TueE CLIMATE PROBLEM

There was a time, about 100,000 years ago, when there
were just 10,000 people on Earth. A century ago there
were 1.5 billion of us, and now there are 6.6 billion. It
is estimated that just forty years from now there will
be g billion. With luck and good management, our
population will not grow beyond this point. But some
estimates see the number swelling by 1 billion or
more in the century after that. That's 10 billion
people, on a planet that once held 10,000. Such a
burden of human flesh, which all needs to be
housed, clothed, and fed, will exacerbate all our en-
vironmental woes. Yet who can we ask to get off? The
truth is that if we wish to act morally, we can influ-
ence population numbers only slowly. So, although
it's important to focus on decreasing the population
as a long-term solution, we cannot look to it as a solu-
tion to the immediate crises.

One problem facing humanity is now so urgent

that, unless it is resolved in the next two decades, it
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will destroy our global civilization: the climate crisis.
The warming trend is real and accelerating, and our
pollution is responsible for it. All but the most igno-
rant, biased, and skeptical now admit this truth, and
it'’s underlined by the findings of the Intergovern-
mental Panel on Climate Change (IPCC). This
body of world experts is painfully conservative, for
the members work by consensus and include govern-
ment representatives from the United States, China,
and Saudi Arabia, whose assent is required for every
word of every finding. In its Fourth Assessment Re-
port (which was published in November 2007), the
IPCC blandly stated that the warming trend was
“very likely”caused by humans (that means the cause
is at least go percent certain), and subsequent re-
search has confirmed this, dismissing the idea that
sunspots or any other cause proposed by the skeptics
could play a role.

The farther into the climate system we try to follow
the consequences, the less certain the link with human
activity becomes, yet even here great advances are
being made. In its Fourth Assessment Report, the IPCC
thought it only “likely” (66-go percent certain) that
there was a relationship between the warming caused
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TIM FLANNERY

saltier. In the nineteenth century this is exactly what
scientists thought. Assuming that the oceans were
fresh upon their formation, and knowing the rate at
which salt was carried into the oceans by rivers, they
estimated Earth to be just a few tens of millions of
years old, and then coupled this incorrect finding with
a belief that a sort of salty doomsday awaited us a few
million years hence, when the oceans would have
become as salty as the Dead Sea.

The truth is far more remarkable. Earth’s oceans
have maintained a relatively steady level of saltiness
for billions of years, and they do so thanks to the mid-
occan ridges, where Earth’s plates are pulled apart,
allowing the ocean basins to grow. As the oceanic
crust pulls apart, magma comes to the surface and
the ocean penetrates this new, hot rock. Hydrother-
mal vents form, and through these eventually all
of the ocean water in the world circulates. It takes
10 million to 100 million years for all the water in the
oceans to pass through the hydrothermal vents, but
as it does so the chemical structure of the seawater
is altered by the extreme heat, and salt is removed.
This recycling of the oceans through evaporation,

rainfall, and rivers every 40,000 years, and through
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the movement of the crust at the mid-ocean ridges
every 10 million to 100 million years, keeps the salti-
ness of the sea constant. It is a remarkable thought
that all this is made possible by the continents and
their movement—continents that life itself may have
helped create.

[iarth is the water planet, and water, in its three
states—vapor, liquid, and solid —defines and sustains
arth. The principal part of its liquid state forms the
second organ of Gaia—the oceans, which cover 71
percent of Earth’s surface. Solid water, mostly in the
form of glacial ice, covers a further 10.4 percent. Water
is essential to life because the various electrochemi-
cal processes that constitute humans and other life-
forms can occur only within it. The ocean was almost
certainly the cradle of life, and it remains life’s most
expansive habitat. The volume of the oceans—about
330 million cubic miles—is eleven times larger than
all the land above the sea. And whereas land is popu-
lated by life only at its surface, the entire volume of
the oceans is capable of sustaining life.

The oceans are the most important means by which
carbon is drawn from the atmosphere. Indeed, when

considered on a timescale of centuries, historically
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they have been the only carbon sink that counts. And
today, with more carbon in the air, these sinks have
much more to absorb. Some of the carbon absorbed
by the ocean is used by algae, and some remains dis-
solved in the water, where it forms carbolic acid.
Some of the carbon taken in by algae falls to the
ocean floor when the algae die and sink, and there
it is destined to form carbonate rock, thereby remov-
ing the carbon more or less permanently from the
atmosphere. The carbolic acid that remains in the
water, however, is very different. As it builds up, it
causes the ocean to acidify; and acidity damages life,
including the algae that sequester the carbon. Ocean
acidification is a much more urgent threat than we
previously thought, and it is most advanced in the
north Pacific Ocean.

The north Pacific Ocean is so full of life that it
seems like a fantasyland. When [ first encountered
it, walking along the shore at Tofino near Vancouver
in British Columbia, [ was awestruck by the drifts of
mussel and oyster shells almost as long as my foot,
the gigantic barnacles and other oversize sea wrack.
Offshore, gray whales abounded within a few yards

of the beach, as did seals and killer whales. For me,
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coming from a dry and impoverished land, the sheer
abundance of life—and titanic life at that—was al-
most beyond my reckoning.

The unique fecundity of the north Pacific is caused
by the same factors that render it exquisitely vulner-
able to acidification. The great frozen continent of
Antarctica sits at the center of Earth’s oceanic system,
for much of the deep and intermediate ocean water
is exported from its icy fringe. This icy origin dictates
that the average temperature of the ocean is a mere
38 degrees Fahrenheit, which is a good thing indeed
for life, as frigid water is full of dissolved oxygen and
so can support life in the oceans from bottom to top.
There is, however, one important exception to this:
the north Pacific, which, because of its unique con-
figuration, is the only ocean not cooled and oxygen-
ated by Antarctic waters.

Instead, deep water, depleted of oxygen and rich
in CO2 (and thus acid), wells up here, bringing with
it the nutrients that feed the region’s oversize life. The
result is a fecund ocean, but one where the depth at
which organisms can lay down calcareous skeletons
is perilously close to the surface. Thus, anything that
requires a shell or skeleton has difficulty surviving at
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depth in the north Pacific. In other oceans, living
things can lay down skeletons to a depth of 5,000-
8,500 feet, but in the north Pacific they cannot do so
below 400-1,800 feet. This is why stony corals, which
are found in every other ocean, are absent from the
north Pacific. Increasing COz in the atmosphere has
already caused a rise in the boundary below which life
cannot lay down a skeleton in the north Pacific, to
100-325 feet. Scientists are now warning that in just a
few decades, creatures living in the far north Pacific
may be unable to lay down skeletons even at the sur-

face. And this would mean an end to all those oysters,

mussels, crabs, and lobsters that this fecund ocean

yields. Indeed, ultimately it will probably mean an
end to the whales and seabirds as well, for without
krill, what will they feed upon? And in time, if the
problem persists, all the world’s oceans will suffer the
same fate.

The atmosphere is the smallest, most vulnerable, yet
most vital of Earth’s organs. To look up into the blue
vault of the heavens in an effort to judge its size or
importance is profoundly misleading, for the atmo-
sphere appears to stretch on endlessly. Actually, the at-

mosphere is a gossamer-thin wrapping, insufficient
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even to swathe Earth’s tallest peaks in breathable air.
To get an idea of its actual size, we need to carry out
a thought experiment. Imagine compressing the gases
of the atmosphere about one-thousandfold —until
they become a liquid (this is necessary for a valid
comparison). Then imagine comparing the volume
of this liquid with that of Earth’s oceans. If you could
do that, and could see the result, you would discover
that the aerial “ocean” is just one five-hundredth the
size of Earth’s great water oceans. The size of a pol-
lution sink is a prime indicator of its vulnerability.
We all know that a small creek or lake is far more
likely than a larger one to be damaged by a given vol-
ume of pollution —say, sewage. Because the oceans
are soo times larger than the atmosphere, their pol-
lution history has been dramatically different. As we
shall soon see, this simple fact will dominate human
considerations in the twenty-first century—at least
during its first half.

Our shuffling of matter between Gaia’s three great
organs—crust, air, and water—is at the heart of the
problem of climate change. The problem results in
large part from digging up the dead —vast amounts

of fossilized, once living matter in the form of coal,

25




£1949 j0 N0 U0 Js0il sderjrod) sroatams maj e AuQO sn

U0 P2PUIISIP dABY [[IM oSe yrep mau e pue pasde[[od
JARY [[IM UONEZI[IAL [BQO[8 1O N0 s1 AIMUDD 811
-Kyuamy a1p} 210J2q Nﬂu%va ay] ‘peajsuy ‘0s op 0} vE_:U
-o1 AS10ua [EOTI{Od pUE ‘UIOPSIA qySisa10§ a1} }o¢]
suBLINY Y} $2AIN[2] JOO[A0T] ‘odonse}ed B 9AE 0}
oy [[1s ST 2191} Lw:o::< ..._uot.:md pey 21njuIng 3y}
PUE [OIJU0D JO JNO SEM 11§ AT 1B ‘fong uo pafid am se
‘9o130U 0} pI[Ie] PUE, ‘soutrdo Y00[2A0T ‘ULIEM daoy
0] 211} B J1[ PEL 2M J1 SE JSOWE SLI[, {OEqPa9] aanyisod
JO 9[110 STIOIOIA B Ul padden Apeaife s wa)sAs ayy
JEY} PUE QUISEULL 92 UEL] uonnyjod seg-asnoyuaais 0)
SAT}ISUDS DIOULI TEJ ST woysAs a1ewW|d S, BIED) 1B} son3ie
JOO[PAOT "UDPLIA UII(| 194D SEY SE JUSWILOIIAUD 1]}
0] p1eSa1 ul A[[oy uewny uo aanoadsiad e Sunenauad
pue yea[q se st 31 pue ‘qeaf puanas-Kydio sjoyne
sy ut paystiqnd sem pipo) fo afuaaay] a1 ], "ddUB[Eq
-wir uoqied dyj Jo saouanbasuod oY) sn 210jaq PIe|

Apunjqjeyiooq e mu:m:n_:m Yo0[2A0] soure( gooe uf

JAOY MUV MAN V

Q<

"PI)SIXd DOUEB[EqUIT UE
yons sey s1eaf uor[[iu <6 10330N uad1ad 77 £q 25810
-u1 0) z) o1y dsOUE JO UOHELUIIU0D ST} PISTIED
JBYJ} JUNOWIE UE ‘SUO] UOT[[Iq OT PIYIEL Ajiuewiny o
SUOISSIUIS UOQIED [ENUUE dY} gOOT U] “Buimois st 1
puy "goot £q ooo‘ot 12d syred g€ 03 ooo‘ot 1od syred
g’z woxj—juadrad of punoie Aq udsil ey a1ayds
-outje ayy ut 70D Jo uoniodoid oy “s1ed4 0oz ysnl
U1 :SNOULIOUD ST SKBM 9$AU} UL PIIEIID DAY 2M IIUE
-[equut uoqIed AT, o109y dsoune 91} 0} UOGIED JO SUO)
UOI[[1q 00T INO]E PIPPE SEY J1 UORN|O0AI [erysnpur
o Jo Sutuurdaq ayy 20UIG “S[10S JO uonepeidop pue
§}$010] JO UOLONISAP U §1 UOGIED JO IIINOS IDIROUY
s11ea00 pue a1aydsounje oy ut urede opisal 0331 SMO[[e
pue ‘sSutqy Suiar] ur 90UO SeA JBI UOGIED JudIouE

oy} sajeIaqI ST L, N Surung pue— sed [ermjeu pue ‘1o

AYANNVTL WIL




