Irreversible Does Not Mean Unavoidable
H. Damon Matthews and Susan Solomon
Science 340, 438 (2013);
DOI: 10.1126/science.1236372

This copy is for your personal, non-commercial use only.

Permission to republish or repurpose articles or portions of articles can be obtained by
following the guidelines here.
The following resources related to this article are available online at
www.sciencemag.org (this information is current as of May 17, 2013 ):
Updated information and services, including high-resolution figures, can be found in the online
version of this article at:
http://www.sciencemag.org/content/340/6131/438.full.html
Supporting Online Material can be found at:
http://www.sciencemag.org/content/suppl/2013/03/27/science.1236372.DC1.html
This article cites 10 articles, 5 of which can be accessed free:
http://www.sciencemag.org/content/340/6131/438.full.html#ref-list-1
This article appears in the following subject collections:
Atmospheric Science
http://www.sciencemag.org/cgi/collection/atmos

Science (print ISSN 0036-8075; online ISSN 1095-9203) is published weekly, except the last week in December, by the
American Association for the Advancement of Science, 1200 New York Avenue NW, Washington, DC 20005. Copyright
2013 by the American Association for the Advancement of Science; all rights reserved. The title Science is a
registered trademark of AAAS.

Downloaded from www.sciencemag.org on May 17, 2013

If you wish to distribute this article to others, you can order high-quality copies for your
colleagues, clients, or customers by clicking here.

PERSPECTIVES
arrive from neighboring groups. When the
researchers gave both groups of monkeys
access to palatable corn of both colors, the
original residents, showing great conservatism, stuck to their acquired preference (see
the ﬁgure, panel B). Twenty-six of the 27
newborn infants also ate only the locally preferred food; the one exception was the infant
of a female so low in rank that she had been
forced to taste the alternative corn in her offspring’s presence. The behavior of all infants
supported the thesis that food preferences are
acquired from mothers and not through individual exploration.
Male immigrants, too, adopted the local
color preference, in most cases despite their
arrival from groups that had developed the
opposite preference. The only exception
was an immigrant male who immediately
achieved the top rank position in his new
group, and who as a result may have been
less sensitive to the behavior of the locals.
The two studies (3, 4) show that cultural
learning in animals is not a mere luxury
that they occasionally engage in, but a common and widespread mechanism of behav-

ioral acquisition. Conformism among animals—that is, the tendency to prefer behavioral options that are common in the local
population despite familiarity with or the
presence of alternative options—has been
indicated by experiments on apes (6) and
monkeys (9) and documented in behavioral
ﬁeld research (10). Its conﬁrmation in ﬁeld
experiments suggests that the mechanism is
robust, with a great potential to affect survival success.
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Irreversible Does Not Mean
Unavoidable

Carbon dioxide emissions cuts implemented
today would affect the rate of future global
warming immediately.

H. Damon Matthews1 and Susan Solomon2

U

nderstanding how decreases in CO2
emissions would affect global temperatures has been hampered in
recent years by confusion regarding issues
of committed warming and irreversibility. The notion that there will be additional
future warming or “warming in the pipeline”
if the atmospheric concentrations of carbon
dioxide were to remain ﬁxed at current levels (1) has been misinterpreted to mean that
the rate of increase in Earth’s global temperature is inevitable, regardless of how much or
how quickly emissions decrease (2–4). Further misunderstanding may stem from recent
studies showing that the warming that has
already occurred as a result of past anthropogenic carbon dioxide increases is irreversible
on a time scale of at least 1000 years (5, 6).
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But irreversibility of past changes does not
mean that further warming is unavoidable.
The climate responds to increases in
atmospheric CO2 concentrations by warming, but this warming is slowed by the long
time scale of heat storage in the ocean,
which represents the physical climate inertia. There would indeed be unrealized
warming associated with current CO2 concentrations, but only if they were held ﬁxed
at current levels (1). If emissions decrease
enough, the CO2 level in the atmosphere can
also decrease. This potential for atmospheric
CO2 to decrease over time results from inertia in the carbon cycle associated with the
slow uptake of anthropogenic CO2 by the
ocean. This carbon cycle inertia affects temperature in the opposite direction from the
physical climate inertia and is of approximately the same magnitude (2, 6).
Because of these equal and opposing
effects of physical climate inertia and carbon cycle inertia, there is almost no delayed
warming from past CO2 emissions. If emis-

sions were to cease abruptly, global average
temperatures would remain roughly constant for many centuries, but they would
not increase very much, if at all. Similarly,
if emissions were to decrease, temperatures
would increase less than they otherwise
would have (see the ﬁrst ﬁgure).
Thus, although the CO2-induced warming
already present on our planet—the cumulative result of past emissions—is irreversible,
any further increase in CO2-induced warming is entirely the result of current CO2 emissions. Warming at the end of this century
and beyond will depend on the cumulative
emissions we emit between now and then.
But future warming is not unavoidable: CO2
emissions reductions would lead to an immediate decrease in the rate of global warming.
Why, then, are many different near-term
projections of CO2-induced warming very
similar? These modeled estimates are similar
because even socioeconomic scenarios that
produce very different cumulative emissions
by the end of this century are not very differ-
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potential factor. With a species that is not
particularly suitable for controlled experiments, this is as close as we may ever get
to proving that habits spread socially. Alternative hypotheses, such as genetic determination of the pattern or individual learning,
were unsupported by the analysis.
Because of the neophobia of wild animals, ﬁeld experiments are hard to conduct.
Van de Waal et al. succeeded in inducing
cultural transmission among wild vervet
monkeys using a very elegant, controlled
paradigm. They show that groups of wild
monkeys can learn to distinguish between
differently colored corn furnished by the
experimenters. One color was palatable, the
other highly distasteful. The two colors were
counterbalanced across groups, so that corn
of one color was palatable in some groups
yet distasteful in others, and vice versa. All
groups developed an exclusive preference
for the untreated corn.
This by itself is just an example of individual learning, but then the investigators waited for new infants to be born in
the groups and for new male immigrants to
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Higher
emissions

is likely to be put in place in the developing
world, implying a large and ongoing societal
commitment to further global CO2 emissions
and consequent climate warming (7).
Given the irreversibility of CO2-induced
warming (5, 6), every increment of avoided
temperature increase represents less warming that would otherwise persist for many
centuries. Although emissions reductions
cannot return global temperatures to preindustrial levels, they do have the power to
avert additional warming on the same time
scale as the emissions reductions themselves.
Climate warming tomorrow, this year, this
decade, or this century is not predetermined
by past CO2 emissions; it is yet to be determined by future emissions. The climate benefits of emissions reductions would thus
occur on the same time scale as the political
decisions that lead to the reductions.
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nations throughout the 21st
century (see the second ﬁgent over the next two decades (ﬁgs. S1 and S2). ure). If technological investments and innovaThe climate system physics implies that fur- tion increase the availability of reduced-carther increases in warming could in principle bon sources of energy that are competitive in
be stopped immediately, but human systems price, development can continue to improve
have longer time scales. Carbon-emitting the lives of people in emerging economies
infrastructure is designed to beneﬁt human- without driving global climate change to
kind for many decades; each year’s additional increasingly dangerous levels. If reduced-carinfrastructure implies added stock intended to bon energy sources are not advanced rapidly,
last and emit CO2 for many decades. It is this a great deal of carbon-intensive infrastructure
dependence on CO2-emitting technology that
generates a commitment to current and near- A
Cumulative CO2 emissions
future emissions (7). Cleaner alternatives are
Historical emissions
being developed and carbon capture and storFuture lower emissions
age technologies are being tested, but technoFuture higher
logical development and diffusion are sub1500
2000
500
1000
ject to substantial inertia (8). Societal inertia, 0
Billion tonnes of C emitted
rather than the inertia of the climate system, is
thus the critical challenge if we wish to begin B
Per capita cumulative CO2 emissions
to decrease the rate of CO2-induced global
warming in the near future.
Historical emissions
The strong dependence of future warmFuture lower emissions
ing on future cumulative carbon emissions
Higher
implies that there is a quantiﬁable cumula200
600
400
800
tive amount of CO2 emissions that we must 0
Tonnes of C emitted per person
not exceed if we wish to keep global temperature below 2°C above preindustrial temAnnex-1 countries
Non-Annex countries
peratures. Several recent analyses have suggested that total CO2 emissions of ~1000 Pg Development and emissions. Cumulative emissions
C (~3700 Pg CO2; 1 Pg = 1015 g) would give from developed countries (Annex-1) currently exceed
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