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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.

References
ABS (AuStrAliAn BureAu of StAtiSticS) (2008) Water and the Murray-Darling Basin: A Statistical Profile. Can-

berra: Commonwealth Government. Published online <http://www.ausstats.abs.gov.au/ausstats/sub
scriber.nsf/0/Ce4d5F0de202aFB2Ca2574a50015519a/$File/4610055007_2000-01%20to%202005-
06.pdf>, accessed 28 June 2011.

ABS (AuStrAliAn BureAu of StAtiSticS) (2006) Agricultural Commodities: Small Area Data, Australia, 2005-06. 
Canberra: Commonwealth Government. Published online <http://www.abs.gov.au/auSStatS/abs
@.nsf/allprimarymainfeatures/a88155902aa6C1B4Ca257404000FFFd2?opendocument>, accessed 
18 September 2010. 

AlliSon, H.e. and HoBBS, r.J. (2004) Resilience, adaptive capacity, and the ‘lock-in trap of the Western 
australian agricultural region, Ecology and Society, 9(1), 3, published online <http://www.ecologyand
society.org/vol9/iss1/art3/>.

BäckStrAnd, k. (2010) Climate change and energy security in the european union: from rhetoric to prac-
tice?, in: c. lever-trAcy (ed.) Handbook of Climate Change and Society, london: Routledge, pp. 353–368.

BArnett, J. and o’neil, S. (2010) maladaptation, Global Environmental Change, 20, pp. 211–213.
BritiSH Petroleum (2010) Statistical Review of World Energy 2010. Published online <http://www.bp.com

/productlanding.do?categoryid=6929&contentid=7044622>, accessed 10 October 2010.
BrookS, n., GriSt, n. and Brown, k. (2009) development future in the context of climate change: challeng-

ing the present and learning from the past, Development Policy Review, 27(6), pp. 741–765.
BureAu of meteoroloGy and cSiro (2010) Climate Snapshot: State of the Climate. Published online

<http://www.csiro.au/files/files/pvfo.pdf>, accessed 16 March 2010.
cAnninG, P., cHArleS, A., HuAnG, S., PolenSke, k.r. and wAterS, A. (2010) Energy Use in the U.S. Food Sys-

tem, economic Research Report eRR-94. Washington, dC: uSda.
climAte commiSSion SecretAriAt (2011) The Critical Decade: Climate Science Risks and Responses. Canberra, 

ACT: Department of Climate Change and Energy Efficiency. Published online <http://climatecommis
sion.gov.au/wp-content/uploads/4108-CC-Science-WeB_3-June.pdf>, accessed 19 June 2011.

cordell, d., drAnGert, J. and wHite, S. (2009) the story of phosphorus: global food security and food for 
thought, Global Environmental Change, 19, pp. 292–305.

cullen, B., tHorBurn, P., meier, e., Howden, m. and BArlow, e. (2010) New Rural Industries for Future Cli-
mates, Publication no. 10/010. Canberra: Rural industries and development Corporation.

dAniell, k., mAnez coStA, m., ferrAnd, n., kinGSBorouGH, A., coAd, P. and riBArovA, i. (2011) aiding 
multi-level decision-making processes for climate change mitigation and adaptation, Regional Environ-
mental Change, 11, pp. 243–258.

eiA (enerGy informAtion AdminiStrAtion) (2010) Annual Energy Outlook 2010.  Published online
<http://www.eia.gov/oiaf/archive/aeo10/pdf/0383(2010).pdf>, accessed 10 October 2010.

folke, c. (2006) Resilience: the emergence of a perspective for social-ecological systems analyses, Global 
Environmental Change, 16, pp. 253–267.

frontier economicS (2010) Structural Adjustment Pressures in the Irrigated Agriculture Sector in the Murray–
Darling Basin. Canberra: murray–darling Basin authority.

GunderSon, l.H., HollinG, c.S. and PeterSon, G.d. (2002) Surprises and sustainability: cycles of renewal 
in the everglades, in: l. GunderSon and c.S. HollinG (eds) Panarchy: Understanding Transformations in 
Human and Natural Systems, Washington, dC: island Press, pp. 315–332.

HArriS, G. (2007). Seeking Sustainability in an Age of Complexity. new york: Cambridge university Press.
Heller, m.c. and keoleiAn, G.A. (2000) Life Cycle-based Sustainability Indicators for Assessment of the U.S. 

Food System, Report no. 2000-4. ann arbor, mi: Center for Sustainable Systems. Published online 
<http://www.umich.edu/~indecol/CSS%202000-4.pdf>, accessed 10 Oct. 2010.

HirScH, r.l. , Bezdek, r. and wendlinG, r. (2005) Peaking Of World Oil Production: Impacts, Mitigation, and 
Risk Management. Washinton, dC: uS department of energy/national energy technology lab. Pub-

lished online <http://www.netl.doe.gov/publications/others/pdf/oil_peaking_netl.pdf>, accessed 
10 October 2010. 

HollinG, c.S. and meffe, G.k. (1996) Command and control and the pathology of natural resource man-
agement, Conservation Biology, 10(2), pp. 328–337.

HowArtH, r.w., SAntoro, r. and inGrAffeA, A. (2011) methane and the greenhouse-gas footprint of natural 
gas from shale formation, Climatic Change Letters, 105, p. 5. 

ieA (internAtionAl enerGy AGency) (2008) World Energy Outlook 2008: Executive Summary. Paris: iea. Pub-
lished online <http://www.worldenergyoutlook.org/docs/weo2008/WeO2008_es_english.pdf>, ac-
cessed 10 October 2010.

ieA (internAtionAl enerGy AGency) (2010) World Energy Outlook 2010: Executive Summary. Paris: iea. Pub-
lished online <http://www.iea.org/weo/docs/weo2010/WeO2010_eS_english.pdf>, accessed 10 
november 2010.

ieA (internAtionAl enerGy AGency) (2011) Prospect of Limiting the Global Increase in Temperature to 2ºC Is 
Getting Bleaker, media Release. Published online <http://www.iea.org/index_info.asp?id=1959>, ac-
cessed 30 may 2011.

lAke, m. (1987) The Limits of Hope: Soldier Settlement in Victoria 1915–38. melbourne: Oxford university 
Press.

lenton, t.m., Held, H., krieGler, e., HAll, J.w., lucHt, w., rAHmStorf, S. and ScHellnHuBer, H.J. (2008) 
tipping elements in the earth’s climate system, Proceedings of the National Academy of Sciences of the 
United States of America, 105(6), pp. 1786–1793.

mcmicHAel, P. (2009) Contradictions in the global development project: geo-politics, global ecology and 
the ‘development climate’, Third World Quarterly, 30(1), pp. 251–266.

meinSHAuSen, m., meinSHAuSen, n., HAre, w., rAPer, S.c.B., frieler, k., knutti, r., frAme, d.J. and Al-
len, m.r. (2009) Greenhouse gas emission targets for limiting global warming to 2ºC, Nature, 458, pp. 
1158–1162.

murrAy–dArlinG BASin AutHority (2010) Guide to the Proposed Basin Plan: Overview. Canberra: murray–
darling Basin authority.

nellemAnn, c., mAcdevette, m., mAnderS, t., eickHout, B., SviHuS, B., Gerdien PrinS, A., kAltenBorn, 
B.P. (eds) (2009) The Environmental Food Crisis: The Environment’s Role in Averting Future Food Crises, A 
UNEP Rapid Response Assessment. arendal: united nations environment Programme. Published online 
<http://www.grida.no/_res/site/file/publications/FoodCrisis_lores.pdf>, accessed 10 November 
2010.

oecd (orGAniSAtion for economic co-oPerAtion And develoPment) and fAo (food And AGriculture orGAn-
izAtion) (2010) Agricultural Outlook 2010–2019: Highlights. Published online <http://www.agri-outlook
.org/dataoecd/13/13/45438527.pdf>, accessed 8 October 2010.

oecd (orGAniSAtion for economic co-oPerAtion And develoPment) and fAo (food And AGriculture orGAn-
izAtion) (2011) Agricultural Outlook 2011–2020: Highlights. Published online <http://www.agri-outlook
.org/dataoecd/13/13/45438527.pdf>, accessed 19 June 2011.

PAAvolA, J. (2007) institutions and environmental governance: a reconceptualization, Ecological Economics, 
63(1), pp. 93–103.

PAHl-woStl, c. (2009) a conceptual framework for analysing adaptive capacity and multi-level learning 
processes in resource governance regimes, Global Environmental Change, 19, pp. 354–365.

rAmAnAtHAn, v. and fenG, y. (2008) On avoiding dangerous anthropogenic interference with the climate 
system, Proceedings of the National Academy of Sciences of the United States of America, 105(38), pp. 14245–
14250.

ScHultz, S. (2010) military study warns of a potentially drastic oil crisis, Der Spiegel. Published online 
<http://www.spiegel.de/international/germany/0,1518,7151382,00.html>, accessed 1 September 
2010.

Sorrell, S., SPeirS, J., Bentley, r., BrAndt, A. and miller, r. (2010) Global oil depletion: a review of the 
evidence, Energy Policy, 38, pp. 5290–5295.

StAte of victoriA (2008) Future Farming: Productive, Competitive and Sustainable. melbourne: department 
of Primary industries.

uk induStry tASkforce on PeAk oil And enerGy Security (2010) The Oil Crunch: A wake-up Call for the UK 
Economy. London: Ove Arup and Partners. Published online <http://peakoiltaskforce.net/wp-content
/uploads/2010/02/final-report-uk-itpoes_report_the-oil-crunch_feb20101.pdf>, accessed 10 February 
2010.

uS Joint forceS commAnd (2010) The Joint Operating Environment. Published online <http://www.jfcom.mil
/newslink/storyarchive/2010/JOe_2010_o.pdf>, accessed 10 October 2010.

urwin, k. and JordAn, A. (2008) does public policy support or undermine climate change adaptation? 
Exploring policy interplay across different scales of governance, Global Environmental Change, 18, pp. 
180–191.



216 Ruth Beilin et al.

wAlker, B.H. and SAlt, d. (2006) Resilience Thinking: Sustaining Ecosystems and People in a Changing World. 
Washington: island Press. 

wood, r., lenzen, m., dey, c. and lundie, S. (2006) a comparative study of some environmental impacts 
of conventional and organic farming in australia, Agricultural Systems, 89(2–3), pp. 324–48.


