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Abstract. There is widespread agreement in the natural sciences that observed in-
creases in average global temperatures over the past century are due in large part to
the anthropogenic (human generated) emission of greenhouse gases, primarily stem-
ming from fossil fuel combustion and land use changes (e.g., deforestation). Many
social processes have been identified for their contribution to climate change. How-
ever, few theoretical approaches have been used to study systematically the relations of
the social with the biosphere. Our goal is to illustrate how the theory of metabolic rift
provides a powerful approach for understanding human influence on the carbon cycle
and global climate change. We extend the discussions of metabolism (the relationship
of exchange between nature and humans) and metabolic rift to the biosphere in general
and to the carbon cycle in particular. We situate our discussion of the metabolic rift in
the historical context of an expanding, global capitalist system that largely influences
the organization of human interactions with the environment. The general properties
of a metabolic rift between nature and society include the disruption or interruption of
natural processes and cycles, the accumulation of waste, and environmental degrada-
tion. Due to capitalism’s inherent expansionary tendencies, technological development
serves to escalate commodity production, which necessitates the burning of fossil fuels
to power the machinery of production. As this process unfolded historically, it served to
flood carbon sinks and generate an accumulation of carbon dioxide in the atmosphere.
Technological “improvements” have actually increased the amount of resources used,
since expansion in production typically outstrips gains in efficiency – a situation known
as the Jevons paradox. The theory of the metabolic rift reveals how capital contributes
to the systematic degradation of the biosphere.

Our aim here is to develop a broad theoretical foundation for under-
standing human influence on the global carbon cycle and the influ-
ence of climatic change (potentially stemming from ruptures in the
carbon cycle) on societies. We build this theoretical foundation by
drawing on sociological research, particularly in the field of environ-
mental sociology, and insights from the historical materialist tradition,
particularly Marx’s concept of metabolic rift as developed by John
Bellamy Foster. We utilized the strengths of metabolic rift theory for
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studying the nature-society dialectic and extend its application to un-
derstand global climate change, examining the connections between
anthropogenic (human generated) influences on the carbon cycle and
the accumulation of carbon in the biosphere, the inability of techno-
logical fixes to solve climate change given the “Jevons paradox,” and
the flooding and destruction of carbon sinks due to the ceaseless drive
to accumulate capital.

The increasing concentration of carbon dioxide (CO2) and other green-
house gases, such as methane, in the atmosphere has likely contributed
to the observed 0.6 ◦C increase in global temperatures over the past
one hundred years. The Intergovernmental Panel on Climate Change
(IPCC) now expects an increase in global temperature of 1.5–6.0 ◦C
over this century.1 Foster notes that an increase of 4 ◦C “would create
an earth that was warmer than at any time in the last 40 million years,”
potentially threatening the survival of human civilization.2 In the year
1999, over 23 billion metric tons of carbon dioxide were released into
the atmosphere from industrial processes, half of it by the United States
and Europe.3 The IPCC estimates that global carbon emissions have
to be reduced by 60 percent to prevent substantial climate change.4

Yet, waste emissions continue to be created at a rate faster than natu-
ral systems can absorb them, contributing to the creation of a global
ecological crisis.

As Rosa and Dietz note, “The capacity to support life on earth – and,
therefore, all societies – depends on the moderating influences of gases
that envelop the planet, warm its surface, and protect it from harmful
radiation.”5 Human existence is perpetuated and social history is cre-
ated through a material exchange with the larger natural world.6 Alter-
ation of this process of material exchange can potentially undermine
the endurance of societies. The conditions found in nature and soci-
ety influence and shape each other. This aspect of life is a constant.
However, the specific ways this exchange is done are determined by a
variety of historically organized social systems.7 For several hundred
years, capitalism has been the global hegemonic economic system,
influencing human interactions with nature.

While the capacity of humans to transform nature in ways detrimental
to societies has long been known, it is only recently that the social
interactions with nature, as well as ecological limits, have become ma-
jor subjects for sociologists.8 The ecological sustainability of human
societies is in question, as the scale of many environmental problems
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continues to escalate.9 Of the multitude of environmental challenges so-
cieties face, global climate change has become one of the most pressing
during the past decade. Physical scientists have conducted substantial
research on the atmosphere and the global climate, widely agreeing that
observed increases in average global temperatures are due to the emis-
sion of greenhouses gases generated by human societies. Increasingly,
social scientists are making important contributions to the literature
on climate change by examining a variety of social variables and so-
cial conditions that contribute to global warming: demographic trends,
political treaties and policies, operations of economic systems, techno-
logical development, fuel efficiency, global inequalities in emissions,
deforestation, social structures, appropriation of global commons, and
ecological debt.10

An important strength of the environmental sociology literature on cli-
mate change is that it takes seriously the position that nature influences
society and society influences nature. In this, it presents a valuable di-
rection for environmental sociology in general. Furthermore, it breaks
away from the reduction of nature to the status of simply being a raw
material (natural resource), which, unfortunately, is quite common in
the mainstream sociological literature.11 Environmental-sociological
research on climate change includes an understanding of the dynamic
relationship between nature and society (where changes in each realm
influence changes in the other) and the identification of the social pro-
cesses that contribute to climate change. There are many important
examples of sociological contributions to our understanding of human
influence on the global climate. Rosa presents how human societies
have an intimate interdependency with their ecological contexts and
how alterations of natural processes can present grave consequences for
the future sustainability of society.12 Rudel analyzes the social forces
that drive deforestation and the role deforestation plays in the accumu-
lation of CO2 in the atmosphere.13 York, Rosa, and Dietz analyze how
demographic and economic factors influence national rates of CO2

emissions, revealing the drivers of global climate change.14 Simply
stated, nature is taken seriously in this literature.

Theorists from the world-systems perspective have made several im-
portant contributions to the literature on global climate change. By
studying the position of countries in a global stratification system, they
are able to reveal how economic inequalities and CO2 emissions are re-
lated. Nations within the core are the primary polluters, given their scale
of production and consumption and influence on the global economy.
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But, scholars such as Roberts, Grimes, Manale, and Kentor have ar-
gued that nations in the periphery remain major CO2 polluters and are
unable to pursue more energy efficient paths of development (which is
assumed to reduce CO2 emissions in time), given that their economic
development is bound and hindered by debt, export dependency, non-
state of the art technology, and a narrow range of production.15 Their
focus is on how the structural conditions in the global society must be
changed to allow for the development of more efficient technologies
and greater efficiencies in energy consumption. Crenshaw and Jenk-
ins highlight how the existence of particular social structures mediates
and directs social interactions with nature. Thus, the historical inheri-
tance of a specific economic system creates unique social patterns and
constraints on how human societies interact with nature.16

A materialist foundation has become the bedrock of many prominent
perspectives and theories in the environmental social sciences: indus-
trial ecology/metabolism, ecological modernization, the treadmill of
production, the “second contradiction” of capitalism, and the metabolic
rift.17 Industrial metabolism studies the throughput of raw materials and
energy sources in productive systems, arguing that societies must ac-
tively regulate this process and develop efficient machinery to diminish
the rate of material consumption. Ecological modernization assumes
that through the ongoing modernization/rationalization of productive
systems and public and private institutions, society will progress to a
“green” state – i.e., environmental regulation and environmentally be-
nign industries will produce a sustainable future, as market economies
continue to develop. The treadmill of production theory runs counter
to ecological modernization. Schnaiberg, the original developer of the
treadmill of production theory, argues that modern societies, particu-
larly market dominated ones, are driven by a relentless commitment
to growth, despite its social and ecological costs. In pursuit of profit,
producers constantly attempt to expand production. With the support of
government, industrial production is allowed to expand, increasing the
demands placed on nature and creating ever-greater amounts of waste.
O’Connor, the principal proponent of the second contradiction of cap-
italism, agrees that modern production systems are growth dependent.
At the same time, O’Connor notes that the expansion of capitalism de-
pletes natural resources, which will then increase the production costs
of capital. In time, he contends, this will create a crisis for capitalism.

All of the previously mentioned theories in environmental sociology
focus on the intersection of the economy and nature. Each of them
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has advanced environmental sociology by taking nature seriously and
making nature a variable of social science. The subject of study has
encouraged a materialist orientation. Yet, at the same time, nature is
often in the background. A central concern of these theories is how
society interacts with nature in ways that are unsustainable, yet little
time is spent analyzing natural processes and cycles: How they operate
on their own; how social interactions, as organized under historical
social systems, affect their operation; and how they are transformed or
disrupted by social processes. In other words, one side of the dialectic
of the nature-society relationship is short-changed.

Later in the article, we present our critique of ecological moderniza-
tion and related approaches, such as industrial ecology. At this point,
we note that both the treadmill of production and the second con-
tradiction of capitalism have become established schools of thought
in environmental sociology. Both have advanced the field, especially
along political economy lines, and we have drawn from them in var-
ious ways. At the same time, we are trying to move beyond them in
some respects. The treadmill of production theory is illuminating in
regards to issues of scale and growth, but it says little about the system
of capitalism, as it pursues endless accumulation of capital and divides
nature and humanity for the sake of profit. The qualitative interactions,
both within society and within nature, are often lost in analyses fo-
cusing on scale.18 The second contradiction of capitalism illuminates
how capital constantly seeks to increase its exploitation of nature and
labor. Furthermore, it raises the issue of how waste can affect eco-
nomic operations. However, for the most part, this theory is focused on
the economic side of the dialectic, as far as how capitalism degrades
nature in its operations and how this will eventually cause economic
crises.19 Natural processes that do not directly influence the conditions
of production are outside this perspective.

Much of the sociological work on climate change details the current
conditions that influence the accumulation of CO2 in the atmosphere,
such as particular political institutions (e.g., international treaties) and
technologies. These studies are needed, but a more systematic, theo-
retical approach to climate change is required for developing a more
thorough understanding of the society-nature dialectic. Previous stud-
ies have not grappled with how global climate change relates to the
historical era of capitalism, which serves as the background condition
shaping social development and interactions. Additionally, most stud-
ies have not dealt with how social interactions have transformed natural
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conditions and processes. The typical study simply notes that human
society has contributed to the accumulation of CO2, which could cause
global climate change. Through understanding the logic of capital and
its development, we consider here how such a social system confronts
natural systems and affects their ability to sustain human life. Fur-
thermore, we present how the accumulation of CO2 in the atmosphere
is tied to the accumulation of capital among the economic elite, how
ongoing environmental destruction contributes to climate change, and
how the structural conditions under the current economic system limit
the ecological benefits of technological development.

Our goal here is to contribute to the development of theory in environ-
mental sociology via the theory of metabolic rift. Foster has described
how Marx approached environmental problems primarily through an
analysis rooted in the metabolism of natural systems, which included
the consideration of the relations among organisms or systems and
their surroundings, as well as the material that is exchanged in these
relationships.20 Metabolism (the relationship of exchange within and
between nature and humans), which is one of the foundational concepts
in ecology, provides an avenue for grappling with both qualitative and
quantitative dimensions of relationships. The theory of metabolic rift
serves as an approach for conceptualizing relationships, but it also pro-
vides the basis for processing the empirical reality of the nature-society
relationship, as any theory should do.21 Furthermore, the metabolic ap-
proach provides the theoretical means to deal with both sides of the
dialectic between society and nature, considering the processes that
take place in each realm, as well as examining how these positions
interact and transform each other.22 Buttel, one of the founders of
environmental sociology, states that the metabolic rift is one of the
most important theories in environmental sociology.23 Furthermore,
metabolism has become a chief concept in environmental sociology
and industrial ecology, especially in Europe.24

We draw upon the strength of metabolic rift theory for studying the
nature-society dialectic and extend its application to understand global
climate change, including human influence on the carbon cycle and its
consequences. Broadly, our discussion consists of linking three major
ideas: 1) the utility of the metabolic rift theory for comprehending re-
cent anthropogenic changes in the global carbon cycle, given capitalist
development; 2) the “Jevons paradox,” where improvements in effi-
ciency actually increase the use of natural resources under capitalist
relations, therefore, diminishing the potential for developing ecological
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sustainability based on technological fixes; and 3) the dialectic between
the flooding and destruction of carbon sinks and the endless pursuit of
capital accumulation.

To accomplish our tasks, we start with a discussion of metabolism and
the metabolic rift, as conceived by Justus von Liebig, Karl Marx, and
most recently John Bellamy Foster. Although this theory has been used
primarily to describe soil crises, we extend this model to the biosphere
at large to help to understand better humans’ interactions with nature
and the emergence of anthropogenic climate change. We follow with
a brief discussion of the history of the biosphere, specifically focusing
on the atmosphere and the carbon cycle. We then discuss the techno-
logical development of capitalism and the logic of capital. In this, we
contextualize recent climate change within the historical era of capi-
talism to understand changes in carbon metabolism, the accumulation
of capital, and the carbon rift. The problem of the “Jevons paradox”
is raised in regard to technological fixes to resource usage, and a cri-
tique of ecological modernization flows from this analysis. Our study
culminates in a discussion of how natural carbon sinks are being both
destroyed and flooded at the same time. Given the logic of capital and
its drive for the accumulation of capital, refinements in the operations
of capitalism will not mend the metabolic rift. Thus, the transcendence
of the growth driven, capitalist system is necessary if ecological sus-
tainability is to be obtained. Global climate change, although not the
only environmental problem, is one of the most important environmen-
tal issues facing humanity. Short of systematic transformation, global
climate change may produce alterations in the atmosphere, which could
threaten the survival of many species, including humans. The theory
of the metabolic rift illuminates the full dimensions of this environ-
mental problem and its relationship to our society, as it is currently
structured.

Metabolism and the metabolic rift

The theory of the metabolic rift draws upon the historical development
of the term within the natural sciences, as well as how Marx used it
to study environmental problems. In the 1850s and 1860s, agricultural
chemists and agronomists in Britain, France, Germany, and the United
States alerted people to the loss of soil nutrients – such as nitrogen,
phosphorus, and potassium – through the transfer of food and fiber
from the country to the cities. In contrast to traditional agricultural



398

production where essential nutrients were returned to the soil, cap-
italist agriculture transported nutrients essential for replenishing the
soil, in the form of food and other crops, hundreds, even thousands, of
miles to urban areas, where they ended up as waste. In 1859, Justus von
Liebig, the great German chemist, argued that the intensive methods
of British agriculture were a system of robbery, as opposed to rational
agriculture.25 The soil was depleted continually of its necessary nutri-
ents, decreasing the productive potential of the land. The degradation
of the soil led to a greater concentration of agricultural land among a
small number of proprietors who adopted even more intensive methods
of production, including the application of artificial fertilizers, which
placed demands on other natural resources. Thus, attempts to “solve”
the rift (loss of soil nutrients) created additional rifts and failed to solve
the primary problem, given the continuation of production based on
the accumulation of capital.

German physiologists in the 1830s and 1840s adopted the term
“metabolism” (which was introduced around 1815) to describe the
“material exchanges within the body, related to respiration.”26 Liebig
applied the term on a wider basis, using it to refer to metabolic pro-
cesses in relation to “tissue degradation” and as a key concept for
understanding the processes at both “the cellular level and in the anal-
ysis of entire organisms.”27 Marx employed the concept of metabolism
to refer to “the complex, dynamic interchange between human beings
and nature.”28 For Marx, there is a necessary “metabolic interaction”
between humans and the earth.29 Marx contended that “man lives on
nature” and that in this dependent relationship “nature is his body,
with which he must remain in continuous interchange if he is not to
die.”30 Thus, a sustainable social metabolism is “prescribed by the nat-
ural laws of life itself.”31 Labor is the process in which humans interact
with nature through the exchange of organic matter.32 In this metabolic
relationship, humans both confront the nature-imposed conditions of
the processes found in the material world and affect these processes
through labor (and the associated structure of production). Marx, in
studying the work of soil chemists, recognized that Liebig’s critique of
modern agriculture complemented and paralleled his own critique of
political economy.33

The natural conditions found in the world, such as soil fertility and
species of plants in a country, are, in part, “bound up with the social re-
lations of the time.”34 Capitalism created an “irreparable rift” (rupture)
in the metabolic interaction between humans and the earth, one that
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is only intensified by large-scale agriculture, long-distance trade, mas-
sive urban growth, and large and growing synthetic inputs (chemical
fertilizers) into the soil. The pursuit of profit sacrificed reinvestment in
the land, causing the degradation of nature through depleting the soil
of necessary nutrients and despoiling cities with the accumulation of
waste as pollution.35 The metabolic rift was deepened and extended
with time, as capitalism systematically violated the basic conditions of
sustainability on an increasingly large scale (both internally and exter-
nally), through soil intensification and global transportation of nutri-
ents, food, and fiber.36 Marx noted that humans’ metabolic interaction
with nature serves as the “regulative law of social production.”37 Cap-
italism is unable to maintain the conditions necessary for the recycling
of nutrients. In this capitalism creates a rift in our social metabolism
with nature. In fact, the development of capitalism continues to in-
tensify the rift in agriculture and creates rifts in other realms of the
society-nature relationship, such as the introduction of artificial fertil-
izers. Incidentally, food production has increased through expanding
agricultural production to less fertile land – depleting the nutrients in
these areas – and through the incorporation of large quantities of oil in
the agricultural process, used in the synthesis of chemical fertilizers and
pesticides, contributing to the carbon rift. Modern agriculture has be-
come the art of turning oil into food. Constant inputs are needed simply
to sustain this operation, given the depletion of the soil.38 Marx argued
that the “systematic restoration” of this metabolic relation, through a
system of associated producers, was required to govern and regulate
the material interchange between humans and nature.39

The metabolic rift theory has become a powerful conceptual tool for
analyzing human interactions with nature and ecological degradation,
especially regarding agricultural production.40 Foster illustrates how
Marx’s conception of the metabolic rift under capitalism illuminates
social-natural relations and the degradation of nature in a number of
ways: (1) “The decline in the natural fertility of the soil due to the
disruption of the soil nutrient cycle,” through transferring nutrients over
long-distances to new locations; (2) new scientific and technological
developments, under capitalist relations, increase the exploitation of
nature, intensifying the degradation of the soil, expanding the rift; and
(3) the nutrients transferred to the city accumulate as waste and become
a pollution problem.41

Here, we extend the theory of metabolic rift to the carbon cycle
and global climate change. In this extension, we utilize the general
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properties provided by Marx’s model of a metabolic rift, as well as the
processes of the carbon cycle, where “climate is intimately embedded
within human ecosystems.”42 A “metabolic rift” refers to an ecologi-
cal rupture in the metabolism of a system. The natural processes and
cycles (such as the soil nutrient cycle) are interrupted. The division be-
tween town and country is a particular geographical manifestation of
the metabolic rift, in regards to the soil nutrient cycle. But the essence
of a metabolic rift is the rupture or interruption of a natural system. Our
analysis of the carbon cycle and climate change follows this notion, ex-
tending the metabolic rift to a new realm of analysis. The metabolic rift
also entails the division of nature, which is tied to the division of labor,
as the world is subdivided to enhance the accumulation of capital.43

Materials and energy are transformed into new forms. In this process,
environmental degradation takes place, leading to the accumulation of
pollution.44 Lastly, attempts to remedy metabolic rifts, without sys-
tematic change to the current political-economic system, compound
the problems associated with rifts between the social metabolism and
natural metabolism.

Metabolic rifts, like any social issue, need to be historically contextu-
alized. For this article, the principal time period considered is the era of
global capitalism, which to a large extent is the primary force organiz-
ing the social metabolism. Through the application of metabolic and
rift analysis, we provide a better understanding of the dynamic rela-
tionships involved in global climate change. But to understand global
climate change, the accumulation of CO2 in the atmosphere, and the
anthropogenic drivers of current patterns in CO2 emissions, we provide
a discussion of the biosphere and the carbon cycle.

The formation of the biosphere and the structure of the carbon cycle

The composition of gases in the atmosphere was not always as it is to-
day or even as it has been in previous centuries. In 1926, Vladimir
Vernadsky argued that the emergence of life from nature radically
transformed the conditions that made emergence possible and illu-
minated how the biosphere was created.45 Life – in interaction with
the existing environment – created the atmosphere, as we know it. Life
exists only in the lower regions of the sky and upper regions of the soil
and ocean. An interrelationship between living and nonliving materials
within the biosphere produces a cycling of chemical elements. Thus,
the history of life and the biosphere is a story of coevolution.46
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The composition of gases in the atmosphere is the product of bio-
logical processes on Earth. Three billion years ago the Earth’s atmo-
sphere had a dramatically lower concentration of oxygen than it does
today. Unsurprisingly, anaerobic bacteria (i.e., bacteria that survive
in the absence of oxygen) dominated the Earth. The long evolution-
ary history of bacteria led to numerous transformations that greatly
affected the composition of gases in the atmosphere. Early bacteria
survived by fermentation, breaking down the sugars and chemicals
existing in the surrounding environment.47 Some bacteria developed
the ability to fix nitrogen. The early form of photosynthesis devel-
oped by bacteria used hydrogen sulfide from volcanoes as a source
of hydrogen and combined it with energy from sunlight and carbon
dioxide from the air to create organic compounds. At this time, oxy-
gen was not produced in this process, given that water was not used in
photosynthesis.

Fermenting bacteria metabolizing sugars produced methane and car-
bon dioxide as waste products, helping to create the conditions to hold
heat within the biosphere. Further evolutionary changes in bacteria led
to the development of a special type of blue-green bacteria (a distant
ancestor to the modern era’s blue-green algae) that developed the ability
to use sunlight of higher energy to split the stronger bonds of hydrogen
and oxygen found in water. The hydrogen was used for building sugars,
while the oxygen was released. Over time, free oxygen began to accu-
mulate in the environment. In this state, it reacted with organic matter
and produced free radicals, which led to the destruction of essential bio-
chemical compounds and carbohydrates in nature. Oxygen pollution
killed numerous species. The bacterial world experienced a punctu-
ated change in evolutionary history, as blue-green bacteria developed
the ability to engage both in photosynthesis, producing oxygen, and in
respiration, utilizing oxygen from the atmosphere. After over a billion
years of evolution, life created a mixture of atmospheric gases that pro-
vided the conditions for the evolution of oxygen-breathing organisms.

Life on earth depends upon energy from the sun for its existence. The
sun’s energy is captured by plants, which store and convert it into chem-
ical energy for its own growth. At the same time, animals eat plants
to derive the necessary energy for their lives. Through plants and ani-
mals, energy is captured, stored, converted, and deposited throughout
the environment, maintaining a viable world for life and its evolution-
ary processes. Fossil fuels hidden deep within the earth are the remains
of past life, especially the first wave of gigantic ferns and giant trees.48
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This past life captured energy, helping make life possible on the land; at
the same time, these plants stored energy in their cells, before they were
buried deep within the earth. Historic geological processes effectively
concentrated energy by removing large quantities of carbon (in the form
of hydrocarbons) from the biosphere and burying it deep underground.
Otherwise, the energy in the biosphere is primarily stored in plants
until they die and release this energy through decay or combustion.

Since the time that oxygen-breathing organisms evolved, the principal
gases that envelop the earth have been roughly stable at approximately
the current level – nitrogen comprises 78 percent of the atmosphere and
oxygen approximately 21 percent. Trace gases, including greenhouse
gases such as CO2, make up the remaining fraction, which regulate
the “temperature to life-supporting levels.”49 Jean-Baptiste Fourier,
in the 1800s, was the first to propose that the air in the atmosphere
trapped heat to warm the planet.50 With further research, CO2 and
other greenhouse gases, which make up only a small proportion of
gases in the atmosphere, were recognized as the gases that warmed
the earth (the “greenhouse effect”) to create a habitable climate.51 The
concentration of these greenhouse gases in the atmosphere has changed
substantially over geological, and even historic, time.

The carbon cycle involves the whole biosphere, as carbon moves
through the air, rocks, soil, water, and all living things in a cyclical
process. All life is dependent on this process, and carbon serves as “the
principal element of which all living beings . . . are made.”52 In part,
carbon is absorbed and contained in nonliving forms, such as oceans,
glaciers, and rocks, which serve as sinks, helping limit the accumula-
tion of CO2 in the atmosphere. Carbon from the atmosphere enters the
life cycle through carbon fixation (a process that Liebig helped con-
firm), where plants’ photosynthetic process converts – in conjunction
with water, chlorophyll, and the sun’s energy – CO2 into carbohydrates
and oxygen.53 From this point, some carbon reenters the atmosphere
through the respiration of plants. But much of the carbon is passed
on to other species, and onward through the food chain, where carbon
enters the soil and water as waste, as dead matter, or as CO2 through
the respiration of animals. Thus, CO2 is released into the atmosphere
only to be recirculated to the earth through a variety of pathways in
natural processes.

Over the past 400,000 years, the carbon cycle and climate system have
operated in a relatively constrained manner, sustaining the temperature
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of the earth and maintaining the balance of gases in the atmosphere.54

Understanding the basic operations of the carbon cycle is necessary for
understanding climate change. The historic accumulation of CO2 in the
atmosphere involves the rupture of the carbon cycle. Human societies,
in their metabolic exchange of materials with the environment, serve
as the driving force creating a rift in the carbon cycle. The long-term
consequences of this rift are potentially severe.

The expansion of capitalist production and the accumulation
of carbon dioxide in the biosphere

The advent of Homo sapiens brought forth unprecedented social in-
teractions with nature, which included the purposeful use of fire. The
anthropogenic burning of plants and trees released stored solar energy
into the atmosphere. The ability to control fire decreased human vul-
nerability to nature. Of course, it was not until the rise of capitalism,
and especially the development of industrial capital, that anthropogenic
CO2 emissions greatly expanded in scale, through the burning of coal
and petroleum, exploiting the historic stock of energy that was stored
deep in the earth and releasing it back into the atmosphere. As a result,
the concentration of CO2 in the atmosphere has increased dramatically,
overwhelming the ability of natural sinks – which have also been dis-
rupted by anthropogenic forces – to absorb the additional carbon and
leading to climate change.

To understand the rift in carbon metabolism, one needs to understand
the forces that drive CO2 emissions. It is now widely recognized that
humans alter the global climate “by interference with the natural flows
of energy through changes in atmospheric composition . . . . Global
changes in atmospheric composition occur from anthropogenic emis-
sions of greenhouse gases, such as carbon dioxide that results from the
burning of fossil fuels and methane and nitrous oxide from multiple
human activities.”55 Much worse, “we have driven the Earth system
from the tightly bounded domain of glacial-interglacial dynamics,”
one that defined the Earth system for over 400,000 years.56 While not
recognizing the potential dangers associated with increasing global
temperatures, Arrhenius in 1896 noted that industrial operations were
contributing to an increase of the CO2 in the natural world.57 We know
now that the quantity of CO2 in the atmosphere “has increased 31
percent since preindustrial times” and that “half of the increase has
been since 1965.”58 Yet relatively little research has considered the
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anthropogenic drivers of CO2 emissions or the systematic forces that
organize social production and the release of CO2 in the process.59

Often industrialism is identified as the principal factor behind global
warming, but this position fails to recognize that industrialism is em-
bedded within a particular global economic system. Understanding
the forces and operations of capitalism is necessary for gaining per-
spective on how industrial social relations function as well as how
the human-nature interchange under this system contributes to global
climate change. This is not to say that other economic systems do
not perpetrate and contribute to environmental degradation. Soviet-
type societies caused immense environmental deterioration, but this
does not negate the importance and urgency of analyzing the social
relations, operations, and development of capitalism since it is the
political-economic system that is dominant in the world today.

Environmental crises have existed throughout human history.60 In
fact, Moore argues that the birth of capitalism was pushed forward,
in part, by environmental contradictions and crises in feudalism,
namely a metabolic rift particular to the structure of feudal agricul-
tural production.61 His analysis advances by detailing how capital-
ist agricultural production continued to create a metabolic rift, but it
found temporary relief through establishing a global economy, which
increasingly incorporated the world into a metabolic rift of global pro-
portions as agricultural goods (food and fiber) were transferred from
colonies to European nations. Seeking endless accumulation of capi-
tal, agricultural practices were intensified, as land was consolidated into
fewer hands. Foster, through an historical analysis of Liebig and Marx,
documents the reemergence of a soil crisis in Europe in the 1800s.62

Foster and Clark present how this soil crisis led to the global trade
of guano to fertilize fields in Europe and eventually to the develop-
ment of artificial fertilizers, which ever since have been used in larger
quantities, despite the associated environmental problems that they
create.63

The same logic that dictated the expansion and intensification of agri-
cultural production fueled the drive behind the productive systems in
cities.64 In fact, the conditions within cities were in part a consequence
of the transformation in the countryside, as people were swept from the
land through the concentration of land among fewer landholders. The
metabolic rift in the soil nutrient cycle continued to expand with the di-
vision between town and country, and new metabolic rifts were being
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created with the development of capitalism.65 After being separated
from the land, people were forced to seek work in the cities, struggling
for survival, under the anarchy of the market.66 At this point, capi-
talism’s development of technology and its separation from the hands
of workers is important. At first, human bodies operated tools, exert-
ing energy for the production of commodities. But the drive to main-
tain the continuity of production fostered scientific and technological
development.67 Marx discusses how the motive force of production was
transformed from humans to machines. Labor experienced a greater
division of labor, as the mechanization of tools freed capitalism from
the limitations of individual workers’ labor power through the use of
natural forces and parts of nature were transformed into fuel for the
new machines. Tools became embedded within machines that labor
operated. Production took place on a greater scale, demanding more
energy to sustain operations. Marx commented:

An increase in the size of the machine and the number of its working tools
calls for a more massive mechanism to drive it; and this mechanism, in order
to overcome its own inertia, requires a mightier moving power than that of
man, quite apart from the fact that man is a very imperfect instrument for
producing uniform and continuous motion.68

The movement from human motive power to water and wind to coal-
driven steam-engines transformed capitalist production, increasing the
scale of production by pushing up labor productivity to historically
unprecedented levels, and by deepening the exploitation of nature and
labor.69

Marx outlined how “the growth of machinery and of the division of
labor” allowed more commodities to be produced “in a shorter time”
and how “the store of raw materials must grow” at the same time.70

All of this directly requires increases in the quantity of matter-energy
throughput, for the expansion of production in the pursuit of the accu-
mulation of capital on a greater scale. Marx explained,

The material forms of existence of the constant capital, however, the means of
production, do not consist only of such means of labour, but also of material
for labour at the most varied stages of elaboration, as well as ancillary mate-
rials. As the scale of production grows, and the productive power of labour
grows through cooperation, division of labour, machinery, etc., so does the
mass of raw material, ancillaries, etc. that go into the daily reproduction
process . . . .there must always be a greater store of raw material, etc. at the
place of production than is used up daily or weekly.71

Thus, Marx highlights how the drive to accumulate capital fueled the
development of industrial productive forces, which at the same time,
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created a growing need for raw materials mined from the earth to power
the machines. As capitalism continues to grow, more capital is used to
purchase “raw materials and the fuels required to drive the machines.”72

Thus, an expansion in productivity and technological development un-
der capitalism increases the quantity of energy throughput that is re-
quired to expand the accumulation of capital. The operations of capital-
ist production became dependent on a constant supply of raw materials
that could sustain its operations on an ever-greater scale. Thus, capi-
tal, as Foster explains, was pushed “to structure the energy economy
around fossil fuels (a reality that is now deeply entrenched).”73

Just as the expansion of capitalist agricultural production globalized
the metabolic rift of the soil nutrient cycle, capitalist expansion pushed
forward technological development that allowed industrial production
to take place at ever-greater levels. Previous modes of production pri-
marily lived and operated within the “solar-income constraint,” which
involves using the immediate energy captured and provided by the sun.
By mining the earth to remove stored energy (past plants and animals)
to fuel machines of production, capitalist production has “broken the
solar-income budget constraint, and this has thrown [society] out of
ecological equilibrium with the rest of the biosphere.”74 Daly warns
that, as a result of these developments, natural cycles are overloaded
and the “life-support services of nature are impaired” because of “too
large a throughput from the human sector.”75 The ability to take coal
and petroleum from the earth accelerated the expansion of capital, re-
leasing large quantities of CO2 into the atmosphere. This pattern, just
as the rift in the soil nutrient cycle, continues, given the logic of capital.

Ongoing capitalist development continues to dump CO2 into the atmo-
sphere, placing greater demands upon the carbon cycle to metabolize
this material. This uneven process only worsens, given the character
of capital. To survive, capital must expand. It is engaged in a process
of ceaseless expansion and constant motion. Schumpeter asserted that
“capitalism is a process, stationary capitalism would be a contradictio
in adjecto.”76 Marx emphasized that capitalism is a dynamic economic
system functioning by and for the accumulation of wealth:

However, as representative of the general form of wealth – money – capital is
the endless and limitless drive to go beyond its limiting barrier. Every bound-
ary [Grenze] is and has to be a barrier [Schranke] for it. Else it would cease to
be capital — money as self-reproductive. If ever it perceived a certain bound-
ary not as a barrier, but became comfortable within it as a boundary, it would
itself have declined from exchange value to use value, from the general form
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of wealth to a specific, substantial mode of the same. Capital as such creates
a specific value because it cannot create an infinite one all at once; but it is the
constant movement to create more of the same. The quantitative boundary of
the surplus value appears to it as a mere natural barrier, as a necessity which
it constantly tries to violate and beyond which it constantly seeks to go.77

The operation of the capitalist system is a constant struggle to transcend
existing barriers, both social and natural (such as operating within the
regulative laws of natural cycles), while at the same time it creates
new barriers (such as natural limits and rifts in metabolic cycles), as
the world is reshaped and reorganized in the pursuit of profit. Given
that capitalism operates globally, there is no natural confinement or
pressure to stop the ruin of ecosystems, short of global collapse.78

Thus, the basic characteristic of capitalism “is that it is a system of
self-expanding value in which accumulation of economic surplus –
rooted in exploitation and given the force of law by competition – must
occur on an ever-larger scale.”79 The accumulation of capital remains
the primary objective in capitalist economies. Sweezy perceptively
described the accumulation process and its relationship to nature, in
stating,

a system driven by capital accumulation is one that never stands still, one that
is forever changing, adopting new and discarding old methods of production
and distribution, opening up new territories, subjecting to its purposes so-
cieties too weak to protect themselves. Caught up in this process of restless
innovation and expansion, the system rides roughshod over even its own
beneficiaries if they get in its way or fall by the roadside. As far as the nat-
ural environment is concerned, capitalism perceives it not as something to
be cherished and enjoyed but as a means to the paramount ends of profit-
making and still more capital accumulation.80

In some respects, this is a self-propelling process, as the surplus accu-
mulated at one stage becomes the investment fund for the next (such as
technological development to expand or improve production). In this,
the scale of capitalist operation is ever-increasing, driven by ceaseless
economic growth. To sustain this process, capital requires constant ac-
cess to, and an increasingly large supply of, natural materials (e.g.,
petroleum). Capital freely appropriates nature’s supplies and leaves
wastes behind.81 As the economic system grows under capitalism, the
throughputs of materials and energy increase and capital incorporates
ever-larger amounts of natural resources into its operations.

The law of value remains central to understanding capitalism and the
ecological crisis.82 For Marx, “The earth . . . is active as an agent of
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production in the production of a use-value.”83 But the value of a par-
ticular commodity under the capitalist system is measured in terms
of abstract social labor. Any commodity’s value is determined by its
socially necessary labor time. Value is put forward in opposition to
land and labor, the “original sources of all wealth.”84 For example,
the value of oil is determined by the human labor embodied in the
obtaining and processing of the oil and the capital invested in the
operation. The value of oil has nothing to do with nature or natural
cycles. A contradiction exists between the accumulation of value in
the form of abstract social labor and value in the form of the accu-
mulation of material processes. Under capitalism, money serves as the
equivalent of value. It is the reification of universal labor-time, “the
product of universal alienation and of the suppression of all individual
labour,”85 and “a form of social existence separated from the natural
existence of the commodity.”86 Money mystifies labor and nature. In
exchange, the qualitative dimensions of social production are erased.
“Money ‘solves,”’ Burkett notes, “the contradiction between the gen-
erality of value and the particularity of use values by abstracting from
the qualitative differentiation of useful labor as conditioned by the ma-
terial diversity of human and extra-human nature – the true sources of
wealth.”87

There is no drive to maintain the social metabolism in relation to the
natural metabolism (a measure of sustainability) under capital. Cap-
ital cannot operate under conditions that require the reinvestment of
capital into the maintenance of nature. Short-term profits provide the
immediate pulse of capitalism. Capital is dictated by the competition
for the accumulation of wealth.88 Money serves as a universal measure
and means for international trade and aids capital in its international
expansion, as it incorporates more people and nature into the global
system. The monetary process comes to dominate the organization of
the material processes of production. In this, capitalism successfully
conquers the earth (including the atmosphere), taking its destructive
field of operation to the planetary level. The exploitation of nature is
universalized, increasingly bringing all of nature within the sphere of
the economy, subjecting it to the rationality of profitability.89 Capital is
the systematic force organizing social production and driving industri-
alism to intensify the exploitation of nature. Given the logic of capital
and its basic operations, the rift in the carbon cycle and global climate
change are intrinsically tied to capitalism. In fact, the continued exis-
tence of capitalism guarantees the continuation of these events. “Short
of human extinction, there is no sense in which capitalism can be relied
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upon to permanently ‘break down’ under the weight of its depletion
and degradation of natural wealth.”90

Numerous human activities contribute to the accumulation of CO2 and
global climate change, including deforestation, desertification, and ex-
panded agricultural production, but the burning of fossil fuel is the pri-
mary source of greenhouse gases.91 CO2 is the most abundant green-
house gas. Society adds “carbon to the atmosphere at a level that is
equal to about 7 percent of the natural carbon exchange of atmosphere
and oceans.”92 The increasing concentrations of greenhouse gases have
contributed to the warming of the earth, making the mean global tem-
peratures in the 1990s the “warmest ever recorded.”93

Capitalism, organizing the social relations of commodity production,
effectively plunders the historical stock of concentrated energy that has
been removed from the biosphere only to transform and transfer this
stored energy (coal, oil, and natural gas) from the recesses of the earth to
the atmosphere in the form of CO2. In this, capitalism is disrupting the
carbon cycle by adding CO2 to the atmosphere at an accelerating rate.
At the same time, capital’s constant demand for energy necessitates
the continual plundering of the earth for new reserves of fossil fuel.94

With over 23 billion metric tons of CO2 released into the atmosphere
per year, capitalist production is creating “waste emissions faster than
natural systems can absorb them.”95 As a result, CO2 is accumulating
– as atmospheric waste – at alarming rates, warming the earth, and
potentially causing dramatic climate change.

The Jevons paradox: A dilemma for ecological modernization

Scientific recognition of the accumulation of CO2 and climate change
has made CO2 emissions a major social concern and culminated
in social pressure throughout the world to reduce emissions. Capi-
tal and neoclassical economists attempt to assuage fears of environ-
mental deterioration as an inherent part of capitalist economic op-
erations. They typically assert that capitalist development will lead
to improved technologies and efficient raw material usage, and that
this will decrease emissions and environmental degradation. They ar-
gue there is an “environmental Kuznets curve” (EKC) for many types
of environmental impacts. The EKC suggests that environmental im-
pacts, such as pollution, increase in the early stages of development
within nations as an industrial economy is established, but level off
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and eventually decline as economies “mature,” because environmen-
tal quality is a luxury good, affordable only by the affluent.96 Pro-
ponents of “green capitalism,” such as Paul Hawken, advocate that
if the value of nature were properly accounted for, capitalism would
develop in an ecologically benign direction.97 In other words, they ar-
gue that through innovative technological development and appropriate
reformist government policy, the economy can be dematerialized, re-
ducing the throughput of raw materials and energy that the system
requires.98

Ecological modernization theorists follow this “socio-techno” opti-
mism, claiming that the forces of modernization lead to the demate-
rialization of society and the decoupling of the economy from energy
and material consumption, allowing human society, under capitalism,
to transcend the environmental crisis.99 In particular, ecological mod-
ernization theorists argue that rationality, a cornerstone of modernity,
percolates into all institutions of “advanced” societies.100 This process
leads to the emergence of “ecological rationality,” which focuses on the
necessity of maintaining the resources and ecosystem functions upon
which societies depend, and shifts the focus away from the pure eco-
nomic rationality that prevailed in the early stages of modernization.
Ecological modernization theory is at base a functionalist theory in
that it does not see the emergence of ecological rationality as coming
primarily from social conflict, but rather from ecological enlighten-
ment within the key institutions in societies. Ecological modernization
theorists contend, then, that radical ecological reform does not require
radical social reform – i.e., the institutions of capitalist modernity can
avert a global environmental crisis without a fundamental restructuring
of the social order.

In the same vein, Boltanski and Chiapello argue that capitalism is a
flexible system that is able to respond to social and natural barriers,
social movements, and criticism. It is a system that can incorporate an
interest for the common good of society into its operations. In fact,
past criticisms of the system have helped direct capitalism in ways that
allow it to flourish in order to meet social needs and desires. Expanding
knowledge is seen as a force that propels bureaucrats and capitalists to
respond readily to social concerns.101

Of course, Marxist scholars would not deny that capitalism is a dynamic
system. However, the likelihood of capital pursuing the common or so-
cial good (and by extension environmental sustainability) is contested.
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Nonetheless, ecological modernization theorists and others of this per-
suasion believe that capitalism is fully able to respond to climate change
through pursuing socio-technical innovation, without challenging the
prevailing political-economic structure. Our contention is neither that
economic growth has not produced new technologies that are more
efficient nor that improvements in technology that reduce some types
of pollution have not taken place. Rather, we contend that the belief
that these changes lead to benign ecological relationships needs further
consideration, especially considering that capitalist expansion of com-
modity production – which includes energy sources as throughputs –
has outstripped improvements in the efficiency of energy use. Empiri-
cal research suggests that carbon efficiency (economic output per unit
of carbon emissions) may follow an EKC, but per capita emissions
increase monotonically with economic development.102 Ironically, the
most efficient nations are often, in fact, the biggest consumers of natural
resources.103

William Stanley Jevons, in The Coal Question, explained that im-
proved efficiency in the use of coal made coal more cost effective
as an energy source and therefore more desirable to consumers. Thus,
he argued, greater efficiency in resource use often leads to increased
consumption of resources.104 This relationship has become known as
the Jevons Paradox.105 Jevons pointed to an observed relationship be-
tween efficiency and total consumption, but he did not explain why
this was the case. He needed to connect this fact – that rising effi-
ciency is associated with rising consumption, at least in the case of
coal – with the drive for the accumulation of capital, which entails the
continued material consumption of transformed nature to fuel its oper-
ations. Dowd explains how capitalist production for the accumulation
of capital, rather than production to meet social needs and the demands
of environmental sustainability, generates enormous waste throughout
its operations. Given capital’s “need for substantial economic expan-
sion,” it produces ever-greater amounts of waste, in concentrations
that threaten the ecosystem.106 Empirical research and other analyses
support the contention that economic growth and expansion typically
outstrip gains made in efficiency.107

Straightforward calculations based on aggregate data for a selection
of “advanced” capitalist nations illustrate the paradoxical relationship
between efficiency and resource consumption. Over the period 1975
to 1996, the carbon efficiency of the economy – economic output,
measured in terms of gross domestic product (GDP), per metric ton
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Table 1. Changes in the economic carbon efficiency (GDP per unit of CO2 emis-
sions), total CO2 emissions, and CO2 emissions per capita of four “advanced”
capitalist nations between 1975 and 1996.

Carbon Total CO2 CO2 emissions
Nation efficiency (change) emissions (change) per capita (change)

United States + 34.0 percent + 29.7 percent + 5.9 percent

Netherlands + 30.1 percent + 24.3 percent + 9.1 percent

Japan + 64.0 percent + 25.9 percent + 12.0 percent

Austria + 50.2 percent + 11.6 percent + 4.9 percent

Note. The calculations are based on data presented by Matthews et al. (2000).

of CO2 emissions – increased dramatically in the United States, the
Netherlands, Japan, and Austria (see Table 1). However, over this same
period, total CO2 emissions, and even per capita emissions, increased
in all four of these nations despite the improvements in efficiency (see
Table 1).108 Thus, gains in the efficiency of the use of fossil fuel have
typically resulted in the expansion of their use in industrialized cap-
italist nations. As a result, carbon emissions generally increase with
modernization and its concomitant “improvements” in technology and
gains in efficiency.109 It is noteworthy that Marx explained that capi-
talism prevents the truly rational application of new science and tech-
nologies because they are simply used to expand the operations of
capital.110

Capitalism, at this stage of its development, depends upon massive
quantities of fossil fuel in order to continue to operate at the current
scale of production, to say nothing of an increasing scale of produc-
tion. Thus, state market policies and carbon sequestration technolo-
gies are ploys to continue capitalist production as is, and they are
unlikely to deal directly with global climate change. Market policies
are simply rhetoric, and sequestration technologies would have their
own ecological concerns and are likely too large-scale to operate and
too expensive to fund in the capitalist economic system.111 The recov-
ery of agricultural nutrients has proven to be insurmountable under
capitalism for over a hundred years. Thus, a massive quantity of ar-
tificial fertilizer and oil – which contributes to the accumulation of
CO2 – is needed to sustain food production. Recovering carbon waste
from the atmosphere will likely prove to be a much more difficult task.
The social structure of the capitalist system sets limits and constraints
on what mitigating actions will and can be taken.112 All the while,
the rift in the carbon cycle continues to deepen, as CO2 continues
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to accumulate in the atmosphere, while capital pursues profit. Thus
the social project to mend the carbon rift is not simply a techno-
logical one, but it requires the struggle to establish an entirely new
social metabolism with nature. In fact, this requires a new social sys-
tem driven by human development (which by necessity must also be
ecological to sustain the conditions of life), not the accumulation of
capital.113

The disruption and flooding of carbon sinks

Since modern capitalist societies are emitting CO2 into the atmosphere
at an extraordinary and escalating pace, it is important to understand
what happens to carbon when it enters the atmosphere. CO2 has a
long atmospheric lifetime, remaining in the atmosphere for up to 120
years.114 As described earlier, carbon has an established cycle, where
it moves through the biosphere, being absorbed by plants, to be used
in the production of carbohydrates before being released back into the
atmosphere through a variety of pathways. Oceans and forests serve as
natural sinks, absorbing large quantities of CO2.

The creation of a rift at one point in a cycle (i.e., the accumulation of
CO2 in the atmosphere) can generate system-wide crises. The gravity
of the situation in regard to the carbon cycle in the current historical era
is that capitalism is disrupting the carbon cycle at two points, further
complicating matters. The circulation of carbon and the stabilization of
it within certain parameters depend on the availability of carbon sinks
and their ability to absorb CO2. The oceans and forests are the largest
and primary sinks for CO2, but the amount of CO2 in the atmosphere
has exceeded the capacity of nature to absorb these gases. Thus, the
sinks may be approaching the limits of their capacity to sequester car-
bon, as environmental destruction throughout the world degrades and
depletes them. The oceans influence the concentration of CO2 in the
atmosphere, as the gas is continuously exchanged at the surface. In the
water,

CO2 forms a weak acid that reacts with carbonate anions and water to form
bicarbonate. The capacity of the oceanic carbonate system to buffer changes
in CO2 concentration is finite and depends on the addition of cations from
the relatively slow weathering of rocks.115

The scale of anthropogenic CO2 exceeds the supply of cations, and may
come to exceed the saturation point in the water. In the long-run the
capacity of the ocean to absorb CO2 will likely decrease.116 This rift
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may only deepen and further limit the sequestration of carbon, leaving
more CO2 in the atmosphere. Already the accumulation of CO2 has
led to the warming of the earth, which has increased the melting of
glaciers (also historic sinks of CO2), releasing even more CO2 into the
atmosphere.

With the ability of the oceans to absorb CO2 potentially in decline,
the absorption capacity of terrestrial ecosystems becomes particularly
important. Forests are the primary carbon sink on land. Deforesta-
tion not only destroys a carbon sink, but leads to the emission of
substantial quantities of CO2 into the atmosphere when forests are
burned. Dramatic deforestation, particularly in the tropics (given that
many core nations have already destroyed the bulk of their forests
and depend on wood imports from less developed nations), continues
to decrease the absorption of CO2 by terrestrial ecosystems. World-
wide, there was, on average, a net loss of over 90,000 square kilo-
meters (an area approximately the size of Portugal) of forest each
year during the 1990s.117 Global deforestation appears to be driven,
at least in part, by the increasing globalization of markets and the in-
fluence of global capital, where the natural environment of periphery
nations is degraded in the extension of trade – especially in agricul-
tural goods and natural resources – and as a result of the expansion
of global poverty, as the poor and otherwise landless clear ground for
survival.118 The reduction in forest area and the potential carbon sat-
uration of available forests only increases the accumulation of CO2 in
the atmosphere. Falkowski et al. note that sinks helped slow the ac-
cumulation of CO2, but there is no “natural savior” waiting to absorb
and assimilate all the CO2 produced by capitalist processes. “Humans
have affected virtually every major biochemical cycle” and sinks “can-
not mitigate against continued accumulation of the gas in Earth’s
atmosphere.”119

Global inequalities, per capita emission allowances, and biospheric
crisis

At the planetary level, ecological imperialism has resulted in the ap-
propriation of the global commons (i.e., the atmosphere and oceans,
which are used as sinks for waste) and the carbon absorption capacity
of the biosphere, primarily to the benefit of a relatively small num-
ber of countries at the center of the capitalist world economy. The
core nations rose to wealth and power in part through high fossil
fuel consumption and exploitation of the global south. Anthropogenic
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greenhouse gases emissions, while stemming from localized sources,
are distributed throughout the atmosphere and accumulate as waste,
which degrades the atmosphere and leads to further alteration of the
biosphere, creating a global crisis.

Theorists from the world-systems perspective provide valuable studies
regarding the unevenness of CO2 emissions among nations. Non-core
nations of the global economy emit significant amounts of CO2 into
the atmosphere, use inefficient energy technologies, and, in the case of
China, burn primarily coal to meet their energy needs. All of this reflects
inequalities in the global economy and the unevenness of capitalist
development. But it is core nations that cause a disproportionate amount
of emissions due to industries, automobiles, and affluent lifestyles.
Roberts writes:

Overall, the richest 20 percent of the world’s population is responsible for
over 60 percent of its current emissions of greenhouse gases. That figure sur-
passes 80 percent if our past contributions to the problem are considered.120

Thus, the affluent core nations of the global economy are primarily
responsible for global climate change, whether it is in regards to emis-
sions, the quantity of CO2 in the atmosphere that floods the sinks, or the
hegemonic economic forces that foster the destruction of sinks, such
as forests.

The IPCC has estimated that at least a 60 percent reduction in carbon
emissions from 1990 levels is necessary to reduce the risk substan-
tially of further climate change substantially. The core nations’ carbon
output alone exceeds the world’s total allowable amount. Agarwal and
Narain suggest that any just and reasonable approach to determining
how much carbon a nation can emit into the global commons must
be based on emissions per head of population.121 Simms, Meyer, and
Robins calculated that “based on the 1990 target for climate stabiliza-
tion, everyone in the world would have a per capita allowance of carbon
of around 0.4 tonnes, per year.”122 But as time passes and the release
and accumulation of gases continues, that allowance decreases, partic-
ularly as the human population continues to grow. Before too long the
per capita allowance of carbon may be 0.2 tons per year. The severity of
the situation and the extreme global inequalities are clearly seen when
we consider that the per capita emissions of carbon for the United States
are currently over 5.6 metric tons per year.123 The per capita emissions
for the G-7 nations are 3.8 metric tons per year; and the rest of the world
has per capita emissions of 0.7 metric tons per year.124 Furthermore,
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global shifts in production have brought an immense amount of capital
to peripheral nations, where industrial production increasingly takes
place. The profits are then transferred back to the core nations. Never-
theless, this relocation of productive operations to peripheral nations
has increased their carbon emissions, despite few immediate economic
gains.125 Marx commented that “the more a country starts its devel-
opment on the foundation of modern industry, like the United States,
for example, the more rapid is this process of destruction.”126 While
he was describing the social and environmental exploitation that takes
place under capitalist agriculture, Marx’s statement captures the social
relations under capital in general, especially the human relationship
with the biosphere.

Inaction creates an ever more difficult position for the future. In fact,
if current trends continue, global warming could spiral out of control,
potentially threatening the survival of human beings.127 An “ecological
discontinuity” can occur with few, if any, immediate warning signs.128

Global climate change may cause extreme weather patterns (hurricanes,
floods, droughts, etc.), which may disproportionately affect peripheral
nations, despite their minor carbon contribution. Global warming will
lead to a rise in sea levels, threatening many islands as well as some
densely populated, low-lying countries, such as Bangladesh, with se-
vere floods. CO2 “will be responsible for more than half of the antic-
ipated global warming over the next century.”129 Climate change will
lead to changes in the distribution of plants on earth. Furthermore,
some species respond better to higher CO2 concentration than others
and may, therefore, displace other plants. This will cause a decrease in
biodiversity. Already there is concern that high-mountain ecosystems
are experiencing higher temperatures, causing changes in the types of
plants and animals that exist there, as plants from lower elevations move
up the mountains.130 All of this highlights how new constraints will be
placed on life and its development. Vitousek warns that the changes
that are forced on the world will not be smooth, as humans continue to
“alter the structure and function of Earth as a system.”131

Falkowski et al. caution that disruption of so many cycles and natural
processes creates an immense amount of uncertainty and can create a
series of feedback loops with devastating results.132 Such a disruption
in the carbon cycle could surpass a natural threshold and cause a sudden
change in the global ecosystem. This shift to a new climate regime is
known as abrupt climate change. The accumulation of carbon warms
the planet. An acceleration of river runoff and melting ice increases
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the amount of freshwater that enters the North Atlantic, decreasing the
salinity of the ocean waters. As a result, the thermohaline circulation,
which moves warm, saline waters from the tropics to the north, before
looping back, could collapse or be severely hampered in its operation.
If this happens, the North Atlantic could cool quite quickly, creating
harsh, icy winters, while expanding drought and the warming of the
global south.133

The continuation of capitalist operations, which indicate an ongoing
increase in carbon emissions, threatens to undermine the capacity of
the biosphere to support life on earth. The accumulation of CO2 in the
atmosphere is causing a warming of the earth. The IPCC expectation of
an increase in temperature of 1.5–6.0 ◦C during this century signifies
a rift in the carbon metabolism, as carbon waste accumulates in the
biosphere. Given the logic of capital, we know that it cannot mend the
carbon cycle. Capital only has a productive cycle, which takes prece-
dence over the maintenance of the natural world, in order to continue
its accumulation of capital. Thus, capitalism continuously creates and
deepens metabolic rifts, separating the social metabolism from the
natural metabolism. As a result, the changes induced in nature feed-
back, influencing social conditions for humans. As Buell argues, we
are currently living in an environmental crisis that threatens large-scale
ecocide.134

Conclusion: The race to the inferno

Our argument is that global climate change in the current era is a form
of capitalistic metabolic rift. We illustrate how the theory of metabolic
rift provides the means to grapple with both the quantitative and qual-
itative relationships in the nature-society dialectic. The metabolic rift
approach allows us to study natural cycles and economic processes,
as well as the interaction between the two realms. At the same time,
this theory allows us to conceptualize social relationships with nature
and to evaluate empirical evidence. In studying climate change, we
extended Marx’s model of the metabolic rift, as developed by Foster, to
the biosphere to understand how capitalism has created and expanded
a rift in the carbon cycle, which leads to climate change. Geological
and biological conditions removed large quantities of carbon from the
biosphere by depositing them in the depths of the earth in the form
of fossil fuel. Coal and oil are highly concentrated energy forms. Un-
der the drive to expand commodity production for the accumulation
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of capital, technological developments advanced to a stage and scale
where the burning of natural resources provided the fuel to power ma-
chinery. As a result, energy that is contained in coal and petroleum has
been mined from the earth, transformed in form, and pooled back into
the atmosphere, where they accumulate as CO2 in the biosphere. The
energy cannot be regained and concentrated on time-scales meaningful
to humans since present stores of fossil fuels represent millions of years
of accumulation of solar energy. The burning of fossil fuels has con-
tributed large quantities of carbon to the atmosphere, while definitely
breaking the “solar-energy budget.” The carbon cycle is overwhelmed,
as carbon emissions (waste) accumulate faster than the environment
can absorb them. As a result, CO2 accumulates in the biosphere, inten-
sifying the greenhouse effect, potentially to our detriment.

Capitalism drives this rift with the biosphere. It is an inherently ex-
pansionary system, in pursuit of the accumulation of capital on an
ever-greater scale. Capitalism is unable to maintain a sustainable rela-
tionship with nature. As Marxist ecologists have argued, its operations
and processes maintain the production cycle, while disrupting natural
cycles, despite capitalism’s dependence on the natural world for its
material operations. The theory of metabolic rift is able to account for
how capitalism disrupts natural cycles, in relation to the accumulation
of capital process. Capitalist production, despite advances in fuel effi-
ciency and technological development, continues to draw upon stored
energy, buried deep within the earth, only to pool this carbon back into
the atmosphere in increasing quantities. It cannot surmount the Jevons
paradox so long as the drive to accumulate operates. There is no nat-
ural containment of capitalist operations, short of human extinction.
Natural limits are simply obstacles that capital attempts to transcend or
work around, only to further the swath of environmental destruction. In
this, capitalism undermines the conditions of the atmosphere by lead-
ing to the accumulation of carbon waste and the undermining of sinks
through deforestation. Ultimately, capital operates as a disruptive force
in the ability of the biosphere to sustain life in the long run.

Life was an essential component in the creation of the biosphere and the
conditions that allowed for further evolution of life forms. Humans, via
capitalism, are engaged in a process that may cause irreversible climate
change and undermine the ability of human civilization to survive,
given the scale and degree of environment degradation. Just like the
mending of the metabolic rift in the soil nutrient cycle, addressing the
carbon rift will require a transformation in society. Marx contended
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that systematic change was necessary to repair the rift generated by
capitalism. He argued that a society of “associated producers” could
“govern the human metabolism with nature in a rational way, bringing
it under their collective control instead of being dominated by it as a
blind power; accomplishing it with the least expenditure of energy and
in conditions most worthy and appropriate for their human nature.”135

Other economic systems, especially in the future, may or may not be
inherently in conflict with nature. This remains to be seen.

We do know that the rift in the carbon cycle continues to expand and
deepen. Capital has robbed the global commons, which were used for
the absorption of carbon, only to impoverish the future. Technolog-
ical development cannot assist in mending the carbon rift until it is
freed from the dictates of capital relations. Thus, changing the histori-
cal system offers the only possibility of slowing global climate change
(and we state “slowing,” simply because we will inherit the legacy of
carbon that has already accumulated in the biosphere). The planetary
nature of climate change and the global reach of capitalism require
that efforts to transcend these issues involve global cooperation. Oth-
erwise, the biospheric rift will continue to expand as we race to the
inferno.
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