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The paleoclimate records show that past climate changes have included both steady, linear changes as
well as abrupt, non-linear changes, where small increases in global warming produced large and
irreversible impacts once tipping points were passed. Climate scientists now warn that anthropogenic
emissions are pushing the planet’s climate system toward such tipping points and that impacts could be
catastrophic.

Among potential impacts of passing climate tipping points are the disappearance of Arctic summer sea
ice, disintegration of the Greenland Ice Sheet, collapse of the West Antarctic Ice Sheet, shutdown of
the Atlantic Thermohaline Circulation, and dieback of Amazonian and boreal forests.1 The
catastrophic impacts from these events would include many meters of sea level rise, water shortages,
mega-droughts, and famine, and could lead to political instability and wars.2 Other impacts include
release of methane from permafrost and ocean hydrates, which could set off runaway feedbacks.

In a recent study in the Proceedings of the National Academy of Sciences, V. Ramanathan and Y. Feng
from Scripps Institution of Oceanography, University of California, San Diego, calculate that
greenhouse gas [GHG] emissions as of 2005 have committed the planet to warming of “2.4˚C above
the preindustrial surface temperatures,”3 – in the range of predicted tipping points. See Figure 1. The
present observed temperature increase of 0.76˚C4 is misleading because warming of at least another
1˚C is presently being masked by “atmospheric brown clouds” containing cooling particulates released
with greenhouse gas emissions and other pollution.5 As we continue to reduce the pollution creating
these clouds, largely for health reasons, we are unmasking the 1˚C temperature increase committed
from current emissions.6 An additional 0.6˚C warming is currently trapped by ocean thermal inertia.7

Total committed warming is 2.4˚C, with more than 50% expected to occur within decades.8

Fig. 1. Probability distribution for the committed warming by GHG between 1750 and 2005. … Shown are the tipping elements
[large-scale components of the Earth’s system] and the temperature threshold range that initiates the tipping. …
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* From V. Ramanathan and Y. Feng, On avoiding dangerous anthropogenic interference with the climate system:
Formidable challenges ahead, 105 PROC. OF THE NAT’L ACAD. OF SCI. 38, 14245 (23 September 2008). [Request for
permission pending.]



Impacts from this warming, Ramanathan and Feng observe, could include “widespread loss of
biodiversity, widespread deglaciation of the Greenland Ice Sheet, and a major reduction of area and
volume of Hindu-Kush-Himalaya-Tibetan (HKHT) glaciers, which provide the head-waters for most
major river systems of Asia.”9

At both high latitudes and high altitudes, temperatures are rising faster than the global average. The
Arctic, Greenland, and the Tibetan Plateau are at particular risk.10 Between 1965 and 2005, Arctic
temperatures increased at least twice as fast as global averages.11 The Greenland Ice Sheet is warming
2.2 times faster than global averages.12 Meanwhile, on the Tibetan Plateau temperature increases of up
to 0.3˚C per decade, about three times the global average, have been measured for the past half-
century.13 Melting Arctic sea ice produces positive feedbacks by reducing albedo, or reflectivity,
leading to more absorption of heat by exposed Arctic waters.14 Further darkening of polar surfaces is
caused when black carbon, or soot, is released into the atmosphere and deposited on snow and ice.15

Deposition of black carbon on snow and ice is also proposed as a major driver for the glacial retreat.16

Scientists estimate that tipping points for abrupt climate changes could be passed this century, or even
this decade.17 Under a “business-as-usual” scenario, where atmospheric CO2 concentrations are
increasing 2-3 ppm/year, the question is not whether abrupt climate change will occur, but rather how
soon.18 Dr. James Hansen agrees with Ramanathan and Feng that we have already passed the
threshold for “dangerous anthropogenic interference” with the natural climate system. Hansen
calculates that CO2 concentrations must be reduced from their current 385 ppm to 350 ppm maximum
if we want to preserve planetary conditions similar to those where civilization developed and humanity
is adapted.19 Current projections are that CO2 concentrations will approach 441 ppm with a
corresponding temperature of 3.1˚C by 2030 in the absence of strong countervailing mitigation.20

Despite the certainty that abrupt changes have occurred in the past and could be triggered again in the
near future, current climate change policy does not account for abrupt climate change.21 In particular,
abrupt climate change is not incorporated into the projections of the Intergovernmental Panel on
Climate Change (IPCC), which is regarded as the most authoritative, if often conservative, source of
information on climate issues.22 While the focus must continue on mid- and long-term mitigation
strategies to reduce CO2 emissions, we also must begin fast-action mitigation strategies that can
produce immediate climate mitigation and help delay the onset of tipping points.

In his response to the Ramanathan and Feng study, Professor Hans Joachim Schellnhuber from the
Potsdam Institute for Climate Impact Research concludes that “we are still left with a fair chance to
hold the 2˚C line, yet the race between climate dynamics and climate policy will be a close one. The
odds… may be improved by aerosol management… (taking the warming components such as black
carbon out first), and even techniques for extracting atmospheric CO2 (like bio-sequestration)…
However, the quintessential challenges remain, namely bending down the global [climate emissions]…
in the 2015-2020 window… and phasing out carbon dioxide emissions completely by 2100. This
requires an industrial revolution for sustainability starting now.”23

Black carbon, or soot, may be the second largest contributor to climate warming, and because its
atmospheric lifetime is days to weeks, reducing it may offer the fastest mitigation.24 Other near-term
climate mitigation strategies include reducing other short-lived forcers such as methane and
tropospheric ozone precursors,25 as well as accelerating efforts under the Montreal Protocol to reduce
ozone-depleting substances, which are powerful climate gases.26 Other fast-track efforts include bio-
sequestration in forests and soils. Biochar removes carbon from the carbon cycle by drawing down
atmospheric concentrations of CO2 in a carbon-negative process, and provides permanent carbon



storage while also improving soil productivity.27 Improving energy efficiency and expanding
renewables, especially wind, also can produce fast mitigation. Most of these near-term strategies have
strong co-benefits, such as public health benefits from black carbon reductions, soil enhancement from
biochar, and increased energy security from efficiency and renewables, providing further incentives to
act now to forestall tipping points visible on the horizon.
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