Positive Feedbacks and
“Tipping Points”
(Think Twin Towers)
Change in nature is fast, abrupt and usually violent—“stepwise” is the term that scientists
like to use. Many believe the gravest risks posed by global warming do not lie in a gradual rise
in temperature over the course of a few decades, but instead in some unpredictable catastrophic
event. What might that be? Nobody can predict with certainty because, by definition, we don’t
know what we don’t know. Nevertheless, there is compelling evidence that in areas where there
are clearly linkages that could trigger
runaway global warming, movement in that
direction has begun.
The pieces of change fit together like
the parts of a exquisitely complex and well
oiled machine. The Arctic and Antarctic are
warming and melting, triggering a slowing
of the 1,000-year current that warms, cools
and feeds the planet. With their supply of
nutrient-rich water gone, the tiny plants and
animals that form the base of the world’s
food chain, plankton, are disappearing.
Their decline is hastened by the increasing
acidity of an ocean in which carbon dioxide
is being dissolved, forming carbonic acid.
Permafrost is warming, thawing and rotting,
releasing massive amounts of greenhouse
gases, which in turn are speeding the
warming further, causing still more releases
of warming pollutants. In short, what the
computer models predict should happen are,
in fact, occurring. Humanity is standing at
the base of a global Twin Towers, as it
collapses on our future.
Has it happened in the past?
Absolutely.
Consider, for example, the Antarctic
ozone hole that opens over the frozen region

Figure 1 Collapse of the Twin Towers on Sep. 11,
2001 as a tipping point was reached. (Source:
University of Sydney
http://www.civil.usyd.edu.au/wtc.shtm l)

each year. It was so unexpected that when the instruments of the British Antarctic Survey, which
began measurements there in 1956, began reporting a dramatic drop in ozone levels in October,
1981, scientists refused to believe them.1 The principal researcher, Richard Farman, believed the
“reading was simply too low to suggest anything but an instrument malfunction” historians later
wrote. Farman ordered a new instrument and had it shipped to the Antarctic. Its readings: same
as those from the old device. But still the reading went unreported.
Nearly three years later, the Nimbus 7 satellite operated by the National Aeronautics and
Space Administration also documented the massive destruction of ozone in the Antarctic, a hole
the size of North America and the height of Mt. Everest. “Everybody agreed it was an instrument
problem,” one scientist later explained. Eventually, in May, 1985, Farman stunned the global
community of atmospheric scientists by reporting in an article published in Nature the annual
losses of ozone. Even then, however, the community remained unable to explain why and how
such a massive, catastrophic event could occur.
The explanation for the losses—and as important, why the world’s best scientists were
baffled—later proved to be not only quite simple, but obvious as well: the Antarctic gets
cold—really, really cold. When temperature remain relatively warm by Antarctic standards,
molecules of CFCs and ozone are floating in the air. If they collide, a CFC molecule will be
destroyed.1
In the Antarctic spring, whoever, which begins in roughly mid-September, temperature
fall so much that ice clouds are formed. The tiny particles of ice form solid surface on which the
reaction of CFC and ozone molecules can occur. This “solid state”or “solid phase.” chemistry is
much faster the gas phase because molecules are no longer colliding my random chance. Instead
they deposit on the ice surfaces, speeding the reaction a thousand-fold. These “step wise” or
“tipping point changes in nature are the rule, and gradual and even ones the exception.
Lightning strikes after the accumulated electricity reaches a tipping point, just as snow
avalanches down a hillside. Nuclear and thermonuclear explosions occur when a critical mass is
reached. Similarly, the Twin Towers fell when a tipping point was reached, though it is unlikely
that where and what will ever be known.
In the case of environmental threats such as global warming, the danger of reaching a
tipping point is increased because of the number of changes that can feed on themselves, starting
a spiral of heat. When tundra thaws, for example, it begins to decay, releasing both carbon
dioxide and methane, which has 20 times the warming power of CO2 on a molecule-for-molecule
basis. They increase the temperature, which triggers still more releases of greenhouse gases,
which, in turn, further boost warming. Thus the hotter it gets, the hotter it will get.
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Actually 100,000 ozone molecules will be destroyed by the time a single CFC molecule exhausts its destructive
capacity. The reaction is extremely complex, but in its final step, a new CFC molecule is created. That a single CFC
molecule can destroy 100,000 ozone molecules helps explain why human activities can have consequences far more
grave than might be assumed.

For myself, I believe that humanity has five or at most 10 years to reverse the warming trend. My
political experience leads me to believe that corporations, especially the oil, coal, electricity and auto
companies, have such a firm grip on political decision making in the United States that action will be
taken either too late or not at all. Though it saddens me to write this, I believe my children and billions
of others, will fail to live out their natural lives.

There are at least ten possible tipping points and positive feedbacks that have been
identified, and movement is occurring in each. It would be bad enough for one of them to tip,
but the catastrophic threat is that when one tips, it will trigger changes that will precipitate a tip
in all ten, and probably others that haven’t yet been identified. It is simply impossible to quantify
the risk of reaching one or more tipping points, so ultimately the determination is both personal
and subjective. For myself, I believe that humanity has five or at most 10 years to reverse the
warming trend. My political experience leads me to believe that corporations, especially the oil,
coal, electricity and auto companies, have such a firm grip on political decision making in the
United States that action will be taken either too late or not at all. Though it saddens me to write
this, I believe my children and billions of others, will fail to live out their natural lives.

ARCTIC WARMING AND MELTING
The danger of melting in the Arctic—or, for that matter, any area covered by snow and
ice—is that as dark soils or waters are exposed they will absorb more sunlight, thus increasing
warming that will melt more ice and snow, exposing still more dark surfaces. This has almost
certainly begun in the Arctic—and the implications extend much further.
The Arctic has been warming for quite some time, but the insulating effect of the snow
and ice, combined with the extremely long time frame required to change ocean temperatures,
have masked some of the changes. Once movement starts, however, scientists say a feedback
will be kicked in leading to, in the words of two snow and ice specialists, “a substantial increase”
in Arctic Ocean air temperatures.2 Recent studies show that melting has now begun, and is
happening at two to three times the rates predicted by computer models.

A study published in 2007 in the journal Geophysical Research Letters, found that the
actual rate at which summer sea ice had shrunk per decade during the past 50 years was more
than three times faster than an average of 18 of the most highly regarded climate simulations.
Arctic sea ice is now melting at a rate far quicker than predicted by climate change computer
models and could disappear completely before the middle of the century.
Retreating Arctic ice is a key indicator of the pace of global warming, and one that could
have devastating repercussions for the wider climate, including warmer oceans and rising sea
levels.3 The extent of summer sea-ice has decreased by nearly 40 percent compared to the
1979–2000 average. The ice is thinning4 and
2008 is even worse.
The year started with Arctic ice covering
a larger area than at the beginning of 2007,
according to data from the U.S. National Snow
and Ice Data Center (NSIDC). But by the
beginning of the summer, ice levels had shrunk
beyond those of June, 2007, a summer that broke
records for sea ice loss.5 Preliminary data
showed that the vast expanse of ice at the top of
the world was some 55,800 square miles smaller
than it was on the same date in 2007.6 Scientists
on the project said much of the ice was so thin it
melted easily, and that Arctic seas might be
ice-free in summer within five to 10 years.7
The consequences, however, extend far
beyond the Arctic—indeed to the entire planet.
Melting, especially if reinforced by a five- to
ten-year period of sudden, deep sea-ice
meltbacks could be 3.5 times higher than climate
models typically project, according to a study
published in June, 2008 issue of Geophysical
Research Letters.8 It predicts that added warmth
Figure 2 The effects of an ice-free Arctic will not
will extend 900 miles into the North American
stop there. It will likely extend to the entire planet,
and Eurasian continents, thawing vast stretches
possibly triggering a series of feedbacks that would
of tundra and permafrost, setting off a second
leave the Earth irrevocably altered and hostile to life
positive feedback. Again, as noted earlier, s
as we know it. (Source: freewebs.com )
these soils thaw, they decay, releasing the
greenhouse gases carbon dioxide and methane.
Those will accelerate warming further, causing more methane and carbon dioxide to enter the air
and trap heat (see the discussion of tundra thawing below).
The reaction of the global community, however, has not been to undertake immediate
action to halt or at least slow melting, but instead to squabble over the spoils. For example, as

milder temperatures made
exploration of the Arctic sea floor
possible for the first time, Russia’s
biggest-ever research expedition to
the region steamed in to explore
the seabed in a search for oil and
gas.9

ANTARCTIC MELTING
The Antarctic Ice Sheet is
vast, about 2,000 miles (3,000
kilometers) wide and up to 3 miles Figure 3 W arm er tem peratures and disappearing sea ice in the
(4.5 kilometers) thick. It holds 90 Southern Ocean appear to be causing food shortages that could
percent of the world’s ice, and the threaten Antarctic whales, seals and penguins. The vanishing
ice in the winter has resulted in an 80 percent drop in the
disappearance of even its smaller
num ber of Antarctic krill, a shrim p-like crustacean that is a m ajor
West Antarctic ice sheet would
source of food for anim als in the region. (Source:
www.m snbc.m sn.com /id/6398305/)
raise worldwide sea levels by an
estimated 20 feet. If the entire
Antarctic melted completely, sea levels would rise by about 210 feet (70 meters) worldwide,
destroying virtually all of the world’s coastal cities. Most scientists think such a large change is
unlikely, except over thousands of years. However, a loss of even 5 percent would radically
transform Earth’s coastal regions.
Scientists seeking to determine how the Antarctic ice sheet has changed in recent years,
have concluded that it is losing as much as 36 cubic miles of ice a year in a trend that they link to
global warming, according to a new paper that provides the first evidence that the sheet’s total
mass is shrinking significantly.10
The new findings, using data from two NASA satellites called the Gravity Recovery and
Climate Experiment (GRACE), suggest that global sea levels could rise substantially. They also
concluded that the amount of water pouring annually from the ice sheet into the ocean, which is
roughly equivalent to the amount that the United States uses in three months, is raising global sea
levels by 0.4 millimeters a year.

TUNDRA THAWING

Time is ticking on a climate time
bomb throughout Alaska, Canada, Siberia and
other frozen regions as tundra,
permafrost—permanently frozen
ground—and other places where carbon has
been stored for centuries begin to thaw. The
evidence for this, whether anecdotal11 or
scientific, is compelling.

Figure 4 This huge expanse of western Siberia is
thawing for the first tim e since its form ation, 11,000
years ago. The area, which is the size of France
and Germ any com bined, will release m ethane and
carbon dioxide, both greenhouse gases, as it thaws,
thus further accelerating warm ing. (Source: BBC.)

In addition to northern Alaska, the
permafrost zone includes most other Arctic
land, such as northern Canada and much of
Siberia, as well as the higher reaches of
mountainous regions such as the Alps and
Tibet. All report permafrost thaw. To track
these changes, the Global Terrestrial Network
for Permafrost (GTNP) was created, and it
shows a warming trend throughout the
permafrost zone.

Some of these frozen soils are much
richer in carbon than ordinary earth. They
contain large amounts of grass roots, animal
bones, and other materials resulting in average carbon contents of 2 percent to 5
percent—roughly 10 to 30 times that
in deep, non-permafrost mineral
CHERSKY, Russia — Sergei Zim ov waded through
soils.12

knee-deep snow to reach a frozen lake where so m uch
m ethane belches out of the m elting perm afrost that it
spews from the ice like sm all geysers.
In the frigid twilight, the Russian scientist struck a
m atch to m ake a jet of the greenhouse gas visible. The
sudden plum e of fire threw him backward. Zim ov stood up,
brushed the snow off his parka and beam ed.
“Som etim es a big explosion happens, because the
gas com es out like a bom b,” Zim ov said. “There are a
m illion lakes like this in northern Siberia.”

Carbon, which has been
stored in these soils for tens of
thousands of years, is being released
by rising temperatures, accelerating
global warming. A study of so-called
“thaw” lakes in Siberia, for example,
estimated that methane emissions
rose 58 percent from 1974 to 2000.13
In Manitoba, Canada, a researcher
reported that permafrost thaw had accelerated significantly since 1950,14 as temperatures rose
1.32/ Celsius. A 1999 study found general warming in Alaska from the late 1980s to 1996
ranging from 0.5/ to 1.5/ C, with an annual warming rate of 0.05/ to 0.2/ C.15 Boreholes in
Svalbard, Norway indicate that ground temperatures rose 0.4/ C from 1994 to 2004, four times
faster than they did in the previous century.16

Thawing permafrost can cause buildings and roads to collapse, pipelines to crack,
landslides to increase in the soil-based permafrost of Canada, and destabilize in mountainous
regions(e.g. the Alps), causing slope failures such as the Alps.17

INTERRUPTION OF ATLANTIC CONVEYER BELT
The world is warmed and cooled—in short, made liveable for humans—by a conveyor
belt of ocean waters that travels tens of thousands of miles over a thousand years, shifting energy
from the torrid Pacific and Indian Oceans to the frigid waters of the North Atlantic. If it stops,
and there is persuasive evidence that it is at least slowing, the world as we know it will cease to
exist.

Figure 5 The Gulf Stream brings warm tropical waters north,
boosting the tem peratures of Europe by about 18/F (10/C) in the
winter. As it cools to freezing, the water sinks to the ocean floor,
flows through the Atlantic Basin around South Africa, into the Indian
Ocean past Australia into the Pacific Ocean Basin, where it rises to
be rewarm ed. The entire journey takes 1,000-1,200 years, and
m akes Europe habitable. If the current fails to sink because it is too
warm or the salt level is lowered by m elting fresh water from the
Arctic ice and glaciers, Europe will likely enter a new Ice Age.
(Sources: NASA and NOAA.)

The conveyor belt
travels to the east of North
America, where it is called the
Gulf Stream, to the east of
Greenland. There winds
blowing over its surface
extract water and energy,
forming clouds that travel
across western Europe to
roughly Moscow, Russia,
dropping energy-rich rain and
snow in their wake. Now
heavier because it is saltier and
cooler, the current drops to the
ocean to begin its return
journey.

But this powerful
ocean current bathing Britain
and northern Europe in warm
waters from the tropics has
weakened dramatically in
recent years, a consequence of
global warming. And that
could, regardless of what intuition might suggest, trigger more severe winters and cooler
summers across the region—even a little ice age, like the one that caused temperatures in Europe
to plument about 12 centuries ago.
As the belt rises to the surface, it carries with it the nutrients that feed plankton, the tiny
plants and animals that are the base of the world’s food chain. If the belt slows, plankton levels
fall as they, in effect, are starved—and plankton levels have dropped sharply (see plankton
decline, below).

Researchers on a scientific expedition in the Atlantic Ocean measured the strength of the
current between Africa and the east coast of America and found that circulation has slowed by 30
percent since an expedition 12 years earlier. Previous expeditions to check the current flow in
1957, 1981 and 1992 found only minor changes in its strength, although a slowing was picked up
in 1998.
As winds pass over the current, they drain its heat energy—the equivalent of about one
teaspoon of sugar in every cubic centimeter—boosting European temperatures by 10/ C in some
regions. The researchers found that the circulation has dropped by 6 million tons of water per
second.
Scientists believe that if the current remains in its weakened state, temperatures in Britain
are likely to drop by an average of 1/. Harry Bryden at the National Oceanography Centre in
Southampton who led the study said that “Models show that if it shuts down completely, 20 years
later, the temperature is 4/ C to 6/ C cooler over the UK and north-western Europe.”18

PLANKTON DECLINE
The base of the global
food chain is formed by
trillions of tiny plants and
animals, or plankton, most so
small as to be barely visible to
the human eye. If plankton
die, so do the fish, whale and
other sea creatures that feed on
them, and satellite surveys
have detected a sharp decline
in plankton in several of the
world’s oceans—a situation
that could threaten the marine
food chain and undercut one of
the world’s natural buffers to
global warming.

Figure 6 A check up of the Earth’s planetary health reveals that the
lowest rung in the ocean food chain is shrinking. For the past 20
years (early 1980s to present), phytoplankton concentrations
declined as m uch as 30 percent in northern oceans. Scientists from
NASA and the National Oceanic and Atm ospheric Adm inistration
(NOAA) say warm er ocean tem peratures and low winds m ay be
depriving the tiny ocean plants of necessary nutrients. However, they
still do not know if the loss of phytoplankton is a long-term trend or a
clim ate oscillation.

Plankton include
organisms such as diatoms,19
dinoflagellates,20 and krill,21 as
well as as the microscopic
larva of crabs, sea urchins, and
fish. Plankton also include tiny
photosynthetic organisms that are so numerous and productive that they are responsible for
generating more oxygen than all other plants on Earth combined.

The decline in these free-floating, microscopic organisms—the plants are called
phytoplankton and the animals zooplankton—varies from ocean to ocean. The greatest decline is
in the Northern Pacific Ocean, where summer levels have dropped by more than 30 percent since
the 1980s.22 The data was collected in the summers (July–September) from 1979–2000.
In the North Atlantic, phytoplankton concentrations dropped by 14 percent since the
1980s. Like the North Pacific, there is a lot of red representing a slight increase in phytoplankton
but it does not make up for the large decreases shown in blue.
These declines are consistent with computer models of what will happen if the oceanic
conveyor belt is interrupted (see above). In the computer simulations, a disruption of the belt
leads to a collapse of the North Atlantic plankton stocks to less than half of their initial levels
because the organisms are, in effect, starved when the nutrients in the deep oceans are no longer
being brought to the surface by the conveyor.23

OCEAN ACIDIFICATION
In nature, there is no free lunch. Change has consequences, even when it appears that the
change may be beneficial. One change triggers another, and it causes yet a third, and so it goes
like a string of dominos, all falling because the one in front fell.

Figure 7 Observed and projected decline in global
ocean pH, 1750–2100. Photo by Rhett A. Butler (Source:
news.m ongabay.com /2008/0522-oceans.htm l)

For many years, for example,
scientists have been grateful that oceans
absorb much of the carbon dioxide
created by burning coal and oil. But the
chemical doesn’t disappear. It merely
changes its identity: dissolved in ocean
waters, carbon dioxide forms carbonic
acid—a weak acid admittedly, but an acid
nonetheless. It has increased the acidity
of oceans by about 30 percent. This, in
turn, reduces the amount of calcium
carbonate required for coral, plankton and
other creatures with shells to make them.
Indeed, in studies mimicking future ocean
acidification, the shells of aquatic animals
began dissolving within a matter of two
days.24

Deep ocean waters normally are more acidic and have higher CO2 levels than shallow
waters because decomposing organic matter sinks and makes deep water acidic, and deep water
contains CO2 absorbed when the water last circulated to the surface. However, changing
temperature and circulation pulls deep waters to the surface, flushing it onto the continental
shelves. When researchers with the National Oceanic and Atmospheric Administration’s Pacific

Marine Environmental Laboratory sampled waters along 13 survey lines extending from British
Columbia, Canada to Baja California, Mexico in the spring of 2007, they not only found that the
water was more acidic than expected close to shore and near the surface, but that the entire water
column was undersaturated in shell-forming carbonate down to 50 meters in places.25
Researchers attributed this to continually rising levels of human-emitted CO2.
This was the first time acidified ocean water has been found on the continental shelf of
western North America, and it happened 100 years before computer models predicted it would.
The lead scientist in the study termed the finding “truly astonishing.” Another commented that it
was one more “example where what’s happening in the natural world seems to be happening
much faster than what our climate models predict.”26
The acidified water was last exposed to the atmosphere about 50 years ago, when
carbon-dioxide levels were much lower. Water rising from the depths over the coming decades
will have absorbed more carbon dioxide, and will be even more acidic. Models suggest this
could reduce levels of carbonate by 50 percent.

CORAL BLEACHING
Humans die in heat, and so do sea
creatures. Among the hardest hit are the
world’s corals. Global warming has reduced
many reefs to rubble, a collapse that has
deprived fish of food and shelter, causing
fish diversity to fall by half in some areas,
according to the first long-term study of the
effects of warming-caused bleaching on coral
reefs and fish.
Small but prolonged rises in sea
temperature force coral colonies to expel the
algae that lend them their color but, most
importantly, provide food. The relationship
Figure 8 W arm er waters kill the tiny algae that lend
between the corals and their algae is one of
nature’s most delicate and complex. Thriving coral their colors and, m ost im portantly, provide
food. (Source: Photo by Ray Berkelm ans, AIMS.)
coral are powerful enough to build the largest
living organism on the planet, the Great
Barrier Reef. Their health underpins the economies and living standards of many tropical nations
and societies who harvest their food from the reefs or have developing tourism industries. When
stressed, however, coral will expel their algae in a process known as bleaching that turns dying
reefs ghostly white. Some reefs can recover from such events, but many do not.
In 1998, heat triggered a global bleaching and die off of coral, killing over 16 percent of
the world’s reefs in one year. The reefs near Africa’s Seychelles islands, north of Madagascar,

were particularly hard hit, so researchers returned eight years later to gauge the extent of the
recovery. What they found were coral reefs still unable to recover.27
“The outlook for recovery is quite
bleak for the Seychelles,” said lead study
author Nicholas Graham, a tropical
marine biologist at England’s University
of Newcastle Upon Tyne.28
In the long term, heat-induced
coral bleaching will almost certainly
impact fisheries production. Some
species are likely to die and go extinct,
disrupting the food chain that sustains
much of life on Earth. This, combined
with the increasing acidification, may
have devastating effects on fishery
stocks.29

FOREST DIEBACK/FIRES
Forest fires in the western United
States have been increasing “suddenly and
dramatically,” according to a 2006 study
that examined a database of 1,166 forest
wildfires from 1970 to 2003.30 These
fires representative another powerful
Figure 9 In 2006, forest fires were burning across a
feedback mechanism. They release not
broad swath of the Central Siberian Plateau, pictured
here from a NASA satellite, with actively burning fires
only prodigious amounts of carbon
m arked in red. The shroud of sm oke spreads over
dioxide and methane, but also black
thousands of square miles, and is a m ajor source of
carbon. The fires are thought to account
black carbon that is causing warm ing and m elting in the
for roughly 40 percent of global releases
Arctic. If this were im posed on a m ap of the United
States, it would stretch east to west from California to
of BC, and much of it falls in the areas
the New Mexico-Texas state line, and north to south
where it can do the most harm, the snow
m ore than a hundred m iles beyond the Mexico and
covered Arctic and the mountain regions,
Canadian borders. (Source: NASA.)
where they darken surfaces, thus
increasing absorption of heat from
31,b
sunlight.
By one estimate, the warming caused by black carbon is placed at roughly 40 percent
b

The Arctic is especially susceptible to the im pact of hum an-generated particles and other pollution. In
recent years the Arctic has significantly warm ed, and sea-ice cover and glacial snow have dim inished.
Likely causes for these trends include changing weather patterns and the effects of pollution. Black
carbon has been im plicated as playing a m ajor role in m elting ice and snow. W hen soot falls on ice, it
darkens the surface and accelerates m elting by increasing absorbed sunlight. Airborne soot also warm s
the air and affects weather patterns and clouds. See Flanner, M.G. et. al. Present-day clim ate forcing and
response from black carbon in snow JGR, V. 112, D11202, doi:10.1029/2006JD008003, 2007.

of that from burning coal, oil and other fossil fuels.32 Increased warming brought on by the fires
dries trees and underbrush even further, making them even more susceptible to fire, thus
producing more warming.
There is no doubt that the number and intensity of fires has increased. In the mid 1980’s
there was a jump of four times the average number of wildfires in the West compared with the
early 1980’s and 1970’s. The total area burned was six-and-a-half times greater in the mid
1980’s than the earlier years examined. The wildfire season has also extended by 78 days in the
more recent period of 1987 to 2003 compared to 1970 through 1986.
The researchers also found
that 56 percent of the wildfires and
72 percent of the total burnt area
occurred during the years when the
snow melted early. When the
snowmelt season occurred later
than average, only 11 percent of
wildfires occurred.33
This trend will almost
certainly accelerate. As part of the
4th Assessment of the
Intergovernmental Panel on
Climate Change (IPCC), seven
general circulation models were
Figure 10 Forest fires have been on the rise in Alaska as well.
used to predict future
temperatures, and all projected
June to August temperature increases of 2° to 5° C by 2040 to 2069 for western North America.34
The models also project a decline in rain and snow of up to 15 percent. That is a June to August
temperature increase of 3° C, or roughly triple the rise that has already caused the devastating
wildfires of the past two decades.
These new sources of global warming pollutants will certainly accelerate the buildup of
greenhouse gases and create a positive feedback, or as it is called by some, a “feed-forward”
acceleration of global warming.35
The United States is by no means the only place fires are on the rise. Wildfire burn areas
in Canada are expected to increase by 74 to 118 percent, in the next century.36 Devastating forest
fires in Siberia that send a pall of smoke worldwide are happening more frequently because of
climate change and in turn accelerating the pace of global warming.37
In Central Siberia alone fires destroyed 15,000 square miles in 2003, triggering plumes
which were linked with air pollution measured as far away as America. The forest fires send as
much greenhouse gas into the atmosphere as the total EU reduction commitment under the Kyoto
protocol. An international team, led by the Professor Heiko Balzter of the Department of

Geography at the University of Leicester,
concluded that Siberian fires are being influenced
by climate change.38
Balzter said “Last century a typical forest in
Siberia had about 100 years after a fire to recover
before it burned again. But new observations by
Russian scientist Dr. Vyacheslav Kharuk have
shown that fire now returns more frequently, about
every 65 years. At the same time annual
temperatures in Siberia have risen by almost two
degrees Celsius, about twice as fast as the global
average. And since 1990 the warming of Siberia
has become even faster than before.”39
Figure 11 The form ation of ozone, or sm og,
increases in lock step with tem perature, so
global concentrations will increase with global
warm ing. Highly toxic to plants and humans
alike, ozone causes forest decline and death,
which in turn reduces the ability of trees and
other plants to rem ove carbon dioxide and other
pollutants from the air, leading to still higher
tem peratures. (Source:
www.lexi-tv.de/lexikon/them a.as)

TROPOSPHERIC OZONE OR “SMOG”
FORMATION

In Los Angeles, the smog capital of
America, there has never been a violation of the
health standards for smog when the temperature
was below 70° Fahrenheit—but there’s never not
been a violation when it’s 90° or more. That’s
because ozone is formed in lock step with heat,
with both rising in a straight line, which means that as the Earth’s temperature rises, so too may
concentrations of ozone, which already hover at levels toxic to plants throughout much of the
world.40
There are several ways in which ozone might trigger a feedback.
First, because ozone is itself a greenhouse gas, higher temperatures could boost its
formation, which might in turn accelerate warming. Although not subject to the Kyoto Protocol,
ozone is a powerful cause of global warming, roughly equal to methane and black carbon.41
Ozone is formed when oxides of nitrogen, which is chiefly from vehicles and
powerplants, reacts with unburnt gasoline fumes and other volatile organic compounds. The
higher the temperature, the faster ozone is formed. One analysis of the effect of higher
temperatures due to global warming concluded that ozone would increase 3 to 10 percent in
various regions of California, and even with aggressive reduction if emissions of ozone
precursors might be ineffective at bringing smog levels down in some regions, especially San
Francisco.42
In addition, ozone poisons plants and suppresses photosynthesis. That, in turn, reduces
their ability to absorb carbon dioxide from the atmosphere and sequester it in their tissues,
especially in trees.43

Third, ozone’s warming effects are especially strong in the Arctic, where it is thought to
account for one-third to one-half of the observed warming during winter and spring.44
Whether due to global warming or some other cause, background levels of ozone are
increasing in widely separated regions of the world. At Mace Head on the west coast of Ireland,
concentrations rose about 0.5 parts per billion per year between 1987 and 2003.45 In the United
States, one model predicts that higher temperatures will cause the “severity and duration of
summertime regional pollution episodes in the midwestern and northeastern United States
increase significantly relative to the present, predicting that concentration will rise 5 to 10
percent and duration increase from 2 to 3 to 4 days.46 The researchers observed that their results
“imply that it may be equally important to consider the effects of a changing climate when
planning for the future attainment of regional-scale air quality standard.”47

DESERTIFICATION
In the sun-baked province
of Murcia, Spain, lush fields of
lettuce and hothouses of tomatoes
line the roads and the landscape is
dotted with plush pastel vacation
homes that give way to wide sandy
beaches. In a place where
existence has been hardscrabble
for centuries, prosperity has come
calling—but the stay may be
temporary.48
Murcia, like many areas of Figure 12 W ith higher tem peratures, water evaporates from
soils, leading to the form ation and expansion of deserts. As the
the world, is running out of water, land in arid, sem i-dry areas becom es degraded, soil loses its
and as supplies dwindle the land
productivity and vegetation thins, causing prolonged droughts
becomes that most inhospitable of and floods. One m ajor study predicts that over one-half of the
world’s land will be subject to drought by century’s end. (Source:
places, a desert. The feedback in
www.worldrevolution.org/)
desertification is fairly
straightforward. As hotter air born
of global warming sucks more and more moisture from the soils or shifts rainfall away from the
lands and into oceans, a vicious cycle is set off. Huge swaths of land cease to grow plants, losing
their ability to remove carbon dioxide from the air and store it in their tissues. With their growth
suppressed, plants drop less and less litter, leaving the soil increasingly vulnerable to drying.49
When rain does fall, the soils are unable to hold it, so floods are triggered.
As the land produces less and less food, pressure builds to farm and graze it more
intensively, hastening its further decline. As desert shrubs invade, the barren areas between them
lose soil fertility, so the soil is lost to erosion. Land that was once productive becomes instead a
barren wasteland.50

Desertification directly triggers warming, increasing temperatures in one study by 0.7° C
per decade.51 One comprehensive analysis, the first of its kind, predicts that global warming is
likely to push soils that are already weakened over the edge, triggering an increase in the area
affected by the most extreme drought from 3 to 30 percent and areas of severe drought up from 8
to 40 percent of total land area It predicts that up to half of the earth’s surface would be affected
by moderate drought at any one time.52
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scrutinized almost entirely on his own for 28 years.
Far from the archetypal scientist, the beefy, 53-year-old Russian with a mound of gray-brown hair and piercing blue
eyes reigns over his patch of Siberia not with pipette and beaker, but with the swagger of a Cossack and an
encyclopedic knowledge of his surroundings.
Alex Rodriguez , “Freezing to show warming trend - Though dismissed in Russia, scientist's climate research in
remote Siberia is heating up discussions in the W est,” May 5, 2008.
http://www.chicagotribune.com/news/nationworld/chi-siberia-loner_rodriguezmay05,0,7326792.story
18. Ian Sample, “Alarm over dramatic weakening of Gulf Stream,” The Guardian, Dec. 1, 2005
http://www.guardian.co.uk/environment/2005/dec/01/science.climatechange
19.

20.

21.

22. Mike Toner, “Plankton Declining in Oceans, Study Finds,” Atlanta Journal-Constitution Aug. 20, 2002. See
also Goddard Space Flight Center, National Oceanic and Atmospheric Administration, “Phytoplankton in Northern
Oceans Have Declined from 1980s Levels,” Aug. 08, 2002,
http://www.gsfc.nasa.gov/topstory/20020801plankton.html.
23. Schmittner, A. Decline of the marine ecosystem caused by a reduction in the Atlantic overturning circulation.
Nature 434, 628-633, 31 March 2005, | doi:10.1038/nature03476.
Reorganizations of the Atlantic meridional overturning circulation were associated with large and abrupt climatic
changes in the North Atlantic region during the last glacial period1, 2, 3, 4. Projections with climate models suggest
that similar reorganizations may also occur in response to anthropogenic global warming5, 6, 7. Here I use ensemble
simulations with a coupled climate–ecosytem model of intermediate complexity to investigate the possible
consequences of such disturbances to the marine ecosystem. In the simulations, a disruption of the Atlantic
meridional overturning circulation leads to a collapse of the North Atlantic plankton stocks to less than half of their
initial biomass, owing to rapid shoaling of winter mixed layers and their associated separation from the deep ocean
nutrient reservoir. Globally integrated export production declines by more than 20 per cent owing to reduced
upwelling of nutrient-rich deep water and gradual depletion of upper ocean nutrient concentrations. These model
results are consistent with the available high-resolution palaeorecord, and suggest that global ocean productivity is
sensitive to changes in the Atlantic meridional overturning circulation.
24. James C. Orr, J.T. et. al. Anthropogenic ocean acidification over the twenty-first century and its impact on
calcifying organisms. Nature 437, 681-686, Sep. 29, 2005, doi:10.1038/nature04095.
Today's surface ocean is saturated with respect to calcium carbonate, but increasing atmospheric carbon dioxide
concentrations are reducing ocean pH and carbonate ion concentrations, and thus the level of calcium carbonate
saturation. Experimental evidence suggests that if these trends continue, key marine organisms— such as corals and
some plankton— will have difficulty maintaining their external calcium carbonate skeletons. Here we use 13 models
of the ocean–carbon cycle to assess calcium carbonate saturation under the IS92a 'business-as-usual' scenario for
future emissions of anthropogenic carbon dioxide. In our projections, Southern Ocean surface waters will begin to
become undersaturated with respect to aragonite, a metastable form of calcium carbonate, by the year 2050. By
2100, this undersaturation could extend throughout the entire Southern Ocean and into the subarctic Pacific Ocean.
W hen live pteropods were exposed to our predicted level of undersaturation during a two-day shipboard experiment,
their aragonite shells showed notable dissolution. Our findings indicate that conditions detrimental to high-latitude
ecosystems could develop within decades, not centuries as suggested previously.
25. Richard A. Feely, R.A. et. al. Evidence for Upwelling of Corrosive "Acidified" W ater onto the Continental
Shelf. Science, June 13, 2008: Vol. 320. no. 5882, pp. 1490 - 1492, DOI: 10.1126/science.1155676.
The absorption of atmospheric carbon dioxide (CO2) into the ocean lowers the pH of the waters. This so-called
ocean acidification could have important consequences for marine ecosystems. To better understand the extent of
this ocean acidification in coastal waters, we conducted hydrographic surveys along the continental shelf of western
North America from central Canada to northern Mexico. W e observed seawater that is undersaturated with respect to
aragonite upwelling onto large portions of the continental shelf, reaching depths of ~40 to 120 meters along most
transect lines and all the way to the surface on one transect off northern California. Although seasonal upwelling of
the undersaturated waters onto the shelf is a natural phenomenon in this region, the ocean uptake of anthropogenic
CO2 has increased the areal extent of the affected area.
26. Sandi Doughton, “Acidified ocean water rising up nearly 100 years earlier than scientists predicted,” Seattle
Times, May 22, 2008.
27. Nicholas A. J. Graham , N.A.J. et. al. Dynamic fragility of oceanic coral reef ecosystems. Proceedings of the
National Academy of Sciences, W ashington, D.C., May 18, 2006.
As one of the most diverse and productive ecosystems known, and one of the first ecosystems to exhibit major
climate-warming impacts (coral bleaching), coral reefs have drawn much scientific attention to what may prove to be
their Achilles heel, the thermal sensitivity of reef-building corals. Here we show that climate change-driven loss of
live coral, and ultimately structural complexity, in the Seychelles results in local extinctions, substantial reductions in
species richness, reduced taxonomic distinctness, and a loss of species within key functional groups of reef fish. The
importance of deteriorating physical structure to these patterns demonstrates the longer-term impacts of bleaching on

reefs and raises questions over the potential for recovery. W e suggest that isolated reef systems may be more
susceptible to climate change, despite escaping many of the stressors impacting continental reefs.
28. Sean Markey, “Global W arming Has Devastating Effect on Coral Reefs, Study Shows,” National Geographic
News, May 16, 2006 http://news.nationalgeographic.com/news/2006/05/warming-coral.html.
29. K. M. Brander, K.M. Global fish production and climate change. Proceedings of the National Academy of
Sciences, Dec. 11, 2007, vol. 104,| no. 50, 19709-19714.
Current global fisheries production of {approx}160 million tons is rising as a result of increases in aquaculture
production. A number of climate-related threats to both capture fisheries and aquaculture are identified, but we have
low confidence in predictions of future fisheries production because of uncertainty over future global aquatic net
primary production and the transfer of this production through the food chain to human consumption. Recent
changes in the distribution and productivity of a number of fish species can be ascribed with high confidence to
regional climate variability, such as the El Niño–Southern Oscillation. Future production may increase in some
high-latitude regions because of warming and decreased ice cover, but the dynamics in low-latitude regions are
governed by different processes, and production may decline as a result of reduced vertical mixing of the water
column and, hence, reduced recycling of nutrients. There are strong interactions between the effects of fishing and
the effects of climate because fishing reduces the age, size, and geographic diversity of populations and the
biodiversity of marine ecosystems, making both more sensitive to additional stresses such as climate change. Inland
fisheries are additionally threatened by changes in precipitation and water management. The frequency and intensity
of extreme climate events is likely to have a major impact on future fisheries production in both inland and marine
systems. Reducing fishing mortality in the majority of fisheries, which are currently fully exploited or overexploited,
is the principal feasible means of reducing the impacts of climate change.
30. W esterling, A.L. Warming and Earlier Spring Increases W estern U.S. Forest W ildfire Activity. Science, Aug.
18, 2006: Vol. 313. no. 5789, pp. 940 - 943, DOI: 10.1126/science.1128834
W estern United States forest wildfire activity is widely thought to have increased in recent decades, but surprisingly,
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directly controls snow reflectance and the magnitude of albedo change caused by BC. For a reasonable r e range,
reflectance reduction from BC varies threefold. Inefficient meltwater scavenging keeps hydrophobic impurities near
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Projected reductions in anthropogenic emissions of 10–50% in NOx and 50–70% in VOCs and CO have the greatest
single effect, reducing ozone by 8–15% in urban areas. Changes to the chemical boundary conditions lead to ozone
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