were based on qualitative data. after the research was conducted, a 
further two australia-wide quantitative studies were published (aBs, 2008; Con-
nections research, 2010) and many international studies, including multinational 
studies in the Comparing Climate Change Policy networks Project starting in 2009 
(CoMPon, 2011).

Earlier research in Western australian agricultural and urban regions via seven 
public forums involving 54 participants found people generally accepted climate 
change was occurring (department of agriculture and Food Western australia, 
2006). Most people in the study had noticed changes in the climate over the last 30 
years. the changes included declining rainfall, more extreme weather events and 
increased seasonal variability.

however, most people were unsure if human activity was a catalyst of the change 
and thought climate change represented an intangible future-orientated threat that 
would not affect them. Many considered they had already taken adaptive action and 
were managing the change.

other qualitative research suggested further the threat of climate change might 
not be enough to motivate farmers and rural communities to adapt (Milne et al., 
2008). Case-studies of two irrigation and two broad-acre farming communities in 
the Murray darling Basin found only 36% of participants believed climate change 
was occurring. of the remainder, 11% did not think climate change was happening, 
40% were uncertain and 15% thought climate change would not affect their region. 
this was despite the communities experiencing unprecedented dry conditions for 
7–10 years.

Quantitative research of 150 403 agricultural businesses australia-wide undertak-
en in 2008 showed two thirds of farmers (66%) had noticed changes in the climate, 
with 62% indicating that the changes had impacted on their properties (aBs, 2008). 
the majority (92%) indicated that rainfall had declined, while three quarters (74%) 
agreed there had been an increase in extreme weather events and half (50%) believed 
that the climate had become warmer. almost half (48%) of the farmers surveyed had 
changed management practices in response to the changes in climate.

While past research had indicated ambiguous levels of acceptance of climate 
change and high degrees of uncertainty in rural areas, the studies were limited in 
examining the factors influencing people’s attitudes to climate change in depth. For 
instance, why when people had acknowledged there had been dramatic changes 
in climate, there remained a low or uncertain perception of risk associated with the 
changes. nor did the research qualify if farming communities were responding to 
permanent change or changes perceived as temporary or cyclical.

Communicating the Threat and Need to Adapt
to get an understanding of what the issues may be in people accepting that cli-
mate change is occurring, semi-structured interviews were conducted with a small 
sample of 12 farmers, agribusiness representatives and indigenous landholders. re-
sponses were used to discover and explore concepts via an iterative grounded re-
search process (Whiteley and Whiteley, 2001). the second stage of the research was 
to conduct a survey of a larger sample. the following uses the literature reviewed 
to understand the in-depth interviews based on the grounded research principles.
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The in-depth interviews and literature indicated there could be five key elements 
which could influence people’s perceptions of climate change and climate change 
threat. these key elements involved the processes of transferring information and 
knowledge from science to the lay person in a way which needed to be comprehen-
sible and would promote motivation and response. the elements included:
1. perceptions of scientific credibility;
2. interaction and conflict between farming community knowledge and scientific 

results;
3. perceptions of governments/policy-makers credibility;
4. communication, information and knowledge transfer;
5. attitudes and behaviours derived from beliefs and values.

Science Credibility
garvin (2001) observed the credence and authority of science in society had been 
gradually eroded since the conclusion of the second World War. however, garvin 
(2001) suggested issues of trust and credibility could be attributed the differences in 
the rational that the public and scientists apply to risk. garvin (2001) felt the public 
tended to be concerned more with what was not known about the risk associated 
with an activity than what is known. More importantly for the lay person is the risks 
that they believe are important are the risks that the experts ignore (Margolis, 1996).

the natural investigative mechanism of formal science driven by healthy scepti-
cism and the need to debate, review and retest to validate knowledge as legitimate 
has also contributed to undermining sciences credibility with the public (langford, 
2002).

it could be expected that science has in the process also lost some credibility with 
farmers. however, given the historical interdependent relationship between farmers 
and (agricultural) science it may be argued that farmers are not so much questioning 
sciences’ credibility as contesting sciences’ authoritive position, its motivation and 
contribution to their farm businesses (holloway, 1999; Cohen, 2009).

as the farmers interviewed for the research observed: ‘nine times out of 10, i bet 
you that a good idea a scientist has come up with he got from a farmer’, and ‘My 
concern is that climate change will be an excuse for some researchers to put out the 
hand and guarantee themselves a job’. But ultimately there is that acknowledgement 
that farmers need science: ‘r&d has been a key part of agriculture and farming’.

Interaction and Conflict between Farmers’ Knowledge and Science
To give scientific information relevancy, Holloway (1999) observed farmers used 
their own knowledge in a process of modification to adapt scientific knowledge to 
local context. Both vanclay (2004) and holloway (1999) noted the authority of scien-
tific knowledge was being questioned by farmers who did not accord science auto-
matic credibility and legitimacy.

in terms of legitimacy, australian farmers constructed their own knowledge 
through what were, in essence, informal scientific processes of experimentation, 
trials and assessment (vanclay, 2004). therefore, vanclay (2004) noted the validity 
of the knowledge formed by the informal process was as legitimate to farmers as 
knowledge formed, reviewed and substantiated by formal scientific process.

adger et al. (2008) suggested adaptive policies and action could be limited by 
individual and social constraints. the social factors that determine adaptive limits 
emanate from within a society. the factors evolve from what is valued and the value 
is applied to the knowledge and information within cultural contexts to interpret 
perception of threat and assess social capacity to adapt and minimise the risk.

thus the communication of risk relies not only on the substance of the threat but 
the authority of knowledge that validates the threat. the communication is also de-
pendent on socio-cultural relationships with the biophysical environment and the 
trust of social structures advocating the threat as illustrated in farmers comments 
drawn from interviews during the research.

‘of course the climate’s changed… it’s always changing. We have had big 
dries before back in the 1940s and 1970s but then its turned wet again. the 
old man reckoned the weather was different when he was young to what 
it was when he finished farming… His dad went through the Federation 
drought… the old man never went through a drought that bad.’

and, ‘Yes, they [climate scientists] are totally right. if the climate keeps changing the 
way it has there mightn’t be farming in this area in 50 years time’.

Perceptions of Governments’/Policy-makers’ Credibility

in the communication of information, the credibility of science and government/
public bodies is intrinsically linked in the perceptions of the public (Botterill and 
Mazur, 2004). Earlier models of risk communication tended to view the public as 
relatively unsophisticated and therefore needing more scientific information to gar-
ner support for policies that could have been or were being challenged in the public 
domain (gutteling and Kuttschreuter, 2002). however, this approach had a tendency 
to challenge and at times dismiss peoples’ views of risk that were based on their core 
beliefs and values (Kasperson, 1986).

in relation to climate change adaptation, government faces further challenges in 
sustaining public trust and credibility. the variability of adaptive needs and options 
across the social scope become more diverse and exposed to conflict as adaptive 
policies are applied and decisions are made at the micro (business), meso (local) and 
macro (national/state) levels (adger et al., 2008).

added to this is the public’s concern in the governments’ capacity to deliver solu-
tions and/or not be influenced by vested interests or use climate change to increase 
tax in other sectors of the economy (stoll-Kleemann et al., 2001).

science therefore needs not only to contend with perceptions of its own social 
integrity and credibility but also that of governments’ credibility to respond to peo-
ple’s concerns. one of the interviewees commended: ‘in the old days farmers used to 
be valued by the government and city people… but not now. i don’t think the aver-
age city person cares about the farmers… and the governments’ the same. as long 
as we keep paying our taxes they don’t care’.

Communication, Information and Knowledge Transfer

When considering the relationships between the recipients of climate change knowl-
edge and those who generate the knowledge, it is important to examine the role the 



222 Chris Evans et al.  Rural Farming Community Climate Change Acceptance 223

general media plays in conveying the information. Equally it is necessary to examine 
the media’s perception of the role it plays.

Printed and electronic media representatives maintain that the media’s role is to 
present balanced and unbiased information (Brossard et al., 2004). however, gore 
(2006) quotes research of over 700 research science reports that were predominantly 
consistent in accepting climate change yet found the media had a high proportion 
of dissenting views reported. Fortner et al. (2000) found the american public gener-
ally trusted the media and valued it as a source of unbiased information. however, 
Krosnick et al. (2000) thought media coverage of climate change had little impact 
of increasing knowledge among educated people. in turn, Potter and oster (2008) 
questioned how climate change as a matter of public concern could be ever fully 
represented in the mass media. Unlike the depletion the ozone layer, which could be 
represented as a singular issue backed by a series of facts, climate change is not the 
fact or issue within the narrative but the story itself (Potter and oster, 2008). Climate 
change is a broad diffused future-orientated topic that presents multiples of issues 
challenging the media to articulate the impending threat (Unger, 2000). as such the 
complexity of climate change may represent a difficult challenge for the media in 
transferring information from the science/government sources to the public in a 
way that is understood.

Attitudes and Behaviours
vanclay (2004) and holloway (1999) observed that farming and adaptation were 
inter-reliant processes enmeshed within a socio-cultural context. to consider farm-
ing simply as an application of scientific technologies was to value the technologies 
adaptive capacity too highly and disregard the socio-cultural influence (Holloway, 
1999).

This implied that definition of what are ‘right’ adaptive options and ‘wrong’ op-
tions and who determines what is ‘good’ information and what is misinformation 
may be subjugated by attitudes derived from within the social constructs of farm-
ing communities. Wardell-Johnson’s (2007) work illustrated the social and economic 
relationships between rural people and their environments, which in aggregation 
contribute to defining their ‘sense of place’. Sense of place, an intangible sometimes 
misunderstood concept, is nevertheless a robust and powerful catalyst of the indi-
vidual’s knowledge and identity. it could be proposed acceptance of new knowl-
edge and definition of what is the ‘right’ option is based less on the logic of the 
probabilities and rationale of experts and more on how the knowledge and options 
which conform to sense of place (Wardell-Johnson, 2005). Borgida and Campbell 
(1982) found that while a consistent transfer of pro-environmental information elic-
ited a positive change in people’s explicit environmental values, there was far less 
change in people’s implicit values and their poor environmental behaviours.

attitudes and behaviours may only begin to change when the distance between 
implicit and explicit values/beliefs converge (dengate et al., 2006). dengate et al. 
(2006) contended this could only start to occur when information and awareness 
became knowledge that was incorporated into existing knowledge forms. the pro-
cess dengate et al. (2006) favoured to transfer information into knowledge was en-
gagement rather than trying to convince people that a particular view is correct. an 
example of this approach was landholders who having attended workshops on the 
value of planting trees in the landscape were more likely to plant trees on their prop-

erties than those who attended fewer workshops or did not attend (Cary et al., 2001). 
incorporating information and awareness could be best summed up by the maxim, 
‘tell me and i forget. show me and i remember. involve me and i understand’ (den-
gate et al., 2006).

although climate change is an acknowledged, measured certainty (Parry et al., 
2007) the problems and threat it poses for rural Western australians retains a level of 
intangibility. it may be the rural socio-cultural conceptualization of climate change 
challenges what is being communicated as a risk, which in turn could be contrib-
uting to the intangibility of the threat. if the climate change risk can be translated 
to tangible events and specific adaptive responses then climate change information 
may be considered useful and the risk associated with climate change better ac-
cepted.

Based on results of the grounded research (interviews interpreted based on lit-
erature), it was expected that there may be varying acceptance of climate change 
in rural communities. it was hypothesized that acceptance may be associated with 
experience and knowledge of local climate, attitudes to climate change science, at-
titudes to government policy-makers and perceived usefulness of climate change 
information. the research method to test these theories follows.

Research Method
research methodology was post-structural, heuristic and explorative in nature and 
based on approach of discovery (Kleining and Witt, 2001; Wardell-Johnson, 2007). 
the application of this post-structural heuristic approach required four key criteria 
described as the ‘hamburg rules of explorative research’ to be met by the researcher 
(Kleining and Witt., 2001). The rules are defined as: 1. openness of the research per-
son; 2. openness of the research topic; 3. maximum variation of perspectives; and 4. 
discovering similarities and integrating all data.

the heuristic post-structural approach recognizes that intrinsic attitudes and val-
ues are formed through an evaluative, iterative process influenced and conceptu-
alised within personal, socio-cultural and biophysical contexts (gough and Price, 
2004; Wardell-Johnson, 2007). the approach is aimed at discovery through collective 
exploration that is re-examined through repetitive investigation for similarities that 
by their distinction define differences (Wardell-Johnson, 2007).

The research was conducted first using semi-structured interviews with 12 partic-
ipants to identify concepts or substantiate constructs integral to the study based on 
grounding results in literature (reported above). this was followed by a structured 
survey of 411 members of Western australian rural communities that included busi-
nesses associated with agriculture (agribusiness) as well as farmers.

as the population of interest were spread across a very wide geographical area 
(1.2 million square kilometres) (anra, 2011), it was decided to use central location 
intercepts to efficiently collect surveys. The survey was conducted between August 
and october 2008 at locations across Wa agricultural regions. Most information was 
collected using face-to-face intercepts at three major annual field-day events that 
take place in WA: Dowerin and Newdegate field-days and the Mingenew Lions 
Expo. surveys were also undertaken at additional locations to include representa-
tion of smaller diary, horticulture and viticulture industries: the Perth royal show, 
Waroona agricultural show, Muresk agricultural institute and Katanning Pasture 
field-day. The locations were chosen because each event took place in a different 
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agricultural region and locations represented the diversity of farming systems and 
climatic conditions that comprise Wa agricultural industry sector.

People who agreed to take part in the survey were initially asked if they owned, 
managed or contributed to farming in any capacity. the framing of the question was 
designed to capture not only farmers but their family members who, while studying 
or retired, still assisted during key periods in the farming year. it was also designed 
to identify agribusinesses associated with farming.

there was a 13% refusal rate of the face to face intercepts. of those refusing to par-
ticipate, 68% indicated they did not believe climate change was occurring. there was 
a 41% response rate to mail back responses. a total of 411 surveys were collected and 
available for analysis. Of the 411 respondents, two thirds (255; 62%) were identified 
as associated with farming and the remainder as agribusiness and general members 
of the rural community.

the survey explored four areas of interest, which included:
1. observations, experiences of climatic conditions over the previous 10 years and 

their responses;
2. attitudes to climate change;
3. opinions of science and science’s role in climate change;
4. opinions of government/policy-makers role in climate change.
With the limitations of collecting surveys at central locations, the characteristics of 
the sample was compared to information about rural communities to see if the sam-
ple was representative and the results able to be generalized to the population as a 
whole. analysis of individual questions was undertaken using sPss statistics 18. 
To test the theories, participants were clustered and classified using numerical tax-
onomy analytical software Patn (Wardell-Johnson, 2005; Belbin et al. in Wardell-
Johnson, 2007).

Results

the results have been divided into sections the literature and familiarization study 
had indicated to be contingent with the development of attitudes to climate change.
1. socio-demographic characteristics of the sample.
2. Personal perceptions of climate change.
3. attitudes to climate change, which included:

• perceptions of threat;
• attitudes and responses to climate change threat;
• opinions of science and perceptions of climate science credibility;
• perceptions of governments’ (State and Federal) climate response and im-

plications for rural people.
4. grouping of people with similar socio-demographic characteristics who shared 

similar attitudes to climate change and determining if they were statistically 
different to other groups within the survey sample.

Sample Characteristics

the majority of survey participants were males (70%), although researchers ob-
served there appeared to be only slightly more males than females attending the 

events at which the survey was conducted. When couples were approached, females 
deferred to males to complete the survey. the representation of females (28%) in the 
survey was much lower than the Wa rural female population (48%) (aBs, 2005) but 
comparable to that expected working in agriculture, forestry and fishing (30%) (De-
partment of training and Workforce development, 2011).

of the participants surveyed, 62% indicated that they ‘owned, managed, or con-
tributed to farming operations’ in some capacity. this group was over-represented in 
the survey population when compared to aBs (2006) data, which indicated people 
directly involved in farming comprised 15% of Western australia’s rural regional 
population. the over-representation of this group in the research could be attrib-
uted to the nature of the field days, which were highly orientated to people directly 
involved in farming and the agricultural industry. in this regard, the research results 
are more appropriately generalized to the rural farming community and not neces-
sarily the broader rural community as a whole.

Most of the participants who contributed to farming, owned or managed farms 
(73%) which was higher than expected for the farming community (60%) (depart-
ment of training & Workforce development, 2011). the remaining 17% owned, man-
aged or worked in closely allied industries, such as transport, fuel and oil supply, 
agricultural consultancy, machinery servicing and agriculture contracting (table 1).

there was an over-representation in the sample of owners and managers of farms; 
however, they were of interest to the research. as key decision-makers, their atti-
tudes to climate change may have a bearing on the prioritization of climate change 
threat as an economic risk factor for the sustainability of their businesses. other 
research has proposed farmers viewed sustainability as continuing or improving 
productivity and profitability within the environment that as a resource could be 
managed and maximized (Fleming and vanclay, 2009). the problem Fleming and 
vanclay (2009) proposed was climate change was not considered a major threat be-
cause change was assumed to be incremental and would allow enough time for 
systems to adapt.

While farmer participants had on average 36 years experience, with a standard 
deviation of 18 years this ranged between 18 and 54 years for most (68%) partici-

Contribution to farming Frequency Percentage (%)
own/manage a farm 225 73.1
Farm employee 30 9.7
allied farm industry 53 17.2
total 308 100

Table 1. type of contribution to farming.

Table 2. Farming experience.
time-frame Percent aBs

(2006)
storer
(2010)

langley et al.
(2007)

1–10 years 16% 9%
11–20 years 20%
21–30 years 18%
31+ years 46%
average 36 years 16 years 22 years
range 95% 18–54 years 3–28 years 8–36 years
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pants. Compared to studies of the same population of interest, aBs data (2006) indi-
cated participants with 1 to 10 years involvement in farming (16%) were relatively 
over-represented in the survey compared to the overall Wa farming population (9%) 
(table 2). similarly, the sample populations’ experience of farming was greater than 
found in rural Wa surveys by storer (2010) (average 16 years) and langley et al. 
(2007) (average 22 years).

With differences between the characteristics of the sample and those known of 
the population as a whole, care is needed to extend the findings of this research to 
wider groups. it is suggested this should treated as exploratory with follow up work 
recommended.

Farmers Experience and Knowledge of Local Climate

When farmers were asked if they had experienced poor seasonal conditions dur-
ing the previous 5–10 years that had resulted in reduced profitability, most (84%) 
indicated they had. on average, 69% had experienced three and half years of poor 
seasons, with a standard deviation of 1.7 years during the 10 year time-frame.

the poor seasons were not necessarily concurrent, although many farmers from 
the northern agricultural region (nar) did indicate they had experienced two suc-
cessive dry seasons during 2006 and 2007. these farmers reported the low rainfall 
during the period had an adverse effect on farm operations and incomes. Several of 
the farmers had not attempted to sow any crops during this time while others who 
had undertaken a dry seeding programme or seeded on minimal moisture over the 
two years did not harvest any grain.

at the same time, north agricultural region farmers with stock had almost com-
pletely destocked in the latter stages of 2006. the extent of destocking was illus-
trated in the reduction of sheep present on farms in the northern and northeastern 
areas of the region in 2008. one farmer who had 15 000 sheep shorn on his farm in 
2005 had only 300 sheep left by september 2008. in another instance, a farmer who 
had 12 000 sheep in 2005 did not have a single sheep on the property by May 2007, 
and despite very favourable seasonal conditions in 2008 had not considered restock-
ing at any level in the foreseeable future.

however, most farmers acknowledged that between two and four poor seasons 
in 10 years were normal and should be expected. Provision for the occurrence was 
incorporated into management strategies. Farmers in the nar, despite having expe-
rienced an unprecedented drought event in the previous two to four years, generally 
concurred with the view that two to four poor seasons in 10 were normal.

Attitudes to Climate Change

Uncertainty concerning climate change occurring and what was causing climate 
change were the prevailing responses. only a third (36%) of participants agreed that 
climate change was occurring, while half (51%) were uncertain. this included those 
who were very unsure if climate change was occurring and people who were not 
wholly convinced if it was or was not occurring. the remainder (13%) did not agree 
climate change was happening.

these responses were comparable to the qualitative research among the Murray 
darling Basin (MdB) farming communities where 36% of participants accepted cli-

mate change was occurring, 40% were uncertain, and 11% disagreed it was occur-
ring (Milne et al., 2008).

half (53%) of participants were uncertain if climate change was a part of a natural 
climatic cycle and not influenced by greenhouse emissions while 21% believed it 
was due to a natural process. Just a quarter (25%) of respondents disagreed climate 
change was natural, which again was similar to responses in the MdB study where 
26% felt climate change was human induced (Milne et al., 2008).

of note were the reactions of many participants when asked if climate change was 
occurring. Quite a number of participants either felt the question was confronting, 
or expressed a reticence to respond. other respondents physically drew back from 
the interviewer. When these respondents were asked if climate change was part of a 
natural cycle and not influenced by greenhouse emissions most exhibited relief and 
generally indicated that they thought climate change was natural.

this direct questioning of climate change occurring, elicited some strong feelings 
among a small number of participants. these participants reacted negatively, stating 
simply, ‘Climate change was not happening!’ or ‘i don’t believe in climate change!’, 
or words to that effect. Some forcibly suggested that the survey was biased towards 
climate change and was being used by science and/or government to promote cli-
mate change acceptance among rural people.

alternately other respondents easily accepted climate change was occurring. 
however, many respondents expressed uncertainty and on many occasions spent 
quite some time in personally assessing if they thought climate change was occur-
ring or not.

Yet despite the low acceptance (36%) of climate change among participants, 42% 
were concerned it represented a threat to the future of rural communities. however, 
39% were uncertain of the threat it represented.

there was less concern for the future of their businesses. a third (33%) believed 
climate change was a threat to the future of their businesses while 24% did not. 
notably levels of uncertainty were higher among this group with 43% unsure of the 
threat potential to their businesses.

these responses implied tensions between what the people knew at a local level 
and what they were being told by experts. to explore the potential causes of the ten-
sions, science as the generator of the knowledge and information and as the princi-
pal messenger was examined.

Grouping Respondents: Attitudes to Climate Change Clusters

Analysis of Variance (ANOVA) revealed statistically significant differences between 
responses of groups to climate change being part of a natural cycle and not influ-
enced by greenhouse emissions and the credibility of science and scientific knowl-
edge/information variables (p < 0.01).

To further explore attributes of affinities within groups and differences between 
groups numerical taxonomy using Patn Windows software (Wardell-Johnson, 
2005; Belbin in Wardell-Johnson, 2007) was used as it simultaneously puts people 
into groups and allows the use of ratio and non-ratio scale data to explain the dif-
ferences between groups. the analysis examined whether people could be clustered 
into different groups based on their attitudes to science and if the prevailing atti-
tudes were a contributing influence to people’s attitudes to climate change.
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the numerical taxonomy multivariate analysis revealed three clusters of values 
derived from respondent’s attitudes to science and scientific knowledge/informa-
tion (Figure 1). the description of the statement and its meaning in the context of 
the analysis represented by the abbreviated variable label relevant to cluster values 
is contained in table 3.

The clusters represented three distinctive sets of attitudinal values to scientific 
credibility and the perceived usefulness and importance attached to scientific cli-
mate change information and knowledge.

The two-way table illustrates the grouping of people and variables defined by 
cluster analysis (Figure 2). the table describes the results of numerical taxonomy, 
showing the relationships of familiarity between people within each group corre-
lated with the science variables displayed in Figure 1. The five colours displayed 
in the two-way table (see the legend) depict the strength of the association between 
the intrinsic science variables displayed across the top of the table and respondents 
displayed down the left-hand side of the table (respondent characteristics for each 
cluster described on the right hand side of the table).

the degrees of correlation range from white to black. White depicts no correlation 
or affinity between respondents and relevant variables, while black shows the high-
est degree of correlation of affinity between respondents and variables.

the two-way table shows three clusters of correlations between respondents and 
variables (Figure 2). the three clusters represented 83% of the survey population.

The first cluster labelled ‘Uncertains’ represented 50% of the survey sample. The 
cluster comprised participants uncertain if climate change was part of a natural cy-
cle or not. they generally believed that science had not considered all of the factors 
in its estimation of climate change and that humans would adapt naturally as the 
climate changed. Participants in the cluster considered climate change science to be 
divisive because scientists could not agree about what was causing climate change 
to accelerate and also questioned the integrity of scientists. there was a perception 
scientists were exaggerating the potential effects of climate change and were using 
climate change as source for funding.

the second cluster labelled ‘dissenters’ represented 15% of the survey sample. 
the cluster consisted of participants who agreed climate change was part of natural 
cycle and not influenced by greenhouse emissions. They thought the climate change 
problem was beyond science and nothing could be done to solve it. they also dis-
played unfavourable attitudes to the credibility of science and the integrity of scien-
tists and researchers.

the third cluster ‘acceptors’ represented 18% of survey participants. the cluster 
included participants who thought climate change was influenced by greenhouse 
emissions. They believed scientific information was useful, valued science’s view of 
climate change and thought scientific publications were a useful source of climate 
change information. they also thought there should be close co-operation between 
science and agriculture in finding solutions for climate change. These participants 
also felt that climate change information was easy to understand.

Additional Characteristics of Attitudes to Climate Change Clusters

Further analysis showed that none of the respondents in the ‘acceptors’ cluster 
agreed climate change was natural and not influenced by greenhouse emissions (Ta-

statement variable label
disagree that climate change is part of a natural 
climatic cycle and is not influenced by green-
house emissions

accept 

agree that climate change information provided 
by scientists is useful

sci info useful

value science’s views about climate change value sci-view
Agree that scientific sources are important as use-
ful sources of climate change information

sci-publication

agree that science needs to work closely with 
businesses associated with agriculture & rural 
communities in finding climate change solutions

Co-operate 

Yes, climate change information is easy to under-
stand

Climate info easy

agree that climate change is part of a natural 
climatic cycle and not influenced by greenhouse 
emissions

dissent 

agree that the climate change problem is beyond 
science and nothing can be done to solve it

science unable

Agree that scientific estimates of climate change 
have been made without considering all factors 
involved

all factors 

agree that humans will naturally adapt as the 
climate changes

naturally adapt

agree that scientists cannot agree about what has 
caused the acceleration of climate change   

science divisive

agree that scientists are exaggerating the poten-
tial effects of climate change

sci - exaggerate

agree that climate change is the latest fashionable 
funding source for scientists and researchers

Fund sources

agree that the ordinary person will contribute as 
much to climate change solutions as scientists

People contribute

Table 3. Cluster values of questionnaire statements.

Figure 1. Column fusion dendogram showing value clusters.
Note: Bray-Curtis UPgMa beta –0.5.
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ble 4). in turn most (63%) of the ‘dissenters’ cluster agreed climate change was natu-
ral while just 19% of the ‘Uncertains’ cluster shared a similar view.

The scientific credibility variables defined the greatest differences between the 
three clusters. respondents in the ‘dissenter’ cluster exhibited very unfavourable 
attitudes to science and scientist’s credibility. Essentially, respondents from the ‘dis-
senter’ cluster believed that: scientists had not considered all the factors in their esti-
mates of climate change (74%), science was divisive (79%), scientists were exaggerat-

ing the potential impacts of climate change (83%) and were using climate change as 
a funding source (73%).

Cluster Values Attributed to Scientific Information and Views
Science’s poor credibility with participants in the ‘Dissenters’ cluster was reflected 
in the importance placed on the value of scientific information and the scientific 
views about climate change. Only 16% thought scientific publications were impor-
tant in providing useful information and just 13% valued science’s views on climate 
change (table 4).

on the other hand, participants from the ‘Uncertains’ cluster indicated a relative-
ly high level of support for scientific information sources and climate change views. 
half (50%) thought sciences information sources were useful while most (80%) val-
ued science’s climate change views.

however, it was the understandability of climate change information that un-
derlined the differences between the clusters. Only 27% of respondents in the ‘Dis-
senters’ cluster and 35% of people in the ‘Uncertains’ cluster found the information 
easy to understand. Conversely, 61% in the ‘acceptors’ cluster found the informa-
tion easy to understand.

This raised the question of what was influencing people’s understanding of the 
information. Was it caused by the use of technical scientific jargon? Or was it, as 
Holloway (1999) and Vanclay (2004) proposed, a conflict of validity between the 

Figure 2. two-way table of clusters of respondents correlated with credibility of sci-
ence.
Note: Bray-Curtis UPgMa beta –0.5.

Table 4. Clusters – additional attributes of typologies.
Characteristics Cluster 1 ‘Uncertains’  Cluster 2 ‘dissenters’ Cluster 3 ‘acceptors’

% Mean % Mean % Mean
Climate change is part of a 
natural cycle

19% 4.0 63% 5.5 0% 2.2

Scientific information is 
useful

34% 4.8 13% 3.1 72% 6.0

agriculture and science 
should cooperate

72% 6.0 45% 4.8 88% 6.4

science is unable to solve 
climate change

27% 3.7 66% 5.8 14% 3.0

scientists have not consid-
ered all factors

34% 4.9 74% 5.9 4% 3.2

humans will naturally 
adapt to climate change

33% 4.7 76% 5.9 18% 3.3

science is divisive 54% 5.3 79% 6.2 32% 4.5
scientist’s are exaggerating 
impacts

26% 4.3 83% 6.2 5% 2.7

scientists are using climate 
change as funding sources

47% 4.9 73% 6.2 19% 3.3

People will contribute as 
much to solutions as science

30% 4.4 58% 5.2 32% 4.1

science information sources 
important*

50% 1.3 16% 0.6 78% 2.2

value sciences view on 
climate change**

80% 2.1 13% 0.7 97% 2.8

Climate change information 
is easy to understand***

35% 1.7 27% 1.7 61% 1.4

Notes: on a scale of 1–7, where 1 = strongly disagree and 7 = strongly agree; * on a scale of 0–3 where 0 = 
not at all important and 3 = most important; ** on a scale of 0–3 where 0 = not at all and 3 = value highly; 
*** where 1 = yes and 2 = no.
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localized knowledge forms of rural people with the distantly constructed scientific 
knowledge.

the length of time spent living in area and the development of people’s sense of 
place with an area could influence the development of particular attitudes to their 
biophysical environment (stedman, 2003; Wardell-Johnson, 2007).

Results revealed the time people had lived in an area was statistically signifi-
cant (99% confidence) in regard to the credibility they attributed to science. Results 
showed participants who had lived in an area longer significantly accorded science 
less credibility than those who had resided in an area for shorter periods of time. 
Longer-term residents had greater levels of agreement to: scientific estimates of cli-
mate change do not consider all factors; scientists’ divisiveness about the causes 
of climate change; scientists using climate change as a funding source; and do not 
value scientists and researchers climate change views.

The amount of time farmers had been involved in farming also had significance 
for four scientific credibility variables. Basically, the longer farmers had been in-
volved in farming the more inclined they were to disagree that science had con-
sidered all factors in its estimates of climate change and, essentially, did not value 
scientists’ and researchers’ climate change views.

Participants in the ‘dissenters’ cluster had lived in an area (4.5 years) longer than 
people in the other two clusters (‘Uncertains’ 3.6 years and ‘acceptors’ 3.2 years). 
Farmers in the ‘dissenters’ cluster had been involved in farming for longer (5 years; 
‘Uncertains’ 4.4 years and ‘acceptors’ 3.7 years) and had more family history in 
farming than farmers from the other clusters (6.7 years; ‘Uncertains’ 6.3 years and 
‘acceptors’ 5.7 years).

this implied possibly an aggregation of knowledge contextualized within a local 
rural socio-cultural framework could be contributing to attitudes of scientific cred-
ibility. While participants’ attitudes to climate change appeared to be influenced by 
their attitudes to science and perceptions of scientific credibility, there was evidence 
of facets of trust. however, the same could not be said for policy-makers.

Policy-makers’ Credibility with Rural People
Just 9% of all survey participants believed government climate change policy would 
be fair and sensitive to the needs of agriculture and rural communities. Most disa-
greed (43% ) or were uncertain (47%).

Farmers were more pessimistic about how they would be treated by future cli-
mate change policy. half (50%) of them did not anticipate policy-makers would dis-
play fairness or sensitivity to the Wa rural sector while only 8% thought the rural 
sector would be treated fairly.

From that point, trust and credibility in policy-makers diminished. Farmers did 
not think policy-makers would take all relevant factors into account when forming 
future climate change policy. Just 2% of farmers thought all factors were being con-
sidered while 62% thought this was not occurring.

however, the most damning indictment of lack of trust in government came in 
the response to the statement ‘Politicians will use climate change as an election is-
sue’. Most (85%) of the farmers and 78% of all survey respondents agreed this would 
be the case.

it may not necessarily follow that trust and credibility issues with policy-makers 
could influence people’s attitudes to climate change. But there remains the poten-
tial for sciences’ tenuous credibility with farming communities to be further under-
mined by science’s association with government.

Conclusion
The results of this research revealed some fundamental issues in the diffusion of cli-
mate change information and knowledge transfer between science and rural West-
ern australians. there was a high degree of uncertainty regarding climate change 
occurring, if it was human induced and if it was a major threat to the future of 
farm businesses and rural communities. it would appear the uncertainty was under-
pinned by the incomprehensibility of the scientific information and the ambiguous 
credibility of scientists and researchers.

Most of the participants in the survey had noticed change in the climate, yet only 
a few had connected what was occurring at a local level with global climate change. 
Based on these responses, it could be questioned whether science is able to commu-
nicate relevant and salient information to farming communities.

sciences role in developing knowledge and adaptive innovations will be integral 
to the future of farming and rural communities in Western australia. therefore the 
need to address these shortcomings in climate change communication processes is 
paramount. the results suggest that a better approach to distributing climate change 
information would be to frame the information within the local socio-cultural, eco-
nomic and biophysical environment of the people it was intended to influence. If 
people can translate the information provided to what they can observe around 
them, they may be more likely to understand the points being made. however, it 
is suggested it is not sufficient to make people aware of the risks of climate change. 
to make a meaningful response they need ideas of what can be done to mitigate the 
causes or adapt to the risk. the ideas need to be translated to actions appropriate to 
the local situation.

Further research is needed on how to best communicate with farming and rural 
communities so that it is understood and can be compared to their existing knowl-
edge. In addition, further research is needed on the factors affecting people’s at-
titudes to climate change across larger geographical areas to see if the results of this 
study are replicated in other areas.
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Increasing Food and Energy Prices in 2008: What Were 
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Abstract. In early 2007 food prices started to increase dramatically, creating more 
hunger, social unrest, political protests, and a debate on causes and cures. Accord-
ing to the FAO, the number of people getting less food than necessary reached 1 
billion. After a century of declining food prices, increased productivity and rela-
tive stability several curves started to shift. Due to production growth levelling 
out and a steady increase in the global demand for food, in addition to policy 
changes in the food sector, public food stocks declined and the market situation 
became tighter. As a result, the global food market became more vulnerable to 
external shocks, like negative impact from climate-related changes, growing de-
mand from the bio-fuel sector, and speculation in food commodities. By focusing 
on supply and demand forces in the food market, the growth of bio-fuel produc-
tion, and financial speculation, we ask what caused food prices to peak in 2008, 
and which factors are the most important in explaining the events. In our view, 
deregulations within the financial sector led to extreme levels of financial capi-
tal entering the food commodity market, contributed to prices increasing more 
and faster than can be explained by supply and demand forces alone. Even if 
the growth in bio-fuel production by many is held as a climate change mitiga-
tion measure, and production short-falls over the last decade are caused by se-
vere weather events, we do not believe that climate change directly or indirectly 
caused food prices to peak in 2008.

Introduction
since the second World War, increased production, improved productivity, and a 
reduction in food prices have been the dominant trend in industrial agriculture. By 
and large, this is a long-term development driven by cheap fossil fuels. However, 
recent events make many believe that the trend is about to change. Between January 
2005 and June 2008, global food prices, as measured in the Fao Food Price index, 
increased by 83%, corn prices almost tripled, wheat prices increased by 127% and 
rice by 170% (Fao, 2008a). accompanied by soaring energy prices the cost of trans-
portation and other input factors also went up. Between July 2007 and its peak in 
July 2008 the oil price nearly doubled. Brent crude hit 142 dollars a barrel on the 
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international spot market, selling for under 100 dollars a barrel only 6 months ear-
lier (eia, 2008). in the latter half of 2008, food and energy prices dropped as sudden 
and almost as much as the prior rise, before starting to increase again, reaching 2008 
levels in the first half of 2011. These dramatic events merged several contemporary 
debates, like the limit to growth, the negative effect of climate change, peak oil, peak 
soil and peak water, corporate powers and global food trade, the relevance of finan-
cial markets, and so on. What we all witnessed was an agri-food system in distress 
and few easy answers.

the 2008 food crisis evolved amidst a process of more fundamental structural 
changes in the agricultural sector and its surroundings. Population growth and the 
increased purchasing power of a growing middle class in countries like China and 
india, production short-falls, and record low stock-to-use ratios of staple foods put 
food security high on the agenda, in contrast to the debate in the 1980s and 1990s turn-
ing on problems of over-production and declining food prices (toye, 2009). linked 
to both energy security under a situation of political instability in the middle east 
and the prospect of peak oil, and mitigating climate change through bio-fuel conver-
sion, the agricultural production system is yet again turned into an energy producer. 
these processes mean tighter integration of food and energy markets, and impact 
both food production and food price formation in global markets as well as land-use 
decisions at the farm level (tyner, 2009; Headey and Fan, 2010). through a process 
of liberalization of global food trade and a growing financial sector, commodifica-
tion and financialization1 has linked food commodities, non-food commodities, and 
the financial sector together in a whole new way (Clapp and Helleiner, 2010; van 
der Ploeg, 2010). A key dynamic affecting all of these structural changes is climate 
change. Both through its short-term political and economic responses, illustrated by 
the competition for land from the bio-fuel sector (Harvey and Pilgrim, 2011; lehrer, 
2010; rathmann et al., 2010), and the medium- to long-term negative impact on the 
ability to feed a growing global population (Parry et al., 2007).

Research Questions and Outline
the main focus in this article is the question of what caused the food prices to reach 
a 30-year high in only a few months, taking many experts by surprise, and who 
was to blame for it, with a special focus on those factors related to climate change. 
In the first wave of publications immediately after the food crisis, several hypoth-
eses were put forward, but according to some writers, without much empirical data 
to support them (Cooke and robles, 2009; Headey et al., 2009). institutions such 
as the Fao (Fao, 2008b) and UnCtad (mittal, 2008), oeCd (oeCd, 2008), imF 
(imF, 2008), and the World Bank (mitchell, 2008) all went through the long list of 
possible causes, including production short-falls due to lack of investment and se-
vere weather conditions in major exporting countries (related or not to global cli-
mate change), increasing costs of input factors due to increasing oil prices, declining 
public food stocks, population growth as well as increased demand from countries 
such as China and india, demand shock from bio-fuel production (also as a result of 
mitigation policies of climate change), trade policies like export bans and restriction, 
expansive monetary policies and depreciation of the Us dollar and speculation in 
the food commodity market. in addition to these explanations, which all focus on 
the market place in an instrumental and technical way, systemic-critical voices that 
had been active for many years, were also heard. Jarosz (2009) argues that the food 
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crisis was a predictable outcome of an oil-dependent and unsustainable feed grain-
livestock complex framed by neo-liberal developments. mcmichael (2009) points to 
liberalization of finance and trade associated with neo-liberal politics within which 
food is produced. lang (2010) labelled the crisis not a blip but ‘creeping normality’. 
Van der Ploeg (2010) argues that the crisis was inevitable and points to a continued 
industrialization of agriculture and the world market as the ordering principle for 
food production with the growth of ‘food empires’.

in the following, we will focus on production-oriented and market-centred expla-
nations through a critical literature review of the major arguments in the debate and 
empirical observations of food, energy and financial developments up until mid-
2008. the main analyses and discussions will be on supply- and demand-side argu-
ments that can be related to the overall question of climate change impacts, and on 
financial market developments and regulations. Our article contributes by review-
ing a wide range of both economic and non-economic studies and by bringing the 
climate change and financialization debates into the broader debate on industrial, 
global agriculture.

Price Movements in Food and Non-food Commodities
When studying the various Fao food price indices leading up to the food crisis, we 
notice that right after the turn of the millennium a long downward trend in food 
prices started to level out before rising towards 2008.2 Further, different commodi-
ties started fluctuating with huge differences and no longer seemed to follow paths 
the way they used to (mittal, 2008). Cereals, dairy and oils soared, while meat prices 
only experienced a minor price increase (Figure 1). Various food commodity groups, 
as well as energy and other raw materials, used to be at approximately the same in-
dex level in the 1990s, but from the mid-2000s they have fluctuated increasingly with 
different gradients and volatility3 in different periods (Trostle, 2008).

Of three major concerns regarding the recent food crisis was first the unevenly 
distributed effects linked to purchasing power and the amount of income used to 
buy food. therefore, the price increases of internationally traded food commodities 
was not so much a crisis among the global middle class as among people close to 
starvation in the developing world. second, with the steepest price increases tak-
ing place in the grain markets, it hit hardest those depending almost entirely upon 

Figure 1. Fao food price indices 1990–2011.
Note: 2002–2004 average = 100.

rice, corn, wheat and soy for their everyday diets. these basic commodities, which 
are the major providers of calories globally today, cannot be substituted as easily as 
meat and dairy, indicating that grain price shocks are more difficult to handle than 
increases within meat and dairy (Fao, 2009b). the third concern was how quickly 
the prices increased. in percentages the price increase in 2008 is similar to that of 
the 1972–1974 crisis, but real-term prices were higher in the 1972–1974 crisis than in 
2008 (Headey and Fan, 2010). still, when prices peaked in 2008 it was from a historic 
low, and the price increase happened among a broad set of commodities and not just 
food. Food commodities are traded internationally in Us dollars, so when food price 
developments are portrayed, the value of the dollar relative to other major curren-
cies are important. Us dollars started to depreciate against other major currencies in 
2002. When measured in euros for instance, the nominal price increase during the 
food crisis is 25% less than when measured in dollars (ibid.). The significance of US 
dollar depreciation will be discussed later in this article.

according to both imF and World Bank data presented in Figure 2, the period 
from 2003 to 2008 was the largest and longest commodity boom in more than 100 
years, exceptional also in its range: energy prices rose by 320% between January 
2003 and mid-2008, metals and minerals by 296% and internationally traded food 
by 138% (World Bank, 2009). When it comes to food and energy commodities, the 
World Bank observations imply that the 2008 crisis overtook the one in 1973–1974, 
when the middle east oil embargo, together with a string of failed harvests and de-
preciation of the Us dollar, made fuel and food prices soar (Headey and Fan, 2010).

so, then, was the 2008 crisis historically unique in terms of price developments? 
Using the definition of a price spike4 on real-term food prices after the second World 
War, we have had spikes in 1973–1974, 2007–2008 (Fao, 2009a, p. 12). a spike does 
not necessarily mean we have a permanent change, but indicates the magnitude 
of the fluctuation away from the dominant price development trend. Economists 
also talk about ‘structural breaks’ when there is an unexpected and huge shift in a 
macro-economic time series (Clements and Hendry, 1998).5 the 1972–1974 food and 
energy crisis did not result in a shift severe enough to qualify as a structural break, 
mainly because prices after a while presumed their preceding trend (Fao, 2009a, p. 
14). after 2008, both food and non-food commodity prices dropped almost to pre-
2008 levels before starting to increase again in the beginning of 2010. it is too early 

Figure 2. imF industrial metals and food commodity indices and crude oil price 
(Brent) 1996–2011.
Source: imF/index mundi.
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yet, but if prices now stabilize well above pre-2008 levels, we will have a structural 
break along the terms in the above definition. This will also indicate that the 2008 
food crisis was not merely a ‘perfect storm’, but a bump in the road towards a whole 
different situation in global food markets.

What Caused the 2008 Food Crisis? A Critical Review of Explanations

Long- and Short-term Supply and Demand Factors
Food production is dependent on nature, the amount of available arable land, 
weather and productivity. From earlier food crisis, like the one in 1973–1974, sup-
ply-side shocks are known to cause soaring prices, transferring yield volatility to 
prices in the global market (Fao, 2009a). since the demand side in the food market 
moves slower than the supply side, supply side developments most likely helped 
fuel the 2008 food crisis, many argue (mitchell, 2008; trostle, 2008; abbot et al., 2009). 
several reasons for a decline in productivity and an increase in the supply-side vari-
ability has been mentioned in the literature, among them lack of investments and 
public spending (mittal, 2008), increasing prices of important input factors based on 
fossil fuel (Fao, 2008a), speculation about the Green revolution meeting its limits 
(daviron et al., 2011), and increased frequency of severe weather (Parry et al., 2007; 
Headey et al., 2009).

Between the Asian finance crisis in 1997 and the 2008 food crisis, the global supply 
and demand situation for food changed. markets in general became tighter, con-
sumption grew faster than utilization, investments were down, and the productivity 
growth so dominant in the post-World War ii era started to level out (Headey and 
Fan, 2008; mitchell, 2008; oeCd, 2008). Global per capita food production declined 
by 6% between the late 1980s and the beginning of the 2000s (trostle, 2008; abbott 
et al., 2009). While grain and oil-seed production had an annual growth rate of 2.2% 
between 1970 and 1990, it declined to 1.3% between 1990 and 2007, and is expected 
to fall to 1.2% per year during 2009 and 2010 (mittal, 2008; Wiggins et al., 2010). in 
2005–2006, for instance, australian wheat production was 50–60% below expected 
levels due to drought (Headey et al., 2009). Years of drought was also the reason why 
australia, which used to export more than half a million tonnes of rice annually, in 
effect was wiped out as a rice exporter by 2007 (Childs and Kiawu, 2009). In 2005 and 
2006, harvests in both russia and Ukraine were below initial projections, again due 
to bad weather (oeCd and Fao, 2010). although production short-falls like these 
can be explained by ‘natural’ weather variability and cyclical events like the el niño, 
it is being linked increasingly to the effects of climate change (Daviron et al., 2011).

since the late 1990s, public food stocks have been reduced also, through a combi-
nation of production decreases and deliberate policies (van der Ploeg, 2010). When 
the Us, eU and China reduced their public grain stocks during the late 1990s and 
early 2000s, they started to rely more on the world market being able to provide 
grains, and adopted a just-in-time thinking (Wiggins et al., 2010). Food stocks have 
traditionally been used to dampen price volatility and feed the market in periods 
of under-supply. Price curves for food commodities and stock-to-use ratios tend to 
covariate (Headey, 2010). Both food stocks and stock-to-use ratios6 reached 25-year 
lows in 2007 and 2008, and for some commodities they were all-time lows (trostle, 
2008; abbott et al., 2009). as illustrated in Figure 3, the period from the late 1990s 
to 2003–2004 is characterized by a steady decline in the stock-to-use ratio in major 

grains alongside a steady increase in grain utilization. during the 1980s and 1990s, 
public investments in agriculture also declined, causing production increases to lev-
el out. these decades were characterized by over-production and declining prices, 
which acted as a disadvantage to invest (Blas, 2009). these supply-side changes 
contributed to higher prices and led to more inelastic markets in which any shock 
would have a significant price effect (OECD and FAO, 2010).

Export restriction, or ban, is a type of short-term trade shock that is often set off 
by governments experiencing an emerging crisis or at the prospect of supply short-
ages. starting with the indian rice export restrictions of 9 october 2007, due to soar-
ing prices caused by under-supply, several exporters imposed trade restrictions in 
the run-up to the food crisis (mitchell, 2008).7 such policies have gained little atten-
tion in the debate after the food crisis, according to recent publications (Headey, 
2010; Headey and Fan, 2010). the pace of the price increases from late 2007 did not 
allow the market to readjust, resulting in trade restrictions, panic buying, hoard-
ing and speculation (Headey, 2010). the indian rice export ban, for instance, started 
a chain reaction that was followed by wheat and barley export bans in Vietnam, 
China, Cambodia, egypt, Pakistan and russia. Using monthly export-volume data 
from thailand (rice) and the Us (wheat, corn and soybeans), Headey (2010) found 
that vast changes in export volumes preceded similarly large price changes for rice, 
wheat and corn. to illustrate this argument further, after a record-high rice yield in 
2008, Japan decided to sell 300 000 tonnes of its surplus rice stocks to the Philippines. 
this started a reverse chain reaction in which the supply side was strengthened and 
the export restrictions were lifted, causing a drop in prices (timmer, 2009; mondi et 
al., 2010).

industrial agriculture is fossil fuel dependent, second only to the transport sector 
in the oil intensity in its energy usage, leading to the high marginal cost sensitivity 
of the agricultural sector (Headey and Fan, 2010). When crude oil prices started to 
increase from 2003 (Figure 4), the production costs of food started to increase as 
well. The price of fossil fuels affect agricultural production both directly, through 

Figure 3. World grain production and utilization (m. tonnes) and stock-to-use ratio 
(%).
Source: Fao.
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increased costs of transportation and operating machinery and, indirectly, through 
increased costs of fertilizers and pesticides (torero and Braun, 2010).

Prior research has shown that increasing food prices (output) is not directly and 
fast transferred back to the producers. When there is an increase in input prices the 
extra cost is passed on faster and more directly (oeCd and Fao, 2010). Figures from 
the international Fertilizer association showed that the price of fertilizers, whose 
costs are almost 90% decided by the oil price, increased more than agricultural prod-
ucts in 2007 and 2008. this extra cost resulted in a declining output-to-input ratio 
and sinking returns from food production (ibid.). according to mitchell (2008), the 
average production cost of corn, soybeans and wheat increased with 12% between 
2002 and 2007 due to an increase in the energy-dependent input factors. For meat 
production this price transfer is more indirect and slower.

With respect to the demand factors, in the last 50 years the global population has 
increased from 2.5 billion to almost 7 billion. according to the Fao, by 2050 food 
production must increase by 70% and the energy production must double in order 
to meet demand from an estimated 9 billion people (Fao, 2009b). traditionally, the 
demand side is slow moving and does not create short-term shocks the same way 
supply-side shocks do, and is therefore ruled out by many as an event causing price 
increases like in the early 1970s and in 2007–2008 (trostle, 2008; Headey and Fan, 
2010).

a demand-side argument much cited is that the increased demand for meat and 
dairy products in emerging economies such as China and india is a kind of system 
shock that can explain the soaring food prices in 2008 (mitchell, 2008; regmi et al., 
2008; abbott et al., 2009). a basic notion of food demand is that it is income inelas-
tic, meaning we buy what we need to eat independent of the price. if prices go up, 
we cut back on other goods. Based on empirical studies, daviron et al. (2011) show 
that this is the case but only in affluent societies. Due to limited purchasing power, 
the population in poor countries actually eat less when prices go up. in periods of 
reduced supply and increasing prices then, price hikes are still kept low because the 
demand in poor countries is also reduced, easing the demand pressure. so when 
the global average income increases, as it has done in the last 10–15 years, food 
becomes increasingly income inelastic, meaning that demand is not reduced when 

Figure 4. Crude oil price (Brent) 1998–2010.
Note: 2010 average preliminary estimate.
Source: iea/Patts.

supply is reduced and prices go up, adding volatility to the food market (ibid.). this 
mechanism explains why China and India have influenced the global food mar-
kets in more recent years, with increasing middle-class demand particularly in the 
meat and dairy sectors (mitchell, 2008; regmi et al., 2008; abbott et al., 2009). Be-
tween 2002–2003 and 2007–2008, Chinese and indian grain consumption rose by 5% 
and 9% respectively (Wiggins et al., 2010).8 an additional approach to demand-side 
changes, as argued by rivera-Ferre (2009) in a study of the increase in worldwide 
meat and fish consumption, is the role played by the food industry in creating de-
mand through supply-side increments of cheap products (chicken and pork in the 
case of meat).

Increasing Energy Prices and the Growth in Bio-fuel Production9

starting out as a strategy to become more energy independent, bio-fuel production 
is seen increasingly as an important and efficient climate change mitigation meas-
ure. However, the growth in bio-fuel production raises questions about competition 
for land and its potential negative impact on food production, a concern dating back 
to before the 2008 food crisis (Gardner and tyner, 2007; slater et al., 2007). in 2006, 
Hill et al. argued that if the result was reduced supply of food, bio-fuels could not 
be considered a sustainable and viable alternative to fossil fuels. the imF warned in 
2007 that bio-fuel production levels were about to increase food prices by increas-
ing demand for feedstock (imF, 2007). after the price shock of food commodities in 
2008, rosegrant et al. (2008) estimated that 30% of the price increase was caused by 
increased bio-fuel production, while the World Bank believed the figure was as high 
as 70–75% (mitchell, 2008). a much more cautious estimate states that 30% of the 
price increase was due to bio-fuels (Gerber et al., 2009).

The argument that bio-fuel production affected food production rests on these 
assumptions: when the price of fossil fuels increased, non-fossil fuels became more 
attractive as a substitute. additionally, the growth was encouraged by support pro-
grammes in the Us, Canada and the eU, which established a link between the en-
ergy and food markets. increasing demand for bio-fuel crops made food exporting 
countries shift to corn and oil-seeds at the expense of other crops and this reduced 
grain supplies in the international corn market, with spillover effects to other grain 
markets. This mechanism is exemplified by Timmer (2008), writing that the increased 
demand for bio-fuel crops in the Us made farmers increase their corn acreage (23% 
in 2007) at the expense of soybeans (16% decline in 2007), wheat, and other feed 
grains. this led to a reduced soy oil production, which tightened the international 
soy oil market and increased the demand for asian palm oil, pushing both soy oil 
and palm oil prices upwards (mitchell, 2008; timmer, 2008).

After 2008, no studies have estimated the bio-fuel effect anywhere near the 70–
75% as done by mitchell. most other studies conclude that in a tight market with 
an increasing price trend the bio-fuel demand shock caused the prices to peak more 
moderately (5–15%) either by itself, or in combination with soaring energy prices 
imposing increased production costs (trostle, 2008; Gomiero et al., 2009; Headey et 
al., 2009; koning and mol, 2009; robles et al., 2009; rosset, 2009).

What makes bio-fuels attractive for some but not for others is that it serves mul-
tiple purposes.10
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• Bio-fuels are promoted as an alternative to fossil fuels, and help increase energy 
security and energy independence (Balat and Balat, 2009).

• Bio-fuel production is potentially carbon neutral, and can help reduce overall 
GHG emissions and mitigate climate change (Matisoff, 2008; Gomiero et al., 
2009).

• Bio-ethanol and bio-diesel can easily make use of existing infrastructures for 
fossil fuels, including modern combustion engine technology and petrol/diesel 
distribution systems (koning and mol, 2009).

• Under the current subsidy regimes, bio-fuel production becomes profitable 
when energy prices are high. in the Us, the threshold is Us$ 50–60 per barrel of 
crude oil (Perrin, 2008b).

• Bio-fuel production can help promote rural development and reduce the need 
for state support programmes towards farmers, particularly important in the 
light of the anti-subsidy sentiments that characterizes Wto-negotiations (Per-
rin, 2008c; Gomiero et al., 2009).

the three largest bio-fuel producers in the world are Brazil (bio-ethanol), United 
states (bio-ethanol) and the european Union (bio-diesel). Brazil started its national 
sugar cane-based ethanol industry in the aftermath of the 1973 oil crisis, as a way of 
becoming more energy independent in the wake of soaring oil prices (solomon et 
al., 2007). the main arguments for promoting a national bio-fuel programme in the 
Us in the early 2000s were fuel safety, national energy independence and rural eco-
nomic development (lehrer, 2010). in his 2003 state of the Union address, George W. 
Bush proclaimed one of his goals ‘to promote energy independence for our country, 
while dramatically improving the environment’. this should be obtained through 
the development of ‘cleaner technology, and to produce more energy at home’, and 
he asked for support to reach the goals of making ‘our air significantly cleaner, and 
our country much less dependent on foreign sources of energy’ (U.s. Goverment, 
2003).11 although the environmental arguments are made explicit in this speech, 
later actions indicate that energy independence from a politically volatile middle 
east is even more important to the Us – as was stated also after the 1973 Yom kippur 
war and 1991 iraqi invasion of kuwait (lehrer, 2010). regardless, the Us bio-fuels 
programme has helped farmers increase their earnings in a time of falling returns, 
following an era of falling global food prices and a situation of over-production. the 
programme increased both corn production and total crop-land because set-aside 
land was taken into production again (Perrin, 2008a, 2008b). Between 2004 and 2007, 
50 million tonnes of an increased corn yield of 55 million tonnes went into the bio-
fuel industry, and Us corn-based ethanol production constituted more than half of 
the increased global demand (mitchell, 2008).

By focusing on the production of ‘clean energy’, the agricultural sector can con-
tribute to curb climate change, even if the mitigation potential through better crop-
land management might have the same positive potential (nyong, 2008). in the 
United states and the european Union, bio-fuel production is mainly driven by 
policy measures, even if increasing energy prices increases the profitability within 
the industry (Banse et al., 2008). in the Us, the 2002 Farm Bill established a new 
programme supporting increased use of bio-fuels, and under the 2005 energy Policy 
act (ePact), the Clean air act and national renewable Fuel standard (rFsi) pro-
grammes were legislated (Banse et al., 2008; Gerber et al., 2009). the ePact 2005 
stated that 7.5 billion gallons of fuel should be derived from renewable sources by 
2010, whereas the 2007 energy independence and security act increased the renew-

able fuel standard to 36 billion gallons by 2022 (lehrer, 2010). in the 2006–2007 agri-
culture debate, energy was called the biggest issue in the next farm bill, and the 2008 
bill (the Food, Conservation, and energy act) opened up for investing Us$ 1 billion 
in bio-fuel tax credits for producers and blenders (ibid.).

the european legislative basis for bio-fuel development is the 2003 european Un-
ion Biofuels directive, with its 2005 Biomass actions Plan revision, and the 2007 Pro-
gress report on Biofuels (lehrer, 2010). these documents established a directive, set-
ting a mandating minimum share of bio-fuels (mainly oil-seed based bio-diesel) in 
the transport sector bio-fuel consumption of 5.75% by 2010 and 10% by 2020 (Banse 
et al., 2008). due to these policy-driven fuel programmes, production of bio-ethanol 
in the Us (Figure 5) and bio-diesel in europe (Figure 6) has continued to grow stead-
ily from the early 2000s.

Figure 5. Us ethanol production (left) and Fao cereals price index (right).
Source: Fao/Us department of energy.

Figure 6. eU biodiesel production (left) and Fao cereals price index (right).
Source: Fao/eU Biodiesel Board.
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in 2007, according to the Us Federal energy information administration, the bio-
fuel sector received Us$ 3 billion in tax credits, more than four times the amount re-
ceived by companies working in other areas of renewable energy (eia, 2008). across 
europe, more countries are strengthening their bio-fuel blend regulations in order to 
‘green’ the transport sector. this indicates that the bio-fuel sector will be sustained 
at least at the current level, despite arguments about negative side-effects, like com-
petition for land and bio-fuels not being carbon neutral (Pimentel and Patzek, 2005; 
Harvey and Pilgrim, 2011).12 Ghosh (2010) stresses the fact that many farmers already 
have shifted their crops in order to supply the bio-fuel industry. elliot (2008) under-
lines that the current Us legislation specify that 15 billion gallons of bio-ethanol 
are to be blended with gasoline by 2015, which means bio-fuel crops will consume 
roughly 40% of Us corn crops, replacing only 7% of the gasoline demand. Further, 
as Gomiero et al. (2009) underline, bio-fuels are not suited to solving future energy 
challenges; converting all of Usa’s grassland to bio-fuel crops under the current 
production regime (generation one) will only cover 12% of its total energy needs.

However, the growth of bio-fuel production could also have positive employ-
ment effects, mainly for the producers who will benefit from an increased demand 
for their products (Campiche et al., 2007), but also for agro-dependent communities. 
The bio-fuel market can have a price stabilizing effect by introducing a floor and a 
ceiling effect in the food commodity market (Timmer, 2008; Koning and Mol, 2009).

the correlated increase in food and oil prices is an indication of a changed rela-
tionship between the food and energy sector, with bio-fuels as a link. Harri et al. 
(2009) identified changes in the relationship between oil and corn, cotton, and soy-
bean (but not wheat) prices after the legislation of the 2005 Us renewable Fuels 
Standard Act. A study by Campiche et al. (2007), similar to the findings of Mondi et 
al. (2010), concludes that in periods of modest food price increases pre-2008, food 
and oil did not co-integrate much. this relationship changed when food and en-
ergy prices increased dramatically between late 2006 and mid-2008. timmer (2009) 
argued that because of the increased integration between these different markets, 
if permanent high oil prices are here to stay, so are high food prices. Production 
statistics show that production levels increased dramatically after the 2005 Us and 
eU legislations and, according to Banse et al. (2008) and Gerber et al. (2009), the pro-
duction increase will continue as long as the blend directives stay in place. mitchell 
(2008) illustrates how vegetable oil imports in the eU and the Us increased as a di-
rect effect of increased bio-fuel production between 2000 and 2007, pointing towards 
a policy-driven and deliberate shift from agricultural to energy production

Financialization and Speculation in Commodities
Another ‘suspect’ on the list of causing food prices to explode in the first half of 
2008 is financial speculation and the effect of financialization of agricultural mar-
kets. the argument put forward by many is that market deregulation and market 
developments made huge flows of financial capital enter the food and commodity 
sector from 2005 onwards, creating a speculation bubble that pushed the price of 
commodities upwards to an extent well above what can be explained by forces of 
food supply and demand alone (Clapp, 2009; Cooke and robles, 2009; munier, 2009; 
timmer, 2009; Wahl, 2009; de schutter, 2010; Ghosh, 2010; Gilbert, 2010). From 2006 
to 2008, food prices and speculation levels correlated, and just before the food prices 
peaked as many as 85–90% of the institutional investors wanted to invest in com-

modity index funds. Critiques claim that this hypothesis itself is based on assump-
tions, with little theoretical support and empirical evidence. Parts of the futures mar-
kets are relatively new to the food commodity sector, leading many commentators 
and academics to misinterpret the basics of financial markets and speculation effects 
on commodity prices (Borin and dinino, 2009; Headey et al., 2009; Headey, 2010; 
Headey and Fan, 2010; irwin and sanders, 2011; mitchell, 2008).

Speculation, and concerns about its negative effect, is not a new phenomenon in 
agricultural markets. Commercial trading with grain futures and options have been 
used traditionally to hedge against future price movements, as an insurance meas-
ure for those producing the food and those depending on buying food for further 
processing (markham, 1991). Being the world’s largest grains exporter, and hold-
ing some of the most important grains exchanges, Us regulations and its origin is 
important (Clapp and Helleiner, 2010). speculation for hedging purposes started 
already in the mid-1800s with the establishment of the Chicago Board of trade 
(CBOT) in 1856 (Markham, 1991). Soon after, financial speculators also entered the 
commodity markets. The financial speculators, or non-commercial traders, were 
blamed for increased price volatility in the agricultural markets, which led President 
roosevelt to call for regulations after the Great depression and a collapse in grain 
prices in 1933 (ibid.). When these events were debated throughout the mid-1930s, 
President roosevelt stated that “unregulated speculation in securities and in com-
modities was one of the most important contributing factors in the artificial… boom 
which had so much to do with the terrible conditions of the years following 1929 
(in markham, 1991, p. 69). in 1936, then, the Us Congress passed the Commodity 
exchange act, limiting the volume and number of contracts speculators could hold 
and trade. These regulations more or less stayed in place until the finance sector 
in the beginning of the 1990s successfully lobbied deregulations, despite Us treas-
ury department under President reagan warning against increased price volatility 
if regulations were lifted (markham, 1991; Jones, 2010).13 Formal concessions were 
given with the 1996 Us Farm Bill (‘Freedom to Farm’) and, in 2000, the Us Congress 
passed the US Commodity Futures Modernization Act (CFMAct), which effectively 
deregulated commodity trading, and removed any limits of volume, by allowing 
deregulated exchanges without public control from the Commodity Futures trading 
Commission (CFtC).14 this boosted the volume of unregulated financial transactions 
in several markets, and the demand for futures contracts started increasing rapidly 
from around 2002–2003 (Blas, 2009; Wahl, 2009).

these deregulations had gradually made markets responsible for regulations and 
stabilization nation-states and super-states used to have, like the commodity boards 
and the international commodity agreements of the 1950s and 1960s (Ghosh, 2010). 
statistics show that overall commodity speculation (regulated) increased from Us$ 
13 billion in 2003 to Us$ 260 billion in 2008, illustrating the enormous amount of 
speculative capital that was available in this period (Clapp, 2009). Wahl (2009) and 
Ghosh (2010) argue that it is unlikely that these vast sums of money introduced 
by non-commercial traders did not affect food commodity futures prices, whereas 
De Schutter (2010) claims that the price fluctuations were too large in to short a 
period to be explained by anything but a speculative bubble. Ghosh (2010) further 
illustrates the causal linkages by referring to how commodities that experienced 
the most speculation (cash crops and major food crops) also experienced the largest 
price increases, and that the stabilizing effect the markets were supposed to have 
according to economic theory, was absent. in a much-cited publication, Wahl (2009) 
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refers to a study by the lehman Brothers revealing that index fund speculation in-
creased with 1900% between January 2003 and march 2008.

the speculative price bubble theory gained political support quickly after the 
mid-2008 food price spike. a combined Uk–Us crisis management decision on 18 
september that year resulted in a ban for certain types of speculation (short sell-
ing), which was followed up by several hearings in the Us Congress, blaming ex-
cess speculation (sanders et al., 2010). on 22 June 2010, the dodd-Franck act15 was 
legislated by the Us Congress, imposing restrictions on unregistered trading and 
trading volumes in the commodity markets with reference to the food crisis. the 
dodd-Franck act reintroduced some of the regulations from 1936 that were lifted in 
2000. similar regulations have been discussed also in europe, but at the beginning 
of 2011 no action similar to the dodd-Franck act has been taken (de schutter, 2010).

in addition to expansive monetary policies and economic growth, the deprecia-
tion of the Us dollar – in which most commodities are traded – is also held respon-
sible for the 2008 price spike (Ghosh, 2010). a general observation since the 1970s 
is the covariation between the value of the dollar and commodity prices (Headey 
and Fan, 2010). When the dollar is weak, commodity prices are generally high. in 
the short run, when the dollar is depreciated this will initially reduce the price of a 
commodity, but in the medium run the demand will increase and push the price up-
wards again (timmer, 2009). mitchell (2008) calculated that the depreciation of the 
dollar increased food prices by about 20% before the food crisis.

Discussion

Food Commodity Price Fluctuations: The Importance of Supply and Demand
the run-through of supply- and demand-side arguments above convincingly ex-
plain why and how food markets have become tighter during the last decade. His-
tory shows that in periods of under-supply, prices go up, and with 2010 food prices 
reaching 2008 ‘crisis levels’, the question of supply and demand in the food markets 
is relevant. However, the current evidence makes it difficult to argue that under-
supply alone caused the price of such a broad range of food commodities to almost 
double between 2006 and 2008, especially seen in the light of the steep price decline 
shortly afterwards without supply or demand shocks. a basic logic calculation by 
timmer (2009) illustrates this. in a simple market setting, if the demand is growing 
by 3% per year, and the supply is growing with 1.5% per year, there will be a de-
mand growth of 1.5% per year not accounted for, and we can expect a price increase 
of 10% (ibid.). These figures are close to reality for the period 2001 to 2006, and the 
price of rice grew by 8% per year during these five years (Timmer, 2009, p. 10). This 
simple example can help us explain why prices grew steadily from 2003 towards 
2007, but not why they skyrocketed in 2008 and fell so quickly afterwards.

Bad harvests caused by weather related events are common features in the ag-
ricultural sector. Yield variations affect food prices, and stocks have traditionally 
been used to dampen the variations. two questions increasingly raised the last years 
are if bad harvests due to weather shocks have increased, and if these shocks are 
the result of climate changes. according to Curry and Webster (2010), referring to  
statistics from the international disaster database,  the number of reported natural 
disasters and storms severe enough to harm food production have increased since 
the late 1990s, but linking it causally to climate change is difficult. These and other 

observations have led many to argue that climate change already was affecting food 
production negatively, prior to 2008 (Fao, 2008a; Gregory and ingram, 2008; mittal, 
2008). Without doubt, and an increasing frequency of dramatic weather events can 
explain recent production short-falls, but it is still difficult to establish a causal link 
between climate change, production short-falls, and the 2008 food crisis.

low stocks are traditionally associated with increasing prices, and prior to the 
food crisis, global food stocks declined while prices went up. as illustrated in Figure 
3, utilization was higher than grain production in both 2006–2007 and 2007–2008 
seasons (despite a grain production increase of 112 million tonnes from 2006–2007 
to 2007–2008), and public food stocks declined. storage got close to the Fao-rec-
ommended lower threshold of 17–18% (stock-to-use ratio) (Headey and Fan, 2010). 
dawe (2009) and mondi et al. (2010) believe this situation was not decisive for the 
food crisis for two reasons. First, when ruling out China with its vast public stock re-
ductions starting in 2000–2001, global stock declines prior to the food crisis were rel-
atively minor. since China used its stocks to feed the domestic markets to avoid food 
import, the Chinese stock reductions probably helped keep international food prices 
low. second, as illustrated in Figure 3, global food stocks declined towards 2003, 
right in the middle of a period of when food production was well below utilization. 
the stock-to-use ratio for rice, for instance, had increased since 2005 (timmer, 2009), 
and rice production reached record levels in 2007–2008 (mondi et al., 2010). despite 
this, the price increase was far bigger for rice than other food commodities, and the 
steep upwards trend preceded that of other grains. thus, if stocks had a decisive 
role, food prices should have started to rise more dramatically already in 2004, fol-
lowing the 2003–2004 season with record low stock-to-use ratios and a global grain 
under-supply (as compared to utilization) of nearly 70 million tonnes (mueller et 
al., 2011). additionally rice prices should have been decreasing after 2005 due to in-
creased production and stock build-ups. since it did not, we support the notion that 
the supply and stock situation prior to the 2008 food crisis in itself cannot explain 
the dramatic price rise in the first half of 2008. Arguing like this, we by no means in-
dicate that stock levels are irrelevant. Public food stocks still play an important role, 
particularly if the market is not able to provide the right amount to the right time as 
free-trade theory assume, a view shared by food policy-makers. reintroducing food 
stocks both at the national and international levels were one of the policy measures 
mentioned by FAO as important in an effort to avoid a new food crisis.16

a more resilient argument is that trade policy events withdrawing food from the 
market, enhanced a tendency of increasing food prices. the most used examples of 
this self-enhanced policy mechanisms derives from rice (timmer, 2009; mondi et al., 
2010), wheat and corn markets (Headey, 2010), experiencing trade restrictions and 
export bans following a situation of under-supply and low stocks. the major weak-
ness of this argument is the fact that the price of several commodities not experienc-
ing trade restrictions or hoarding, like soybeans, industrial metals, and crude oil 
also had price hikes in 2007 and 2008. a further argument valid for the rice market 
is its inherent volatility due to low export shares and higher sensitivity to supply 
changes, trade patterns and hoarding than other commodity markets (mondi et al., 
2010). only 6–7% of total rice production is traded internationally, so in such a small 
export market trade alterations will possibly result in local price volatility, but with-
out affecting the global food situation much (ibid.).

demand-side development, excluding bio-fuels, was dismissed as a major cause 
on an early stage of the post-2008 debate. Before the food crisis the world economy 
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was booming, and the economic growth resulted in a general high demand for most 
commodities, particularly in asia (Blas, 2009; timmer, 2009; toye, 2009). When the 
finance crisis hit in the fall of 2008, economic recession simultaneously reduced the 
overall demand for oil and other commodities. this development can help explain 
why prices suddenly dropped towards the end of 2008. However, since the demand 
for staple foods is more price inelastic than other commodities, demand-driven price 
declines like the one in late 2008 should be different in the food and non-food mar-
kets, which they were not. demand for food remained relatively high, and increas-
ing along a long-term upwards trend, while demand for e.g. oil and metals dropped. 
still, both foods and non-foods had the same roller-coaster price trend throughout 
2008.

Energy Prices and the Growth of Bio-fuels
the steep increase in bio-fuel production from 2005 onwards is by many held as 
one of the most important factor behind the 2008 food crisis (mitchell, 2008; Perrin, 
2008a; rosegrant et al., 2008; trostle, 2008; Headey et al., 2009). empirical evidence 
points towards the food price–bio-fuel demand correlation from 2006 to 2008, with 
spillover effects to non-bio-fuel crops. The steep increase in production levels during 
2006 and 2007, as well as the amount of Us corn consumed by the ethanol plants, 
strengthens this argument. However, there are development trends that point in an-
other direction.

First, the steep price development within food commodities and crude oil was 
also evident in other commodities not related to the bio-fuel sector, like rice (which 
is not a substitute for Us corn or eU oil-seeds), metals and timber (timmer, 2009). 
second, if the argument that we already produce enough food for 12 billion peo-
ple is correct, increased demand from the bio-fuel sector is not the main challenge. 
instead the focus should be on just distribution of what we already produce and 
reduction of food waste. a radical view is that the price of food is too low, in fact 
so low that there is no real incentive to waste less. third, when food prices started 
declining in the latter part of 2008, this happened without a similar dramatic reduc-
tion in bio-fuel demand or major subsidy programmes (Cooke and robles, 2009). on 
the contrary, both in the Us and in europe, the bio-fuel programmes continue and 
the blend targets remain unchanged (Ghosh, 2010). as illustrated in Figure 5 and 
6, production continued to increase right through the ups and downs of 2008. the 
main reason for these different trajectories after 2008 is that food and oil prices are 
decided mainly by market forces, while bio-fuel production is policy driven, justi-
fied by energy independence arguments, and increasingly, GHG emission reduction 
targets. if not changed, the bio-fuel boom will then continue to add extra but stable 
demand to the market, probably contributing to food prices stabilizing at a higher 
level in the future because crops are diverted from food to bio-fuel feed. against this 
background, we believe that the growth in bio-fuels since 2004–2005 can explain 
why food prices started to increase, but not why they peaked in 2008 and soared 
again in 2010. However, during the food crisis a new pattern of relations between 
food and energy started to emerge.

the price curve of crude oil had followed that of food commodities in a remark-
able way since the early 2000s, and experienced the same steep price rise before 
dropping abruptly during the last half of 2008 – but with food prices somewhat 
trailing oil prices. this relationship is as expected given the way oil literally has 

lubricated the growth in modern food production. When crude oil gets more expen-
sive, so does the cost of producing, processing and distributing food. What is new 
since the mid-2000s, however, is the more direct price correlation between oil and 
food, and that the price movements correlate more when prices in both markets are 
high (Harri et al., 2009; Frank and Garcia, 2010; Zhang et al., 2010). in other words, 
when the market situation in the food and oil sectors become tighter, oil prices more 
directly decides the price of food, but not vice versa.17 one important contributing 
element is the growth in bio-fuels (daviron et al., 2011). even though production 
levels in europe and the Us to a large extent are guided by blend policies, there is 
no ceiling on the level of agricultural products that can be diverted from food to bio-
fuel feed (koning and mol, 2009). therefore, if fossil fuel prices remain high, grow-
ing and selling crops as bio-fuel feed will be more profitable for many farmers than 
producing food for humans, contributing to under-supply of food in the market, 
leading to higher food prices. these developments made timmer (2009) state that if 
high oil prices are here to stay, so are high food prices. We support this assumption, 
and believe, as argued by koning and mol (2009) that unless one introduces interna-
tional regulations in the bio-fuel market, developments in the crude oil market will 
continue to create price pressure in the food market.

The Role of Speculation in the 2008 Food Crisis
When food prices go up, it signals scarcity of some kind, and makes agricultural 
products, production facilities and even arable land, strategically more important. 
this might then attract investments as well as speculation to the sector. From 2006 to 
2008, food prices and speculation volumes correlated strongly, but the studies trying 
to explain the relationship between the two sectors are so far indecisive. the food 
crisis brought about both a theoretical and empirical discussion among economists 
and other scholars, and the question is to what extent, if any, does activity in the fi-
nancial market (trading with futures) affect price formation in the cash market (price 
of the actual commodity). one group of time-series regression-based studies dismiss 
the speculation hypothesis, or bubble theory, all together. mitchell (2008) dismisses 
the hypothesis on mere observation, arguing that although speculation volumes had 
increased, they decreased from 2007, when food prices started their steep increase. 
Based on quantitative studies of trade data from Us commodity exchanges and food 
price data for a range of commodities, Headey et al. (2009), aulerich et al. (2010), 
Borin and dinino (2009) and Headey (2010) all found that in accordance with eco-
nomic theory, the commodity investments did not create a price bubble, but had a 
stabilizing effect on the price volatility during this period – in other words, food 
prices would have reached even higher than they did. sanders and irwin (2010) 
point to the fact that trading with futures is a ‘zero-sum’ game; for every position 
betting on increasing prices, there must be a position betting on falling prices, and 
the balance in the actual commodity market is not affected. Sanders and Irwin fur-
ther point to several logic inconsistencies strengthening these findings. First, they 
argue, the index fund traders did not trade in real commodities, but in finance pa-
pers related to the commodities. this way they did not create extra demand in the 
real market, only in the financial market. Second, markets without the presence of 
index fund investments (e.g. fluid milk and rice) also experienced price hikes, and 
some of the commodities with the highest speculation levels (like livestock) did not 
experience soaring prices (sanders and irwin, 2010).
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Isolated, these finding are rather convincing, but the broader and long-term pic-
ture of developments leading up to the food crisis still leave us puzzled. in our view, 
a series of studies and events, including a lot of circumstantial evidence, lead us to 
believe that actions within the financial sector played an important role in pushing 
the food markets over the tipping point towards a crisis. the food crisis started both 
an empirical and a theoretical debate within academia regarding the relationship 
between financial market activity (trading with futures) and price formation and 
volatility in the cash market (Henn, 2011). this debate alone indicates that more re-
search is required, and that the studies dismissing the speculation hypothesis must 
be read with caution.

Large flows of money in and out of markets can create price shifts, and with the 
increased speculation levels in the Us markets after the introduction of the 2000 CF-
MAct, the prices of different commodities started to correlate more, indicating that 
non-commercial activity affected the commercial markets dealing with the actual 
commodities (Henn, 2011).18 Domanski and Heath (2007) argue that financialization 
of commodity markets changed the motivations and strategies of the participants, 
and increase the potential for huge flows of money and abrupt changes. Cooke and 
robles (2009) found a correlation between speculation levels and commodity prices 
before the food crisis for corn, soybean and wheat (but not for rice). This effect dis-
appeared in 2009 when food prices dropped, leading the authors to conclude that 
during the food crisis, grain markets operated under a different regime in which 
speculation activity played a role in spot price formation (Cooke and robles, 2009). 
aulerich et al. (2010) found that index fund participation in food commodity futures 
markets probably helped increase price volatility, particularly from 2006 to 2008. Gil-
bert (2010) concluded in his study that speculation pushed grain prices 5–15% above 
what the supply and demand situation otherwise would decide.

A financial instrument that got a lot of attention after the food crisis was index 
funds.19 an index fund is based on the returns of a particular selection of commodity 
futures, in which agricultural commodities traditionally make up between 10% and 
20% of the ‘basket’ (Wahl, 2009). the large investment sums invested by index fund 
managers in the commodities markets mainly come from institutional investors 
such as hedge funds, pension funds, and investment banks, and the funds became 
available because of the down-turn in the Us housing market in 2007 (de schutter, 
2010). This is taken as a further confirmation of the speculation hypothesis, as the 
soaring prices in 2007 and 2008 were similar across a whole range of commodities 
that were included in the commodity baskets traded (Wahl, 2009; de schutter, 2010). 
a recent study by UnCtad based on several interviews with commodity markets 
participants, points to the role of information and commodity integration in price 
formation in commodity markets. The report finds that the increased non-commer-
cial trading volumes started to send signals of market developments based on ex-
pectation and anticipation instead of the supply–demand balance, which means that 
the trading activity increasingly was based on inaccurate market information and 
heard behaviour (UNCTAD, 2011). This way, the activity in the financial markets 
affected the physical markets, and due to the nature of index trading, they spread to 
a broad range of commodity markets that normally do not have much in common 
(ibid.). This finding help explain why such a broad range of commodities followed a 
similar pattern of explosive growth and sharp decline between 2007 and 2009.

Prior to the food crisis, even participants in the financial industry pointed to the 
potential harm from excess speculation. in 2006, for instance, merril lynch estimat-

ed that speculation was causing commodities to trade 50% higher than if they were 
based on supply and demand for the actual commodities alone (thornton, 2006). 
similar expressions were heard during hearings in the 2009 Us senate regarding 
the food crisis, leading to a conclusion that ‘there is significant… evidence that one 
of the major reasons for the recent market problems is the unusually high level of 
speculation… due to purchases of futures contracts by index traders (US Senate, 
2009, p. 4).

another indicator of the role of speculation, as underlined by de schutter (2010), 
is that when speculators left food commodities due to the lack of a continuation of 
the upwards price spiral, the prices dropped almost as abruptly and as much as they 
had increased only 6 months earlier.

in this debate, our position is similar to that of Clapp and Helleiner (2010) and 
van der Ploeg (2010), emphasizing the increased importance by financial sector par-
ticipants due to a financialization process in the global agricultural sector. Since the 
mid-2000s, the movers and shakers in the financial world have gained such a hold 
on the events in the food sector that we find it unlikely that speculation did not play 
a role in the 2008 food crisis – a view also shared by policy-makers in the Us food 
commodity market when they legislated the dodd-Frank act in 2010.

Summary and Conclusion

For many, the 2008 food crisis was a wake-up call. Both in news media, politics, and 
academia, the situation in the global food markets got increased attention, and the 
awareness of how the food sector interacts with other sectors increased. the list of 
causes and potential suspects is long. in our opinion, after having reviewed both the 
events and a broad range of studies, explanations focusing on the financial sector 
stands out when it comes to answering the question of what caused the food prices 
to peak in 2008.

Without doubt, food markets grew tighter during the last decade, and the main 
reason is that under the current trade and production regime, supply has failed to 
meet demand in many years. according to international statistics, and despite a 
growth in the total food production, utilization was higher than production in 6 of 
8 growth seasons between 2000–2001 and 2007–2008. a high and steadily increasing 
demand, in combination with production short-falls due to increased costs, reduced 
investments and weather shocks (linked or not to climate change) are some of the 
explanations. during this period, public food stocks that traditionally used to be an 
instrument for the nation states to dampen the effects of yield and price fluctuations 
were record low. this indicates that the basic supply and demand forces of global 
food markets were, and are, important for the price-level of internationally traded 
food commodities. Free-trade advocates believe that with such a market outlook, de-
regulation of trade and reduction of tariffs and abolishment of subsidies is the only 
way forward. trade distortions are held by many as one of the main contributors to 
the food crisis because it resulted in less food in the market when the market suf-
fered from increasing under-supply. We believe that the supply–demand situation 
partially explains why prices started increasing from the mid-2000s, but not why 
they peaked in 2008. We also believe that the trade-based arguments only are valid 
for a few markets, and cannot explain why such a broad range of both food and non-
food commodities behaved similarly in 2007 and 2008.
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a development adding pressure to the food markets prior to the crisis was the 
growth in bio-fuels. early on, both the World Bank and the imF blamed bio-fuel poli-
cies for causing the food crisis by diverting crops from food to bio-fuel feed. Produc-
tion levels of Us bio-ethanol and eU bio-diesel started to increase around 2003–2004, 
but the expansion was particularly large after the 2005 eU and Us bio-fuel direc-
tives were introduced. the expansion of the bio-fuel industry is ‘encouraged’ by tax-
support programmes and guided by blend targets on both continents. increasingly, 
the programmes are also justified as a climate change mitigation measure, making 
them difficult to criticize. It is therefore unlikely that the current path towards future 
bio-fuel production goals will be deviated much, despite reports questioning the 
assumed carbon neutrality of bio-fuels and negative impacts on food prices. Based 
on the fact that the bio-fuel growth was steady, and to a large extent predictable due 
to Us and eU blend targets, and that the production volumes continued to increase 
even when the food prices dropped in the last part of 2008, we believe that bio-fuels 
had no decisive role in creating the food crisis although it contributed to the under-
lying pressure. However, since 2008, the production growth has continued and the 
international pressure to mitigate climate change increases. another element in this 
debate is the role played by the price of crude oil. When the oil price is high, fossil 
fuel substitutes like ethanol and bio-diesel becomes more attractive both for policy 
makers and food/feed producers. the relationship between the food, bio-fuel and 
oil markets grew stronger during the food crisis, and several studies concluded that 
food prices more directly than before is influenced by the price of crude oil. Hence, 
there is reason to believe that bio-fuels to a larger extent can explain why food prices 
in the beginning of 2011 are so high – and since the oil price also seems to remain 
high, we probably will see food prices stabilizing at a higher level than before 2008.

as many have argued, it seems unlikely that the enormous speculation volumes 
pre-2008 did not affect the market and the price formation processes. We believe that 
financialization of the agricultural sector over the last decade, making financial ac-
tors relatively more dominant in the market, and Us deregulations leading to food 
commodity speculation volumes never seen before, was the main cause behind the 
explosive price increases from the last part of 2007 to the summer of 2008. despite 
many studies dismissing the speculation hypothesis, several events point in the op-
posite direction. the fear of non-commercial speculation creating price bubbles is 
one of the main reasons strict regulations in the Us commodity futures market was 
introduced in the first place. This view has relatively broad political support in the 
Us, and eventually resulted in the legislation of the dodd-Frank act in 2010. the 
act restricts speculation volumes in commodity futures and made certain types of 
prior unregistered trading subject to public control. Further, several investigations 
and testimonies from actors within the financial sector confirmed the suspicion that 
speculation actually fuelled a price bubble leading up to the food crisis. the way a 
broad range of both food and non-food commodities, including crude oil, behaved 
similarly (huge price increases in the first half of 2008, plummeted in the last half) 
point in the direction of an underlying common factor explaining the events.

Food production is climate dependent, and production short-falls reduce food 
supply, which will lead to increasing prices in a perfect market situation. statistics 
also show that severe weather conditions, such as storms and other natural disas-
ters, have increased in frequency since the late 1990s. From these observations, it is 
still difficult to establish a causal link between climate change, food production and 
the food crisis. In our view, the effect of climate change was not a major factor behind 

the food crisis. However, we will argue that the political and economic effects of cli-
mate change will increasingly affect the agricultural sector in the future.

We believe that the 2008 food crisis contributed to some extent to hide a more 
long-term trend of increasing food prices. if one looks at the underlying develop-
ment from 2004–2005 to present (see Figure 1), the major trend is that food prices 
increase steadily. With this simple observation in mind, and with the challenges 
global agriculture is facing – producing enough food, being an energy producer and 
mitigating climate change – there is reason to believe that the 2008 food crisis was a 
‘bump in the road’ towards a new paradigm where food prices will fluctuate more 
than before and gradually increase.

Notes
1. Commodification refers to the way food increasingly is being treated as a commodity (see e.g. Bonanno 

et al., 1994; mcmichael, 2000; Burch and lawrence, 2007). Financialization describes the process in 
which financial markets, institutions and elites gain greater influence over economic policy and policy 
outcomes (see e.g. domanski and Heath, 2007; Palley, 2007; Burch and lawrence, 2009).

2. Commodity indices published by other institutions, like the imF, World Bank or The Economist, display 
the same pattern.

3. Volatility measures how much the price of a commodity fluctuates over a time period, using the stand-
ard deviation of prices during the same period. Wide price fluctuations over a short period equal high 
volatility.

4. Annual price change more than two standard deviations of the price in the five preceding years (FAO, 
2009a, p. 12).

5. Shifts in the underlying data of time series occur. When these shifts reach a defined threshold, a struc-
tural break appears, making forecasting and modelling more difficult. This concept is important in the 
study of economic forecasting using time series data (Clements and Hendry, 1998; Fao, 2009a).

6. stock-to-use ratio is dependent on net stocks and total demand. if stocks are low, stock-to-use ratios 
might still be high if demand also is also low.

7. When drought and fires damaged most of the Russian wheat harvest during the summer of 2010, 
the russian authorities wanted to avoid domestic price increases and restricted wheat exports, which 
made international wheat prices to increase (Economist, 2010).

8. However, Wiggins et al. (2010) argue that in a global perspective, these changes must be considered as 
modest.

9. Here we refer to first generation of biofuels, using food crops like sugar cane, corn, oil-seeds and veg-
etable oil to produce ethanol or bio-diesel. second generation bio-fuels are produced from a broader 
variety of biomass feedstocks and focuses on utilizing non-agricultural land and residuals from food 
and fiber production (Hoekman, 2009). Second generation biofuels is thus considered as not competing 
for food in the same way as first generation bio-fuels.

10. the carbon neutrality of bio-fuels is contested though, as the production process requires large inputs 
of fossil energy (for a more thorough discussion, see Pimentel and Patzek, 2005; Hill et al., 2006).

11. Citation from full text version of the state of the Union address 2003, available at Us Government info 
website <http://usgovinfo.about.com/library/weekly/aasou2003_text.htm>.

12. tyner (2009) argues that the bio-fuel sector in the Us is about to reach its limits due to the blend wall’. 
the ethanol blend target will soon be reached, and the demand curve for ethanol will even out. Before 
a higher blend degree is legislated, the corn ethanol production will not continue to grow.

13. Goldman sachs was one of the most active lobbyists (Jones, 2010).
14. the CFtC was established in 1974 as an independent agency with the mandate to regulate and control 

commodity futures and option markets (Clapp and Helleiner, 2010).
15. dodd-Franck Wall street reform and Consumer Protection act, signed into law by President obama 

on 21 July 2010 (available at the library of Congress from 22 July 2010).
16. see for instance documentation in connection to Faos World Food summit in rome in 2009 (Fao, 

2009b).
17. an important element is that both markets must be tight at the same time. if the price of oil goes up, 

and makes bio-fuels more attractive as a substitute, food prices will not go up if there is a situation of 
over-supply of food in the first place. Also, if food prices go up due to under-supply, and oil prices are 
relatively low due to abundance, there is little incentive to increase bio-fuel production and worsen the 
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situation in the food market – unless GHG emission reductions are introduced as a reason for increased 
bio-fuel production.

18. according to tang and Xiong (2010), ‘such commodity price co-movements were absent in China, 
which refutes growing commodity demands from emerging economies as the driver’.

19. the standard & Poors Goldman sachs Commodity index (s&P GsCi) and the dow Jones-aiG Com-
modity index are the most important ones.
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Abstract. The relationship between climate change (CC) and the potential for 
transition to a new food regime can be analyzed through the development of Cli-
mate Ready crops, which aim to provide a solution to the problems facing food 
production in the future. Using a bio-capitalist approach, this analysis focuses 
on the ways in which corporate actors and others map out and frame the chal-
lenges posed by CC in technoscientific and biophysical terms and potentially 
impact agri-food systems. Thus, the debates surrounding the future of food pro-
duction and the challenges of CC, for this article, are analysed through the lens 
of bio-capitalism and the concept of food regimes to assess the limitations and 
potential consequences of biotechnological adaptation strategies for agricultural 
sustainability. This approach views biotechnology as one of the productive forces 
of capitalism, which attempts to produce surplus value from living systems in 
ways that ensure the continued accumulation of wealth through not only com-
modity forms but also their legal appropriation and control through Intellectual 
Property Rights (IPRs), mostly through the reproductive control of plants and 
animals used in agricultural production. The practical limitations of this adapta-
tion strategy are explored from a bio-capitalist perspective to analyse how tech-
noscientific interventions in the context of CC are organizing local and global 
forms of social and biological exclusion and inclusion, and how these exclusions 
challenge the global food economy. The difficulties and unevenness presented 
by global climate change reinforce the idea that new regimes of food production, 
which aim to work within the complexity and resilience of specific ecosystems, 
are needed. This stands in opposition to the current productivist paradigm. This 
article considers how global climate change exposes the weakness of biotechno-
logical solutions, which in turn are creating the conditions for the emergence of a 
neo-productivist regime.

Introduction: Climate Change and Food Bio-capitalism 
the challenges posed by climate change (CC) and the need to double food produc-
tion by 2050 (FaO, 2008) have given new impetus to the agricultural biotechnol-
ogy sector. Biotech research has benefited from massive public/private R&D in-
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vestments, creating new market opportunities for industry for research into crop 
adaptation to environmental stress. several biotech corporations are isolating and 
patenting ‘climate ready’ (Cr) genes hoping to engineer high-yielding crop varieties 
tolerant to abiotic factors – such as drought, salt, temperature extremes, high UV 
light – and capable of using nitrogen more efficiently. However, by defining climate-
related environmental stress narrowly along technoscientific possibilities and the 
isolation of biological traits, biotechnology research into CC fails to radically alter 
our reliance upon the conventional agri-food paradigm. Furthermore, Cr crops cre-
ate false expectations about increasing crop yields and how best to deal with CC, 
foreclosing research on local varieties and local knowledge systems and practices 
that address variable climactic conditions. Cr crops represent a higher order of ge-
netic complexity and ecological risk than first-generation GM crops; early field trial 
reports indicate that poor crop survival and productivity may severely restrict their 
use (Margulis, 2009). Beyond the technical realities of this approach, it is clear that 
Cr crops represent an attempt to construct a new narrative around our ability to 
cope with the potentially devastating consequences of climate change in the context 
of an industrially driven food production system.

Food Regimes and Climate Change
Climate change expresses a new phase in agricultural development, as it marks 
the possible transition to a neo-productivist food regime. the concept of food re-
gimes approaches the global production and consumption of food from a political 
economy perspective, enabling the emergence of the relational aspects of capitalist 
structures and actors which shape agricultural forces of production and consump-
tion across space and time and define key historical moments (McMichael, 2009). 
the concept has evolved and given rise to a more complex understanding of global 
food production and consumption patterns. Periods of transition from one regime of 
capitalist accumulation to another have been characterized and discussed elsewhere 
but they can be summarized as: the extensive food regime (pre-1914), the intensive 
food regime (1947–1970) and the third food regime (1980–present) also known as 
the corporate environmental food regime (Friedmann, 2005). Within the third food 
regime, Burch and Lawrence (2009) describe the financialized food regime where 
global finance firms and instruments increasingly occupy new sectors of the agri-
food system (including hedge funds, private equity firms, sovereign wealth funds, 
etc.) and agri-food companies operate more like financial institutions. According to 
these authors, the process of financialization signals a fundamental change to ‘stake-
holder capitalism’ where financial institutions determine the course of agricultural 
production (either towards food or fuel for instance) and further entrench inequali-
ties between North and south. Pechlaner and Otero (2008) describe characteristics 
of the third food regime as ‘neo-liberal’ because of the global restructuring of agri-
culture along the lines of trade liberalization, regulatory and intellectual property 
rights (iPr). 

The scientific and biophysical limitations embodied in the search for ‘climate tol-
erant’ food crops enable us to think of other ways to frame the ecological crisis within 
a new crisis of capitalism, which could mark the transition to a new food regime. the 
neo-liberal restructuring of local and global agri-food networks has created zones of 
social and biological exclusion and inclusion, including growing inequalities within 
the food system between North and south (see Pechlaner and Otero, 2008) which 
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give rise to recurring food crises. the food crisis consists of the ongoing historical 
layering of a series of embedded relations, seen through what harvey (2005) would 
call historical–geographical materialist transformations, which McMichael summa-
rizes as: ‘[r]ising costs, related to peak oil and fuel crop substitutes, combine[d] with 
monopoly pricing by agribusiness to inflate food prices, globally transmitted under 
liberalized terms of finance, trade and food security arrangements associated with 
neoliberal policies’ (McMichael, 2009, p. 282). Climate change adds a new layer to 
this historical process by defining the ways in which ecological relations become em-
bedded in market logic, thus further concealing ‘the relations and processes under-
lying the corporate appropriation of agriculture’ (McMichael, 2009). The question 
of access to Southern biodiversity stocks or the rural South has been a major factor 
in shaping global environmental agreements such as the Convention of biological 
Diversity as well as neo-liberal trade negotiations within the World Trade Organiza-
tion (WtO). the search for patentable genetic materials by agri-food corporations 
(including the biotech industry) has taken place in the same geographical spaces 
where food insecurity and food crises have been devastating. Ecological degrada-
tion deepens these tensions, creating the conditions for new models of food pro-
duction to emerge, referred to as neo-productivist because they interrupt the flows 
of the hegemonic global agro-food system but yet aim to work within a capital-
ist framework. Climate change creates an opportunity to invest in new adaptation 
strategies for food production via the technical possibilities of adding bio-value to 
crops which do not threaten the global economy. it should be mentioned here that 
this author does not start from the premise that there is one food economy but rather 
that what we call the global economy is made up of multitudes of diverse food sys-
tems that exist on different scales. Clearly, the dominant food regime interacts with 
these various food systems in different ways but always with the intent to control 
them and assimilate them into the industrial paradigm.

the technologization of nature is not the most salient feature of the current food 
regime but rather signals the advent of a new technological accumulation regime 
that controls and drives scientific innovation for the purposes of enabling market 
penetration into all individual and collective aspects of life (Uzunidis, 2003). In this 
context, the pace of technoscientific innovation is determined by profitability rath-
er than the ability to solve real problems. this technological accumulation regime 
provides the means through which the properties of living systems become appro-
priated via titles, patents, governance and other quasi-legal instruments within a 
neo-liberal trade regime that ensures the generation of capital. this means that the 
agricultural production process is not just constrained by technological progress but 
by state supported corporate control over scientific research, the development of 
‘value added’ technologies (biotechnologies, nanotechnologies, etc.) and the expan-
sion of new markets for the products of ‘innovation’ even before these become fully 
operational (Uzunidis, 2003). The centralization of capital by large agri-food and 
pharmaceutical complexes means that, under this technological accumulation re-
gime, surplus capital is channeled mostly through the global financial system and 
the creation of bio-value. the production of bio-value entails investments in scien-
tific research whose purpose is the biotechnical/informational reformulation and 
control of living processes in order to generate commercial returns (Waldby, 2002). 
as such, the perspective of a new technological accumulation regime transcends 
normative debates between what Friedmann calls the ‘corporate environmental 
food regime’ (Friedmann, 2005) and both the ‘financialized food regime’ (Burch 

and Lawrence, 2007) and the ‘neo-liberal food regime’ (Pechlaner and Otero, 2008). 
rather it locates changes in the food system within the restructuring of the so-called 
‘knowledge economy’ giving rise to the bio-economy as a major factor of capitalist 
accumulation. Not only does the appropriation of biological processes (organisms, 
DNA, etc.) via the restructuring of scientific research towards the development of 
technological applications create bio-value and reinforce financial and informational 
control over the planet’s resources, it also establishes itself as one of the most impor-
tant capital accumulation strategies because it establishes the international legal and 
economic rules and institutions that guarantee its realization.

the social and philosophical transformations that bio-value imply that concepts 
such as biological life, crops and food are interpreted from a bio-economy perspec-
tive. this entails the reorganization of boundaries between science and agriculture 
as well as a new understanding of the status of food crops and agricultural practice. 
It also raises questions about the kinds of food economies that can be reconciled 
with the ever-expanding capital value of ‘salt tolerant’ or ‘drought tolerant’ crops, 
including the ability of the biotechnology industry as a whole to make food crops 
ever more productive (Waldby, 2002). A corollary question concerns the effects that 
Cr crops might have on existing food and agricultural systems in light of the tech-
nical possibilities these varieties represent. the reformulation of living processes at 
the molecular level generates capital value via technical innovation regimes that 
legitimize the deployment of bio-commodities that engender the need for increased 
bio-value. For this reason, promoters of Cr crops must demonstrate that the bio-
valuable product benefits the environment and not just the biotechnology industry. 
This is why CR crops embody not just potential profits but also the promise of bio-
technology as a social project.

The Political Economy of Science and Technology and the Bio-capitalist 
Approach
Capital accumulates by producing its own distinctive historical geography (har-
vey, 2005). What this means in practical terms is that it does not follow a territorial 
or state-centered logic but functions by instituting patterns of wealth accumulation 
by simultaneously organizing dispossession. this is what harvey calls ‘accumula-
tion by dispossession’. the mechanisms that enact this process, which are structured 
around the dialectic between Northern ‘over-consumption’ and southern ‘under-
consumption’ of agricultural goods and along embedded historically contingent co-
lonial relations, include the provision of intellectual Property rights (iPrs) through 
triPs agreements on genetic materials, seed plasma and other biological materials 
as a way of further subordinating nature to market relations. Under these condi-
tions, nature is reduced to the environment, and so becomes intellectual capital. as 
a result, the global food system is transformed without effective regulation, social 
planning or systematic legitimation and the role of experts becomes to improve the 
performative capacity of the planet’s diverse environments (luke, 2005).

Bio-capitalism, according to Rajan, is a concept derived from political economy 
which explores the different ways in which ‘life’ gets (re)defined through the con-
tradictory processes of commodification, thus providing a window into how the 
life sciences and the bio-economy articulate new forms of capitalism. in particular, 
debates about corporate ownership of living systems often mask ‘the capitalist dy-
namics… that present themselves as somehow altruistic or external to the market’ 



264 Elisabeth A. Abergel  Climate-ready Crops and Bio-capitalism 265

(2003, p. 91) and that create the possibility of articulating different forms of meaning 
and value – as in corporate pronouncements around food security, climate change, 
energy security, etc. The articulation of new market logics via the commodification 
of ‘life’ entails the establishment and enacting of novel legal and economic struc-
tures, which not only transform the way knowledge is produced and money is made 
but also include strategies for delimiting what is public and what is proprietary. the 
relationship between bio-value and bio-capitalism can be summarized in the fol-
lowing manner: bio-value refers to the technological reformulation of life in order to 
commodify it, while bio-capitalism provides the material and social conditions for 
the creation and expansion of commodification through the technical possibilities of 
bio-value. Clearly, these two processes are mutually constitutive.

bio-capitalism also expresses the ways that Capital reacts to the various forms of 
resistance to the commodification of life. Anti-capitalist struggles such as food sov-
ereignty movements push capital to find new accumulation strategies and new ter-
ritories to exploit. This is true of regulations concerning labeling of GM food in the 
EU most notably. Rajan talks about the speed bumps that slow down bio-capitalism 
but which also help it adapt to changing political conditions (Rajan, 2003). The barri-
ers to accumulation condition the speed at which capital is renewed and the ways in 
which biotechnology is integrated in the production and development of productive 
forces (Uzunidis, 2003). The point about anti-capitalist struggles is that they also ar-
ticulate a bio-political dimension, which organizes and de-organizes how and where 
capital accumulates.

in the case of food and agriculture, patents on seed and germplasm have had 
profound and devastating impacts on people’s ability to survive by limiting access 
to what were once ‘free’ and commonly held goods. these simultaneous social and 
biological inclusionary/exclusionary processes aim to overcome ecological and eco-
nomic limits by operating under a kind of ‘capitalist delirium’ (Cooper, 2008), which 
is concerned mainly with ‘the limits of life on earth and the regeneration of living fu-
tures’ by turning crisis moments into value as a way of creating surplus. Neverthe-
less, this process rests on the premise that globalization is made up of spaces where 
economic integration occurs formally and others where it occurs informally: ‘be-
tween places that appear to be playing by international rules and those that cannot’ 
(Battacharyya, 2005, p.26). Bio-capitalism is built on differential patterns of inclu-
sion and exclusion. For instance, the sourcing of genetic materials or plant varieties 
might be illegal in some places but remain beyond state control in others. similarly, 
the testing of new genetic crops might be tightly regulated in some places while al-
lowed in others. this is indicative of the kinds of risk-taking activities some regions 
must engage in because they are unable to compete with mainstream industry and 
trade (battacharyya, 2005).

Climate change represents one of those crisis moments (delirium) whereby new 
forms of capitalist accumulation are ‘transforming biological production into a 
means for creating surplus value’ and through the use of patents, on climate-ready 
genes for instance, have enabled agribusiness to own the organism’s generative po-
tential without having to own the actual organism. the internal consolidation of 
agribusiness, including strategic alliances between pharmaceutical, chemical and 
biotechnology companies, coupled with recent speculative bubbles around food 
and agriculture, are also indicative of this restructuring of capitalist relations. the 
process of creating bio-economic value where none existed before (Cooper, 2008), 
through the creation of new commodity forms that redefine ‘life’ (Rajan, 2003), is 

contributing to the realignment of capitalist forces along geo-political interpreta-
tions of the environmental crisis. the production of bio-value is central to the devel-
opment of bio-economies because it focuses political and institutional mechanisms 
and resources on the modalities of turning living processes into economically viable 
products while seemingly responding to the ecological crisis. this is where a critical 
science studies approach can shed light on the accrued ‘scientization’ of agricultural 
processes. science plays a controversial role in environmental decision-making and 
yet it is politically and socially central. However, scientific uncertainty and the lack 
of coherence among competing scientific paradigms (agroecology vs. molecular ge-
netics for instance) is also indicative of competing political, cultural and institutional 
value systems that determine the choice of environmental problems that become 
‘scientized’ (Sarewitz, 2004), hence funded and promoted as part of a broader eco-
nomic agenda that largely benefits the developers of new technologies.

Climate change creates new economic impetus for developed countries plagued 
by food surpluses, stagnant agricultural economies and a high degree of depend-
ence on fossil fuel. it represents a key moment of capitalized bio-production 
whereby plants (via the suppression of their reproductive capacity via hybridity or 
engineered sterility) are ‘improved’ to overcome the impacts of a fluctuating envi-
ronment in ways that prevent their free reproduction and ‘depotentialize the future 
possibilities of life, even while it puts them to work’ (Cooper, 2008). the upshot of 
this process is a fundamental shift in patterns of food production and consumption 
whereby new competitive processes played out in the countryside between food, 
energy and the environment (harvey and Pilgrim, 2011) determine the control and 
structure of the agri-food system.

Technoscientific progress, including the creation and conditions for control of bio-
value, provides the impetus for restructuring capital relations within the food sys-
tem. through innovation, state and private actors play a key role in the restructuring 
and development of scientific applications for the agricultural production process. 
as such, the rapid pace of instrumentalization of science and technology towards 
the commodification and appropriation of public and individual goods rests upon 
what Uzunidis calls a new ‘technological accumulation regime’, which generates 
capital not only via the creation of products and their applications but through the 
modalities of their implementation and control via, among other things, property 
rights and titles (Uzunidis, 2003). Hence, the technoscientific production process 
generates excess capital, which is redirected through the global financial system, 
and private banking and investment institutions in line with the characteristics of 
the financialized food regime discussed by Burch and Lawrence (2009). Agricultural 
biotechnology plays a key role in this process because, as Pechlaner and Otero (2008) 
have argued, it establishes a framework for neo-liberal regulatory reorganization 
(including iPr) which creates the conditions for technological expansion through 
innovation and greater capital accumulation within the global food system.

Agriculture, Energy and Climate Change: The Triple Threat
The relationship between agriculture and climate change has been the subject of 
much policy discussion around ways to either adapt crops or devise ways to miti-
gate the challenges temperature increases will pose for food production. From an 
agribusiness perspective, the risks that climate poses for food production in light of 
the FAO’s projections that food production will need to be doubled by the year 2050 
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can be best met by increasing crop yields. Indeed, under this Malthusian scenario, 
the FAO projects that the world population will increase by 50% by 2050 to 9 bil-
lion, meaning that 50–100% more food will need to be produced (FAO, 2008). The 
general consensus is that the demand for food will increase, although estimates of 
actual needs may vary (Royal Society, 2009). In light of climate change and popula-
tion growth in relation to current agricultural production, the consensus seems to 
be that agriculture has to intensify and focus its efforts on increasing yields as well 
as reducing pre- and post-harvest losses in order to meet critical needs, shifts in 
food consumption patterns and, more generally, increasing demand (van beek et 
al., 2010). However, the issue of yield increase is complicated by several factors: soil 
degradation, which causes the loss of arable land, the competition between land 
for feed or land for food (it is estimated that 75% of the world’s arable land is used 
for feed crops); an increasing demand for intensive chemical pest management and 
fertilizers; and the rise in energy costs including increases in irrigation costs due 
to water scarcity. this means that in order to maintain current crop yields, energy 
expenditures must keep increasing (Pfeiffer, 2003). In other words, the efficiency 
and productivity of Green Revolution crops are leveling off, and although marginal 
lands can be reclaimed for agriculture, their contribution will not ease energy needs 
linked to industrial food production. Moreover, most of the arable land available on 
our planet is already in use and is rapidly declining due to urbanization, erosion and 
salinization (EPsO, 2005).

Agriculture is also a major producer of greenhouse gas (GHG) emissions, as it 
is highly dependent on fossil fuels, and contributes up to 32% of direct and indi-
rect emissions if all aspects of the food system are calculated (greenpeace interna-
tional, 2009; McIntyre et al., 2009). Recent studies show that agriculture is the most 
important contributor to human-induced climate change; carbon-footprint analysis 
shows that the whole chain from food production to consumption makes up to 20% 
of global GHG emissions (Herwitch and Peters, 2009). This has driven the devel-
opment of the agri-fuels industry to lessen agriculture’s dependence on ‘big oil’. 
the alignment of food as energy source further illustrates the subordination of food 
and agriculture to market relations; the rise of this ‘food–fuel complex’ illustrates 
the ways climate change is used to justify capital consolidations along bio-capitalist 
lines. Policy support for bio-fuels worldwide has greatly increased based on the as-
sumption that bio-fuels would not increase the concentration of greenhouse gases 
(Ponti and Gutierrez, 2009), leading to speculations that the global expansion of bio-
fuels will in the long run affect both global food supply and agriculture production. 
Plans for a ‘bio-pact’ between the EU and africa, which would see developing coun-
tries growing food crops to meet the energy needs of the North, could exacerbate 
the food–fuel competition, forcing countries to choose between farming for food or 
energy, severely threatening food security and leading to serious ethical trade-offs 
for farmers (Ponti and Gutierrez, 2009).

the framing of climate change and agriculture articulated by the triple threat of 
population growth, changing food consumption habits and demand for renewable 
fuels from crops, suggests that the intensification of food production might be the 
only answer. The problem becomes: how to devise ways to stabilize or improve 
yields in a fluctuating agricultural environment? In agronomic terms, this means 
that the locus of action is via improvements to plants, their generative capacities and 
changes to their architecture in order to cope with climate change and its impacts 
on agriculture. technological advances and investments in plant sciences and bio-

technology form the cornerstone of this approach, which aims to make plants more 
‘efficient’ under agronomic practices that decrease the use of inputs such as water, 
fertilizer and pesticides. a combination of plant breeding, plant genomics and mo-
lecular biology, relying on an open access to genetic diversity and faster breeding 
techniques, will contribute to the creation of new crops with high agricultural value 
and with increased environmental benefits (EPSO, 2005). Thus, pressures to improve 
yields will lead to increased investments in agricultural biotechnology where the 
locus of action will be transferred from the field (irrigation, application of inputs) 
to the plant’s genome, via the molecular transformation of crops that can produce 
higher yield and contain a broader spectrum of genetic traits allowing higher re-
sistance to abiotic (environmental: temperature, moisture, UV light, etc.) as well as 
biotic (disease or pests) stresses.

Climate change will also have major impacts on food security, being another argu-
ment to promote intensification. Some regions of the world will be affected differen-
tially from climate change. it is estimated, however, that two-thirds of the world’s 
agricultural regions will feel the direct impacts of a temperature increase of 2ºC. 
higher latitudes will possibly make some gains in terms of productivity (allowing 
for longer growing cycles) but these will be offset by yield declines in developing 
countries. irrigated crops will experience large declines in many parts of the global 
South as rainfall patterns and water availability become affected. Climate induced 
crop losses have been estimated to reach as much as 50% in sub-Saharan Africa in the 
next 10 years (ETC Group, 2009). According to FAO, a global temperature increase of 
2–4ºC over pre-industrial levels could reduce crops yields 15–35% in Africa and Asia 
and 25–35% across the Middle East (Smith, 2010). An increase in CO2 and tempera-
tures will lead to stress-related crop losses directly impacting agricultural productiv-
ity. According to Monsanto, the world’s largest agri-biotech company, the only way 
to address such challenges sustainably is through what they call the new agriculture 
technology, which includes a combination of modern crop breeding techniques with 
biotechnology, which will lead to ‘more production on less land, and collectively 
reduce the amount of resources needed per unit of production’ (Monsanto, 2010). 
Specifically, Monsanto’s ‘produce more conserve more’ initiative focuses on yield 
using:  ‘several climate-related stress tolerant traits, such as drought tolerance, [are] 
now in development, which further help protect and advance yield gains… Nitro-
gen use efficiency is also a key trait that has the potential to significantly reduce the 
GHG-emissions and other undesirable environmental effects of fertilizer use’ (Mon-
santo, 2010). Can biotechnology meet the productivity gains needed to respond to 
the challenge of climate change (in particular for developing countries) and popu-
lation growth on agriculture? Research into climate-ready (CR) crops is trying to 
address this issue. the status of Cr crops in development as well as their potential 
remains uncertain despite the massive investments made by corporate actors.

Obviously, the impacts of climate change on biodiversity in the developing and 
developed world will be profound; however, current studies and monitoring sys-
tems make it difficult to assert the consequences of changes in climate on the key 
elements of agriculture and food production. Unfortunately, full inventories of bio-
diversity stocks and the impacts of temperature changes on these are unavailable. 
however, as plant and animal diversity become eroded and diminished due to hu-
man action, agribusiness companies are poised to identify, characterize and isolate 
the genetic materials they perceive as important to crop and animal survival under 
conditions of climate change. the search for climate-ready genes has been the focus 
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of corporate research strategies for companies like Monsanto and BASF in a bid to 
capture not only the global market for seed by patenting the seed and genes from 
plants capable of surviving extreme environmental stress, but also to capitalize on 
fears surrounding climate change by promoting proprietary biotechnological solu-
tions for food and energy production (EtC group, 2010). it is indicative of how sci-
entific information and ecological inventories can serve to create what was referred 
earlier as surplus value, including bio-value. this enterprise relies on the continued 
access to the planet’s biodiversity facilitated by global governance structures that 
contain legal provisions for the acquisition and sourcing of bio-resources.

The Need for Abiotic and Biotic Stress-tolerant Plants

The scientific and technological complexity of climate change and the call for ‘adap-
tation’ strategies using molecular techniques that go beyond the current one gene–
one trait interaction (such as herbicide or insect tolerant crops) raises many techno-
scientific, economic, social, political, ethical and ecological questions, not adequately 
addressed with first-generation transgenic crops. Since the performance of crops 
under stress depends largely on their capacity to adapt to whole agro-ecosystems 
through evolutionary adaptation, the compounding effects of engineering multi-
gene–multitrait organisms – including their interactions in the environment – may 
lead to unpredictable ecological and health consequences. 

abiotic stress refers to non-living factors (weather, soil conditions, etc.) which 
can impact living organisms negatively. in the context of climate change, the type 
of plant that would survive extreme temperature and related environmental stress-
es include: plants that are adapted to greater extremes of weather (cold or heat), 
drought tolerant plants (wheat or corn), salt tolerant plants for saline land due to 
flooding or irrigation or for salt-water farming. Plants that require less chemical fer-
tilizers would also be beneficial because they are less energy intensive and reduce 
dependence on fossil fuels. Finally, plants that fix their own nitrogen or take up 
nitrogen more efficiently would also be considered valuable since they also require 
less fertilizer. research and development is underway to produce such plants in the 
hopes of commercially releasing plants that would resist climate change by identify-
ing climate-ready genes that could be genetically engineered into the world’s most 
important agricultural varieties to produce a new generation of bioengineered crops.

in 2008, the action group on Erosion, technology and Concentration (EtC) re-
ported that the largest of these companies, including BASF, Bayer, DuPont, Mon-
santo and Syngenta, had already filed 532 patent documents on so-called ‘climate 
ready’ genes at patent offices around the world predominantly in the patent offices 
of major food producing countries – including Argentina, Brazil, China, Mexico and 
south africa. since 2008, 65 more patent documents related to the ability of plants 
to tolerate environmental stresses have been filed. By 2010, over 1663 patent docu-
ments (part of 262 patent families that include related patent applications) had been 
published worldwide making claims about abiotic stress tolerance in plants. six cor-
porations (Monsanto, DuPont, BASF, Syngenta, Bayer and Dow) control over 77% of 
the patent families (ETC Group, 2010). Monsanto, the world’s largest seed company, 
and BASF, the world’s largest chemical firm, have forged a US$ 1.5 billion partner-
ship to develop such crops (Smith, 2010), raising questions about the potential for 
these corporations to provide sustainable and viable solutions. 

However, the ETC Group argues that ‘patented techno-fix seeds will not provide 
the adaptation strategies that small farmers need to cope with climate change’, and 
that the so-called ‘gene giants’ are trying to monopolize on climate change. Farmer-
led strategies for adapting to climate change – such as efforts to diversify crops and 
bring them to the market-place continue to be weakened and eroded, and govern-
ments fail to protect and fund local breeding strategies and conservation initiatives 
(Cotter and Tirado, 2008; ETC Group, 2008; Greenpeace International, 2009).

So-called climate-ready genes are different from the biological stress genes cur-
rently used in most GMOs designed to make plants resist pests and herbicides. They 
are complex and involve multiple genes with different functions rather than the sin-
gle gene constructs of current GM varieties. The genetic construction of plants/crops 
that can tolerate salt, heat, flood and drought and that can grow in degraded soils via 
the appropriation of genetic traits is thought to represent yet another attempt by the 
biotechnology industry to control the global food supply, but also the ‘yet to be com-
modified’ biomass market (ETC Group, 2010). An article in Businessweek provides 
a snapshot of the commercial potential for drought-resistant corn in the US: ‘After 
battling for a decade to corner the $11 billion market for insect-resistant and herbi-
cide-tolerant technologies, the world’s biggest seed companies are vying to develop 
crops that can survive drought. At stake is a new global market that may top $2.7 
billion for the corn version alone’ (Kaskey and ligi, 2010). Currently, approximately 
50 varieties of drought tolerant maize (mostly obtained through a combination of 
traditional breeding and molecular biology technique) are being grown on about 
one million hectares (CGIAR, 2009). 

The Ecological and Bio-political Limits of this Approach
Beyond the scientific and technical limitations of the approach taken by agribusiness 
to respond to the challenges of climate change, the issues of bio-piracy and biodi-
versity must be considered. As agri-biotech firms try to find ways to adapt crops to 
temperature changes, the patented genes they are presently securing and the en-
gineering of plants with these environmental stress genes precludes the search for 
local adaptation and mitigation efforts. Moreover, the extensive use of these organ-
isms will kill off diversity, which is most crucial in highly variable environments and 
under human-induced climate change. the more diverse species or varieties present 
in an ecosystem, the greater the probability that at least some of them can cope with 
changing conditions.

as of today, very little funding is dedicated to research on local varieties and rich 
local knowledge systems and practices to address variable climatic situations; in-
stead, investments in research and development continue to be spent on GM crops. 
the consensus seems to be that patented gene technologies will not help small farm-
ers survive climate change, but instead will continue to concentrate corporate pow-
er, drive up costs, inhibit public sector research and further undermine the rights 
of farmers to save and exchange seeds. a recent report published by the interna-
tional Assessment of Agricultural Knowledge, Science and Technology for Develop-
ment (IAASTD) suggests that the future of agricultural technology lies in a rich and 
complex appreciation for how ecosystems function. this kind of approach entails a 
modest use of inputs with the goal of substantially reducing the carbon footprint of 
agriculture yet providing higher yields in the context of a more sustainable future; 
thus contributing less to climate change shocks, and being more resilient to certain 
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kinds of crop failure. In this scenario, IAASTD experts discounted the use of GM 
crops as the most viable solution. In a parallel vein, scientists have confirmed that 
no increase in crop yields are observed after more than 15 years of gE crops produc-
tion in the US (Gurian-Sherman, 2009). The IAASTD report concludes that long-term 
data on environmental implications of GM crop production are at best deductive or 
simply missing and speculative (McIntyre et al., 2009). It seems that large knowl-
edge gaps exist in terms of regional long-term environmental and health monitoring 
programmes in the countries with the most concentrated GM crop production; it 
is impossible to establish safety base-lines for assessing second-generation climate-
ready crops raising fears about their safety. Clearly, market efficiency rather than the 
complexity of ecosystems drives the search for bio-value.

Herbicide tolerance was one of the first genetic modifications to add bio-value 
to food crops, signaling the success of the biotech industry and a new era of food 
production. these crops, produced to lessen farmers’ dependence of chemicals and 
improve health and the environment, represent an interesting example of how bio-
capitalism and bio-value work in practice and about the bio-political frameworks 
used to manage the bio-economy. the development of herbicide tolerant crops led to 
the creation regulatory principles strengthened by an iPr regime that would enable 
their environmental release and successful commercialization worldwide. today 
genetic contamination of non-GM weedy species by transgenes from GM crops is a 
major ecological problem. The rapid and uncontrolled escalation of herbicide resist-
ance since the 1980s and since the introduction of the first transgenic crops means 
that at present, resistant biotypes exist for herbicides with 16 different modes of ac-
tion. Every continent now has herbicide resistant weeds (heap, 2010). Faced with a 
potential ecological disaster, the agri-biotech industry responded by producing GM 
varieties tolerant to more than one herbicide so herbicides can be rotated to avoid 
the development of resistance; by using soil acting residual herbicides to kill off the 
seedlings of resistant biotypes. in both approaches bio-value is added in order to 
deal with the problems of chemical dependency and an increased toxic burden on 
the environment. Climate ready plants far from eliminating the need for chemical 
herbicides and pesticides will incorporate herbicide tolerance and continue to ac-
celerate the process of multiple resistances in crops via transgenic contamination, 
thus legitimizing the search for more efficient bio-commodities. Genetic contamina-
tion, once thought to the achilles’ heel of the biotechnology industry, seen through 
a bio-capitalist lens, provides the impetus to invest in scientific strategies that alter 
the reproductive capacity of plants as a strategy to manage transgene escapes while, 
at the same time, preventing the economic losses due to intellectual Property rights 
infringement. The production of GM plants that cannot germinate after one season 
via suicide seeds (so-called terminator technologies) (abergel, 2008) create the in-
centive for increased corporate control over seed production. Moreover, terminator 
technologies embody bio-politics through genetic modification. The biotechnology 
industry enforces and secures intellectual property rights whilst eliminating poten-
tial transgene escapes; at the same time, it is disciplining and controlling the use 
of bio-commodities only for those willing and able to pay for it. it is likely that Cr 
crops will reinforce this pattern.

still, it seems that generating maximal surplus value is not the only strategy used 
to legitimize the use of biotechnology in farming but that ‘other forms of symbolic 
capital’ are created in order to perpetuate bio-capitalist market logic (Rajan, 2003). 
bio-capitalism encroaches on previously uncharted territories using strategies that 

extend beyond market logic, which employ a discursive politic centered around the 
rhetorical value of biotechnology in terms of the food crisis, climate change, etc. 
by criminalizing local practices such as seed exchanges, bio-capitalism draws the 
line between the devaluation of public and free goods and the creation of bio-value 
around private and commoditized goods. hegemonic contestation around food is-
sues is thereby constrained around the contradictory purpose of resistance to and 
support for global market access and various models of agricultural production. in 
terms of traditional food systems, bio-value is produced when the ‘vitality’ of liv-
ing systems is technically diverted and reorganized (Waldby, 2002), which signals 
the de-embedding of farming from its social and ecological contexts. bio-capitalist 
agricultural production threatens fundamental subsistence reproduction; it directly 
interferes with the reproduction of life and the vital working capacity of communi-
ties. the shift away from social reproduction towards capital accumulation raises 
questions about the long-term sustainability of community-based and traditional 
food systems.

Conclusion 
Bio-capitalism has targeted biodiversity via the technological possibilities offered 
by agricultural biotechnology as a key area in which to articulate our relationship 
with nature. More than simply the molecular tools to identify, isolate, re-arrange and 
construct genetic information about nature and living organisms, biotechnology as 
a social and political project encodes bio-capitalism via patent rights through the 
‘opportunities’ afforded by climate change, which make it a major force of capital 
accumulation in the food economy. In the field of agriculture in particular, geneti-
cally altered plant and animal varieties threaten to displace long-established domes-
ticated and wild species as well as alternative forms of agriculture such as organic 
or traditional farming. 

bio-capitalism’s incursion into what was once public but has now be recast as 
private via  intellectual property rights (iPrs) threatens to appropriate biological in-
formation. In addition, as the search for CR genes typifies, innovation rarely comes 
from the private sector; private research is not only enabled by the sourcing and 
appropriation of ‘public’ raw materials from the south but also massive inputs of 
public funds and the development of public institutions in the North. as a result, the 
commodity form resulting from this process threatens to supplant the very sources 
of genetic diversity which ensure the creation of bio-value. in addition, the originally 
sourced material acquires a decommoditized status that Rajan calls a ‘mechanism of 
rhetorical abdication’ that confers the commodity a kind of natural status while giv-
ing the decommoditized form symbolic capital, that of a ‘gift’ (Rajan, 2003, p. 110).

the ecological issues arising from agricultural development in general, and from 
genetic modification in particular, might be local in nuance, but they are very clearly 
global in extent. it is therefore important to contextualize the real possibilities of 
staging more complex ecological disasters via the synergistic effects of irreversible 
contamination events within an already compromised environment and relate them 
to the politics of GM food and corporate monopolies, especially in vulnerable econo-
mies or economies that export their ‘nature’ (Escobar, 1999): which would include 
the food sovereignty movements that are at the cross-roads of the food and eco-
logical crises (McMichael, 2009) and which politicize and resist the neo-liberal food 
trade regime.
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No new regulatory regime has been designed to deal with second generation gE 
crops such as climate-ready crops; they are not substantially equivalent or famil-
iar to previous gE crops. they represent a higher order of genetic and biological 
complexity, representing new and unpredictable risks, which requires different as-
sessment procedures and a precautionary regulatory approach. as mentioned, the 
current regulatory frameworks in place to deal with the safety of first generation 
GE inadequately protect non-GM farmers from biotech crops, and have resulted in 
global and irreversible contamination events of crops such as canola, rice, corn and 
soybeans, including the emergence of so-called ‘superweeds’ needing persistent ap-
plications of chemical herbicides or pesticides as crop ‘management tools’. given 
that ‘genetic engineering’s limitations and our limited knowledge about plants’ 
regulated response to environmental stress, unregulated single-trait gE crops are 
a threat to food security in a changing climate. the prospect of large monocultures 
of gE plants failing completely under unforeseen weather events is a recipe for dis-
aster’ (Cotter and tirado, 2008, p. 6). all of this means that the agribusiness biotech 
complex will continue to search for new ways to dominate and exert power in the 
food system, regardless the existence of other potentially better strategies for adap-
tation locally via breeding and deep ecological understanding of biodiversity and 
local ecosystems.

In light of the above conclusions, it is clear that the difficulties and unpredict-
ability that climate change presents for food production reinforce the need for new 
regimes of food production articulated around knowledge about the complexity and 
resilience of local ecosystems. the bio-capitalist approach has provided a framework 
for understanding how a transition to a new food regime might be accomplished. 
the multiple logics of capitalism enable this system to absorb the contradictions 
that both threaten and ensure its existence. in practice, this means that the ‘neo-
liberal globalist regime’ formulated by Pechlaner and Otero (2008) around agricul-
tural biotechnology might include potential variations within it that allow local food 
policies with features of the ‘food sovereignty’ approach. While ecological and bio-
logical limits form the basis for new forms of bio-capitalist exploitation to emerge, 
the flaws inherent within the technoscientific paradigm, which seem incompatible 
with the types of strategies needed for agriculture to cope with the effects of climate 
change, could signal the shift to a new food regime as discussed by McMichael. At 
the very least, it could mean that we are entering a transition period towards a neo-
productivist regime that places greater value on locally adapted sustainable food 
production methods. i have suggested in this article that an understanding of the 
empirical, technoscientific and epistemological limits of the approach exemplified 
by climate-ready crops, using a science studies and food regime analysis, enables 
critical reflection about adaptation strategies regarding food production practices 
and climate change. it also contributes to the debate surrounding the possible emer-
gence of spaces for neo-productivism within a productivist agri-food system, to the 
extent that these can coexist (Potter and tilzey, 2005).
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