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readers’ forum

the role of the environment—as an-
other system—is then natural in seek-
ing answers.

I am in good company when accused
of the H-theorem “mistake.” Still, Lud-
wig Boltzmann dealt with the evolution
of a many-body system that is classical
and isolated. In that classical setting,
probability was a fault of an observer ig-
norant of the system’s precise state.
Boltzmann’s Stosszahl ansatz postulates
uncorrelated trajectories and is a way of
representing that ignorance. Although
the Boltzmann equation is useful, call-
ing on Stosszahl ansatz to prove the 
H-theorem—that is, the second law of
thermodynamics—was suspect. Evolu-
tion is deterministic and reversible, so
while observers’ ignorance may increase,
microscopic entropy of the closed system
cannot change. Moreover, the informa-
tion and hence ignorance of observers is
irrelevant for classical dynamics.

As I show in my article, in our quan-
tum world probabilities arise via entan-
glement. A single photon that escapes
with information about the fate of
Schrödinger’s cat is enough to decohere
the cat’s state. An observer can never
catch up with the photon, so reversibility
of the equations of motion notwith-
standing, information loss can be irre-
versible for prosaic yet compelling rea-
sons. The resulting entropy production
can be accounted for by decoherence.5

The whole measurement (or Schrö -
dinger’s cat) setup starts far from 
equilibrium. Quantum Darwinism and
decoherence show why, in such non-
equilibrium multipartite settings,
pointer states—and not their superposi-
tions—survive and information about
them is amplified and recorded in many
copies by the environment. Both the
nonequilibrium setting and the division
of the universe into systems are needed
to state the problem. When certain as-
sumptions are needed to state the prob-
lem, surely they can be used to solve it.
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Many approaches
to climate change
policy

Ifound Paul Higgins’s article, “How to
deal with climate change” (PHYSICS
TODAY, October 2014, page 32), a use-

ful and balanced summary of the high-
level policy options that are available.
However, he omits a few points that 
are often glossed over in discussions 
of the issue.

First, it is true that we will have to
adapt to climate change. Even if carbon
dioxide levels were to stabilize today,
Earth would continue to warm for
decades, sea levels would continue to
rise for centuries, and biological sys-
tems from fisheries to forests would re-
spond to those changes. But adaptation
without mitigation is folly. If CO2 levels
do not stabilize, any attempts to adapt
to climate change will eventually be 
insufficient and will need continual
augmentation. In that unstable sce-
nario, the costs of adaptation will even-
tually exceed those of mitigation.

Second, the biological world gener-
ally is much less adaptable than hu-
mans. Some biological systems may
simply not be able to adapt fast enough
and may fail catastrophically. Given our
huge reliance on the services provided
by biological systems, figuring in the
societal loss from those systems’ inabil-
ity to adapt should push the balance
even further toward mitigation. 

Third, although Higgins mentions
the immediate loss to our economy 
due to the degradation of biological sys-
tems, he does not mention the decima-
tion of biological capital that would re-
sult from climate change. I argue that
the planet’s most valuable natural re-
source is the vast store of information in
the DNA of the millions of species that
have developed over a billion years of
evolution. Humans have barely started
exploiting that treasure trove for new
medicines, foods, materials, and more.
Yet biologists tell us that even without
climate change, we are in the midst of
the sixth great extinction on this planet.
Climate change will only accelerate the
loss of species. Shouldn’t that particular
loss figure into calculations of the costs
of climate change and the debate over
mitigation versus adaptation?
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■ Higgins replies: Brian Cluggish ar-
gues for aggressive mitigation based on

the potential impacts of climate change
on biological resources. That is a per-
fectly defensible policy preference for
anyone concerned about the conse-
quences of disturbing the climate sys-
tem. However, other readers may be
more risk averse to climate policy. Those
who own or work in coal-fired power
plants, for example, might worry about
responding too aggressively. The socie-
tal risks of climate change and climate
policy are highly asymmetric but a full
discussion of response options must ac-
count for the full spectrum of views.

At times, Cluggish presents climate
policy as zero-sum—more attention to
one approach means less attention for
others. That is a false choice. 

We could simultaneously mitigate,
adapt, geoengineer, and build the
knowledge base; comprehensive risk
management would involve a combina-
tion of approaches. Approaches might
come at the expense of one another if re-
sources—time, money, human capital,
or political will—are limited, but ap-
proaches could also encourage and 
reinforce each other. 

Cluggish mistakenly interprets my
article as promoting one policy ap-
proach at the expense of another. My
 article, by design, leaves policy pre -
ferences to readers because choosing
among the options involves personal
preferences, interests, and moral or eth-
ical judgments. Science can inform but
not determine those. A fair and objec-
tive presentation of the options gives
readers the best chance to understand
the tradeoffs and decide for themselves
what combination of approaches would
be best.
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