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Abstract

This paper evaluates the implications of global emissions budget distribution between three large geographical
areas (China, OECD countries, and the rest of the world) in the context of Anthropocene and the structural crisis
of the capitalist world system. Two plausible emissions distribution principles are considered. Under neither the
inertia principle nor the equity principle, can continuing economic growth be made compatible with requirements
of climate stabilization in all three regions. This conclusion does not change significantly when plausible
acceleration of emissions intensity reduction in the future is taken into account. To limit global warming to not more
than 2 degrees Celsius by the end of this century, at least two of the three large regions need to reorganize their
economies to operate with zero or negative growth. Such a reorganization cannot be achieved under a capitalist
economic system given the inherent tendency of capitalism towards endless accumulation. Neither is it likely to be
achieved under any conceivable economic system dominated by market relations.
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The Anthropocene refers to the Earth's most recent geologic period in which geochemical,
biological, atmospheric, and other earth system processes have been transformed by significant
human impact (Waters et al. 2016). Although significant human impact began about eight thousand
years ago when agricultural civilizations emerged, massive and fundamentally unsustainable
human impact has taken place only during the modern capitalist era.

The capitalist world system is based on the pursuit of endless accumulation of capital.
Statistically, this is reflected by economic growth at exponential rates. Modern economic growth
has been based on the massive consumption of fossil fuels, which lead to the emissions of
greenhouse gases as well as anthropogenic climate change which is threatening the human
civilization with existential risks.

To prevent catastrophic consequences, it is necessary to limit global warming to not more
than 2 degrees Celsius relative to the pre-industrial time. A global emissions budget (allowance
for future carbon dioxide emissions) can be defined based on the historical relationship between
cumulative carbon dioxide emissions and observed global average surface temperatures. However,
the required decline of emissions may not be compatible with continuing growth of the global
economy during the rest of the 21st century, which is a necessary condition for the stability of the
capitalist world system.

Moreover, interstate competition is a necessary political condition for the operation of the
capitalist world system. For global emissions reduction to take place, it is necessary to divide up
the global emissions budget between the competing national states. This paper considers two
plausible emissions distribution principles: inertia and equity. Under the inertia principle, each
country is entitled to a share of the global emissions budget that equals its current share in global
emissions. Under the equity principle, each county is entitled to a share of the global emissions
budget that equals its current share in global population. The entire world is divided into three
large geographic areas: China, OECD (countries in the Organisation for Economic Co-operation
and Development), and the rest of the world. This paper will demonstrate that neither the inertia
principle nor the equity principle can be made compatible with continuing economic growth in all
three regions.

The next section briefly summarizes the arguments that Anthropocene has arrived as a new
geological era and discusses the potentially catastrophic consequences of the anthropogenic
climate change. The third section discusses the capitalist world system and the geographical
pattern of carbon dioxide emissions. The fourth section argues that it is no longer possible to limit
global warming to not more than 1.5 degrees Celsius by the end of this century and it would be a
reasonably ambitious objective to limit global warming to not more than 2 degrees Celsius. The
section then establishes a global emissions budget associated with the two-degree objective. The
fifth section considers three large regions of the world (China, OECD, and the rest of the world)
and evaluates the implications of emissions budgets under the inertia principle and the equity
principle for the three regions. Neither the inertia principle nor the equity principle can be made
compatible with continuing economic growth in all three regions. The sixth section considers the
possibility for accelerated technological progress to achieve climate stabilization without
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sacrificing economic growth. Despite optimistic assumptions about future potentials of emissions
intensity decline, emissions budgets consistent with less than two-degree global warming remain
incompatible with continuing economic growth in some regions. The seventh section discusses
strategies for climate stabilization in the context of the structural crisis of the capitalist world
system. It argues that “de-growth” is a necessary condition for both climate stabilization and
ecological sustainability. Neither capitalism nor market socialism is likely to deliver zero or
negative economic growth required for climate stabilization.

Anthropocene and the Impending Climate Catastrophe
A growing number of geologists are currently proposing that the earth system has entered into a
new geological epoch that should be named as “Anthropocene” in which the humans are altering
the long-term global geologic processes at increasing rate. While some propose an “early
Anthropocene” that began with the spread of agriculture and deforestation, others recognize that
the most dramatic change has taken place since the beginning of the Industrial Revolution around
1800.

Modern industry has created and disseminated globally novel materials such as aluminum,
concrete, and plastics. Residues from various chemical products have changed the geochemical
signatures in sediments and ice. Soil nitrogen and phosphorus inventories have doubled in the past
century. About 50 percent of the earth’s land surface has been transformed for human use.
Biological extinction rates since 1500 have been far above the background per-million-year
extinction rates. Global sea level is now rising at a rate of about 3 millimeters per year and is
already higher than at any point during the past 115,000 years. The combination of these
developments suggests that humans have already changed the earth system sufficiently to produce
a stratigraphic signature that is distinct from the Holocene epoch (the last geological epoch that
began about 11,700 years ago) (Waters et al. 2016). In May 2019, the Anthropocene Working
Group of the International Commission on Stratigraphy under the International Union of
Geological Sciences voted to make a formal proposal to the International Commission on
Stratigraphy that Anthropocene should be treated as a formal chrono-stratigraphic unit (SQS
2019).

Among the various anthropogenic changes (environmental changes caused by human
activity) that have taken place over the past two hundred years, anthropogenic climate change is
one of the most important in the sense that uncontrolled climate change poses existential risks to
human civilization. While this paper focuses on climate change and its implications for global
emissions budget and the capitalist world system, | fully recognize that anthropogenic climate
change is only one aspect of various interacting physical, chemical, biological, and human
processes currently taking place in our planet. Climate change is only one dimension of the multi-
dimensional challenges brought about by the Anthropocene and success in climate stabilization by
itself does not automatically lead to successful management of other environmental damages
caused by anthropogenic geochemical changes (Thomas 2019).

Modern economic growth has been based on the massive consumption of fossil fuels (coal,
oil, natural gas). The combustion of fossil fuels and other industrial processes result in emissions
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of greenhouse gases (such as carbon dioxide, methane, nitrous oxide, and various minor gases).
Carbon dioxide is the most important greenhouse gas, currently accounting for about 66 percent
of the global radiative forcing from all greenhouse gases (NOAA 2019a).

Figure 1 shows the global economic output (gross world product in constant 2011
international dollars) in comparison with global carbon dioxide emissions from fossil fuels
combustion from 1820 to 2018.

Figure 1 Gross World Product and Carbon Dioxide
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Sources: Gross world product from 1990 to 2018 in constant 2011 international dollars is from
World Bank (2019), linked to world GDP in constant 1990 international dollars from 1820 to
1990 from Maddison (2010). World carbon dioxide emissions from fossil fuels combustion
from 1820 to 1964 is from Boden, Marland, and Andres (2017). World carbon dioxide
emissions from fossil fuels combustion from 1965 to 2018 is from BP (2019).

Historically, world economic growth has been closely correlated with carbon dioxide
emissions. From 1870 to 2018, gross world product grew from 1.9 trillion dollars to 121 trillion
dollars or by 62.4 times; during the same period, world carbon dioxide emissions grew from about
540 million metric tons to 33.9 billion metric tons or by 62.9 times. Although emissions growth
has slowed in recent years, the emission levels are now far above what are absorbed by oceans and
terrestrial ecological systems and about one-half of the annual emissions ends up in the atmosphere
(Hansen 2019, Figure 16).

Figure 2 shows the atmospheric concentration of carbon dioxide over the past one thousand
years in comparison with global average surface temperature based on the modern record (1880-
2018). Global average surface temperature is shown as the difference between the annual average

jwsr.pittedu | DOI 10.5195/JWSR.2020.977



Journal of World-Systems Research | Vol. 26 Issue 2 | Anthropocene, Emissions Budget, and Crisis 292

temperature and the average temperature from 1880 to 1920 (known as “global average
temperature anomaly”’). The average temperature from 1880 to 1920 is used as a proxy for the pre-
industrial global temperature (Hansen and Sato 2016).

Figure 2 Atmospheric CO, and Global Average Temperature
(1000-2018)
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Sources: Atmospheric concentration of carbon dioxide from AD 1000 to 1958 is from EPI
(2015). Atmospheric concentration of carbon dioxide from 1959 to 2018 is from NOAA
(2019Db). Global average temperature anomaly from 1880 to 2018 is from NASA (2019).

In the late Holocene period, atmospheric concentration of carbon dioxide was very stable. It
stayed around 280 parts per million (ppm) until the early 19th century. Since then, atmospheric
carbon dioxide has grown at accelerating rates. In recent years, atmospheric carbon dioxide has
grown at an average annual rate of 2.3 ppm. It reached 409 ppm in 2018. If this growth rate is
continued, atmospheric concentration of carbon dioxide will exceed 450 ppm in 18 years and
exceed 550 ppm in 61 years.

In the modern period, global average temperature has followed closely the growth of
atmospheric concentration of carbon dioxide. In 2016, global average temperature reached 1.28
degrees Celsius higher than the 1880-1920 average. This is the highest global average temperature
in the modern record. For the period 2009-2018, ten-year average global temperature was 1.04
degrees Celsius higher than the 1880-1920 average.

If global warming rises to more than 2 degrees Celsius relative to the pre-industrial time,
West Antarctica ice sheets may disintegrate causing sea level to rise by 5-9 meters over the next
50-200 years. Bangladesh, European lowlands, the U.S. eastern coast, North China plains, and
many coastal cities will be submerged (Hansen et al. 2016). If global warming rises to more than
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3 degrees Celsius relative to the pre-industrial time, global sea level may rise by 25 meters and
world food supplies would be critically endangered; rising sea level, famine, and drought could
turn billions into environmental refugees. Moreover, global warming by more than three degrees
may lead to uncontrolled climate feedbacks leading to runaway global warming. For example,
Amazon rainforest may degenerate into savanna releasing massive amounts of carbon dioxide
which alone could generate 1.5 degrees Celsius of additional warming (Spratt and Sutton 2008:
29-31).

Hansen (2007: 140-171) argued that, through various long-term climate feedbacks, a doubling
of atmospheric carbon dioxide (a doubling of atmospheric concentration of carbon dioxide from
the pre-industrial level would approximately be 550 ppm) would eventually lead to global warming
by 6 degrees Celsius and a world nearly free of ice sheets with sea level 75 meters higher than
today.

A human body cannot survive in an environment with “wet-bulb temperature” (the
temperature with 100 percent humidity) at 35 degrees Celsius or above for more than a few hours
without suffering from metabolic failure (Sherwood and Huber 2010). For people who have to do
outside work exposed to the sun, the practical tolerance limit is likely to be significantly lower.
Currently about 60 percent of the world population lives in areas where the annual maximum wet-
bulb temperature is 26 degrees Celsius or above and the highest instantaneous wet-bulb
temperature anywhere on earth is about 30 degrees Celsius. Global warming by more than 6
degrees Celsius would turn a part of the earth surface literally unsuitable for human inhabitation
and impose hitherto unknown heat stress to more than one half of the world population.

To understand how the world has arrived at such a turning point where the very survival of
human civilization is at stake, it is necessary to examine the socio-economic system in which we
live — the system of capitalism.

The Capitalist World System and Carbon Dioxide Emissions

Sustained and exponential economic growth is a distinct feature of the modern capitalist system.
While all class societies have been based on the appropriation of the surplus product by a ruling
class that accounts for a small fraction of the total population, capitalism is unique in its tendency
to use a relatively large portion of the surplus product for accumulation of capital or the expansion
of the society’s material production capacity. The regular reinvestment of a large portion of the
surplus product for accumulation has led to exponential growth of material production and
consumption, statistically reflected by economic growth.

Immanuel Wallerstein defined capitalism as the historical system driven by the pursuit of
“endless accumulation of capital” (Wallerstein 2007: 24). The necessary political condition for
“endless accumulation of capital” is a world system that consists of multiple political structures
(rather than dominated by a single political structure). Interstate competition forces the “national
states” to compete for the mobile capital controlled by the capitalists and provides motivation for
the states to undertake and promote capitalist accumulation (Arrighi, Hui, Hung, and Selden 2003:
266-268; 276-281).
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Moreover, within each capitalist state, allocation of productive resources is dominated by
market relations. Market competition forces each capitalist to use a large portion of the surplus
value to accumulate capital and pursue “expanded reproduction.” Those capitalists that fail to
accumulate capital and expand production successfully may become bankrupt and cease to
function as capitalists (Marx [1867] 1967: 554-561).

According to the world system theoretical framework, states within the capitalist world
system are divided into three structural layers: the core, the semi-periphery, and the periphery.
While the core states specialize in monopolistic, high-profit activities; the peripheral states
specialize in highly competitive, low-profit activities. Semi-periphery plays an indispensable role
in the system by serving as the politically stabilizing “middle stratum” and the preferred location
to receive obsolete industries relocated from the core during times of crisis (Wallerstein 1979: 18-
23; 69-71).

However, there has not been a set of uniformly accepted empirical definitions of the three
structural layers. The various country groups defined by mainstream international organizations
(such as the World Bank) either fail to match the three structural layers conceptualized by the
world system approach or, at best, can provide no more than an imperfect proxy.

Empirical studies on geographical patterns of environmental impact often use various
measures that divide the capitalist world system into different groups of “developed” and “less
developed” countries. For example, in their study on whether there has been “decoupling” between
economic growth and environmental impact, Jorgensen and Clark (2012) defined “developed
countries” as those in the upper quartile of the World Bank’s income classification of nations. In
a study on the relationship between renewable energy consumption and economic growth, Thombs
(2017) divided the countries in the world into four groups: high income, upper-middle income,
lower-middle income, and low income.

This paper is mainly concerned with the relationship between the capitalist world system and
carbon dioxide emissions. What is clear is that the more “developed” capitalist countries have been
responsible for most of the historical carbon dioxide emissions. From 1751 to 2018, the United
States, Germany, the United Kingdom, and Japan accounted for 24.8 percent, 5.6 percent, 4.8
percent, and 3.9 percent of the world’s total cumulative emissions respectively. In addition, “Rest
of Europe” (excluding Russia) accounted for 16.2 percent, and Canada and Australia accounted
for 3 percent. Therefore, total historical emissions by the developed capitalist countries accounted
for about 58 percent of the cumulative carbon dioxide emissions that have taken place since the
Industrial Revolution (Hansen 2019, Figure 27).

In mainstream economic studies, developed capitalist countries are often represented by the
OECD (Organisation for Economic Co-operation and Development) described as a “club of rich
countries” (Buttonwood 2017; Davis 2016; Noble 2019). OECD includes all “high-income
economies” defined by the World Bank except high-income small islands, a few city states, and
high-income oil exporters (OECD 2020; World Bank 2020). Using OECD countries in empirical
studies has the benefit that the definition of this country group is consistent across different
economic and energy statistical reports. In recent years, carbon dioxide emissions from the OECD
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countries have declined but continue to account for a large part of the world’s total emissions. In
2018, OECD countries accounted for 36.6 percent of the world’s total carbon dioxide emissions
from fossil fuels consumption (BP 2019).

On the other hand, in recent years, China has emerged as the world’s largest carbon dioxide
emitter. In 2018, China alone accounted for 27.8 percent of the world’s total carbon dioxide
emissions from fossil fuels consumption (BP 2019). Thus, China and the OECD countries together
now account for about 64 percent of the world’s total emissions. It is obvious that any global effort
towards climate stabilization cannot succeed without active and serious participation by both
China and the OECD countries.

Global Emissions Budget
According to the Fifth Assessment Report by the United Nations’ Intergovernmental Panel on
Climate Change, cumulative total emissions of carbon dioxide and global mean surface
temperature have been approximately linearly related and future global warming will be largely
determined by the range of cumulative carbon dioxide emissions (IPCC 2013: 27).

Figure 3 shows the relationship between global cumulative carbon dioxide emissions from
fossil fuels combustion since 1750 and the ten-year trailing average global surface temperature
from 1880-89 to 2009-18. Global average surface temperature is shown as the difference between
the annual average temperature and the average temperature from 1880 to 1920. The average
temperature from 1880 to 1920 is used as a proxy for the pre-industrial global temperature (Hanse
and Sato 2016). Ten-year trailing averages are used to smooth out short-term fluctuations.

In Figure 3, the linear trend fits the historical observations very well (regression R-square is
0.94). The linear trend implies that for each increase in cumulative carbon dioxide emissions by
one trillion metric tons, global average temperature tends to rise by 0.68 degrees Celsius.

Global average temperature over the period 2009-2018 is 1.04 degrees Celsius higher than
the pre-industrial time. If the global objective is to limit global warming by the end of the 21st
century to not more than 3 degrees Celsius, the additional warming that can be allowed for between
2018 and 2100 would be 1.96 degrees Celsius and the implied global emissions budget (allowance
for future carbon dioxide emissions) during 2019-2100 would be 2.88 trillion metric tons (based
on the statistical relationship shown in Figure 3, 1.96/0.68 = 2.88). However, global warming by
more than 3 degrees Celsius will lead to global sea level rise by 25 meters over the coming
centuries and it carries the substantial risk of runaway global warming which will probably bring
the civilization as we know it to an end.

According to the Paris Climate Agreement signed by 195 United Nations member countries
in December 2015, the signatory countries officially undertook to keep “a global temperature rise
this century well below 2 degrees Celsius above pre-industrial levels and to pursue efforts to limit
the temperature increase even further to 1.5 degrees Celsius” (UNFCCC 2019).
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Figure 3 Carbon Dioxide Emissions and Global Surface
Temperature Anomaly (1880/1889-2009/2018)
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Sources: World carbon dioxide emissions from fossil fuels combustion from 1750 to 1964 is
from Boden, Marland, and Andres (2017). World carbon dioxide emissions from fossil fuels
combustion from 1965 to 2018 is from BP (2019). Global average temperature anomaly from
1880 to 2018 is from NASA (2019).

If the world would actually be committed to the objective to limit global warming by the end
of this century to not more than 1.5 degrees Celsius, the additional warming that can be allowed
for between 2018 and 2100 would be only 0.46 degrees Celsius and the remaining global emissions
budget during 2019-2100 would be about 680 billion metric tons. The global carbon dioxide
emissions in 2018 were about 34 billion metric tons. Therefore, the remaining global emissions
budget required for 1.5 degrees warming would be completely used up in twenty years if the world
were to keep generating emissions at the same rate as in 2018. For all practical purposes, it is no
longer realistic to expect global warming to be limited to not more than 1.5 degrees Celsius.

In fact, despite the grand objective announced by the Paris Climate Agreement, the
combination of the national “pledges and targets” regarding their intended emissions reduction iS
currently consistent with global warming by 2.9 degrees Celsius by the end of this century (Climate
Action Tracker 2019).

This paper assumes that a reasonably ambitious objective is to limit global warming by the
end of this century to not more than 2 degrees Celsius relative to the pre-industrial time. Such an
objective will not be able to prevent all aspects of dangerous climate change (for example, global
sea level will rise by at least several meters if global warming reaches two degrees). Moreover,
such an objective does not rule out the possibility of further global warming in the 22nd century
and beyond. Global warming by two degrees by the end of this century roughly corresponds to the
upper range of the scenario of RCP 2.6 (RCP stands for “representative concentrated pathways”)
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(IPCC 2014: 13). Such a scenario implies atmospheric concentration of carbon dioxide equivalent
(including carbon dioxide and other greenhouse gases) rising to 550 ppm by 2100. This would
represent a doubling of atmospheric greenhouse gases compared to the pre-industrial level and if
this level is sustained, the long-term global warming over the course of coming centuries and
millennia will be at least 3 degrees Celsius and could rise to 6 degrees or more when various long-
term climate feedbacks are taken into account (Hansen 2007: 140-171).

Nevertheless, the two-degree objective is “reasonable” in the sense that it will at least
substantially reduce the risk of runaway global warming in the next one or two centuries and, as a
result, buy the humanity the necessary time to adapt and develop new technologies to reverse
global warming in the coming centuries (perhaps through a global effort to extract and store carbon
dioxide from the atmosphere on a massive scale). On the other hand, the objective would still be
“ambitious” in the sense that, most likely, it cannot be accomplished under the existing capitalist
world system.

If the global objective is to limit global warming by the end of this century to not more than
2 degrees Celsius, the additional warming that can be allowed for between 2018 and 2100 would
be 0.96 degrees Celsius. Based on the statistical relationship shown in Figure 3 and described
above (for each increase in cumulative carbon dioxide emissions by one trillion metric tons, global
average temperature tends to rise by 0.68 degrees Celsius), the remaining global emissions budget
during 2019-2100 would be about 1.41 trillion metric tons (0.96/0.68 = 1.41). This is the global
emissions budget I will use for the rest of the paper. As is explained above, global warming by two
degrees roughly corresponds to the upper range of the IPCC scenario of RCP 2.6 (IPCC 2014: 13).
According to IPCC (2013: 27), the cumulative carbon dioxide emissions from 2012 to 2100
consistent with the various pathways under RCP 2.6 range from 510 billion metric tons to 1.5
trillion metric tons. Therefore, the global emissions budget used in this paper is consistent with the
upper end of the cumulative emissions allowed for under the IPCC scenario of RCP 2.6. Compared
to the IPCC scenario, the global emissions budget used in this paper is based on updated data and
is calculated using carbon dioxide emissions from fossil fuels consumption only. Data for carbon
dioxide emissions from fossil fuels consumption are considered to be the most reliable among all
types of greenhouse gas emissions data (Hansen 2007: 118-120).

The future global carbon dioxide emissions pathway can be derived from the global emissions
budget. If the global carbon dioxide emissions were to begin declining in 2019 and decline at a
uniform annual rate between 2019 and 2100, global emissions need to decline by 1.85 percent each
year in order to stay within the global emissions budget of 1.41 trillion metric tons. Any delay in
the beginning of emissions decline would make the required decline rates higher for later years.

The emissions intensity of GDP is defined as the ratio of carbon dioxide emissions over real
gross domestic product (GDP in constant prices or corrected for inflation). Therefore, real GDP
equals carbon dioxide emissions divided by emissions intensity of GDP:
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Real GDP = Carbon Dioxide Emissions / Emissions Intensity of GDP 1)
The above formula, in growth rate format, can be approximated as:

Economic Growth Rate (real GDP growth rate)
~ Emissions Growth Rate — Emissions Intensity of GDP Growth Rate 2

Since the decline rate of emissions intensity of GDP is negative growth rate of emissions
intensity of GDP, therefore approximate equation (2) can be re-written as:

Economic Growth Rate
~ Emissions Growth Rate + Emissions Intensity of GDP Decline Rate 3

Similarly, as the decline rate of carbon dioxide emissions is negative growth rate of emissions,
approximate equation (3) can also be written as:

Economic Growth Rate
~ Emissions Intensity of GDP Decline Rate — Emissions Decline Rate 4

From 1990 to 2018, world GDP grew at an average annual rate of 3.4 percent and world
carbon dioxide emissions grew at an average annual rate of 1.67 percent. The global economy’s
average emissions intensity of GDP thus fell at an average annual rate of 1.67 percent from 1990
to 2018 (note that, mathematically, the sum of the growth rate of carbon dioxide emissions and the
decline rate of emissions intensity of GDP is only approximately equal to the economic growth
rate; the precise mathematical calculation is not elaborated here for simplicity). Data for world
GDP and carbon dioxide emissions are from World Bank (2019) and BP (2019) respectively
(world GDP is measured by constant 2011 international dollars).

Therefore, if the global economy’s average emissions intensity continues to decline according
to its historical trend (with a decline rate of 1.67 percent) and the world carbon dioxide emissions
were to decline by 1.85 percent each year (required by the global emissions budget consistent with
global warming by less than two degrees), world economy will have to contract by 0.18 percent
each year (see the approximate equation 4 above). As the world population is still growing at about
1.1 percent a year, a decline of world economy by near 0.2 percent a year would translate into a
decline of world average per capita GDP by near 1.3 percent each year. Historically, global
capitalist economy has needed a certain level of economic growth rate to remain economically and
politically stable. During 1913-1950, a historical period that included two world wars and the Great
Depression, the world economy as a whole actually managed to grow at an average annual rate of
1.8 percent (Maddison 2010). Since 1950, global economic growth rate has rarely fallen below 2
percent. It is difficult to imagine that the capitalist world system can remain stable if the world
average per capita GDP is in constant decline.
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Moreover, in a world system based on interstate competition, there is not a world government
to implement and enforce the global emissions budget. Instead, the global emissions budget has to
be divided between and implemented by individual national states.

China, OECD, and the Rest of the World

The capitalist world system includes about two hundred independent national states. In principle,
it is possible to conduct a detailed study to evaluate the implications of different emissions budgets
for each individual country. However, this paper is mainly interested in demonstrating the political
difficulties for reasonable climate stabilization to be achieved within the capitalist world system.
For this purpose, it is sufficient to divide the entire world into several large geographical areas and
consider the implications of different emissions budgets for economic growth in each of the large
regions.

In this section, three large geographical areas are considered: China, OECD countries, and
the rest of the world. Data for population and GDP for the three large regions are from World Bank
(2019). Data for carbon dioxide emissions for the three large regions are from BP (2019). Both the
World Bank data and the BP data cover the entire world. China refers to mainland China. OECD
countries include all member countries of the Organisation for Economic Co-operation and
Development. The rest of the world’s population is derived by subtracting China’s and the OECD’s
population from the world population. Similarly, the rest of the world’s GDP is derived by
subtracting China’s and the OECD’s GDP from the world GDP and the rest of the world’s carbon
dioxide emissions are derived by subtracting China’s and OECD’s emissions from the world total
emissions.

China is currently the world’s largest economy (measured by purchasing power parity) and
the largest carbon dioxide emitter, deserving to be considered by itself. In 2018, China alone
accounted for 18.3 percent of the world population and 27.8 percent of the world carbon dioxide
emissions.

The OECD countries includes all “high-income economies” defined by the World Bank
except high-income small islands, a few city states, and high-income oil exporters. In 2018, the
OECD countries together accounted for 17.2 percent of the world population and 36.6 percent of
the world carbon dioxide emissions. The United States alone accounted for 41.5 percent of the
total emissions by OECD countries or 15.2 percent of the world total emissions.

This leaves the rest of the world that accounted for 64.5 percent of the world population and
35.6 percent of the world carbon dioxide emissions in 2018. Note the interesting fact that the rest
of the world’s share of world emissions is almost exactly the same as the combined share of China
and OECD countries in the world population and the rest of the world’s share of world population
is almost exactly the same as the combined share of Chinaand OECD countries in the world carbon
dioxide emissions.

In an earlier study on emissions budget, Peters, Andrew, Solomon, and Friedlingstein (2015)
proposed two politically plausible principles to divide up the global emissions budget between
countries: the inertia principle and the equity principle. Under the inertia principle, each country
is entitled to a share of the global emissions budget that equals its current share in global emissions.
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Under the equity principle, each county is entitled to a share of the global emissions budget that
equals its current share in global population. The inertia principle favors the “developed” capitalist
countries as well as some large carbon dioxide emitters (such as China). By comparison, the equity
principle is more favorable for the “developing” countries. In this paper, “developed” capitalist
countries can be represented by the OECD countries and “developing” countries can be
represented by “the rest of the world.”

While other proposals to divide up the global emissions budget are conceivable, any
politically plausible scheme for global emissions distribution is likely to fall within the range
defined by the inertia principle and the equity principle. As is to be explained below, it is highly
unlikely for the rest of the world to find the inertia principle acceptable. Thus, any proposal that
divides the global emissions budget in a way that is more favorable for the developed capitalist
countries than is proposed by the inertia principle will almost certainly be rejected by the rest of
the world. Similarly, it is highly unlikely for the OECD countries to find the equity principle
acceptable. Thus, any proposal that divides the global emissions budget in a way that is more
favorable for the developing countries than is proposed by the equity principle will almost certainly
be rejected by the developed capitalist countries.

As is explained in the previous section, the global emissions budget consistent with global
warming by less than 2 degrees Celsius by the end of this century is calculated to be 1.41 trillion
metric tons of cumulative carbon dioxide emissions during 2019-2100. Under the inertia principle,
China, OECD, and the rest of the world would receive 27.8 percent, 36.6 percent, and 35.6 percent
of this budget respectively (based on their share in world carbon dioxide emissions in 2018). China
would be entitled to a total emissions budget of 392 billion metric tons, the OECD countries would
be entitled to a total emissions budget of 516 billion metric tons, and the rest of the world would
be entitled to a total emissions budget of 502 billion metric tons. Each of the three regions would
be assigned a budget that is about 42 time of its emissions in 2018.

Under the equity principle, China, OECD, and the rest of the world would receive 18.3
percent, 17.2 percent, and 64.5 percent of the global emissions budget respectively (based on their
share in world population in 2018). China would be entitled to a total emissions budget of 258
billion metric tons (about 27 times of China’s emissions in 2018), the OECD countries would be
entitled to a total emissions budget of 243 billion metric tons (about 20 times of the OECD
countries’ emissions in 2018), and the rest of the world would be entitled to a total emissions
budget of 909 billion metric tons (about 75 times of the rest of the world’s emissions in 2018).

Figure 4 compares China’s historical carbon dioxide emissions from 1990 to 2018 and
China’s future emission pathways under the inertia principle and the equity principle.
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Figure 4 China's Carbon Dioxide Emissions
(billion metric tons, 1990-2100)
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Sources: China’s historical carbon dioxide emissions are from BP (2019).

From 1990 to 2018, China’s GDP grew at an average annual rate of 9.61 percent and China’s
carbon dioxide emissions grew at an average annual rate of 5.12 percent. It follows that China’s
emissions intensity of GDP declined at an average annual rate of 4.1 percent (on the relationship
between economic growth rate, emissions growth rate, and emissions intensity of GDP decline
rate, see approximate equation 3 in the previous section).

Under the inertia principle, China’s carbon dioxide emissions should begin to decline in 2019
and decline at a uniform annual rate of 1.85 percent in order to stay within China’s emissions
budget of 392 billion metric tons; by 2050, China’s emissions should fall by 45 percent from the
2018 level and by 2100, China’s emissions should fall by 78 percent. Under the equity principle,
China’s carbon dioxide emissions should begin to decline in 2019 and decline at a uniform annual
rate of 3.31 percent in order to stay within China’s emissions budget of 258 billion metric tons; by
2050, China’s emissions should fall by 66 percent from the 2018 level and by 2100, China’s
emissions should fall by 94 percent.

If China were to maintain its historical decline rate of emissions intensity of GDP (4.1
percent), then the economic growth rate consistent with the inertia principle would be 2.17 percent
and the economic growth rate consistent with the equity principle would be 0.65 percent (on the
relationship between economic growth rate, emissions intensity of GDP decline rate, and
emissions decline rate, see approximate equation 4 in the previous section). If China delays
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emissions reduction for a few more years, it is highly likely that the economic growth rate

consistent with China’s emissions budget under the equity principle would be turned into negative.
Figure 5 compares the OECD countries’ historical carbon dioxide emissions from 1990 to

2018 and OECD’s future emission pathways under the inertia principle and the equity principle.

Figure 5 OECD Carbon Dioxide Emissions
(billion metric tons, 1990-2100)
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Sources: OECD countries’ historical carbon dioxide emissions are from BP (2019).

OECD’s total emissions peaked at 13.63 billion metric tons in 2007 and declined to 12.31
billion metric tons in 2016. In 2018, OECD’s total emissions recovered to 12.41 billion metric
tons. From 1990 to 2018, OECD’s total GDP grew at an average annual rate of 2.16 percent and
OECD’s total carbon dioxide emissions grew at an average annual rate of 0.24 percent. It follows
that OECD’s emissions intensity of GDP declined at an average annual rate of 1.88 percent.

Under the inertia principle, OECD’s carbon dioxide emissions should begin to decline in 2019
and decline at a uniform annual rate of 1.85 percent in order to stay within OECD’s emissions
budget of 516 billion metric tons; by 2050, OECD’s total emissions should fall by 45 percent from
the 2018 level and by 2100, total emissions should fall by 78 percent. Under the equity principle,
OECD’s carbon dioxide emissions should begin to decline in 2019 and decline at a uniform annual
rate of 4.78 percent in order to stay within OECD’s emissions budget of 243 billion metric tons;
by 2050, OECD’s total emissions should fall by 79 percent from the 2018 level and by 2100, total
emissions should fall by 98 percent.
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If the OECD countries were to maintain their historical decline rate of emissions intensity of
GDP (1.88 percent), then the economic growth rate consistent with the inertia principle would be
0.03 percent. To be consistent with the equity principle, the OECD economies need to decline by
2.96 percent each year. As no capitalist country can survive permanent absolute economic decline,
the equity principle would be absolutely unacceptable for the OECD countries. As the OECD
countries currently have an average population growth rate of 0.56 percent, even the economic
growth rate under the inertia principle would imply that the OECD’s average per capita GDP needs
to decline by about 0.5 percent each year.

Figure 6 compares the rest of the world’ historical carbon dioxide emissions from 1990 to
2018 and the rest of the world’s future emission pathways under the inertia principle and the equity
principle.

Figure 6 Rest of the World Carbon Dioxide Emissions
(billion metric tons, 1990-2100)
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Sources: Rest of the world’s historical carbon dioxide emissions are from BP (2019).

From 1990 to 2018, the rest of the world’s total GDP grew at an average annual rate of 3.65
percent and the rest of the world’s total carbon dioxide emissions grew at an average annual rate
of 1.78 percent. It follows that the rest of the world’s emissions intensity of GDP declined at an
average annual rate of 1.8 percent.

Under the inertia principle, the rest of the world’s carbon dioxide emissions should begin to
decline in 2019 and decline at a uniform annual rate of 1.85 percent in order to stay within the rest
of the world’s emissions budget of 502 billion metric tons; by 2050, the rest of the world’s total
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emissions should fall by 45 percent from the 2018 level and by 2100, total emissions should fall
by 78 percent. If the rest of the world were to maintain its historical decline rate of emissions
intensity of GDP (1.8 percent), then the rest of the world’s total economic output needs to decline
by 0.05 percent each year to be consistent with the inertia principle. As the rest of the world’s
population continues to grow by 1.4 percent a year and many countries have population growth
rates greater than 2 percent, the inertia principle would be absolutely unacceptable by the rest of
the world.

There are a variety of conceivable emission pathways that can be made compatible with the
rest of the world’s emissions budget under the equity principle. I assume that the rest of the world’s
future emission pathway under the equity principle will follow a logistic curve, rising in the next
two decades before declining at accelerating rates during the second half of the century. This
approach allows the rest of the world to maintain economic growth rates similar to their recent
growth rates in the next decade or so. Although the rest of the world’s total emissions still need to
peak in 2040 and the emissions decline rate needs to gradually accelerate from 0.45 percent per
year in 2041-2050 to 3.61 percent per year in 2091-2100.

The above analysis makes it clear that neither the inertia principle nor the equity principle can
be made compatible with continuing economic growth in all three regions. Only China can have
positive economic growth under both the inertia principle and the equity principle (although the
economic growth rate consistent with the equity principle is less than 1 percent). While the equity
principle is absolutely unacceptable for the OECD countries, the inertia principle is absolutely
unacceptable for the rest of the world. This analysis, of course, has not yet taken into account the
difficulties that will arise when the emissions budget needs to be further distributed between
individual countries of OECD and the rest of the world.

Technology Comes to the Rescue?

The last section assumes that, in the future, emissions intensity of GDP in China, OECD countries,
and the rest of the world will decline at the same rates as their historical average rates. If the world
is committed to rapid decarbonization and spend more resources on energy efficiency
improvement and growth of renewable energies, it is conceivable that emissions intensity of GDP
will decline at a more rapid pace. But by how much?

Emissions intensity of GDP (the ratio of carbon dioxide emissions over GDP) can be
decomposed into emissions intensity of energy (the ratio of carbon dioxide emissions to energy
consumption) and energy intensity of GDP (the ratio of energy consumption to GDP):

Emissions Intensity GDP = Emissions Intensity of Energy * Energy Intensity of GDP (5)
The above formula, in growth rate format, can be approximated as:

Emissions Intensity of GDP Growth Rate~ Emissions Intensity of Energy Growth
Rate + Energy Intensity of GDP Growth Rate (6)
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Since the decline rate of a variable is the variable’s negative growth rate, therefore
approximate equation (6) can be re-written as:

Emissions Intensity of GDP Decline Rate~ Emissions Intensity of Energy Decline
Rate + Energy Intensity of GDP Decline Rate @)

Let us first consider the future potential of decline of energy intensity of GDP. Lightfoot and
Green (2001) and Baski and Green (2007) calculated the long-term potential of world-wide energy
efficiency improvement by estimating the physical limits to energy intensity decline within each
economic sector and evaluating the impact of a range of plausible economic structural change.
Under the most optimistic scenario they calculated, world average energy intensity of GDP is
projected to fall by 77 percent from 1990 to 2100, implying an average annual decline rate of 1.34
percent.

From 1990 to 2018, world GDP (measured by purchasing power parity) grew at an average
annual rate of 3.4 percent and world primary energy consumption grew at an average annual rate
of 1.93 percent (BP 2019). It follows that the world average energy intensity of GDP declined at
an average annual rate of 1.42 percent, slightly higher than the long-term decline rate estimated by
Baski and Green (2007). However, if world GDP is measured by market exchange rate, the world’
average annual economic growth rate from 1990 to 2018 would be 2.81 percent (World Bank
2019) and the average annual decline rate of energy intensity of GDP would be 0.86 percent,
significantly below the long-term decline rate estimated by Baski and Green (2007).

Using the estimate made by Baski and Green, | assume that from 2018 to 2100, world average
energy intensity of GDP will decline at an annual rate of 1.34 percent. By 2100, world average
energy intensity will fall by 67 percent from the 2018 level.

Now let us consider the future potential of decline of emissions intensity of energy. From
1990 to 2018, world average emissions intensity of energy declined at an average annual rate of
0.26 percent. By how much can the pace of decarbonization be accelerated in the future? The
answer to this question depends, on the one hand, on how rapidly the share of fossil fuels (oil,
natural gas, coal) in world energy consumption can be reduced in the future, and on the other hand,
on what type of fossil fuels the world will use for the part of energy consumption that cannot be
provided by nuclear or renewable energies.

In 1990, fossil fuels accounted for 88 percent of the world primary energy consumption. In
2018, fossil fuels still accounted for 84.7 percent of the world primary energy consumption,
nuclear electricity accounted for 4.4 percent, hydro electricity accounted for 6.8 percent, wind and
solar electricity accounted for 3 percent, and other renewable electricity accounted for 1 percent
(BP 2019). With the exception of biofuels, all commercial nuclear and renewable energies are
consumed in the form of electricity. Thus, the share of electricity in the world’s energy
consumption will largely set the upper limit to the future expansion of nuclear and renewable
energies.
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To compare electricity with primary energy consumption, electricity needs to be converted
into primary energy using a formula known as “thermal equivalent” (that is, how much primary
thermal energy it takes to produce a unit of electricity). The BP’s Statistical Review of World
Energy assumes that one unit of electrical energy is equivalent to 2.632 units of thermal energy
(equivalent to the assumption of 38 percent efficiency of a modern conventional thermal power
plant) (BP 2019). Using this assumption, the world electricity generation’s thermal equivalent was
33.3 percent of world primary energy consumption in 1990 and 43.4 percent in 2018.

In the past, electrification of world energy has taken place in sectors that can be relatively
easily electrified. In the future, further electrification may face serious economic and technical
difficulties. In the transportation sector, although passenger transportation on roads may be
electrified in the near future, there are major challenges that could prevent electrification of heavy
trucks, airplanes, and ships. High-temperature industrial processes and the production of chemical
inputs can be electrified in principle. But it has not yet been demonstrated that electrification in
these areas can be made economically feasible (Heinberg 2015).

While world-wide electrification has proceeded steadily, electrification appears to have
stalled in advanced capitalist countries in recent years. In the United States, the electricity share of
primary energy consumption was 44.7 percent in 2010 and declined to 43.9 percent in 2018. In the
European Union, the electricity share was 42.8 percent in 2010 and rose slowly to 44.0 percent in
2018. In Japan, the electricity share was 51.8 percent in 2010 and increased slightly to 52.4 percent
in 2018 (calculated using data from BP 2019).

Despite potential difficulties that may prevent steady progress of electrification in the future,
| assume that world-wide electrification will continue to proceed according to its historical pace.
From 1990 to 2018, the electricity share of world energy consumption increased at an average
annual rate of 0.36 percentage points. If this rate is continued from 2018 to 2100, then by the end
of this century, the electricity share of world energy consumption will rise to 72.9 percent.

How much of the future electricity generation will come from nuclear and renewable
energies? In recent years, nuclear electricity has stagnated and the growth of renewable electricity
is mainly led by wind and solar electricity. But wind and solar are intermittent sources of electric
power. They cannot be effectively connected to electric grid without the backup of large-scale
storage or fossil fuels. The current large-scale storage technology remains prohibitively expensive
(Andrews 2018). In addition, wind and solar electricity has very large land requirements.
According to Capellan-Perez, Castro, and Arto (2017), a transition to 100 percent solar energy
may be physically unfeasible for most European countries and Japan as the land requirement of
solar electricity exceeds all the available land in these countries.

In 2017, an intense debate took place among the world’s top energy experts. Jacobson et al.
(2017) proposed a plan to transform the world’s energy infrastructure and build a new electric grid
based on 100 percent renewable electricity. Clark et al. (2017) criticized the proposal by Jacobson
et al. and argued that while an electricity system that is approximately 80 percent decarbonized
may be built with reasonable cost, an electricity system with 100 percent renewable electricity
faces formidable and perhaps insurmountable economic and technical difficulties. Goldman
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School of Public Policy of the University of California Berkeley recently proposed a plan to
achieve 90 percent “clean” (carbon-free) electricity by 2035 in the United States (Goldman School
of Public Policy 2020).

Notwithstanding the controversies concerning the future potential of decarbonization in the
electricity sector, it is obvious that 100 percent sets the maximum limit to the extent of
decarbonization. | assume that, by 2100, all the world electricity generation will be provided by
nuclear or renewable energies. Therefore, about 73 percent of the world energy consumption will
be completely decarbonized (because electricity will account for about 73 percent of the world
energy consumption by 2100). | further assume that the remaining 27 percent of the world energy
consumption will be provided by natural gas, the cleanest type of fossil fuels. That is, oil and coal
consumption will be completely eliminated.

In 2018, the world average emissions intensity of energy is 2.44 metric tons of carbon dioxide
for each metric ton of oil equivalent (“oil equivalent” is a measure of energy consumption). Each
metric ton of oil equivalent of natural gas emits 2.35 metric tons of carbon dioxide (BP 2018).
Therefore, if 73 percent of the world’s energy consumption is completely decarbonized and the
remaining 27 percent is provided by natural gas, the world’s expected emissions intensity of energy
in 2100 can be calculated as: 73% * 0 + 27% * 2.35 = 0.63 metric tons of carbon dioxide for each
metric ton of oil equivalent. Therefore, by 2100, the world average emissions intensity of energy
is projected to fall by 74 percent from the 2018 level, implying an average annual decline rate of
1.63 percent.

Combining the projected decline rate of energy intensity of GDP (1.34 percent) and the
decline rate of emissions intensity of energy (1.63 percent), the world average emissions intensity
of GDP will decline at an average annual rate of 2.95 percent from 2018 to 2100 (see approximate
equation 7 above). In 2018, the world average emissions intensity of GDP is 0.28 kilograms of
emissions per dollar of GDP (world GDP is measured in constant 2011 international dollars).
Based on the above assumptions, by 2100 the world average emissions intensity of GDP will fall
to 0.024 kilograms of emissions per dollar of GDP or decline by 91.4 percent from the 2018 level.

What will happen to the regional emissions intensity of GDP? In 2018, China’s emissions
intensity of GDP was 0.418 kilograms per dollar of GDP, the OECD average emissions intensity
of GDP was 0.241 kilograms per dollar of GDP, and the rest of the world’s average emissions
intensity of GDP was 0.264 kilograms per dollar of GDP. It seems reasonable to assume that the
region currently having higher emissions intensity will have more opportunities of technological
catch-up and will experience more rapid decline of emissions intensity in the future.

Assuming that the three regions’ emissions intensity of GDP will gradually converge in the
future and all regions will have the same emissions intensity of GDP as the world average by 2100,
it can be calculated that China’s emissions intensity of GDP will fall by 94.3 percent from 2018 to
2100 (implying an average annual decline rate of 3.43 percent), the OECD average emissions
intensity of GDP will fall by 90 percent (implying an average annual decline rate of 2.77 percent),
and the rest of the world’s average emissions intensity of GDP will fall by 90.9 percent (implying
an average annual decline rate of 2.88 percent).
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Under the inertia principle, the three regions’ total carbon dioxide emissions should decline
by 1.85 percent each year from 2018 to 2100. Using the new decline rates of emissions intensity
of GDP calculated above, China’s economic growth rate consistent with the inertia principle would
be 1.64 percent, OECD’s economic growth rate consistent with the inertia principle would be 0.95
percent, and the rest of the world’s economic growth rate consistent with the inertia principle
would be 1.06 percent (for the relationship between economic growth rate, emissions intensity of
GDP decline rate, and emissions decline rate, see the approximate equation 4 in the section on
“Global Emissions Budget”). With its population growth rate being 1.4 percent, the rest of the
world would still suffer from absolute decline of per capita GDP. The OECD countries’ per capita
GDP growth rate would be barely positive.

Under the equity principle, China’s carbon dioxide emissions should decline by 3.31 percent
each year and the OECD total emissions should decline by 4.78 percent each year from 2018 to
2100. Using the new decline rates of emissions intensity of GDP, the Chinese economic growth
rate consistent with the equity principle would be only 0.12 percent (virtually zero growth) and the
OECD economies would have to decline by 2.07 percent each year to be consistent with the equity
principle.

Structural Crisis of Capitalism and The Imperative for De-Growth
According to Immanuel Wallerstein, all historical systems have “lives” and capitalism is not an
exception (Wallerstein 2007: 76). A historical system operates through various cyclical rhythms
that help the system to self-adjust and restore equilibrium. In the capitalist world system, the
cyclical rhythms have taken the form of short-term business cycles, half-a-century-long
Kondratieff long waves, and multi-century hegemonic cycles. Giovanni Arrighi referred to the last
type of cycles as “systemic cycles of accumulation” (Arrighi 1994).

However, each cyclical adjustment results in certain change in the system’s underlying
parameters that have generated secular trends. As these secular trends approach their respective
asymptotes, the system encounters problems it can no longer resolve within its own framework
and the system enters into its structural crisis. The system then bifurcates, opening up the historical
space for alternative solutions to the crisis. Wallerstein argued that, because of the secular trends
of rising labor cost, environmental cost, and taxation cost, the capitalist world system had entered
into its own structural crisis (Wallerstein 2003: 45-68; 2007: 76-90).

Using Wallerstein’s concept of “structural crisis of the capitalist world system,” the current
trend towards rising greenhouse gas emissions and global warming can be understood as one of
the secular trends generated by the underlying laws of motion of the capitalist world system. As a
system driven by the pursuit of “endless accumulation of capital,” it produces exponential growth
of material production and consumption which in turn requires rising levels of energy
consumption. The growth of energy consumption has historically taken the form of rising
consumption of fossil fuels with its environmental impact overwhelming the absorptive capacity
of the earth’s ecological systems. The previous sections of this paper have argued that the secular
trend of global warming has created a crisis of human civilization that can no longer be resolved
within the existing framework of the current world system.
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According to Wallerstein, during the time of structural crisis, the future of the world is
inherently uncertain. We are currently in a global struggle that could lead to either a highly
unequal, hierarchical, post-capitalist system or a relatively egalitarian and democratic system
(Wallerstein 2007: 89). Assuming that the global struggle in the coming decades can create the
necessary political conditions for a global collective effort to achieve reasonable climate
stabilization (that is, to limit global warming by the end of this century to not more than 2 degrees
Celsius), what strategies should be taken for climate stabilization to be achieved?

Obviously, society should mobilize its available resources to achieve decarbonization as
rapidly as practically possible and reduce the emissions intensity of GDP at the maximum possible
pace. However, unless the economic logic of capitalism is fundamentally transformed, any
reduction of emissions intensity of GDP could be largely or even more than offset by economic
growth.

The previous sections have established that both the OECD countries and the rest of the world
have to accept near zero growth under the inertia principle of global emissions budget distribution
and both China and the OECD countries have to accept near zero or negative growth under the
equity principle of global emissions budget distribution.

Therefore, a necessary condition for global climate stabilization is for a large part of the world
(especially China and the OECD countries that have been responsible for most of the carbon
dioxide emissions) to accept either zero growth or negative growth.

While this paper focuses on climate stabilization, there has been a growing literature on “de-
growth” arguing that zero or negative economic growth is a necessary condition not only for
climate stabilization but also for ecological sustainability in general (Alier 2009; Hein and Rudelle
2020; Hickle and Kallis 2019; Kallis 2019; Kallis and March 2015; Schor and Jorgensen 2019;
Van den Bergh and Kallis 2012). But how can the economic system be restructured to
accommodate the demand for zero or negative growth?

To begin with, can the existing capitalist economic system be reformed to be made compatible
with the requirements of climate stabilization? The previous sections have already argued that it
is highly unlikely that a purely technical solution in the form of rapid reduction of emissions
intensity of GDP would be sufficient so long as the capitalist economies continue to pursue positive
economic growth.

Capitalism is a historical system which distinguishes itself through its tendency towards
“endless accumulation of capital.” This tendency derives, on the one hand, from the competition
between multiple states in the world system, and on the other hand, from the dominance of market
relations within each capitalist economy.

While markets have existed through the entire history of human civilization, only capitalism
has been characterized by the dominance of “production of commodities” (Marx [1893] 1967: 33).
So long as an economy is based on the dominance of market relations, the pressure of market
competition would constantly force capitalists to use a large portion of the surplus value at their
disposal to accumulate capital and capital accumulation in turn leads to economic growth.
Moreover, according to the world system approach, interstate competition forces each state within
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the capitalist world system to promote capitalist accumulation, reinforcing the system’s overall
tendency towards endless accumulation.

In the unlikely event, even if the capitalist state somehow decides to be committed to de-
growth and succeeds in limiting economic growth to zero or negative in the capitalist context, it
would generate other undesirable consequences. The capitalists may respond to the disappearing
of growth opportunities by capital flight or “investment strike” (cessation of not only new
investment but also replacement investment needed to maintain existing capital), creating a
massive economic crisis. Moreover, if labor productivity continues to rise in a zero-growth
capitalist economy, unemployment will keep rising relentlessly creating a socially unsustainable
situation (Magdoff and Foster 2011).

If capitalism cannot be made compatible with climate stabilization to the extent this requires
zero or negative economic growth, can some form of market socialism help to succeed where
capitalism has failed?

Historical examples of “market socialism” such as the experiment of “workers’ self-
management” in Yugoslavia or the Chinese “socialist market economy” have not provided
encouraging evidence. These historical precedents demonstrate that “market socialism” is likely
to be inherently unstable. Whatever is the initial structure in a market socialist economy, market
competition inevitably generates tendencies towards inequality and concentration of wealth in the
hands of a new capitalist class. For the purpose of this paper, it is sufficient to point out that so
long as the market is the dominant mechanism of exchange and distribution, it will impose constant
pressure on business enterprises (whether these are privately owned, publicly owned, or
collectively owned) to accumulate capital and to expand as rapidly as possible.

The market works because it rewards the commodity owners that produce more or better at
lower cost with higher money income. Therefore, in an economy dominated by market relations,
commodity owners are inevitably motivated to use the difference between their revenue and cost
(whether you call it “profit” or “surplus value” or not) to either expand production or develop
better technologies (that will lead to more production for a given level of inputs). If some
commodity owners successfully expand their production and lower their costs (lower costs often
help commodity owners to capture a bigger share of market and stimulate more expansion), those
who fail to do so will be threatened by lower money income, bankruptcy, or complete elimination
by competition. Therefore, eventually, most (if not all) commodity owners will be under constant
and intense pressure to pursue capital accumulation and production expansion. This is perhaps one
area where neoclassical economists, Marxist political economists, and world system theorists can
all agree.

Therefore, even if in the unlikely event, we can discover an economic system that is
dominated by market relations but does not degenerate into capitalism, as far as capital
accumulation and economic growth are concerned, it would still generate essentially the same
dynamics as in capitalism.

The human beings have known only two types of institutional arrangement for the purpose
of allocation of productive resources in an economy with large-scale division of labor. Society-
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wide allocation of productive resources can be done either through the market (based on trade or
exchange between independent commodity owners) or “planning.” Here, planning refers to any
institutional arrangement that allocates productive resources according to decisions made by a
“political” institution and the term “political” is defined in its broad sense.® To the extent that
society-wide planning gives the society as a whole the power to allocate most (if not all) of the
productive resources, it presupposes social ownership of the means of production.

If an economic system based on the dominance of market relations is unlikely to deliver de-
growth required for climate stabilization and ecological sustainability, this leaves the economic
system based on society-wide planning as the only conceivable alternative. The conventional
critique of the 20th century “socialist economies” based on centralized economic planning was
that these economies were hopelessly inefficient because they could not rationally process the
massive amount of information required for the operation of a modern economy and could not
provide sufficient motivation to individuals without private property.? The traditional critique of
socialist inefficiency is probably exaggerated as the Soviet economy had outperformed most of the
capitalist economies in economic growth for about half a century and the causes of economic
stagnation in the 1970s and 1980s were complicated (Allen 2003).

But here the question is no longer about which economic system can most efficiently achieve
economic growth. Instead, the question is about which economic system has the best chance to
achieve climate stabilization under conditions of zero or negative growth. In this regard, an
economic system based on social ownership of the means of production and society-wide planning
has the unique advantage in that it allows the society as a whole to have overall control over the
society’s surplus product. Therefore, if the necessary political conditions are created and the
population is genuinely committed to the objective of climate stabilization (this is of course a big
“if”), the society as a whole can use society-wide planning as the economic tool to allocate the
surplus product for purposes other than capital accumulation (for example, the surplus product
may be used for decarbonization, environmental cleaning, or projects that help to advance the
general mental and physical potential of the population).

An economic system based on social ownership of the means of production and society-wide
planning does not have to mean the complete elimination of market. But it does require the market
play a secondary or non-dominant role in the allocation of productive resources.

Conclusion
This paper evaluates the implications of global emissions budget distribution between three large
geographical areas (China, OECD countries, and the rest of the world) in the context of
Anthropocene and the structural crisis of the capitalist world system.
Under neither the inertia principle nor the equity principle, can continuing economic growth
be made compatible with requirements of climate stabilization in all three regions. This conclusion

LThe making of common decision for a group of people” (Shively 2005: 4).

2 0n critique of central planning, see Hayek [1948] 1996 and Stiglitz 1994; on arguments that the Soviet-style
economic system was not socialist, see Wolf 2012.
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does not change significantly when plausible acceleration of emissions intensity reduction in the
future is taken into account.

To limit global warming to not more than 2 degrees Celsius by the end of this century, at least
two of the three large regions need to reorganize their economies to operate with zero or negative
growth. Such a reorganization cannot be achieved under a capitalist economic system given the
inherent tendency of capitalism towards endless accumulation. Neither is it likely to be achieved
under any conceivable economic system dominated by market relations.

By comparison, an economic system based on social ownership of the means of production
and society-wide planning, may provide the society with the necessary economic tool to achieve
de-growth and climate stabilization.

Society-wide planning, by itself, does not guarantee the success of climate stabilization. There
are unresolved issues such as what type of world system may replace the capitalist world system.
Capitalism has brought about a world system with multiple national states. This raises the question
whether interstate competition may force the national states to pursue growth-oriented policy even
in a post-capitalist world and how such competition may be eliminated or brought under control
through alternative world-system arrangements. In his early works, Wallerstein (1979: 1-36)
considered our current historical epoch to be in the transition from the capitalist world system to a
future “socialist world-government.” Less promisingly, Arrighi (1994: 355-356) worried that the
existing world system could be replaced by a “world-empire.”  Although Arrighi also
contemplated the possibility of a more egalitarian world “market economy,” de-growth was not a
central theme in Arrighi’s writings.

It is beyond the task of this paper to resolve these great questions that neither Wallerstein nor
Arrighi resolved during their life time. | hope that the paper has at least demonstrated what cannot
work for the purpose of climate stabilization and de-growth. Knowing what cannot work should
help to limit the range of social experiment with which we want to engage in the future. It is in this
sense that a system based on social ownership of the means of production and society-wide
planning probably offers the best hope for the humanity.
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