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Abstract:  fn the last Sfew decades petroleum bas been consumed at a much faster pace than new. reserves
bave been discovered. The point al which global oil extraction will altain a peak (“peak oil”) and begin a
pertod of unaveoidabie decline is approaching. This eventuality will drive Sundamental changes in the sJeecintity
and nature of energy flows through the buman economic System, which probably wiil be accompanied bry
economic turmoil, political conflicts, and a bigh level of social tension. Besides being a geological and economic
issue, peak oil is also a fundamental concern as it pertains to ecological systems and conservation becaise
eCONnOmics is a sitbsys_tem of the global ecosystem and charnges in human ‘energy-remted behauviors can lead to
a broad range of effects on natural ecosystems, ranging from overuse to abandonment. As il becomes more
difficull to meet energy demands, environmental considerations may be easily superseded: Given the vital
tmportance of ecosystems and ecosysiem sevvices in a postpetroleum era, it is erucially important to tvisely
manige our ecosystents during the transition period fo an econom) based on little or no use of fossil fuels. Good
Dbolicies can be ﬁ_)r'rrzulated through awareness and understanding gained from scenario-based assessments.
Presently, most widely used global scenarios of environmental change de not incorporate resource limitation,
" including those of the Millennium Ecosystem Assessment and the Intergovernmental Panel on Climate Change.

Sfrom ecolugical discussions. We urge politicians, corporate chief execittives, thought leaders, and citizens to
consider this problem seriously beceause it is likely to develop into one of the key environmental issues of the
21st century. '

Keywords: ecosystem services, EROI, fossil fuels, global change, impact assessment, maximum empower, peak
oil, vulnerability assessment

El Inminente Pico ¥ Declinacién de fa Produccion de Petréleo: un Reto Subestimado para la Conservacion de la
Integridad Ecolégica

Resumen: En décadas recientes el petroleo ba sido consumido a un ritmo mucho mds vdpido que el

desubrimiento de nuevas reserias. Se aproxima el punto en el que la extraccion global de petrdleo alcanzard

un pico (“cénit del petrilec”) Y comenzard un Periodo de declinacicn inevitable, Esta eventuulidad producivg
- cambios fundamentales en g caniidad y naturaleza de los flrjos de energia en el sistema eCOnomicy humarno,
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gue probablemente estardn acomparniados por confusicn econdmica, conflictos politicos y un alto nivel de
 tension social, Ademds de ser un tema geologico y econémico, el cénit del petrdleo también es una preocufiacion

[fundamental ya que involucra sistemas ecoldgicos y conservacidon porque la economia es un subsistema del
ecosistema global y los combios en los comportamientos bumanos relacionados con la energia pueden Hevar
a un amplio rango de efectos sobre los ecosistemas naturales, desde uso excesivo basta abandono. A medida
que es mds dificil satisfacer las demandas de energia, las considerdaciones ambientales pueden ser fdcilmente
desatendidas. Debido a la vital importancia de los ecosistemas y de los servicios del ecosistemd en una era
postpetrolec, es crucialmente imporianie martejar nUesros ecosistemds con sensatez durante el periodo de
transicion a una economia basada en poco o ningin use de combiustibles fostes. Se pueden formulay buenas
polfticas por medio de la concienciaciony entendimiento obtenidos de evaluaciones basadas en escenarios.
Actualmente, los escenarios globales del cambio ambiental mds ulilizados no incorporan la Hmitacion de
recursos, incluyendo los de la Evaluacion de Fcosistemas del Milenio (EEM) y el Panel Intergubernamental
de Cambio Climdtico (PICC). Considerando la magnitud potencial de los efectos del cénit del petroleo sobre
ia sociedad y la naturaleza, el desarrollo de escenarios constrefiidos por los recursos debe ser atendido
inmediatamente. Ecdlogos y bidlogos de la conservacion estdn en una posicidn importante para analizar
la situacion y proporcionar directrices, sin embargo el tema estd notablemente ausente de las discusiones
ecoldgicas. Exbortamos a politicos, directores ejecutivos, lideres de opinitn y ciudadanos a gue consideren
este problema seriamente porgue es probable que se convierta en uno de los teras ambientales clave del siglo
27 :

_ Palabras Clave: cambio global, cénit del petréleo, combustibles fésiles, empoderamiento mdximo, EROL, eval-
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Introduction

Study of the flow and allocation of energy and materials
through ecosystems is a core concern of ecosystem ecol-
ogists. Although many university textbooks present en-
ergy flows primarily in the context of natural ccosystems,
some ecosystems scientists, such as Howard and Eugenc

Ocdum_ and their students, have proposed models that

include human economic systems as subsers of natural
ecosystems. They believe modern industrial economies

are “techno-ecosystems” fed by energy-subsidized agroe-

cosystenis (Odum & Barrett 2003) that must obey funda-
mental laws of thermodynamics. Their model likens mod-
ern cities to highly eénergy-subsidized parasites that fced
on a continual inflow of energy and material from the sur-
rounding environment, while releasing large quantities of
waste material back to that same environment. Just as a
successful parasitic species does not kill its host popula-
tion by overconsuming its resources, techno-ecosystems
must “learn” to function within the energetic and mate-
rial constraints imposed by the natural environment on
which they depend. '

Scientists have long warned society that the concept
of continual growth on a finite planet is flawed and will
result in some form of a decline driven by natural con-
straints (e.g., Meadows et al. 1972; Ehrenfeld 2005; Hall
& Day 2009), Meanwhile, many economists have argued
that resource limitations are nonexistent or irrelevant
to economic growth (e.g., Simon 1996), but ecological
economists have consistently pointed out that economic
systerﬁs are constrained by the same biophysical limita-
tions that constrain the ecosystems in which the econ-
‘omy functions (e.g., Georgescu-Roegen 1971 -Costanza
‘& Daly 1992). Although the planet’s carrying capacity

for humins is not presently known and is contingent on

many factors, it is possible that many well-documented,
globakscale resource and ecological problems are plan-
etary indicators that humans are-approaching, or have
reached, carrying capacity. These troubling problems,
which include climate change, ozone depletion, potable-
water shortages, collapsing ocean fisheries, species cx-
tinctions, soil loss and nutrient depletion, point to in-
creasing strains on human and nonhuman populations
(e.g., Wackernagel et al. 2002; Meadows et al. 2004; Rock-

" strom et al. 2009).

A less recognized, but 1mmment threat to the status
quo of our society is “peak oil,” which will soon be
reached, if it has not been passcd already. Peak oil will
bring with it an end to the age of cheap oil (Campbell &
Laherrere 1998; Heinberg 2003; Bentley & Boyle 2008).
Peak oil refers to the point at which the annual rate of
global oil extraction reaches a peak that is then followed
by an inevitable decline in the annual extraction rate.
This event, which occurs after approximately half the
world's oil reserves have been consumed, means growth
of oil supply is no longer possible, and supply constraints
will drive up prices even if demand stabilizes. Neverthe-
Iess, dué to rapid economic development in many parts
of the world, demand is still growing quickly, and in-
creasing resource nationalism of oil-producing countries
also may contribute to higher oil prices (Hirsch 2008).
The imbalance between oil extraction and demand can
be considered the first concrete symptom of a growth-
centered society reaching its limits, and these limitations
will have tremendous consequences for western civiliza-
tion. Because at present the functioning of society in
developed countries is highly dependent on fossil fu-
els {e.g., Youngquist 1999; Hall et al. 2003; Hall & Day
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2009), the coming oil shortage will challenge all indus-
trial activities and therefore will have dramatic effects
on ecosystems and nature conservation (Odum & Odum
2001; Heinberg 2003; Day et al. 2009).

Peak 0il

The concept of peak oil indicates that societies will en-
coutter serious difficulties decades before all available
oil has been extracted. The rate of extraction from oil
fields approximates a bellshaped curve when plotted
against time, in which production starts to decline well
before all resources are depleted. Historically, the first
oil fields brought into production contained high-quality
oil (“light, sweet crude”) that was unc[ér high pressure
relatively close to the surface. During the [ast 150 years,
the most easily accessible il sources have been used _
up, and despite enormous efforts, new discoveries have
steadily declined since the carly 1960s (Campbell & Ia-
herrere 1998: Fig. 1}. In 1956 after analyzing trends in
new discoveries and the extraction curves of individual
oil fields, oil-ihdusny geologist M. King Hubbert formu-
lated a model! to predict the timing of the peak produc-
tion of large areds. With his model Hubbert successfully
predicted the peak of oil extraction in the conterminous
United States by 1970 (Hubbert 1956, Fig. 1). Since then
a rmumber of oil-producing nations, including all industri-
alized -countries, have reporiedly reached peak produc-
tion (WWT 2005). This indicates global oil extraction may
not be far from peaking. In fact, application of Hubbeit’s
model by some researchers indicates world oil extraction

Billion barrels / year (Gbfy)

1950 1980 1970 1980 1990 2000
Year

Figure 1. Historical Production of crude oil in the
United States between 1949 and 2007 (reflects
Hubbert curve). The Production peak in 1970 of the
conierminous 48 states was followed by new
exploration and development in Alaska, which only
temporarily posiponed the depletion trend (data Jrom
EIA 2008a). : '
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_Fzgure 2. World oil discoveries ( Campbell 2005) and

Lroduction ( Campbell 2005; BP. 2008) 1930-2050
and forecasts of dates of peak oil ( Bentley & Boyle

2008) (shaded area with question mark, indicates

uncertainties in future oil production),

peaked in 2005 (Deffeyes 2005: Bentley & Bovle 2008;
Fig. 2), ‘ '

. Although many other forms of energy are also con-
sumed, the abundance, high energy concentration,. and

ease of extraction, storage, and tfansportation have made .

oil the fuel of choice for industrialized nations. There
are no readily available or comprehensive alternatives to
oil (Hirsch et al. 2005). Declining availability of oil con-
strains use of all fossil fuels because petroleum products
are used to extract, deliver, and process all fuels and raw
materials (and to ma-nufacture'“altcmative” energy tech-
nologiesy (Hirseh et al, 2005; Hall et al. 2008). Natural
gas could serve as a substitute for many uses, but it also
will have a peak-and-decline future similar to oil (Aleklett
& Campbell 2003). Other fossil alternatives, such as tar
sands, oil shales, and extra heavy oils (sometimes called
nonconventicnal oils), and coal all have some significant
drawbacks: either they are not technically feasible (rio
mature technology to produce cffective substitutes in ad-
equate quantity) or they are environmentally detrimental
(large-scale strip mining and encrgjz-and—watcr-intcnsive

. pbrocessing) (Salameh 2003). Although many argue that
solar, wind, wave, and nuclear power can replace fossil

fuels as ENCrgy sources, others state that these technolo-

" gies are limited as substitutes because they are unlikely -

to meet the energy needs of modern societies in the fore-

seeable future due to problems of scale. The mass instal- _

lation of solar panels and wind turbines, for example, is
constrained by construction.-capacity, raw material avail-
ability, and, ahove all, energy: the large-scale infrastruc-
tural developments required for renewable or nuclear en-
ergy to become a major component. in the global-cncrgy
mix would require 4 significant portion of the world's re-
uining oil (Salameh 2003; Hirsch et al 2005; Goldstein

|
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& Sweet 2007). Furthermore, uranium, as well as coal,
may also be limited in the not-too-distant future, espe-
cially if consumption increases significantly (EWG 2006,
2007). Taking into consideration all energy alternatives,
Hirsch et al. (2005) estimate that a seamless transition to
a postpetroleum energy system would require 20 years
of concerted effort before peak oil is reached. And even
if the peak does not occur'in the next 20 vears, it is likely
that the limitations of sustainable energy technologies
will necessitate a lower level of global energy consump-
tion than the current level (Odum & Qdum 2006).
Consequences of shortfalls in oil production are illus-
trated by the aftermath of the U.S. oil peak in 1970, which

led to the energy crises of the 1970s in which an approx--

imately 5% declinc in oil supply for a short period of
time resulted in nearly a quadrupling of oil prices and a
3% decline in U.S. gross domestic product (GDP) (Hirsch
2008). The world’s industrial economies are expericnc-
ing similar contractions today. Inn the past, however, it
was possible to return to business as-usual by exploit-
ing foreign oil—an option that will not be available any
longer. World oil dependency has increased since the
1970s. For example, for cvery 1 ] of food energy con-
sumed in the United States, up to 10 J of fossil energy
have been used to produce it (Pfeiffer 2006). Hydrocar-
bons are feedstock for plastics, pharmaceuticals, fertiliz-
ers, and electronic components, but most impoitantly,
oil is-the most convenient and versatile fossil fuel, cur-
rently accounting for about 43% of the world’s total fuel
consumption and 95% of global energy used for trans-
portationt (IEA 2007).

Owing to its central role in modern western civiliza-
tion, statements about future hydrocarbon availability lic
within the fuzzy interface of science and policy, where
uncertainties and vatue foadings are critical. Peak oil, sim-
ilar to climate change, constitutes a typical postnormal
problém (Funtowicz & Ravetz 1993) in which stakes are
high, facts are uncertain, and values are in dispute. It
is no wonder that both the timing and potential con-
-sequences of peak oil are still under intensive debate
among scientific, industrial, and governmental communi-
ties. Similarly to early climate-change debates, the range
of actors includes deniers, _prbphcts of technocratic so-
lutions, doubtful scientists, and enthusiastic nongovern-
‘mental organizations, Governmental agencies and multi-
national oil companies tend to paint an optimistic picture

with respect to future oil availability (with peak oil oc-

curring several decades in the future) (e.g., EIA 20088)
on the basis of optimistic estimates of the remaining re-
serves and assumptions that development of improved
extraction techniques will be driven by increasing prices.
Nevertheless, other more-critical calculations indicate
that the global production peak is likely to occur in the
ncar future or has already occurred (Bentley & Bovle
2008; Fig. 2), that the world is in the midst of a long and
undulating plateau of oil availability, and that resource
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constraints may be causing increasing economic volatil-
ity. In fact, recent oil-extraction data indicate a relatively
flat plateau from 2005 to 2008, despite the substantial
increases in fuel prices of that period and the habitual
pledges of the major producers to increase rates of ex-
traction. The fuel price spike of 2008 may have played
a considerable role in the formation of the current eco-
nomic crisis (Hamilton 2009). Nevertheless, it is mostly
the “when” and the pace-of-decline aspects of peak oil
that are debated, not the eventual depletion. of finite
resources, which will unavoidably transform society at
some point.

The Ecology of Peak 0il

Because ecological systems resemble social systems in
many ways, ecologists have special roles to play in the
analysis of and response to peak oil. Ecologists can con-

“tribute to the debate on peak oil by providing tools to

describe energy flows through complex systems and clar-
ifving the consequences of changing energy availability.
It is no surprise that several concepts and methodologies.
in the peak-oil debate have their origins in the field of
ecosystem energetics. . ’

Net energy analysis (Commonly called energy return on
investment [EROI]) is perhaps the most important such
energy-related issue (Hall 1972; Cleveland et al. 1984).

(Sometimes ‘EROQI is written as EROEI, meaning energy

return on energy invested.) This efficiency metric can
provide considerable insight into the socioeconomic im- -
plications of the process of cil depletion (Odum . 1973;
Hall et al. 1986). Because the most accessible and most
plentiful resources are depleted first, the ERO! of energy
production inevitably declines over time. For example,
the EROI of global oil production has fallen from 100:1 to
20:1 (20 units energy return for 1 unit energy invested)
during the last 80 years (Cleveland et al. 1984 Cleve-
land 2005; Gagnon et al. 2009). Declining EROI cven-
tually will reach a fundamental threshold under which
extraction becomes uneconomic, regardiess of political
devotion or market forces (Hall et al. 2009). Similarly,
low EROI can undermine the viability of potential alter-
natives as well. For example, the production of ethanol
from corn consumes nearly as much, or even more, €n-
ergy than it provides as a vehicle fuel, depending on how
many forms of input energy are included in the equation
{Cleveland et al. 2006). Thus, corn-ethanel] fuels have a
slightly positive or even a negative EROI, which makes
them particularly poor energy investinents.

Another useful concept is that of emergy (embodied
energy, sensu Odum 1996), which is a measure of the
rotal amount of primary (solar) energy used to produce
end-product delivered energy. Emergy can be used as
a money-independent economic metric and has broad
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potential usage in environmental accounting (Costanza
1580; Odum 19963, but it is important well beyond its use
i environmental accounting. Emergy offers conceptual
insight in the evolution of complex systems. Originating
initially from the works of Boltzmann (1974) and Lotka
(1922), and further clarified by Odum, the maximuam em-
power principle states, “in the scli-organizational pro-
cess, systems develop those parts, processes, and re-
lationships that maximize useful empower” (Odum &
Odum 2006: 23). The general applicability of this orga-
nizing principle is still under intensive debate, but as
the mathematical and methodological background is be-
ing refined (e.g., Giannantoni 2002; Hau & Bakshi 2004).
and supporting observational and experimental results
are accumulating (¢.g., Cai et al. 2006; Liu et al, 2008), it
is becoming an increasingly prospective candidate as the
4th taw of thermodynamics (Lotka 1922; Ochim 1996),
Accordingly, this law of evohition should also apply to

socioeconomic systems because the free-market mecha. .

nisms of the économy cttectively do the same thing for
human systems (Liu et al. 2008). Securing and control-
ling maximal energy flows demand complex structures
in natare and human societies. - In fact, all residential,
transportation and energy 'infrastructure, and sophisti-
cated social structures, ensure dlaxi_ma} intake and use of
the highest-quality energy available. Whereas abundant
resources trigger growth, declining resource availability
necessitates contraction accompanied bya chahging patv
tern of resource use (Odum & Odum 2001, 2006). Such
resource-induced contraction will have a tremendous im-
pact on the future of humankind and nature, and on the
complex relation between them,

Implications for Ecosystems and the Environment

How will peak oil affect nonhuman species, ecosystems,
and ccosystem services? Naively, one could assume that
fuel scarcity and the accompanying breakdown of energy-
intensive solutions could bringinstantreliefto nature, but
the reality likely will be more nuanced and depend partly
on the policy choices formulated to address future chal-
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lenges. Increasing concerns about energy, for example,
might overcome concern for the environment and re-
sult in environmentally detrimental decisions at large and
small scales. For example, extraction of oil from tar sands
creates vast strip mines, uses large amounts of water and
natural gas, and produces farge quantities of pollution anc
CO; because of the refatively low energy efficiency of
this process (Nikiforuk 2008). Other potential policy re-
sponses, such as extensive biofuel plantations, may have
similar detrimental consequences (Pimentel et al, 2008).
Reducing fuel usage could bring significant changes to
contemporary enefg-yfintensive forest manageme_nt and’
agricultural practices. Limited availability of fossil re-
sources may cause an inverse “green revolution” and lead
to less-intense agriculture (less technology and fertilizer
and more human labor) and thus declining yiélds. Genet-
ically modified crops may do well for a while, but due
to their significant dependence on technology and global
commercial networks they may not provide a long-term
solution to declining yields. The future may see rather a
return to traditional crop varieties (from among thiose still
available) that are better adapted to nonintensive manage-
ment. Decrease in available encrgy, however, need not -
be linear: “{Dluring the transition and turndown there
could be frantic, competitive stripping of the environ-
mental stocks needed for maximum production” of food
and other resources (Odum & Odum 2006:26). Hasty and
uncoordinated societal responses could damage ¢cosys--
tems to such an extent that the resource base becomes
degraded and the planetary carrying capzicity is lowerei,
which would further stress human populations. If global

" food production falls duye to declining fossil-fuel availabil-

ity, humanity will be in an “overshoot” condition (Catton
1980; Ptice 1999; Duncan 2001). As all ecologists un-
derstand, the effects of overshoot on human societies
could be dramatic, with many implications for resource-
usc patierns and conservationrelated attitudes toward
nature (Table 1),

Moderm western society has used intensive manage-
ment techniques powered by fossil energy to increase
the supply of provisioning services (or ecosystem goods,
such as food and fiber production) at the expense of
other services (such as poliination, water regufation, and

Table 1. Potential implications of peak oii evaluated from the perspective of conservation biology {(grouped by sector).

Sector Advantage Disadvantage
Agriculture decrease in cultivation intensity increase in area under cultivation (including
biofuel production)
- Forests return to traditional forest management overexploitation of forests for firewood

Tourism & transportation
reduced tourism anid travel
Climate change
production)
Conservation policy

decrease in spread of non-native species due to
decrease in CO, emissions (oil and natural gas

increasing focus on local sustainability

reduced tourism income for use in nature
conservation :

increase in CO; emissions (nonconventional
ail and coal production

declining interest in large-scale conservation
projects, weakening of international
<aoperation in conservation
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aesthetic beauty) (MEA 2005). This problem is deeply
rooted in the fundamentals of a growth-based market
economy, which absorbs ecosystem goods relatively cas-
ily while treating all services (e.g., waste processing)
and effects (e.g., pollution) that are not priced by the
market as “externalities” belonging to “the commons.”
Observing the decline in these commons, their protec-
tion became the main focus of modern conservation,
The move toward a low-carbon society can potentiafly
change this situation, providing new priorities for ecol-
ogy and conservation biology (Day et al. 2009). Whereas
the modern environmental movement has emphasized
coordinated, large-scale conservation activities, under a-

- resource-constrained regime these efforts likely will give
* way te local, sustainability centered attitudes, which cur-

rently are most common in economically poor countries
(Roe & Elliott 2005; Kareiva & Marvier 2007). This tran-
sition also can be observed and explained from a strictly
financial viewpoint: the (aiready ongoing) financial tur-
moil, caused in part by global energy problems and ¢on-
sequent price fluctuations, is reducing availability of re-
sources for conservation activities. '

Assessing the Future

Global petroleum production is close to peak, and there
are no easily accessed alternative energy sources. Even
though uncertainty as to the effects of peak o0il is great,

the degree of threat peak oil poses to the world's soci-

eties demands urgent-action (Hirsch et al. 2005). It ap-
pears to us that the impact of peak oil will be far more
immediate, certain, and perhaps larger than that of cli-
mate change, although peak oil has received far less sci-
entific serutiny, press, and funding than climate change.
Scientists are.expected to help resolve the uncertainties
surrounding peak oil so that farsighted policies that ad-
dress the problem can be developed. Scientific models

genérally examine the response of specific systems with -

respect to changes in some external drivers. Such drivers
ideally should be represented by scenarios that contain
the range of major uncertainties.

Despite accumulating evidence of a growing energy
crisis, the scientific community is not addressing the.
issue sufficiently. Rising concerns about the future of
bicdiversity and the continuous flow of ecosystem scr-
vices can best be addressed through integrated analysis
of the Farth-biosphere-socicty system, and this analy-
sis should be based on complex scenarios that combine

: qualitativc'storylines with quantitative stmulation over
- a4 wide range of potential futures (Alcamo 2001; Chark

et al. 2001). During the last few decades, scenario-based
studies have become commonplace at a variety of spa-

_tial scales. Nevertheless, most such studies use only a

handful of basic scenarios that tend to be complex, so- -
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phisticated, story-and-simulation types, often elaborated
by large international academic groups such as the Global
Scenario Group (Raskin etal. 2002), the Intergovernmen-
tal Panel on Climate Change (IPCC) (Nakicenovic et al,
2000), and the Millennium Ecosystem Assessment (MEA)
(MEA 2005). Unfortunately, due to the widely held belief
throughout the 1990s that technelogy would continue to
prevent serious resource chStraints (e.g., Rogner 1997),
a notion promoted by economists and adopted by many
governments, most scenario-based studies consider the
risk of involuntary decrease in global energy consump-
tion to be negligible in the foresecable future -(Aleklett
2007). This hidden “resource optimism” can be recog-
nized clearly in the IPCC SRES (Special Report on Emis-
sion Scenarios) scenarios, (Fig. 3) (Nakicenovic et al.
2000), which are the standard set of scenarios used in all
relevant climate-impact studies. Supply tensions are prob-
able from the point when half of the ultimately available
quantity is consumed (*peaking zonc”; Fig. 3). Even the-
minimum estimate for petroleum. consumption is well
above this amount in all IPCC SRES scenarios (Fig.  3).
These scenarios fiil to account for the finite nature of
oil and other fossil fuels. All the 40 primary IPCC SRES
simulations are based on 36-120 ZJ (1 7] = 102 ) of cu-
mulative fossif energy consumption during the restof the
21st century '(Nakicenovic'ct al.-200(), whereas, ¢ven ac-
cording to the “relatively optimistic” (EWG 2007) official
reserve estimates, there is no more than 31.7 ZJ of fos-
sil energy remaining in the ground including oil, natural
gas, and coal (BP 2008). The TPCC SRES scenarios (and all
subsequent global, regional, and national impact assess-
ments derived from them) seem to assume no fossil-fuel
limitation during the 21st century. Inlight of the geologic,
physical, and socioeconomic limitations of resource ex-
traction, this unquestioned optimism of the IPCC scems
to be no more than “wishful thinking” (Laherrere 2002).
The issue of peak oil is inextricably intertwined with a
variety of other global environmental and social prob-
lems (e.g., climate change, intergenerational inequity,
economic stability). Sharing the same major driver of
fossil-energy consumption, climate change is particularly '
strongly linked to peak oil. ‘Accordingly, we argue that
it is necessary to develop complex, integrated story-and- -
simulation scenatios that represent the impacts of both
climate change and peak oil. The first steps in this direc-
tion are being taken. For example, 4 comprehensive set of
plausible storyliﬁes reflecting key uncertainti€s of climate
and energy depletion has been constructed by Holmgren
(2008), and the process of adapting the TPCC emission
scenarios to recent knowledge of resource limitations has
begun (Brecha 2008; Kharecha & Hansen, 2008). Ideally,
a set of plausible and sophisticated story-and-simulation
world scenarios are needed that include aspects of both
of the most important challenges of our age (Bardi 2009).
This is an immense but urgent task, which perhaps only
can be coordinated by an international scientific body
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Figure 3, Cumudative giobal oil use from start of the industrial era (1850) until 2100 according to the Special

- Report on Emissions Scenarios of the Interg(')vemlmenml Panel on Climate Change (IPCC) (vertical lines, intervals
of the model runs; dots, marker scenarios [illustrative scenarios for the four major sceviario families]: Nakicenovic
et al. 2000); quantity of oil already extracted by the start of 2008 and different estisnates of the world’s lotal
ultimately recoverable reserves (URR). From. 2000 io 3000 Gb (billion barrels) URR is the range of all recent
(made gfter the yedr 2000) Physical model-based URR esti'matz‘ons_fbr-eitber conventional oil or all liguids.
(tncluding nonconventional oil and natural gas Hguids) (Bentley & Boyle 20085, “Cheap oil” is only available
below the batched area (peaking oil-production zone, at balf of the URR estimales). Fulfillment of any of the IPCC
scenarios requires miuch move ofl than is readily availabie.

of high recognition, similar to the IPCC, the MEA Board, influence global ecological changes, social regime shifts

or the ITASA (International Institute for Applied Systems definitely will induce ecological changes. On the other
Analysis), which'c_oordinated development of the SRES hand, these changes may impose detrimental feedbacks
scenarios, Without these fundamental efforts the useful- on human society, gradually depriving civilization of en-
ness of any impact, adaptation, or vulnerability study at “ergy sources by “robbing” humans of the historically con-
any scale is questionable. Failing to take energy scarcity tinuous influx of fossil fuels. The past two centuries of
into account is like preparing for the wrong exam, with industrial growth have been the fossil-fiiel age and wit-
the expected negative results. ’ : nessed human population growth, ecological changes;
Perhaps at this point there is no politically viable so- and human-lifestyle changes unprecedented in 10 mil
Iution to peak oil, just as there appears to be no politi-  lennia of civilization. Our present civilization has built
cally viable solution to global climate change. Addressing complex systems that cannot survive without “energy
- the fossil-fuel issue demands reduced cnergy consump- subsidies” from the abundant, cheap fossil fuels, so the
“tion, which is contrary to the political goal of economic implications of feduced oil availability are large and dif-
growth. Without a comprehensive assessment of world ficult to contemplate. Ecologists are well positioned to
energy supply and démand, as well as public discussion of . provide essential analysis and expertise that can assist
limits to growth, it seems certain the nearterm future will .society in making the transition: to the postpetroleum
be filled with political rhetoric and international conflict world.
rather than honest dialog and transparent governance. An important function for ecologists and conservation

biologists in a declining fossil-fucl worid is to study and

call attention to the types of human actions that will

Conclusions - cause fundamental damage to ecological systems. Sound-
: ing the alarm and taking action are consistent with past
Limited availability of fossil fuels likely will have huge and continuing efforts of applied ecologists, but much
effects on 'so_cial and econoemic systems, no matter when current concern is devoted to coping with the externali-
‘the actual peak arrives. Because human activities strongly ties of excessive use of fossil fuels (e.g., climate change,
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environmental damage from fossil-fuel extraction, ‘soci-
eties dependent on economic growth), whereas the post-
peak shift will necessitate social adaptation to reduced
energy consumption, driving humans to compensate in
ways that typically have been studied in developing soci-
eties. Preparing for an encrgy-scarce future necessitates
allowing for energy-depletion scenarios in a wide range
of future_—orieﬁted studies, including climate- or land-use-
change impact assessments and strategic conservation
planning (Clark ct al. 2001). In view of the large body of
supporting evidence, and significance of potential con-
sequences, the ramifications of peak oil should be con-
sidered serious enough to be pursued with considerable
time and resources. Inclusion of peak-oil scenarios in inte-
grated global and regional vulnerability assessments and
impact studies will allow the study of peak oil to move be-
yond the general qualitative statements of Table 1 toward
quantitative, more detailed, nuanced, and policy-oriented
assessments.

The rise of modern western civilization is not merely a
product of human ingenuity and free-market principles.
An often neglected but crucial factor in this process was

the immense flow of fossil energy, which provided hu-
© mans With significant competitive advantages over other
organisms. In other words, humans found a tremendously
profitable energy niche within the ecological system of
the planct. But what will happen if this niche closes up?
We argue that this will be the greatest social and envi-
ronmental challenge of the 21st century, and both theo-
retical and applied ecologists will have significant roles
and responsibilities in understanding and managing the
transition process from today’s oil-addicted growth econ-
omy focused on dominating nature to a smailer, more
cooperative, and more sustainable world economy,
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