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Is the Anthropocene a new geological epoch and can its
beginning be determined? The so-called Great Acceleration data, used repeatedly in support of the concept of the
Anthropocene as a new geological epoch, are closely examined. They are supposed to be characterised by a clear
intensification of growth (sharp increase, acceleration) in
the mid-20th century. They revealed the opposite effect:
they are characterised by decelerations either at precisely
the same time when accelerations were expected or over
the entire range of data, the phenomenon described here
as the Great Deceleration. Implications of this study are
two-folds: (1) contrary to expectations, these data cannot
be used to determine the beginning of the Anthropocene
and (2) the common deceleration questions whether humans
alone can cause a transition to a new geological epoch.
Investigation of the growth of the genus Homo in the past
2,000,000 years suggests that what is now called the
Anthropocene could be just a natural continuation of the
gradual evolution of human activities and impacts over a
long time, without a sudden intensification and without a
convincing evidence for a transition to a new geological
epoch.

Introduction
This document presents results of an interdisciplinary study linking close examination of anthropogenic indicators with the question
of whether Anthropocene is a new geological epoch. It is hoped that
results presented here will contribute to the discussion of the concept
of the Anthropocene. As pointed out by Bauer and Ellis (2018, p. 225),
“there are many reasons why interdisciplinary discussions on the concept and utility of the Anthropocene should continue”. Two important
questions about this concept are: (1) Why should the Anthropocene be
considered as one of the geological epochs? and (2) Where is the starting
point of the Anthropocene?
The concept of the Anthropocene as a new geological epoch was
not proposed by geologists. Furthermore, as noted by Finney and Edwards
(2015, p. 6) this concept “did not derive from the stratigraphic record”. It
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is based simply on the observation that humans have now strong impact
on the environment and on the assumption that this strong impact
causes transition to a new geological epoch. This is clearly stated in
the original paper where the concept of the Anthropocene was introduced: ‘Considering these and many other major and still growing impacts
of human activities on earth and atmosphere, and at all, including
global, scales, it seems to us more than appropriate to emphasize the
central role of mankind in geology and ecology by proposing to use
the term “anthropocene” for the current geological epoch’ (Crutzen
and Stoermer, 2000, p. 17). This statement contains the definition of
the Anthropocene and its interpretation. The concept of the Anthropocene is made of two components: (1) a claim or recognition of the current strong anthropogenic impacts on the environment and (2) the
interpretation of these impacts as causing a transition to a new geological epoch.
As for the second question, the starting point of the Anthropocene
was originally proposed to have been “in latter part of the 18th century” (Crutzen and Stoermer, 2000, p. 17) but now it is assumed to
have been around 1950 (Zalasiewicz et al., 2017). The beginning of
the Anthropocene is supposed to be marked by a “sharp increase in
human population, economic activity, resource use, transport, communication and knowledge–science–technology” (Costanza et al., 2007,
p. 9, emphasis added). This supposed sharp increase is described as a
sudden explosion in human enterprise around 1950 (Steffen et al., 2007),
as a sudden or sharp increase in the rate of change around 1950 (Steffen et al., 2007; Gaffney and Steffen, 2017), as a sharp and dramatic
increase in human activity around or after 1945 (Steffen et al., 2011),
as a skyrocket increase after a long and slow growth and as a “breakpoint around 1950” (Steffen in Australian Broadcasting Corporation,
2016). It is also claimed that “every indicator of human activity underwent a sharp increase in rate around 1950” (Steffen et al., 2011, p. 849,
emphasis added). If such is the case, many examples of abrupt accelerations should be easy to find and demonstrate.
Steffen et al. (2004) published excellent set of diagrams illustrating
convincingly the rapid increase in the intensity of human activities
and impacts. However, a rapid increase is not necessarily a sudden
rapid increase. It is not necessarily a sharp increase at a certain time,
as for instance around 1950. It is not necessarily a breakpoint. It could
be a rapid increase resulting from a gradual, monotonic growth. In
order to serve as a marker of the beginning of the Anthropocene, rapid
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increase has to contain a clear feature of a sudden acceleration at a
certain time. Furthermore, this sudden acceleration should be characterising a large number of anthropogenic indicators. Monotonic growth
cannot be used to determine the beginning of the Anthropocene
because it does not contain any clearly distinguishable feature along
its trajectory. Steffen at al. (2004) also claimed that every single diagram they presented displayed sharp acceleration around the 1950s.
However, while the rapid increase is clearly shown in their set of diagrams, the evidence of the claimed systematic sharp accelerations in
the 1950s is not demonstrated. Data published by Steffen at al. (2004)
were later extended to more recent years and published as the Great
Acceleration data (Broadgate et al., 2014). They play such a fundamental and iconic role in discussions of the concept of the proposed
new geological epoch that they are described as the “trajectory of the
Anthropocene” (Steffen et al., 2015). They were also suggested to be
used to mark the beginning of the Anthropocene (Steffen et al., 2015;
Zalasiewicz et al., 2017).
The objective of the study presented here was to examine the Great
Acceleration data (Broadgate et al., 2014) to see whether they show
systematic accelerations, which could be used to determine the beginning of the Anthropocene. Sources to each set of data are listed in the
cited compilation (Broadgate et al., 2014). This analysis will be combined with the earlier analysis of the growth of the human population
and of the economic growth (Nielsen, 2017a) based on a wider range
of data (Taeuber and Taeuber, 1949; Cook, 1960; Deevey, 1960; Clark,
1968; Birdsell, 1972; Durand, 1974; Thomlinson, 1975; McEvedy
and Jones, 1978; Biraben, 1980; Gallant, 1990; Trager, 1994; Haub,
1995; Hassan, 2002; Livi-Bacci, 2007; Maddison, 2010; US Census
Bureau, 2019). These two indicators (growth of the human population
and economic growth) are exceptionally important for the understanding
of the concept of the Anthropocene because they are described by a
significantly wider range of data than the remaining indicators and
because they are closely linked with the overall intensity of anthropogenic
activities and impacts. According to Waters et al. (2016, p. add 26222) the “increase in the consumption of natural resources is closely
linked with the growth of the human population.” The combined intensity
of human activities is also reflected in the economic growth, which is
closely linked with such anthropogenic indicators as the production
and consumption of energy, water consumption, pollution of land and
water, food production, land degradation, consumption of fertilizers,
pollution of the atmosphere, loss of tropical forests, consumption of
marine resources, ocean acidification, stratospheric ozone depletion,
increased transportation, increased consumption of renewable and
non-renewable resources, interference with nitrogen and phosphorus
cycles, and more. Maybe all anthropogenic impacts and activities are
embodied in and reflected by the economic growth but if not all, then
many of them are. It is hard, maybe even impossible, to decouple economic growth from impacts on the environment caused by human
activities. Recent study of this issue resulted in the following conclusion: “It is therefore misleading to develop growth-oriented policy around
the expectation that decoupling is possible” (Ward et al., 2016, p. 10).
Growth of the human population and economic growth are strongly
correlated (Maddison, 2010), so strongly that when going back in time,
economic growth becomes quickly directly proportional to the growth
of the human population. Using this property, De Long (1998) extended
the estimates of the economic growth to 1,000,000 BC. Anthropogenic

impacts on the environment cannot be explained solely by the growth of
the human population. However, growth of the human population,
which is described by the widest range of data, is so strongly linked
with the economic growth and with the consumption of natural
resources that it offers an excellent opportunity to place the concept of
the Anthropocene in a broader context and to see it from a long perspective of time.

Method of Analysis
Method of analysis of the Great Deceleration data (Broadgate et al.,
2014) consisted of the examination of the shapes of empirical distributions, examination of empirical growth rates and examination of
reciprocal values of data (see Supplement). Mathematical analysis was
not essential for the identification of accelerations or decelerations but
it was added to assist in a better interpretation of data. Mathematical
method of analysis of the Great Acceleration data was based on the
analysis of growth rates (Nielsen, 2017b). For this analysis, data separated by small time intervals are needed. The Great Acceleration data
fulfill perfectly this requirement. In this analysis, empirical growth
rates are represented by distributions, which do not depend strongly
on the range of data. This simple representation of growth rates is then
used to generate more complicated mathematical descriptions of data
by solving relevant but simple differential equations. Examples are presented in the Supplement. Full description of this method is presented
in the cited reference (Nielsen, 2017b). The extended supplementary
analysis of the growth of the human population was based primarily
on the inspection of the reciprocal values of data (Nielsen, 2017a)
because in this case, data before AD 1920 are not separated by small
time intervals.

Results and Discussion
Results of the examination of the Great Acceleration data and of
their mathematical analysis are presented in Table 1 and in Figs. 1 and
2. Indicators containing natural and anthropogenic components are
marked by asterisk (*). Additional information is presented in the
Supplement. Growth trajectory of the genus Homo during the past
2,000,000 years is shown in Fig. 3. It includes the growth of Homo
sapiens and it was in three stages, recognised earlier by Deevey (1960).
Even if humans have a significant impact on the environment, they
do not necessarily have a strong enough impact on the Earth System
as a whole to cause a transition to a new geological epoch. The issue
of human impacts reflected in such activities as the development of
science and technology, exploitation and waste of natural resources,
and food production was discussed extensively by Steffen et al. (2004)
and Nielsen (2006). It was also discussed by many other authors, presenting studies of individual aspects of numerous processes associated with the currently experienced human activities, for instance by
Cui, et al. (2006), Delgado et al. (2012), Pacheco et al. (2013), Roder
et al. (2013), Fletcher and Hughes (2017), DellaSala et al. (2018) and
by He et al. (2019).
Critical issues associated with anthropogenic activities and impacts
can be grouped in the following seven categories: (1) the rapid growth
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Table 1. Results of the examination of the Great Acceleration data (Broadgate et al., 2014) representing human activities and impacts

Indicator
Global growth of population
Global economic growth
Global growth of urban population
Global consumption of primary energy
Global consumption of fertilizers
Global number of existing dams
Global consumption of water
Global telecommunication
Loss of atmospheric ozone
Global shrimp capture
Global loss of tropical forests
Global agricultural land area
Global foreign direct investment
Global paper production
Global transportation
Global international tourism
Global marine fish capture
Global temperature anomaly

Change
Decelerated around 1960
Decelerated around 1960
Decelerated around 1960
Decelerated around 1960
Decelerated around 1970
Decelerated around 1970
Decelerated around 1980
Decelerated around 2000
Decelerated around 1990
Decelerated around 1990
Decelerated around 1960
Decelerated around 1960
Decelerating continuously
Decelerating continuously
Decelerating continuously
Decelerating continuously
Decelerating continuously
Unpredictable trajectory
(a)

(a)

Atmospheric concentration of CO
Accelerated in 1965
Ocean acidification
Accelerated in 1965
Atmospheric concentration of nitrous oxide
Accelerated in 1850
Atmospheric concentration of methane
Decelerated in 1970
Contains natural and anthropogenic components. Reached a predictable maximum in 2006 but now is again increasing (Dlugokencky et al., 2019).
2

(a)
(a)

(a)(b)

(a)

(b)

of the human population, (2) the diminishing land resources, (3) the
diminishing water resources, (4) the destruction of the atmosphere,
(5) the approaching energy crisis, (6) social decline, and (7) conflicts
and increasing killing power (Nielsen, 2006). The fundamental problem with all these critical developments is that they are strongly coupled. Steffen et al. (2004) describe this complexity as the Planetary
Machinery or the Earth System (singular). Many examples of anthropogenic activities and impacts could be discussed, but it is a broad
topic that could easily lead to an extensive review of literature, which
could be well outside the scope of this study. “No one can deny the
role of the human species in altering the global environment, but so
did many biological innovations, like the first burrowing animals at
the beginning of the Cambrian Period, and the rise of terrestrial forests in the Carboniferous” (Gehling, 2018).
The issue of whether the Anthropocene is a new geological epoch
can be competently resolved only by experts in this field of study. It has
been suggested (Hamilton, 2015) that a compelling evidence might
become available a million of years from now. However, interdisciplinary studies, such as presented here, can contribute to a better understanding of the currently experienced anthropogenic impacts and activities
and thus to a better understanding of the concept of the Anthropocene.
Extensive discussion of the analysis of individual distributions representing the Great Acceleration data (Broadgate et al., 2014) is presented
in the Supplement. The striking feature of the Great Acceleration data
is that there are no systematic accelerations around the 1950s. On the
contrary, data for the purely anthropogenic indicators show systematic decelerations either sudden, around the time when sudden accel-
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erations were expected, or continuous over the entire range of data,
the phenomenon described here as the Great Deceleration. There is no
systematic intensification that could be used to determine the beginning of the Anthropocene around 1950, as suggested by Zalasiewicz
et al. (2017). The only two indicators that extend over an exceptionally long time in this group of the Great Acceleration data are growth
of the human population and economic growth. They show that there was
also no sudden intensification of growth that could be used to determine
the beginning of the Anthropocene around 1800 as originally suggested by Crutzen and Stoermer (2000).
Looking from a longer perspective of time, data and the accompanying mathematical analysis presented in Fig. 3, show a remarkably
steady growth of the human (hominine) population. During that long time,
there were only two major changes in the pattern of growth: between
46,000 and 27,000 BC and between 425 BC and AD 510. The first
transition was marked by a significant acceleration but it occurred over
about 19,000 years. The second transition was a significant deceleration but again it occurred over a long time of approximately 1000 years.
Growth of the genus Homo in the past 2,000,000 years was hyperbolic for about 99% of time (Nielsen, 2017a). The strong irregularity
between the second and third stage is caused simply by a transition from
a fast to a slow hyperbolic growth. What is now called the Anthropocene is right at the end of this continuous and steady growth and it is
not marked by an unusual acceleration but by a deceleration (US Census Bureau, 2019). Even if the assumed beginning of the Anthropocene is placed “in the later part of the 18th century” (Crutzen and Stoermer,
2000, p. 17) it is an event that lasted so far for less than 0.01% of the
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Figure 1. (A) Global growth of the human population: decelerated around 1960. (B) World economic growth: decelerated around 1960. (C)
Global foreign direct investment: vertical displacement of data makes the analysis difficult but empirical growth rate suggests continuous
deceleration (see Supplement). (D) Global growth of urban population: decelerated around 1960. (E) Global consumption of primary energy:
decelerated around 1960. (F) Global consumption of fertilizers: decelerated around 1970. (G) Global number of existing dams: decelerated
around 1970. (H) Global consumption of water: decelerated around 1980. (I) Global paper production: decelerating continuously over the
entire range of data. (J) Global transportation: empirical growth rate suggests continuous deceleration (see Supplement). (K) Global telecommunication: vertical displacement of data makes the analysis difficult but growth rate data (see Supplement) show a clearly accelerating
growth after the vertical displacement followed by deceleration in around 2000.
total time of the past anthropogenic history (Harmand et al., 2015).
Even if we start counting from the time of the emergence of Homo
sapiens (Weaver et al., 2008), the Anthropocene represents less than
0.1% of the total time. What kind of a concentrated force would be
required to cause a geological transition during such a small fraction
of time? The new concept of placing the commencement of the
Anthropocene around 1950 (Zalasiewicz et al., 2017) makes it even
more difficult to accept. Now even a stronger force would be required
to have a detectable geological impact, but the analysis of the Great
Acceleration data (Broadgate et al., 2014) indicates that anthropogenic
forces started to become weaker from around 1950. The evidence in
data does not give a clear support for the concept of the Anthropocene as a new geological epoch.
There are no systematic data describing anthropogenic activities

and impacts over thousands or millions of years, which could be analysed in the same way as the Great Acceleration data (Broadgate et al.,
2014). However, close examination of the growth of the human
(hominine) population over the past 2,000,000 years suggests an alternative interpretation of the Anthropocene. It is a process that could be
perhaps viewed from a longer perspective of time as a natural continuation of the gradually evolving human (hominine) activities and impacts
on the environment. The beginning of this process would be hard or
even impossible to determine but it could be perhaps defined as the time
of the emergence of Homo sapiens or maybe even of genus Homo.
What is now called the Anthropocene could be a beginning of just a new
stage in human history without geological consequences, the beginning
of another “age” similar to the previous Stone Age, Bronze Age or
Iron Age. Maybe it could be called a Techno Age and it does not mat-
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Figure 2. (A) Global international tourism: continuous deceleration over the entire range of data. (B) Atmospheric concentration of carbon
dioxide: accelerated around 1965. (C) Global temperature anomaly: mathematically unpredictable growth. (D) Atmospheric concentration of
nitrous oxide: accelerated around 1850. (E) Atmospheric concentration of methane: decelerated around 1970 but now increasing again. (F)
Loss of stratospheric ozone: decelerated around 1990. (G) Ocean acidification: accelerated around 1965. (H) Global marine fish capture:
decelerating over the entire range of data. (I) Global shrimp production: decelerated around 1990. (J) Global loss of tropical forests: decelerated around 1960. (K) Global agricultural land area: decelerated around 1960. Indicators containing natural and anthropogenic contributions are marked by asterisk (*).

ter where precisely its beginning is placed. A similar broader interpretation of the Anthropocene was also proposed by Ruddiman (2003,
2017), Beach et al. (2015, 2019) and Edgeworth et al. (2015).
In order to understand the current strong anthropogenic impacts on
the environment it is important to notice that while the steady growth
of the human population is closely correlated with the steady economic growth (De Long, 1998; Maddison, 2010; cf Figs. 1A and 1B),
and thus with the steadily increasing consumption of natural resources
(Waters et al., 2016), there is no such clear correlation with the apparently sudden surge in the progress of science and technology. Industrial
Revolution (around 1800) with its unprecedented and rapid technological and scientific advances did not boost the trajectories of the
economic growth and of the growth of the human population (see
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Figs. 1A and 1B). Furthermore, the continuing technological innovations and scientific discoveries had no impact on preventing the diversion of the economic growth and of the growth of the human population
to slower trajectories from around 1960.

Conclusions
The aim of the study presented here was to check whether the socalled Great Acceleration data (Broadgate et al., 2014) show the expected
abrupt accelerations, which could be used to determine the beginning
of the Anthropocene. Data alone (without their mathematical analysis) demonstrate that there is no supporting evidence in the purely

112

without any profound alteration of natural processes that prevailed
over a much longer time.

Data Availability
Great Acceleration data: Broadgate et al. (2014) and references therein.
Historical estimates of the world population: compilations presented
by Manning (2008) and US Census Bureau (2018) and additional references listed in the Introduction. Population data from 1950: US Census
Bureau (2019). Economic growth data: Maddison (2010).
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