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Recipe for Disaster?
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The Heat Is On

It’s a different Earth; we might as well hold a contest to pick a
new name.

—Bill McKibben!

AS RAIN was spattering my tent high in the Col-
orado mountains, it didn’t really seem like a different Earth to me,
even though much of the world was reeling from one of the hottest
summers yet recorded. This was the summer of 1988, the second year
in a row of unusual heat. In fact, the average global temperatures in
both 1987 and 1988 were the hottest on record up to then, fueling
speculation in the news about whether global warming, a trend that
climatologists had been talking about over the previous three
decades or so, was to blame.

[ had perhaps more reason than most to be thinking about global
warming because at the time [ was in the midst of digging fossil rats,
mice, and other animals out of a cave in order to learn how mountain
wildlife had been affected by climate changes that took place hun-
dreds of thousands of years ago. For three summers I had been return-
ing to the mountains, donning a headlamp and coveralls with the
rest of my crew, and descending deep underground with shovels,
trowels, screens, compasses, cameras, and assorted other gear. We
were traveling back in time, peeling away the dirt floor of the cave—
sedimentary layers of dust, clay, and rock—that encased hundreds of
thousands of fossil bones. Determining the kinds of sediments in each
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layer—whether flowstone was present, for example, or compacted
clay—told us something of the climate that had prevailed outside the
cave in times past, and the bones told us what kinds of animals had
lived in that climate. Each layer we peeled away essentially exposed
a new snapshot of a long-gone ecosystem, and by analyzing all those
snapshots and reassembling them in sequence, we would be able to
track the ecological effects of past global warming events. We had
dug deep enough to take us back nearly a million years, long before
humans had any impact on climate, back to both past glacial ages
much cooler than today and warmer periods resembling today’s cli-
mate. The idea was to understand how ecosystems had responded to
the extreme global warming events indicated by the glacial to inter-
glacial shifts, so that we could better gauge what to expect with
warming in the future.

But truth be told, for me, as for most of us in 1988, immediate
problems felt more pressing than the effects of global warming, which
only become evident over decades and centuries. I had sixty people
to keep productively busy, and although we were spending mornings
deep in a cave where the weather outside didn’t matter, the after-
noon rains were slowing us down. Each day after lunch, the morn-
ing’s diggings were hauled out in canvas money bags and trucked to
a nearby stream, where we used hoses and gasoline-powered pumps to
wash the dirt through screens, leaving the fossils and gravel behind.
Before the fossils could be separated from the gravelly matrix for
identification, they had to dry. And that was where the rain was a
problem. We were falling behind schedule.

In the soggy matrix clogging the screens, though, we did notice
lots of fossil teeth and jawbones of marmots. They were so big they
were hard to miss. Marmots are a kind of groundhog of the genus Mar-
mota. The ones that live in the Colorado Rockies today are Marmota
flaviventris, or yellow-bellied marmots. They are chubby, squirrel-like
rodents (in fact marmots are members of the squirrel family) that we
occasionally watched scampering around the boulders above the
cave. They have puffy cheeks and buck teeth, like cartoon charac-
ters. They alternately hunch up their backs and then stretch out
when they run, like a slinky whose ends you push together until it
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bends in the middle and the front end extends outward. They look at
you first with surprise, then with a little bit of disgust, before they
take off. The fossils we were picking off the screens were from long-
dead Marmota, and showed us that marmots, in some form or fashion,
had been a part of that Colorado mountain ecosystem for close to a
million years. They were there during ice ages,2 when most of the sur-
rounding 3,000- to 4,300-meter (10,000- to I4,000-foot) mountains
hosted vast glaciers. When the glaciers receded marmot populations
persisted, even when the local climate became hotter and drier than
it is today. What we were finding seemed to say that if any kind of an-
imal should be able to persevere through dramatic climate changes,
marmots should.

That ability to survive makes sense when you take into account
what marmots do for a living. Like people, they hide from the weather.
Unlike people (at least, most people), they hide in burrows. That
means that a marmot’s-eye view of climate is much like the view my
crew and | had while we were crawling around inside the cave. Mar-
mots construct elaborate burrow systems into which, in the Colorado
Rockies, they disappear anytime the outside temperature gets colder
than about 1°C (34°F) or hotter than 26°C (79°F). In the burrows,
the temperature stays between 8-10°C (46—50°F), even though the
outside temperature might be far colder or hotter. Marmots thus spend
only about 20 percent of their lives outside their climate-controlled
dwellings (If you have an office or factory job, the time you spend
outdoors is probably a little less, maybe 10 percent of your year.).
From the marmot’s perspective, a problem with their climate-control
system is that it forces them to spend all winter in their burrows
without food (something we could never do)—and that’s about 60
percent of their life.

To stay alive, yellow-bellied marmots in the Colorado mountains
generally go into their burrows in early September to hibernate,
reducing their metabolism to the bare minimum in order to conserve
energy. They finally emerge sometime in the spring, April or May,
when the fat reserves they accumulated during the previous summer
begin to get low. As you might imagine, they’re hungry. The cue that
tells them to stay out of their burrows is warmer air, which in ideal
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circumstances has been melting the snow outside for some days prior
to the marmots’ emergence. When all that goes as it should, the
sleepy, hungry marmots stagger out of their burrows and blink their
eyes at what must be a welcome sight: fresh new shoots of nutritious
vegetation poking up where only a few days before snowfields blan-
keted the ground. The salad bar’s open. The delicate balance of each
element in a marmot’s life—a climate-controlled burrow, hibernation,
a warm-air wakeup call, melting snow, and vegetation growth—seems
to have served marmots well. This balancing act hadn’t failed in
nearly a million years in that mountain locale, and marmots seemed
as much a part of the landscape as the rocks they trundled over.

Knowing this made me think that where I was camping and dig-
ging then was not a “different Earth” at all. Ecologically at least,
things seemed to be chugging along pretty much as usual. What nei-
ther the marmots nor | knew at the time, though, was that their days
there may be numbered.

Not far away, about 100 kilometers to the west as the crow flies,
in the mountains above Gunnison, a team of researchers at the
Rocky Mountain Biological Laboratory had for decades been
painstakingly measuring temperatures inside marmot burrows and
the air temperature outside, gauging snowfall and the timing of
snowmelt, and recording when the first marmots emerged from each
long winter of hibernation.> What the data made clear when the
team published it in 2000 would have been disturbing to any mar-
mot, had they only known, even as far back as twelve years earlier. In
the spring of 88, the average marmot popped out of its burrow to
look for something to eat around May 8, a week earlier than they
were emerging in 1976. By 1999 marmots would be sticking their
heads above ground near April 21, some 23 days—nearly a full
month—earlier than they had in the mid-1970s. Meanwhile, more
winter snow was falling each year and even the increasing spring
temperatures were not melting the snow fast enough, as a marmot
would see it—which meant that, year by year, more marmots were
seeing snow instead of salad when they awakened, emaciated from
hibernation. A higher percentage of the population, in other words,
was spending too much energy awake when they should have been
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conserving energy asleep. Which means death. Something strange
was happening to the climate, something that upset the natural bal-
ance that had been genetically coded into those climate-controlled
marmots through their evolutionary history. For the marmots, it was
beginning to look like a different Earth after all.

The summer of that same year, 1988, many of the eastern states
were experiencing a heat wave, in the midst of which, coincidentally,
the Senate Committee on Energy and Natural Resources was holding
hearings about global warming. The scientists who testified there
were facing a different kind of heat than people were suffering out-
side. They were trying to explain, in ways easy to understand, the
long-term crises that could arise from global warming—no easy feat
when you consider that the nature of climate science is computer
models and probability calculations, just the stuff to make eyes glaze
and heads nod, and the nature of people is to worry about what's hap-
pening today, not what might happen twenty or fifty or a hundred
years from now. The task was complicated, too, because the easy way
out—blaming the roasting temperatures outside the Capitol on
global warming—was not scientifically sound: there was simply no
way of knowing whether any particular weather event, like the hot
summer of 88 or the gradual shift in the timing of snowfall versus
warm spring temperatures in the Colorado Rockies over ten years,
was the result of long-term global warming, or just a fluke.

But, specific weather events aside, some disturbing overall trends
were becoming clear to the scientists, which led James Hansen, one
of the pioneers in pushing for action to mitigate climate change, to
state the case in no uncertain terms: “It’s time to stop waffling so
much and say that the greenhouse effect is here and is affecting our
climate now.”* Other respected scientists and climate policy advo-
cates were offering future scenarios that seemed overly dramatic at
the time, such as:

[A] major hurricane . . . coming out of the Caribbean . . . of
near-record intensity . . . [would] . . . hit . . . with storm tides as
high as 4 meters (12 feet), bringing devastation. . . . Advance
warning and prompt evacuation [would] keep loss of life to less
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than a hundred, but property damage [would be] in excess of

$1 billion.5

That was a scenario offered by climatologist Stephen Schneider
in a book he published in 1989 to raise awareness on the climate
change issue. Think of Schneider as the Bob Dylan of climate science.
Just as Dylan was writing songs and rousing the civil rights crowds in
the 1970s, Schneider was studying how to calculate the probabilities
of specific kinds of climate events, and reaching out to policy mak-
ers with his conclusion: namely, that global warming was a threat
whose effects would become increasingly evident in the next couple
of generations. And, just as Dylan worked his crowds in the ensuing
decades, so did Schneider in congressional halls and meeting rooms
where national climate policy was discussed at the highest levels,
such as at that Senate committee hearing in 1988.

Seventeen years later, in fact, Schneider’s scenario proved overly
optimistic. The prediction was pretty close on the storm tides (4.3
meters versus 4), but when Hurricane Katrina destroyed New Or-
leans (not to mention entire communities in Mississippi), there was
no prompt evacuation, nearly 2,000 people were killed, and property
damage was in excess of $81 billion—all from that one storm. Debate
ensued in the scientific literature as to whether or not the record
number of hurricanes that year—28—was attributable to global
warming, but a couple of facts were indisputable: warmer ocean
waters fuel more-extreme storms, and the ocean, as well as the rest of
the earth, had been getting on average warmer and warmer for five
decades, and especially the preceding decade. The ten warmest years
that thermometers had ever measured occurred from 1990 to 2005.
While there were some year-to-year ups and downs, on average each
year was successively warmer than the last, with 1998 claiming the
dubious honor of the hottest year ever known, and 2002, 2003, and
2001 taking second, third, and fourth place, respectively. In short, by
2005 global warming had not only arrived, it had literally taken the
world by storm and had given us a dramatic sneak preview of what to
expect from a different Earth.

What makes the Earth different now compared to centuries past
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is that humans, primarily through burning oil, gas, and coal, have
changed the very air we breathe. While that may have been a point
of debate in 1988, today it is as close as we get to fact in scienceé—
meaning that atmospheric composition can be measured fairly pre-
cisely, that those measurements have been tracked with some
precision over the past five and a half decades, and that a half cen-
tury of measurements can be compared to what scientists have been
able to discover about what the atmosphere was like hundreds,
thousands, and even millions of years ago.

Details aside for now, the comparisons converge on disturbing
conclusions that go beyond the immediate temperature rises them-
selves. First, today the air we breathe has more carbon dioxide,
methane, nitrous oxide, sulfur dioxide, and other “greenhouse gases”
than it has had for at least four hundred thousand years—longer than
humans have been a species. They are called “greenhouse gases”
because, as their concentration in the atmosphere increases, they
prevent some of the heat that would normally radiate back into
space—heat ultimately derived from the sun’s rays striking the
earth—from leaving the atmosphere. Just like a greenhouse, the
Earth heats up as a result.

Second, the concentrations of those gases have risen—and are
rising—so fast that it is staggering. By the time babies born today are
in their fifties, even the best-case scenario predicts that more green-
house gases will be in the air than has been the case in three million
years—if we go on our merry way without any mitigation efforts. In
just the years since 1950, we have approximately doubled the amount
of greenhouse gases in our atmosphere. That was on top of the dou-
bling that had already taken place between the start of the industrial
revolution, say around 1700, and 1950. And that may have been on
top of increased levels of at least two gases, carbon dioxide and
methane, that prehistoric humans, through agricultural burning, land
clearing, and coal burning, had begun dumping into the atmosphere
as long ago as 8,000 years.

Not only are we living at a time already warmer than Earth has
experienced in at least four hundred thousand years, we are also liv-
ing at a time when the climate is changing much faster than normal.
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Earth has not experienced a similarly fast rate of climate change
within at least the last 6o million years. The reason we tend not to
notice is that the increase in greenhouse gases is incremental year to
year, decade to decade, century to century, without a lot of discern-
able change within a human lifetime, until all hell breaks loose—
which is now. Those ever-increasing levels of greenhouse gases are
beginning to give us an Earth that not only is hotter, but one that
also promises many other climatic changes: exceptionally violent
storms more often, shortened growing seasons in some places and
lengthened ones in others, droughts in some places, too much rain in
others, and transformation of what used to be coastline (or even
inland) into ocean.

Seen in that light, the scientific wakeup call about marmots in
the Colorado Rockies, already evident by 1988 and getting louder by
2000, fit all too well into a bigger picture. Not only was our species’
unwitting tinkering with the atmosphere inflicting collateral damage
on this Colorado ecosystem where, for all practical purposes, the
actual footprints of people were few and far between, but this atmos-
pheric tinkering was actually beginning to disturb what we regard as
“natural” ecosystems even in places where there are virtually no
human footprints.

Places such as high in the Canadian Arctic. In April of 2006 a
hunter from Idaho, Jim Martell, paid $50,000 for one of the many
versions of a wilderness experience, the chance to shoot a polar bear
near the top of the world on Banks Island, Canada. There’s not much
on Banks Island in the way of people. It’s a big island—in land area
around 67,000 square kilometers (26,000 square miles), a little bigger
than West Virginia—but it has only one small settlement of around
114 native Inuit people. The rest of the place is ice, snow, tundra,
shin-high willows, musk oxen, caribou, and, of course, polar bears.
But that’s not what Martell shot. Instead he bagged a pizzly, or a gro-
lar bear, depending on what you want to call it. The bear looked
enough like a polar bear to draw Martell’s bead, but when he checked
out his kill, he saw not only the cream-colored fur typical of polar
bears, but also a hump on its back, long claws, a shallow face, and
brown patches around its eyes, nose, and back. Those made it look
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more like a grizzly bear than a polar bear. Later DNA tests showed
why it seemed like a little of both: Martell’s trophy had a polar bear
mother and a grizzly bear father.

Something out of the ordinary had happened, something that
raised a host of questions. For starters, what were a polar bear and
grizzly bear doing in the same place? Polar bears are pagophilic,
which means they live almost exclusively on sea ice, especially the
annual ice that forms over the polar continental shelves and around
island archipelagos. Polar bears come onto land when sea ice melts
completely in the summer, or in the case of pregnant females, when
it’s time to den and birth cubs in the winter. Even when on land, they
tend to stay within a few kilometers of the coast. Polar bears prefer
icy marine habitats because evolution has prepared them to special-
ize almost exclusively on a food source that is unavailable to other
terrestrial animals: seals (with an occasional narwhal or walrus for
variety). Most of their fat reserves are put on during the spring
breakup of pack ice, when holes and open-water corridors in the ice
provide a place for seals to come up for gulps of air and to bask. The
bears sniff out such breathing holes and employ a technique called
still-hunting: quietly waiting by the hole until dinner appears, at
which time they attack and, if they are lucky, pull out a desperately
wriggling seal.

Grizzlies, on the other hand, are today denizens of the terrestrial
arctic (and a few alpine or forested regions where people have
allowed them to remain). They amble across the hills, hunting and
scavenging prey like caribou, moose, ground squirrels, spawning
salmon and trout, as well as a wide variety of vegetation. Like you
and me, they are omnivores, cosmopolitan in their tastes, but firmly
rooted on shore. Grizzly range stops where the sea begins, which is to
say some 100 kilometers (62 miles) south of Banks Island. When sea
ice is at its greatest extent in the winter, polar bear range butts right
up against grizzly range, but there is little chance of interaction then
because grizzlies are hibernating and pregnant female polar bears are
denning (male polar bears stay active year-round). The ranges of the
two species near Banks Island are completely separated in summer by
100 kilometers of open water. That leaves only spring as a time,
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potentially, for individuals of the two species to run across each other,
during what is typically the mating season for both grizzlies and polar
bears. The pizzly bear shot in 2006 suggests that a couple of years ear-
lier, when pack ice was breaking up, an errant male grizzly awoke
from hibernation and ventured out onto the ice, where he encoun-
tered a female polar bear. Or else the ice melted so fast that both
were stranded on land by June, which is the latest month when the
breeding seasons of the two species typically overlap.

Which leads to perhaps an even more perplexing question: why
would any self-respecting female polar bear mate with a grizzly bear?
Polar bear unions are not chance encounters. The courtship, if you
want to call it that, typically begins where the polar bears are congre-
gating to hunt seals, their main food. When male polar bears get
interested, they are persistent, following a female up to 100 kilome-
ters (62 miles). The female enjoys having several males vying for her
attentions (on average there are around three males ready to mate for
every available female). In the end she chooses the biggest and best
of them, from her perspective, and then engages in multiple conjugal
relations with the same male, over several days, which stimulates
ovulation. Grizlies have more of a hit-and-miss mating strategy, with
a receptive female grizzly potentially mating with more than one
male in a day. So where were all the male polar bears this time? Was
this just one tough grizzly?

We can’t know the answer to those questions for sure, but some
things that we do know are suggestive. First, pack ice in northern
Canada is breaking up substantially earlier than it did thirty years
ago—some 2.5 weeks earlier in Hudson’s Bay.8 This means a greater
chance that any grizzly that did wander out onto the ice would be
caught there as ice floes shifted and would face two alternatives: turn
around and swim back to shore, or keep walking north across the ice
and end up on Banks Island or even farther north. Those sorts of
unlikely events seem to be happening more and more. In 2003 and
2004, definitive photos, tracks, and hair samples of a grizzly were
reported higher in the arctic than ever before—1,000 kilometers
(620 miles) above the arctic circle, well into polar bear range on
Melville Island and 100 kilometers (62 miles) northeast of Banks
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[sland.% 10 What seems to be happening is that grizzlies, along with
species such as robins and sparrows—birds for which the indigenous
Inuit have no name—have been expanding their ranges north onto
Banks Island and farther in response to the last several decades of
warming.

All of which means more chance encounters between grizzlies
and polar bears. Couple that with the reduction in polar bear popu-
lations caused by early breakup of sea ice, and you have the recipe for
a pizzly. The quicker the pack ice goes from fast ice (that is, ice
anchored to the shore or seafloor) to no ice, the less fat a polar bear
puts on to sustain it through the long summer of no seal holes to sit
by. And, if the ice disappears earlier, then the summer is even longer
and so is the time when a bear must subsist mainly on its fat reserves.
Mortality correspondingly increases, and populations decline. Play
that out over a few successive years and it is not hard to imagine a
solitary female wandering around with no male polar bears in sight.
Instead she sees that grizzly, caught on the ice floe, working his way
north.

From there, ancestral genetics take over. As it turns out, polar
bears descended fairly recently, in evolutionary time at least, from
grizzly bears. The split between the two species is thought to have
occurred somewhere between 70,000 and 1.5 million years ago,!! dur-
ing the Pleistocene, the epoch when climate changed such that the
frozen north first became a relatively permanent feature of Earth’s
landscape. Those ice fields were new niches with new feeding oppor-
tunities, to which polar bears became specialized through what must
have been some relatively rapid natural selection. Even so, polar
bears have not diverged very far genetically from grizzlies. The blurry
line between the two species of bears means that more pizzlies are
possible, indeed even likely, as more and more grizzlies move into
polar bear range, and polar bear populations become more and more
depleted.

Of course, there are arguments that global warming has little to
do with pizzlies, much as there were arguments in 1988 about
whether global warming had anything to do with the hot summer.
The pizzlies of 2006 are analogous to the weather of 1988 in that we
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are still in the early days of observation, and we can’t draw any con-
clusions with certainty. What we can be certain of, however, is that
polar bears are on the way out. The annual ice pack is getting smaller
and smaller, and when it goes, so will polar bears.1? Anyway you look
at it, pizzlies or no, we've come full circle. A cooling global climate
stimulated the evolution of polar bears; global warming is taking
them away.

By 2008, the list of climate-caused ecological casualties was
growing far beyond polar bears, as we'll see in later chapters: species
ranging from golden toads in Costa Rica, to butterflies in England,
to forests from Alaska down into Montana blighted by tree-killing
beetles, and the inexorable march of species in all directions (but
mostly away from the equator, or uphill) as they race to track the
shifting climates they require for life. In the geologic past, there just
wasn’t such a problem. New communities came and went as each
species adjusted its geographic range to follow the ever-shifting (in
geologic time) climates that sustained it. The geographic range of
each species was like a giant amoeba, projecting here, retracting
there, at a speed that more or less matched the pace at which their
habitats slid across the Earth’s surface in response to natural climate
shifts—say, the change from an interglacial time to an ice age.
Where those amoebae overlap, you have an assemblage of species
that defines the communities and interactions that, in turn, define
an ecosystem.

Today, it is not an option, for a couple of very important reasons,
for many species to alter their range to follow their needed climate.
First, climate change is racing faster than it ever has during the evo-
lution of living species and ecosystems—many species simply aren’t
biologically capable of adjusting their geographic range at the speed
they would need to in order to survive. Second, “Los Angeles gets in
the way.”13 With cities, towns, large-scale agriculture, roads, and
other impediments, we have fragmented the natural geographic
ranges of many species and at the same time thrown barriers in the
paths that would otherwise make it possible for them move freely
around the Earth’s surface, even if they could keep up with climate
change. As a result, whole communities and ecosystems may fail to



—— The Heat Is On 15

operate as they have evolved to do over thousands, even millions, of
years. Under such conditions, species may not be able to adapt
through natural selection as they have done in the past because the
speed of climate change is simply too fast for evolution to keep up.

The net effect is double trouble for nature, double in the sense of
a long-recognized threat, habitat fragmentation, now playing on a
whole new field, accelerated global climate change. Under those cir-
cumstances, it is all too easy to envision many plants and animals
being pressed against the boundaries of their already-diminished
ranges. Where species are already confined to protected nature
reserves—the plight of charismatic species like elephants, lions,
tigers, pandas, grizzly bears, the great apes, and many, many others—
changing climate pushes them inevitably out of the protected region
(say, a national park) and into surrounding regions where their life is
squeezed out because potential habitats there have been destroyed, or
because their presence conflicts too much with people’s other inter-
ests. Down that path lies extinction for many of the species, commu-
nities, and ecosystems we have spent decades trying to protect. The
result would be not only a different Earth, but an impoverished Earth,
with the overall effect much like taking a color portrait and render-
ing it in black and white, or stripping all the harmonic notes out of a
symphony.

Luckily, there is something else different about Earth today: for
the first time in humanity’s history, we have both the knowledge and
the technology to chart at least the broad paths we want the future to
follow. No other generation in history has been so uniquely poised to
exercise those uniquely human qualities, foresight and directed
action. In the case of global warming we are in the arguably fortunate
position of knowing it’s here and probably will get worse, but also
having the ability to slow it; we know that many species are in trou-
ble and that only our concerted efforts will enable them, and thereby
the ecosystems of which they are a part, to survive. The trick now, of
course, is to actually use our foresight and abilities not only to dodge
but also to deflect the bullets heading our way—including, perhaps
especially, the ones aimed squarely at Earth’s ecological heart.






