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Peak oil is the phenome-
non whereby global oil sup-
plies will peak, then decline,
with extraction growing
increasingly costly. Today’s
globalized industrial food
system depends on oil for
fueling farm machinery,
producing pesticides, and
transporting goods. Biofuels
production links oil prices to
food prices.

We examined food sys-
tem vulnerability to rising
oil prices and the public
health consequences. In the
short term, high food prices
harm food security and eg-
uity. Over time, high prices
will force the entire food
system to adapt. Strong
preparationand advancein-
vestment may mitigate the
extent of dislocation and
hunger.

Certain social and policy
changes could smooth ad-
aptation; public health has
an essential role in promot-
ing a proactive, smart, and
equitable transition that in-
creases resilience and en-
ables adequate food for all.
(Am J Public Health.2011;
101:1587-1597. d0i:10.2105/
AJPH.2011.300123)

and Robert S. Lawrence, MD

PEAK OIL IS THE POINT AT
which national and world oil sup-
plies will peak, then decline in
coming decades, with extraction
growing increasingly costly per
unit retrieved. Figure 1 shows how
industrial food production systems
depend heavily on petroleum for
fueling farm machinery, producing
pesticides, and transporting ingre-
dients and food.">Also, as petro-
leum prices rise, cropland is
diverted to biofuels production,
affecting food supply. Oil so per-
meates today’s food systems that,
as prices escalate, business-as-
usual processes will be unlikely to
provide food security. As Kir-
schenmann wrote,

the end of cheap energy will force

us to begin redesigning our food

economy as a subsystem of the
ecosystem, 1P

Public health has an essential role
to play in joining with others to
promote a healthy and equitable
transition to an oil-independent,
more resilient® food system.

The challenge of ensuring fu-
ture food security is compounded
by the ecological and resource
threats intertwined with that of
peak oil, including climate change,
population growth, projected
peaks in other fuel sources (e.g,
coal, natural gas, uranium), soil
depletion and contamination, wa-
ter shortages, and urbanization.®
These threats—and our responses
to them—will affect public health
and society, not only directly
through food security, but also via
myriad economic, social, and en-
vironmental pathways.

Food systems are systems—
complex, and comprising all enti-
ties, processes, and relationships
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from soil and seed to table and
waste.”® In a system, changes to
one component ramify else-
where>'%; systems-based solutions
account for complexity to mini-
mize unintended negative conse-
quences." We aim to leave the
reader with a big picture under-
standing of the issues and their
interconnections and related
leverage points. Although we em-
phasize the tremendous implica-
tions of peak oil for international
food security and agriculture, we
focus on the US context.

Without effective intervention,
peak oil will exacerbate existing
inequities; US food insecurity to-
day falls disproportionately on the
poor, minorities, single-parent
families, and children."* Farmers
and other workers could also suf-
fer disproportionately as their
costs rise, potentially without ade-
quate compensation in food pri-
ces. Small and midsize farms and
other businesses may not be able
to adapt quickly to rising fuel
prices if they have investments in
petroleum-dependent equipment.

We describe petroleum and
dependence upon it in industrial-
ized food systems, and how oil
scarcity may affect food produc-
tion and food security. As petro-
leum prices escalate, short-term
consolidation of industrial agri-
culture and potentially significant
increases in food insecurity may
occur. Food systems are likely to
adapt to an oil-constrained future
in 4 ways: reduced oil in food
production, increased food system
energy efficiency and renewable
energy, changed food consump-
tion patterns, and reduced food
transportation distances. These

shifts may present substantial
challenges for public health and
equity; nonetheless, they may ul-
timately contribute to a more sus-
tainable food system. We discuss
the role for public health in work-
ing with others to ensure as pro-
active, smooth, and equitable a
transition as possible. We also
present policy and practice rec-
ommendations.

Public health is a relative new-
comer to both peak oil and agri-
cultural issues. We have much to
learn from the farmers, communi-
ties, advocates, consumers, sociol-
ogists, and scientists who have
been addressing the issues over
time. Public health, in turn, is a
needed ally.

PETROLEUM

Petroleum is energy-dense and
easily transported, and its supplies,
although plentiful and inexpen-
sive, have always been finite. Over
the course of the last century,
petroleum has revolutionized food
production and modern life; it is
now the dominant US fuel source
and a primary input in producing
chemicals and materials. Most
electricity, however, is powered by
nonoil sources, particularly coal.

The stored, concentrated en-
ergy of fossil fuels is a limited re-
source. There is broad scientific
and governmental recognition of
peak oil as a phenomenon,’>™*>
although skeptics and deniers re-
main.'® By many estimates, the
peak will occur by 2030 or has
already occurred.">'” One 2010
New York Times article projected
a time horizon up to 100 years,'®
but there are reasons to doubt
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Petroleum

l

Food Production:
Farm machinery operation,
transportation, pesticides,
irrigation, mining, waste

Trash removal, recycling

Waste:

Food Processing/Packaging:
Some processing,

such estimates.® Rate of decline
projections reflect not only oil
supply, but also projections for
population, the extent to which
oil prices affect demand, and de-
velopment of replacement fuel
sources. A slow decline would
allow time for adapting agriculture
and other sectors; a rapid decline
could portend short-term cata-
strophic food insecurity. Such
projections are not mutually ex-
clusive; we could experience slow
overall decline with episodic ex-
treme shortages.

Some food system petroleum
can be replaced with renewable
energy (e.g., solar, wind, and geo-
thermal power) plus human and
animal labor. That shift requires
time, funds, and initiative, how-
ever, and may still not produce
enough power to support current
US lifestyles, nor the spread of
such lifestyles worldwide.?**!

Further, to date, no cost-effec-
tive, environmentally sound

plastics and other packaging,
some food additives, waste

Consumer Use/Demand:
High oil food choices; driving
to stores; some cold storage,
cooking, appliance use

Transportation:

Fuel for planes, trucks, ships,

trains; global sourcing; “just
in time delivery”

]

Pe trofg um

FIGURE 1—Petroleum use in the industrial food system before peak oil.

alternative exists for gasoline or
diesel, critical fuels for transporta-
tion and heavy equipment opera-
tion."®##2* Plant-based liquid bio-
fuels require much water® and
energy to manufacture, produce
low energy returns per energy
invested, and have incentivized
conversion of rainforest, prairie,
and wetlands to cropland—releas-
ing, by one estimate, 17 to 420
times more carbon dioxide than
their burning would mitigate.?®
Moreover, these fuels create com-
petition between mouths and gas
tanks. Research continues into
less-damaging ways to make liquid
biofuels.>*° Without a viable
substitute for gasoline and diesel,
existing practices in the food
system will not continue.

Rising oil prices will not affect
all industry sectors proportionate
to their consumption. Rather, so-
ciety will make choices regarding
optimal uses. Essentials such as
food may be prioritized—whether
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by the market or purposeful strat-
egy—and more luxury goods (in-
cluding luxury foods) eschewed.
Industries with powerful advocacy
sectors may also be relatively
spared.

OIL-DEPENDENT FOOD
SYSTEMS

Industrial food production has
thrived on inexpensive oil, seeking
to maximize crop yields while
minimizing consumer prices. The
industrial economy’s fundamental
principles—specialization, stan-
dardization, and economies of
scale—have been increasingly ap-
plied to agriculture since World
War II. Particularly since the
1960s, new technologies have
transformed agricultural yields in
the United States and globally.

Most food crops eaten in the
United States are produced on
large land tracts planted in mono-
cultures (single crops). Animals are

raised separately from crops in
large confinement facilities, eating
specially formulated feeds made
from grains and manufactured in-
puts, including antimicrobial
drugs, rendered animal proteins,
and arsenical compounds. Chem-
ical fertilizers, irrigation, pesti-
cides, herbicides, and new seed
varieties were the immediate
stimulants of the 20th-century
yield increases, but petroleum
was, and continues to be, their
essential energy source. Petroleum
contributes most ingredients for
manufacturing the pesticides and
herbicides essential for controlling
pests and weeds that thrive in
monoculture production and sup-
plies the energy to mine, process,
and deliver phosphate and potash
to farms. (Natural gas is the pri-
mary ingredient in most nitrogen
fertilizers.) Petroleum also sup-
plies energy to manufacture and
operate the farm equipment that
prepares the soil, sows and harvests
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crops, and irrigates fields. Finally,
petroleum transports agricultural
inputs such as pesticides and feed,
agricultural products, and food.

Oil facilitates globalization of
the food supply. In 2005, the
United States imported 44% of
fruits and 16% of vegetables, in-
cluding a significant portion of
those eaten when local produce
is available.>* Even within the
United States, food travels long
distances. One Iowa study found
that conventional produce trav-
eled on average 1494 miles to
institutional markets.®" Production
and processing often occur where
costs are lowest.>* An emphasis
on “just in time” delivery means
more trips are made. The petro-
leum impacts of these food supply
chains vary, as fuel efficiency
varies by orders of magnitude
across vehicle types. Short trips in
inefficient trucks or family vehi-
cles often consume more energy
per unit of food than do lengthy
trips by train or ship. Regardless,
as oil prices rise, long-distance
transportation will increasingly
become a luxury, leading to sub-
stantial changes in food distribu-
tion networks to supply healthy
diets.®*

Despite large absolute amounts
of petroleum used in food and
ingredient transportation, trans-
portation plays a relatively minor
role in food greenhouse gas emis-
sions (2% to 4%) and total energy
use (5% to 10%).134-38 Trans-
portation plays a larger role in food
petroleum footprints, although
specific estimates have not been
identified.

Oil in the food system has
helped produce a plentiful and
inexpensive food supply. The re-
sult, however, has not been salu-
brious. In 2004, the US food
supply contained 800 more
calories per person per day than
in 1960, and in 2008, food
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purchases comprised about half
the percentage of disposable in-
come it did in the early 1960s.*° By
enabling overabundant, calorie-
dense foods, petroleum contributes
to diseases of over-nutrition, such
as obesity, cardiovascular disease,
diabetes, and some cancers.*' High
agricultural yields and speed are
achieved at the expense of flavor
that could help motivate more
produce consumption, food safety,
and the health and safety of
workers and rural communities.
Antimicrobial drugs heavily used in
food animal production also con-
tribute to the epidemic of antimi-
crobial resistance compromising
these drugs’ effectiveness for hu-
man use.*?°

Multiple policy drivers contrib-
ute to food system oil intensity.
United States farm policy has par-
ticularly incentivized oil-depen-
dent monocultures. The United
States also provides direct fuel
subsidies to agriculture—$2.4 bil-
lion in 2004.*° Further incentives
come from transportation policies
that subsidize oil-inefficient modes
of transportation, and subsidies to
petroleum industries, including,
some would say, a military policy
aimed at maintaining imported oil
supplies.

LOWER-OIL FOOD
PRODUCTION

Food producers can reduce oil
in multiple ways. They can choose
energy-efficient vehicles and shift
to renewable energy including in-
stalling solar, wind, and geother-
mal energy systems, shifting some
labor back to humans and farm
animals, and devoting portions of
cropland to sustainable biofuels
production. Fuel is also conserved
with methods such as no-till agri-
culture, under which soil is not
tilled (broken apart), leading to
fewer runs with farm equipment.
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Unfortunately, most no-till agri-
culture today leads to increased
herbicide and fertilizer usage;
however, low-input methods are
continually improving. Producers
can replace heavy pesticide use
with integrated pest management,
crop rotation, and raising multiple
plants and animals on the same
farm. Chemical fertilizers can be
replaced with compost, crop rota-
tion, reduced tillage, and other soil
management practices that also
increase drought tolerance. Fur-
ther reductions may be achieved
by selecting plant and animal spe-
cies adapted for local conditions
and bred for attributes such as
pest or disease resistance and
drought tolerance. Figure 2 de-
scribes this lower-oil agriculture,
in which the food system is a
subsystem of the ecosystem.

The lower-oil agriculture we
describe is not a return to the
past. Rather, the shift is toward
knowledge-intensive ecological
agriculture, combining new sci-
ence and localized data analysis
with historical wisdom to manage
ecological forces in their com-
plexity and relationships for resil-
ient food yields.

Observers question whether
low-input methods can produce
sufficient food to feed the world’s
growing population and achieve
yields comparable to those of in-
dustrial agriculture. Numerous
studies and United Nations (UN)
reports suggest they probably can,
and should be pursued, along with
expanded research to improve
and locally adapt methods.*”~>®
Some agribusiness firms and others
remain skeptical.>® The UN and
World Bank—convened Interna-
tional Assessment of Agricultural
Knowledge, Science and Technol-
ogy for Development concluded
that the primary challenge for food
security is to increase sustainable
agricultural productivity at the

national level to achieve greater
food sovereignty.®”

PETROLEUM FOOTPRINTS

Through history, solar-powered
agriculture generally has pro-
duced more energy than it has
consumed.* The fossil fuel era re-
versed the equation; now it takes
about 7.3 to 10 calories of energy
inputs to produce, process, and
transport each calorie of food en-
ergy.>® Pimentel et al. estimated
that feeding each American re-
quires approximately 528 gallons
of oil equivalents annually (in-
cluding nonoil energy),59 The
US Department of Agriculture
(USDA) found a 16.4% rise in per
capita US food system energy use
just between 1997 and 2002—
most importantly because of con-
venience and restaurant foods us-
ing mechanical instead of human
labor for food processing, prepa-
ration, and cleanup. Although this
electrical energy generally comes
from nonpetroleum sources, it is
indicative of broader trends in
outsourcing tasks to fossil fuels.

We did not find analyses com-
paring petroleum use across mul-
tiple food categories, although
several studies have compared
energy use.>*%%° Table 1 presents
USDA'’s energy use findings,
showing that snacks, frozen foods,
canned foods, spices, and condi-
ments used the most energy per
capita. This finding is not limited
to electrical energy use; the cate-
gory also tops the list when one
limits the calculation to petroleum-
heavy functions such as farming
and freight. Healthier foods in-
cluding fish, fruit, and vegetables
required less. The figures do ac-
count for home cooking fuel,
which can use petroleum but does
not need to.! The USDA’s table
aggregates the “snacks, etc.” cat-
egory across multiple sectors,
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Ecosystem
ﬂ Reduced food transportation distance

Reduced oil in food production
Increased food system energy efficiency, renewable energy
Changed food consumption patterns

1 | 2 | 3 .
Food Production:
Reduced farm machinery use,
inputs, waste, distance;
increased energy efficiency

EEIC

Waste:
Compost, recycling,
reduced waste

Food Processing/Packaging:
Less processing, less packaging,

reduced waste, less distance
N

b

\
1]2]3
1 \ (5
Consumer Use/Demand:. Transportatien:
Lower oil food choices, Reduced distance, energy
fewer trips, less energy in efficient vehicles, ™

=4

storage, preparation ~ o

fewer trips N

inflating its apparent impact, and
listing meat types separately, ob-
scuring their far higher summed
impact. Although high values for
food processing and retail may
reflect dominance of electrical
processes, these functions will also
be affected by peak oil, as petro-
leum prices are linked with those
for other fuels.

How should people eat to lower
dietary petroleum? Although fur-
ther life cycle analysis is needed,
the most important steps include:
eat lower on the food chain (in-
dustrial meat includes the em-
bodied energy of both grain feed
and animals), replace out-of-sea-
son produce with seasonal items
whenever possible, avoid air-
transported produce, and seek
sustainably produced and regional
foods transported in higher-effi-
ciency vehicles. At all food system
levels, it is essential to minimize
food waste—currently about 1400

e

Ecosystem

calories per person per day in the
United States.®! Finally, drivers
should minimize mileage in car
trips to stores and restaurants.

HOW OIL SCARCITY MAY
AFFECT FOOD SYSTEMS

In high-income countries such
as the United States, rising oil
prices could lead in the short term
to negative environmental impacts
and increased corporate concen-
tration (fewer corporations, each
holding a greater market share).
Over the longer term, high oil
prices will necessitate a shift toward
more resilient food production,
distribution, and consumption.

Potential Industrial
Agriculture Intensification
and Food Price Rises

Several reasons exist for a pos-
sible short-term consolidation
of industrial agriculture.®? First,
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FIGURE 2—After adaptation to peak petroleum, food system as a subsystem of the ecosystem.

larger operations may have more
resources than small and midsized
producers to buffer against finan-
cial challenges and invest in new
equipment. Second, as food prices
rise, farmers have a financial in-
centive to increase production to
reap the benefits—often by in-
creasing fossil-fueled interventions
and by removing lands from con-
servation programs. Third, high
prices and economic dislocation
can result in fewer consumers able
to afford more sustainably pro-
duced foods, thus challenging that
market. Finally, as rural economies
struggle with high fuel prices and
families struggle with high food
bills, political factors may lead to
increased governmental invest-
ment in industrial agriculture.® All
these shifts could further drain
petroleum resources and limit op-
tions for timely adaptation.
Another short-term response
to high petroleum prices is that

Renewable Fuels

farmers are motivated to shift
cropland from food to biofuels
production, exacerbating food
price volatility. Prices rise for
crops whose production is cut to
make room for biofuels. Naylor
et al. examined 7 articles modeling
9 scenarios of biofuels’ impacts
on crop prices.%® In all scenarios,
prices for all or most commodities
rose, although estimates varied.
Mean price impacts (range in pa-
rentheses) were corn: +28%
(2.5% to 65%); wheat: +17%
(1.7% to 33%); soy: +18% (-11%
to 76% [averaged across soy meal
and soybean oil]); and sugar: +24%
(~8% to 66%).°>

In 2006 to 2008, the world
observed what could be a foresha-
dowing of oil price rises and their
short-term impacts on food sys-
tems. Oil prices hit $147 per barrel
in July 2008,°* up from $35 in
January 2005.%% Food prices
spiked in the United States and
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TABLE 1—Per Capita Energy Use (Petroleum and Nonpetroleum Combined; Thousand BTU) by Food Category and Stage of Food Production, 2002

Farm and Agribusiness® Food Processing Packaging” Freight Services® Wholesale/Retail Total
Individual food categories
Snacks, frozen and canned foods, spices, and condiments 679 1422 370 205 1040 3716
Alcoholic beverages 217 719 596 203 928 2663
Beverages 135 765 600 125 857 2482
Baking products 212 1129 144 114 780 2379
Poultry products 694 585 871 103 368 1837
Sugar and sweets 187 632 136 71 378 1404
Dairy products 473 438 85 79 327 1402
Beef 562 360 37 90 315 1364
Fresh vegetables 672 25 29 166 428 1320
Cereal products 199 468 8 70 351 1096
Pork 410 262 27 60 209 968
Other meats 394 249 24 55 151 873
Fresh dairy 284 251 46 44 162 787
Processed fruits and vegetables 123 289 72 41 203 734
Fresh fruits 315 14 16 68 260 673
Fats and oil products 131 203 38 29 113 514
Eggs 201 69 9 23 63 365
Fish 89 81 9 15 111 305
Total 5977 7961 2333 1567 7044 24882
Animal products summed 3107 2295 324 469 1706 7901
Meats summed 2060 1456 175 308 1043 5042
Fruits/vegetables fresh/processed summed 1110 328 117 281 891 2127

petroleum use are inferential.
Source. Adapted from Canning et al.*
?Especially high petroleum usage.
®Moderate petroleum usage.

around the world, leading to ex-
ceptional food insecurity rates in
the United States and pushing an
estimated 42 million additional
people worldwide into the under-
nourished category.®® Studies
have identified numerous contri-
butors to the food price rises,b7-"
but oil price is considered quite
important. Direct effects on farm
costs from high oil prices were
compounded by indirect effects
on food prices, particularly from
substitution to biofuels produc-
tion and a rising trend of stock
market speculation in food com-
modities, which increased the
dependence of food prices on
broader economic and market
trends. Accordingly, when rising

oil prices impacted even nonfood
areas of the economy, food prices
were affected.

The implications of oil price—-
influenced economic downturn
and volatility go beyond food pri-
ces. There are disproportionate
impacts for the poor, reducing
their ability to afford food, gaso-
line, and heating oil. Rising fuel
prices may hit farmers and other
food system workers hard. The
high cost of equipment invest-
ment—not to mention the time it
takes to learn new systems and
obtain new jobs—places these
workers at risk.”? As in the re-
cession of 2008 and 2009,
farmers and other entrepreneurs

may also struggle to obtain credit.
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Ironically, the extra grain used
to fuel the United States’ meat diet
and ethanol production provides
some level of buffering capacity
that could lessen peak oil’'s imme-
diate impacts—if that grain crop-
land were returned to producing
human food.

Food Insecurity

Already today, 1.02 billion
people worldwide are undernour-
ished,” and even in the United
States 14.6% of the population is
food insecure.”* As oil scarcity
impacts food production quanti-
ties and prices, food insecurity will
worsen. The UN projects that
there will be 9.1 billion humans
in 2050, and that with expected

Note. This table presents per capita energy usage for selected categories of food items (2002), based on national level data. Figures were not broken down by energy type, and thus insights about

changes in wealth and meat
consumption, world food produc-
tion will need to rise by 70% to
feed them all.”® Unfortunately, as
populations have grown, per cap-
ita food production has declined
substantially, and declines are
expected to continue”* even with-
out peak oil. In the United States,
population is projected to climb
by nearly 30% by 2050,7° ne-
cessitating a rise in food avail-
ability here as well. At the same
time, food production capacity
will be challenged not only by
high oil prices, but also by soil and
water degradation and depletion,
climate change, biodiversity loss,
and social and political disagree-
ments.>”
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TABLE 2—Needed Policy and Social Changes to Support a Smooth Food System Transition as Oil Prices Rise

Policy and Social Changes Promoting change

Planning and preparing (many of these are ongoing)
Conduct monitoring, including surveillance of food prices, nutrition, food security, and equity. Planning bodies, academic partners, with government funding
Develop and use planning infrastructure. Convene stakeholders, set standards, develop plans. Local, state, regional, national, international government bodies; food policy councils;
interagency work groups; emergency planning
Scrutinize proposed solutions for unintended consequences including through use of Planning bodies, academic partners, with government funding
Health Impact Assessment, and develop interventions to address these.
To recruit a new generation of farmers, efforts are needed to make agriculture a more Farm Bill,”? health care policy
desirable and economically stable profession, including through policy efforts to
stabilize farm prices, subsidizing both farm and health insurance.
Educate and communicate with the public, policymakers, farmers, and others about future Media, governmental communications
oil scarcity and benefits of early adaptation.
Addressing short-term consequences of rising oil prices
Ensure as equitable distribution of food as possible as prices rise, including through Farm Bill; additional local, state, federal, international policies
expanded food assistance programs, expanded funds for home and community
food production and distribution, and possible new mechanisms such as rationing.

Provide aid to support adaptation and crisis response internationally, where food security Farm Bill, federal agencies
impacts will be more dire.
Restrict the concentration and market power of the major food corporations and retailers. Farm Bill, enforce competition laws, regulate fair prices
Adaptation 1: Reduced oil in food production
Incentivize lower-oil food production methods and farm transitioning Farm Bill, climate policy carbon offsets
Make available information and technical assistance for farmers. Provide training to new Farm Bill, economic stimulus and green jobs programs

agricultural workers and retrain existing ones.
While ensuring an adequate safety net and transition plan, move away from incentives for Farm Bill, climate policy, trade policy, check-off programs
high-oil food production, including relevant policies in Farm Bill; funds
for infrastructure and marketing to support industrial production.
“Internalize the externalities”—require firms to pay more fully for costs such as environmental Environmental policy enforcement, legal challenges, ecotaxation
and social impacts.
Fund agricultural and economic research to optimize and regionally adapt low-oil agricultural Farm Bill, state land grant university funding
methods and systems, including developing appropriate plant and animal breeds.
Adaptation 2: Increased food system energy efficiency and renewable energy

Regulate and incentivize energy efficiency in farm, cargo, and consumer vehicles Climate policy, energy policy, transportation policy, Farm Bill
and equipment.

Invest in research and incentives for renewable energy transitions. Climate policy, energy policy, Farm Bill

Adaptation 3: Changed food consumption patterns

To the extent possible, work to ensure availability and accessibility of healthy food to enable Farm Bill, food policy councils, CDC, state and local health departments,
meeting dietary needs. planning departments, agriculture departments, etc.

Support consumer education and social marketing about relative oil inputs in different foods CDC; state, local health department funding; foundation and corporate-sponsored
and about making lower-oil food choices generally. Link to public health cobenefits. campaigns; HHS/USDA interagency working group to increase visibility of

adhering to DRI for total protein and reducing animal protein

Provide incentives for purchasing lower-oil foods to provide demand-driven incentives to shift Tax or subsidy incentives through state and local governments

the food supply.
Support psychological, communications, and behavioral economics research on effectively, CDC; state, local public health budgets

relatively painlessly shifting oil-relevant social norms and expectations, and individual

behavior, while avoiding alienating the public.
Challenge food industry formulations, placements, and marketing that make it difficult Legal challenges, voluntary programs, FDA regulation

even for motivated consumers to avoid overconsumption.

Continued
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TABLE 2—Continued

emergency support.

health outputs associated with food.
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Adaptation 4: Reduced food transportation distance

Develop regionally adapted nutrition guidance for year-round foodshed eating under
dietary guidelines. Develop food preservation-safety information.

Support re-regionalizing efforts including development of local production, processing,
distribution, marketing infrastructures, and maintenance of food reserves for emergencies.

Integrate agricultural change with regional and urban planning.

Transition away from reliance on food imports and exports.

Government and other institutional purchasers shift their purchasing to help stimulate
development of re-regionalized food economies.

Plan for and continue to support food aid in areas of critical need; plan for cross-foodshed

Study and model food production and delivery systems and impacts of policy decisions on

Promote worker safety and health in changed conditions, including through training,
regulation, research, and mandating OSHA oversight of all agricultural workplaces

CDC authorization

Farm Bill, food policy councils

Food policy councils, zoning policy, other planning policy

Trade policy, marketing and social norms efforts

Legislation mandating governmental purchasing changes, incentives for local/regional
purchasing and disincentives for nonlocal/nonregional

Bilateral and multilateral aid policy, planning policy

Farm Bill, state and local governments, CDC authorization

OSHA standards and enforcement, OSHA policy, NIOSH funds

Food insecurity has significant
public health consequences. The
World Bank found that a 35%
food price increase—within the
range seen in the previous bio-
fuels scenarios—would result in
an additional 80 million under-
nourished individuals world-
wide.”” One analysis found that
undernutrition already results in
359% of child mortality and 11%
of disease burden globally.”®
Consequences of nutritional de-
ficiency, particularly in young
children, can be lifelong and
multigenerational and can in-
clude not only physical effects but
also reduced educational attain-
ment and economic productivity,
and lower birth weight in off-
spring.”%8” Even at less severe
deprivation levels, already com-
mon in the United States, high
prices and food insecurity can
lead to significant stress, with
implications for individual, fam-
ily, and social well-being. Further,
needs such as medicine and
shelter may be sacrificed to pay
for food.

Food Systems Adapting to
Oil Scarcity

Transitioning to a postpetro-
leum food system is not optional.
The extent to which peak oil
represents food catastrophe or
challenge will be driven not only
by the rate of decline in oil pro-
duction, but also by how rapidly
we shift to more resilient food
production, distribution, and
consumption; the priority given
to food among essential uses of
oil; and efforts to ensure equity.
As described earlier, rising oil
prices may initially reinforce in-
dustrial food systems. Eventually,
however, economic forces may
lead to substantial adaptations to
enable the population to be
fed. There will be challenges
along the way, including in
public health and equity. Public
health has a key role to play in
joining with others to encourage
smart and rapid transitions
now, to reduce the risk of cata-
strophic impacts if oil prices rise
quickly.

We expect the following 4 ad-
aptations to occur: (1) reduced oil
in food production, (2) increased
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Note. CDC = Centers for Disease Control and Prevention; DRI = dietary reference intake; FDA = United States Food and Drug Administration; HHS = United States Department of Health and Human
Services; NIOSH = National Institute for Occupational Safety and Health; OSHA = Occupational Safety and Health Administration; USDA = United States Department of Agriculture.

food system energy efficiency and
renewable energy, (3) changed
food consumption patterns, and
(4) reduced food transportation
distances.

Reduced oil in food production.
Multiple studies have found farm
production to respond little to
energy prices in the short term,*
although a USDA analysis sug-
gested that farm energy use did
decline as energy prices rose from
2002 to 2006.' Eventually, how-
ever, farmers will respond to price
and need to shift to lower-oil food
production methods such as those
described previously. Financial in-
centives and assistance will be
needed to facilitate this transition,
as well as training and retraining to
provide the workforce for these
more labor-intensive methods. A
concern is that, by the time these
investments are seriously needed,
governmental ability to invest in
far-reaching change may be limited.
Social or financial insecurity can
also limit openness to innovation.

A shift to lower-oil agriculture
will improve long-term food secu-
rity. Further positive health effects
may include reduced pesticide

exposures, improved water quality,
and reduced development of anti-
microbial resistance.***° Some
negative health effects of this tran-
sition may occur, not only from the
stress of forced change, but also
from a learning curve and transi-
tion period in which food yields
may be substantially reduced.
Increased food system energy
efficiency and renewable energy. As
oil prices rise, equipment energy
efficiency will increasingly be pri-
oritized throughout the food sys-
tem. Food transporters (including
consumers) will recognize cost
savings from energy-efficient ve-
hicles, with air-transported items
becoming especially impractical.
Planning smartly at the consumer,
farm, corporate, and systemic
levels will minimize trips. Food
producers will reduce reliance
on oil-fueled mechanical devices
by scaling farm size and equip-
ment appropriately, optimizing
methods, and innovation in prod-
ucts and processes. Petroleum
use related to marketing, such as
excess food packaging, will be
trimmed. Considerably expanded
investment is needed to improve
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renewable energy technologies
and reduce costs rapidly. This
adaptation will have benefits in
environment, cost savings (partic-
ularly after investments are paid
off), and job creation. Further
work is needed, however, to ad-
dress important limitations of bio-
fuels and other renewable energy
technologies.

Changed food consumption pat-
terns. Evidence from economics
suggests that food purchasing de-
cisions are only somewhat re-
sponsive to small price changes,
and that it could take substantial
price rises before economic incen-
tives motivate significant dietary
change.®? Additionally, psychology
and behavioral economics litera-
ture suggests that as stresses in-
crease (as in economic down-
turns), consumers may be more
likely to opt for foods their
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rational brains would decline,
such as those that are more costly
and less healthy.5>%*
Nonetheless, price will eventu-
ally motivate consumers to eat less
of those foods requiring the most
oil to produce, process, and trans-
port. As described earlier, these
tend to be less-healthy options, so
such a change could ultimately
benefit the public’s health. Unfor-
tunately, produce prices and over-
all food prices are also affected.
Public health voices will be needed
to amplify pressure on govern-
ments to prioritize access and af-
fordability of nutritious diets.
Food satisfies needs beyond
nutrition, including pleasure, se-
curity, culture, and habit; conve-
nience foods are seen by many as
essential because of demanding
lifestyles and women’s roles.
Many will resent adapting habits,

particularly in the face of ineg-
uities. Food security, community
food security, and other interven-
tions can mitigate these conse-
quences. A systems approach is
critical to minimize unanticipated
consequences, health impacts, and
costs.

Reduced distances in food trans-
portation. Although transportation
is not the top oil usage in the food
system, it is significant. Eventually,
oil prices are likely to rise high
enough to reduce globalization
and incentivize re-regionalizing
food networks.?*

In the “foodshed” concept, re-
gions varying in size appropriate
to local circumstances aim to sup-
ply and process as much of their
own food as possible.® These
areas are generally broad; extreme
“locavore” goals such as the “100-
mile diet” may be neither optimal

nor feasible. Foodsheds allow for
sourcing elsewhere those items for
which local production is ineffi-
cient or impractical.®® For exam-
ple, experts are currently assessing
the portion of food the Northeast-
ern United States foodshed could
produce under optimal conditions
and evaluating ways to aggregate
production and delivery.®”

There are multiple challenges in
re-regionalizing food:

® Nutrition: Re-regionalizing food
will require planning and edu-
cation to enable populations to
meet dietary guidelines. Ade-
quate year-round nutrition
should still be feasible in many
or most areas, as it was histori-
cally, based on wise choices of
local and seasonal foods, pro-
tein from sources such as le-
gumes and grains plus some
meat, food preservation, plus

Public Health Roles in Addressing Peak Oil, Based on Core Functions

Assessment

Engage in relevant surveillance and monitoring, including examining nutrition, food security, variation in ability to obtain healthy diets, related

health outcomes, and food prices.

Evaluate the efficacy, effectiveness, efficiency, and equity of the previously described interventions to adapt to peak oil.
Scrutinize proposed solutions for potential unintended consequences, communicate about these, and develop interventions to address these.

Conduct research including to develop and refine responses to peak oil health threats, improve adaptation, and identify costs and benefits of

differing approaches.

Study and model food production and delivery system and impacts of policy decisions on health outputs associated with food.

Policy development

Amplify the public health voice in peak oil-relevant policy debates, including the Farm Bill (renewed every 4-5 years, most recently in 2008),

climate policy, transportation policy, local planning policy, trade policy, and aid policy. Highlight the potential public health ramifications of

inaction. Speak out through letters to the editor and in other venues. Strengthen coalitions of public health environmental, health policy,

nutrition, chronic disease epidemiology, social and behavior, and other professionals to collaborate on policy development and advocacy.
Health departments and other public health professionals should collaborate with planners and local stakeholders on planning and emergency

planning efforts relevant to peak oil adaptation and allocating adequate food and petroleum reserves.
Monitor and, where appropriate, challenge food and agribusiness industry actions.

Convene bodies to grapple with equity concerns in food allocation, in face of not only peak oil but also potential concurrent economic dislocation.
Mechanisms of reallocation might include rationing, expanded food assistance programs, expanded funds for community food production,
distribution networks, and funds for home production.

Assurance

Educate about how to obtain healthy diets with available foods.

Communicate about energy impacts of varying food choices, including developing peak oil-adapted dietary messages. Inform, educate, motivate,

and empower the public regarding dietary change—especially where change is both health-promoting and environment protecting.
Ensure a competent public health workforce, including providing training in agricultural policy and other functions needed to address new realities.
Mobilize community and regional partnerships including food policy councils to identify and address food system concerns.
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methods such as covered
hoop-houses for winter pro-
duce production. Wilkins and
Gussow demonstrated this in
detail for the Northeast.®®
Public health will have a criti-
cal role in adapting nutrition
messages to the new reality,
and in communicating about
food preservation and forage
safety. Additionally, re-region-
alized food systems will re-
quire adjusting cultural norms
and tastes, particularly re-
garding seasonal eating and
food variety.

¢ Sprawl: Most cities were built on
the country’s most fertile land;
cities and their surrounding
sprawl now cover that essential
farmland.® As rising gasoline
prices discourage commuting,
repurposing developed areas for
food production may become
a priority. Yet, relocating fami-
lies and communities, demol-
ishing buildings, and tearing up
roads is socially distressing, en-
ergy intensive, and expensive.
Remediating contaminated,
compacted soils presents addi-
tional challenges.”® Smaller
farms may be better able to
work around geographic dis-
continuities. A burgeoning
movement today is exploring
the necessary zoning changes,
soil remediation, production
techniques, and distributional
models to scale up urban and
periurban production and
make its products more afford-
able and accessible.

® Geography: Some areas will find
it nearly impossible to support
existing population levels on lo-
cal or regional inputs, including
areas of Alaska and the South-
west. Production capacity in
other areas exceeds population
needs. Planning must take ac-
count of these realities to opti-
mize outcomes, including the
possibility of fostering geo-
graphic shifts in population.

Despite challenges, a foodshed
model offers potential public health
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and community cobenefits. Food
security can increase as regions join
in concerted planning. Consuming
less-processed food and reducing
meat consumption could improve
physical health.** Reduced truck
miles could mean reduced vehicle
crash injuries and exposures to
particulate air emissions, which
have been linked with respiratory
illnesses and cardiovascular mor-
bidity and mortality.°® Foodshed
production can constrain food-
borne outbreak size, as fewer con-
sumers may be exposed to any
single contamination event. Finally,
there can be health cobenefits
based on foodshed systems’ con-
tributions to equitable area eco-
nomic development.

STRATEGIES AND ROLES
FOR PUBLIC HEALTH

The previously mentioned food
system adaptations may be forced
upon us as petroleum prices rise,
but proactive efforts can minimize
their negative consequences. In
Table 2, we identify a set of needed
social or policy changes and sug-
gest tools for promoting them.

The table first presents “plan-
ning and preparing” strategies
needed both in advance of oil price
rises and on an ongoing basis.
These strategies include monitor-
ing, working with stakeholders on
planning, scrutinizing for unin-
tended consequences, building
a more economically secure cohort
of farmers with an adequate safety
net, and educating and communi-
cating about the threat. To address
short-term consequences of rising
oil prices, key efforts include
working to remedy inequities, pro-
viding domestic and international
food assistance, and addressing the
increases in corporate concentra-
tion that may ensue.

To adapt to (1) reduced oil in
food production, society will have
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to create the needed financial
support, technical assistance,
training, and both positive and
negative incentives to help busi-
nesses move in needed directions.
Research to optimize methods will
be needed. Smoothing the adap-
tation to (2) increased energy effi-
ciency may require incentives,
transition support, research, and
regulation. Public health has

a particular role to play in facili-
tating (3) healthy changes in eating
patterns, including working to en-
sure adequate healthy food is
available, accessible, and afford-
able. Additional efforts will in-
clude lifecycle analysis to better
understand petroleum footprints,
and educating about, incentiviz-
ing, and promoting lower-oil social
norms while challenging pressures
in the opposite direction. Finally,
(4) reducing transportation dis-
tance and adapting to a foodshed-
like model will require educating
the public about optimal food
choices under new constraints. It
will also require planning, includ-
ing plans for cross-foodshed ex-
change when needed.

The box on the previous page
describes key public health roles,
based on the field’s 3 core func-
tions: (1) assessment (i.e., surveil-
lance, evaluation, consideration of
unintended consequences, re-
search), (2) policy development
(i.e., providing a public health voice
in policy discussions, engaging in
collaborative planning efforts, in-
cluding efforts to address equity),
and (3) assurance (i.e., health edu-
cation, communication about food
petroleum content, training the
public health workforce in agri-
cultural issues and other needed
topic areas, and working with
others to mobilize partnerships).
Throughout, it is critical to attend
to equity, account for complexity,
and engage multidisciplinary
partners in planning, to minimize

unintended negative conse-
quences.

We recognize that many of the
needed approaches lie outside pub-
lic health’s traditional domains, in
fields such as agriculture, planning,
or community food security.®® In
some of these areas, public health
can be a partner and supporter;
in others, it can carve out public
health-relevant domains from
which to lead. Indeed, public health
professionals are increasingly de-
veloping their own expertise in
these interdisciplinary domains,
responding to the field’s mission to
“[fulfill] society’s interest in assuring
conditions in which people can be
healthy [emphasis added].”**??
The threat to such conditions, and
the public health cobenefits of ac-
tion, demand our field’s attention.

CONCLUSIONS

Although it is difficult to predict
the future, we can say that even
if plentiful oil lasts another 100
years, this resource is finite. Re-
newables are unlikely to provide
enough fuel for today’s US lifestyles
in the foreseeable future. Of course,
food systems are systems; they can
adapt to challenges and use alter-
nate functions to withstand disrup-
tions. As we describe, presuming
our food system remains oil-depen-
dent when prices escalate, we can
expect significant short-term food
price increases, but agriculture and
food industries may face little dis-
ruption or even be strengthened.

Systems can cross thresholds
that force deeper change. As pri-
ces rise further, we describe 4
likely adaptations: reduced oil in
food production, increased food
system energy efficiency and re-
newable energy, changed food
consumption patterns, and re-
duced food transportation dis-
tances. These adaptations can
come with substantial food
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insecurity (caloric and nutritional),
concomitant social and individual
disruption, and health conse-
quences. We can ease the adjust-
ment with planning and efforts to
promote advance transitioning to
more sustainable and healthy food
production, plus heavy investment
in research and incentives.

Perhaps the largest challenge is
that few want to think about peak
oil and other ecological threats
such as climate change and soil
depletion—never mind commit-
ting to precautionary change. Most
of us prefer to continue the status
quo, particularly if it has worked
previously, if we have invested in
it, and if it functions acceptably
well. Change carries cost and risk.
So, however, does inaction.

There are benefits of bringing
public health’s strengths to bear
in partnering with communities,
organizations, and governments.
Our efforts can not only mitigate
harms, but they can also facilitate
survival in the face of peak oil, and
bend society toward a more re-
silient and food-secure future.
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