HOW LONG HAVE WE BEEN IN THE ANTHROPOCENE ERA?

An Editorial Comment

With great interest we have read Ruddiman’s intriguing article which is in favor
of placing the start of the Anthropocene at 5-8 millennia BP instead of the late
quarter of the 18th century. He shows how land exploitation for agriculture and
animal husbandry may have led to enhanced emissions of CO, and CHy to the
atmosphere, thereby modifying the expected changes in the concentrations of these
gases beyond those expected from variations in the Milankovich orbital parameters.
Much of his argument depends on the correctness of their projected CH4 concen-
tration curve from 7,000 years BP to pre-industrial times showing a decline to
about 425 ppb, according to Milankovich, instead of the measured 700 ppb. It
appears, however, strange that in Ruddiman’s analysis the proposed increase of
CH,4 due to anthropogenic activities stopped at about 1000 years BP, because ice
core data showed almost constant mixing ratios of CH, between 1000 years BP and
about 200 years ago before the rapid rise of CHy in the industrial period (IPCC,
2001). A major feature of Ruddiman’s argument is that natural atmospheric CHy
concentrations depend strongly on geological varying summer time insolations in
the tropical northern hemisphere, controlling tropical wetlands and methane release
from decaying organic matter under anaerobic conditions.

The choice of the start of the anthropocene remains rather arbitrary. The records
of atmospheric CO,, CHy, and N,O show a clear acceleration in trends since the
end of the 18th century. For that reason, the start of the anthropocene was assigned
to about that time, immediately following the invention of the steam engine in 1784
(Crutzen and Stoermer, 2000; Crutzen, 2002). The consequences of this innovation
have been astounding, for instance, there has been a tenfold rise in human popu-
lation to 6000 million, during the past three centuries, and a fourfold increase in
the 20th century (Turner et al., 1990; McNeill, 2000). This expansion was made
possible by medical advances and a major growth in agriculture and animal hus-
bandry leading for instance to a current cattle population of 1400 million (globally
averaged about one cow per average size family). Let us give a few more examples.

In a few generations mankind is exhausting the fossil fuels that were generated
over several hundred million years, resulting in large emissions of air pollutants.
The release of SO,, globally about 160 Tg/year to the atmosphere by coal and oil
burning, is at least two times larger than the sum of all natural emissions, occurring
mainly as marine dimethyl-sulfide from the oceans (IPCC, 2001). The oxidation
of SO; to sulphuric and NO, to nitric acid has led to acidification of precipitation,
causing forest damage and fish death in biologically sensitive lakes in regions, such
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as Scandinavia and the northeast of North America. Due to substantial reductions
in SO, emissions, the situation has improved. However, the problem is now getting
worse in Asia.

From Vitousek et al. (1997) we learn that 30-50% of the world’s land surface
has been transformed by human action, while the land under cropping has doubled
during the past century at the expense of forests, which declined by 20% over the
same period (McNeill, 2000).

More nitrogen is now fixed synthetically and applied as fertilizers in agriculture
than fixed naturally in all terrestrial ecosystems, 120 Tg/year vs 90 Tg/year (Gal-
loway et al., 2002). The Haber-Bosch industrial process to produce ammonia from
N; in the air made the human population explosion possible. (It is amazing to note
the importance of this single invention for the evolution on our planet.) Only 20 Tg
N/year is, however, contained in the food which is consumed by humans. Wasteful
application of nitrogen fertilizers in agriculture and especially its concentration
in domestic animal manure have led to eutrophication of surface waters and even
groundwater in many locations around the world. Fossil fuel burning adds another
25 Tg N-/year highly reactive NO, to the atmosphere, causing photochemical
ozone formation in extensive regions around the globe. The additional input of
altogether 145 Tg N/year is almost twice as large as the global natural biological
fixation on land. The disturbance of the N cycle also leads to the microbiologi-
cal production of N0, a greenhouse gas and a source of NO in the stratosphere,
where it is strongly involved in stratospheric ozone chemistry. Human disturbance
of the nitrogen cycle has recently been treated in a special publication of Ambio
(Galloway et al., 2002).

As a result of increasing fossil fuel burning, agricultural activities, deforesta-
tion, and intensive animal husbandry, especially cattle holding, several climatically
important ‘greenhouse’ gases have substantially increased in the atmosphere over
the past two centuries: CO, by more than 30% and CH,4 even by more than 100%,
contributing substantially to the observed global average temperature increase by
about 0.6 °C that has been observed during the past century. The Intergovernmental
Panel of Climate Change (IPCC, 1996) said in 1996: ‘The balance of evidence
suggests a discernable human influence on global climate’ and in 2001: ‘There
is new and stronger evidence that most of the warming observed over the last 50
years is attributable to human activities” IPCC, 2001). Depending on the scenarios
of future energy use and model uncertainties, further emissions of CO, and other
greenhouse gases are estimated to cause a rise in global average temperature by
1.4-5.8 °C during the present century, accompanied by sea level rise of 9-88 cm
(0.5-10 m until the end of this millennium). The largest anthropogenic climate
changes are still ahead for future generations.

Furthermore, mankind also releases or have released many toxic substances in
the environment and even some, the chlorofluorocarbon gases (CFCl; and CF,Cl,),
which are not toxic at all, but which nevertheless have led to the Antarctic spring-
time ‘ozone hole’ and which would have destroyed much more of the ozone layer
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if no international regulatory measures to end their production by 1996 had been
taken. Nevertheless, due to the long residence times of the CFC gases, it will take
at least until the middle of this century before the ozone layer will have largely
recovered.

The impact of humans on global economy and environment has undergone
major stepwise expansions, especially during the second half of the past century.
Figure 1 attempts to summarize the growing magnitude and changing nature of the
Anthroposphere over the past 250 years in terms of changes in 12 key global-scale
indicators. Note the distinct change in rate of increase of most indicators around
1950 and the sharp acceleration thereafter. The mid-20th century was a pivotal
point of change in the relationship between humans and their life support system.

Figure 2 shows the impacts of the changing Anthroposphere on the functioning
of the Earth System as a whole. In many ways, not just in climate, the human
impress on the global environment is clearly discernable beyond natural variability.
All components of the Earth System — atmosphere, land, ocean, coastal zone — are
being significantly affected by human activities. The period of the Anthropocene
since 1950 stands out as the one in which human activities rapidly changed from
merely influencing the global environment in some ways to dominating it in many
ways:

e Human impacts on Earth System structure (e.g., land cover, coastal zone struc-
ture) and functioning (e.g., biogeochemical cycling) now equal or exceed in
magnitude many forces of nature at the global scale.

e The rates of human-driven change are almost always much greater than those
of natural variability. For example, the current concentration of atmospheric
CO, (about 90 ppmV higher that the pre-industrial level) has been reached
at a rate at least 10 and possibly 100 times faster than natural increases in
atmospheric CO, concentration during the previous 420,000 years at least
(Falkowski et al., 2000).

e All of the changes to the Earth System depicted in Figures 1 and 2 are
occurring simultaneously, and many are accelerating simultaneously.

In summary, we conclude that Earth is currently operating in a no-analogue state.
In terms of key environmental parameters, the Earth System has recently moved
well outside the range of natural variability exhibited over at least the last half
million years. The nature of changes now occurring simultaneously in the Earth
System, their magnitudes and rates of change are unprecedented and unsustainable.

We conclude that there may have been several distinct steps in the ‘Anthro-
pocene’, the first, relatively modest, step can have been identified by Ruddiman,
followed by a further major step from the end of the 18th century to 1950 and,
from the perspective of the functioning of the Earth System as a whole, the very
significant acceleration since 1950.

Already in the 19th century, awareness of the upcoming human impact on the
environment was identified among others by Marsh (1864) and further emphasized
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Figure 1. The increasing rates of change in human activity since the beginning of the Industrial
Revolution (Steffen et al., 2003). Significant increases in the rates of change occur around the
1950s in each case and illustrate how the past 50 years have been a period of dramatic and un-
precedented change in human history. (U.S. Bureau of the Census, 2000; Nordhaus, 1997; World
Bank, 2002; World Commission on Dams, 2000; Shiklomanov, 1990; International Fertilizer Indus-
try Association, 2002; UN Centre for Human Settlements, 2002; Pulp and Paper International, 1993;
MacDonalds, 2002; UNEP, 2000; Canning, 2001; World Tourism Organization, 2002).

in particular by V. Vernadsky who wrote about 80 years ago: ‘The surface of
the earth has been transformed unrecognizably, and no doubt far greater changes
will yet come...” ... We are confronted with a new form of biogenic migration
resulting from the activity of the human reason’.

Let us thus hope that the fourth phase of the ‘anthropocene’, which should
be developed during this century, will not be further characterized by continued
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Figure 2. Global-scale changes in the Earth System as a result of the dramatic increase in human
activity (Steffen et al., 2003): (a) atmospheric CO, concentration (Etheridge et al., 1996); (b) at-
mospheric NoO concentration (Machida et al., 1995); (c) atmospheric CH4 concentration (Blunier
et al., 1993); (d) percentage total column ozone loss over Antarctica, using the average annual total
column ozone, 330, as a base (Image: J. D. Shanklin, British Antarctic Survey); (e) northern hemi-
sphere average surface temperature anomalies (Mann et al., 1999); (f) natural disasters after 1900
resulting in more than ten people killed or more than 100 people affected (OFDA/CRED, 2002);
(g) percentage of global fisheries either fully exploited, overfished or collapsed (FAOSTAT, 2002);
(h) annual shrimp production as a proxy for coastal zone alteration (WRI, 2003; FAOSTAT, 2002);
(1) model-calculated partitioning of the human-induced nitrogen perturbation fluxes in the global
coastal margin for the period since 1850 (Mackenzie et al., 2002); (j) loss of tropical rainforest and
woodland, as estimated for tropical Africa, Latin America and South and Southeast Asia (Richards,
1990; WRI, 1990); (k) amount of land converted to pasture and cropland (Klein Goldewijk and
Battjes, 1997); and (1) mathematically calculated rate of extinction (based on Wilson, 1992).
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human plundering of Earth’s resources and dumping of excessive amounts of
anthropogenic waste products in the environment, but more by vastly improved
technology and environmental management, wise use of Earth’s remaining re-
sources, control of human and of domestic animal population, and overall careful
treatment and restoration of the environment — in short, responsible stewardship of
the Earth System.
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