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Some basic facts about global warming

Important core findings of climate research have been so well con-
firmed in recent decades that they are now generally accepted as
fact by climate researchers. These core findings include the follow-

ing:
1. The atmospheric CO2 concentration has risen strongly since

about 1850, from 280 ppm (a value typical for warm periods dur-
ing at least the past 700,000 years) to over 380 ppm.

2. Thisrise is entirely caused by humans and is primarily due to the
burning of fossil fuels, with a smaller contribution due to defores-
tation.

3. COzis a gas that affects climate by changing the earth’s radia-
tion budget: an increase in its concentration leads to a rise in
near-surface temperature. This has been known since the 19t
Century and is well-established physics. If the concentration dou-
bles, the resulting global mean warming will very likely be be-
tween 2 and 4°C (the most probable value is ~3°C), with the re-
maining uncertainty due to climatic feedback effects.

4. Since 1900, global climate warmed by ~0.8°C. Temperatures in
the past ten years have been the highest since measured re-
cords started in the 19th century and for many centuries before
that (Fig. 1).

5. Most of this warming is due to the rising concentration of CO;
and other anthropogenic gases. These would in fact explain
more warming than is observed, were they not offset in part by
the cooling effect of aerosol pollution (smog).
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Fig. 1. Global mean temperature up to 2007 according to the two main data
compilations: NASA in red and Hadley Centre in blue. Dots show annual
values, heavy lines a non-linear trend smoothed over 15 years. Numbers are

deviations relative to 1951-1980.

These findings are based on decades of research and thousands of
studies. The extraordinary consensus reached is seen in the state-
ments of many international and national professional bodies which
have extensively and critically assessed the scientific evidence. In
addition to the well-known reports of the IPCC, there are public
statements of the National Scientific Academies of all G8 countries,
the American Geophysical Union (AGU), the World Meteorological
Organisation (WMO), the scientific Advisory Council on Global
Change (WBGU) of the German government, and many others.
These organisations have again and again come to the same key
conclusions.

From points 1. — 3. follows that a further increase in CO2 concentra-
tion must lead to a further rise in global mean temperature (Fig. 2).
For a range of plausible assumptions about future emissions, by the
year 2100 this rise will reach 2 - 7 °C above preindustrial values.
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Fig. 2. IPCC projections for global mean temperature in the 21t Century. The
grey band shows the full range of scenarios; red and yellow are two exam-
ples (B1 and A2). For comparison, several reconstructions for temperatures
of the past centuries are included. The EU 2°-limit is also shown.

For comparison: the last major global warming was the end of the
last great Ice Age (about 15,000 years ago); it involved a global
warming of ~5°C over a time span of 5,000 years. Unchecked an-
thropogenic warming could reach a similar magnitude over a fraction
of this time — and, of course, starting from an already warm climate.

Impacts and risks

Whether this warming is considered a "dangerous" climate change
can, of course, not be determined by scientists alone, as it depends
on a societal value judgment about what is dangerous. However,
science can help to clarify what are the risks that arise from such
unprecedented warming. Amongst the most important risks are the
following:

o Sea level rise and loss of ice sheets. In the 20th Century global
sea level increased by 15 - 20 cm. Currently sea level is rising at 3
cm/decade, faster than projected in the model scenarios of the
IPCC. Future rise by 2100 will likely by less than one meter, but
even if warming is stopped at 3 °C, sea level will probably keep
rising by several meters in subsequent centuries in a delayed re-
sponse (Fig. 3). Coastal cities and low-lying islands are at risk.
What is now a once-in-a-century extreme flood in New York City
(with major damage, including flooded subway stations) would sta-
tistically occur about every 3 years if sea level were just 1 meter
higher.

e Loss of ecosystems and species. Global temperatures would
reach a high never seen for millions of years, and the rise would
be much too fast for many species to adapt. A large fraction of
species - some studies suggest up to one third of species - could
be doomed for extinction already by the year 2050. Life in the
oceans is not only threatened by climate change but by the
equally serious problem of the ongoing global ocean acidification,
which is a direct chemical result of our CO2 emissions.



100

Eocene 40 million years ago
504 : e
Pliocene 3 million years ago.
= Today
= 0 - - i __,._O_
4 Projection
o for 2100
S -504 (+1m)
@ Last Glacial
-1004 Maximum
20,000 )
years ago
-150 T T
5 10 15 20

Global mean temperature [°C]

Fig. 3 Mean global temperature and sea level (relative to today's) at different
times in Earth’s history, with the projection for the year 2100 (1Im above
today’s sea level). For the long term a much higher sea-level rise must be
expected than that predicted for 2100. Source: after Archer, 2006.

e Risk of extreme events. In a warmer climate, the risk of extreme
flooding events will increase as warmer air can hold more water
(7% more for each °C of warming). Droughts and forest fires are
likely to increase in some regions, as is currently occurring in the
Mediterranean region, Southern Africa and California. Hurricanes
are expected to become more destructive. An increase in energy
of hurricanes is suggested in response to rising sea surface tem-
peratures by both models and data (Fig. 4). A number of recent
studies has shown that the observed rise of sea surface tempera-
tures in the relevant areas of the tropics is primarily due to global
warming, not to a natural cycle.
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Fig. 4. Temporal development of the energy of tropical storms (Power Dissi-
pation Index — PDI, red) and the average sea-surface temperature in the
tropical Atlantic from August to October (blue). For comparison the evolution
of the globally averaged near-surface air temperature is shown (dashed grey
line). Source: after Emanuel, 2005

o Risk to water and food supplies. While the total global agricul-
tural production may not decline in a warmer climate, many poorer
and warmer countries can expect reductions in yields due to water
shortages and weather extremes. The water supply of major cities
like Lima is threatened when mountain glaciers disappear.

These are only examples — the exact consequences of such a major
change in climate are difficult to predict, and surprises are likely. In
some cases, impacts have already proven to be more rapid or severe
than expected, like in case of the dramatic loss of summer sea ice in
the Arctic Ocean. Ice extent in 2007 and 2008 was only about half of
what it has been in the 1960s, ice thickness has decreased by 20-
25% just since 2001, and in 2008 the North-East Passage and North-
West Passage were both open for the first time in living memory.

How to avoid dangerous climate change

In the United Nations Framework Convention on Climate Change
(UNFCCC) of 1992, almost all nations of the world have committed
themselves to preventing a "dangerous interference” with the climate
system. To avoid the most dangerous consequences of climate
change, the European Union has decided to halt global warming
below 2°C above pre-industrial temperatures (EU limit, see Fig. 2),
and many other countries have since endorsed this limit. To reach
this goal, the greenhouse gas concentration in the atmosphere needs
to be stabilised well below 450 ppm CO2-equivalent (possibly after
some limited temporary overshooting of this value).

To achieve this, the global CO2 emissions need to be at least halved
by 2050, compared to the level of 1990. Carbon cycle feedbacks
make this number uncertain, and the required reduction could turn
out to be up to 70% (see Fig. 5).
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Fig. 5 Comparison of different emission scenarios for the period 1990 to
2060. Red curves are the well-known IPCC SRES scenarios without climate
protection policies (“non-mitigation”). Yellow is a set of scenarios leading to a
50% chance to stay within the EU 2-degree policy limit. The green scenarios

have a 75% chance of staying below this threshold. (Meinshausen 2007).

According to latest economic modeling results (see special issue of
the Energy Journal, 2006, edited by O. Edenhofer et al., as well as
the Stern Review published in November 2006), this can be achieved
with minimal costs (less than 1% lower GDP by 2100) by induced
technological innovation, including increased energy efficiency and
renewable energy technologies (wind, biomass, solar). Detailed sce-
narios for the required energy transition have been worked out e.g.
by the Advisory Council on Global Change of the German govern-

ment (www.wbgu.de).
Sources
Archer, D., 2006: Global Warming: Understanding the Forecast. Blackwell, 256 Seiten

Emanuel, K., 2005: Increasing destructiveness of tropical cyclones over the past 30
years. Nature, 436, 686-688.

Edenhofer, O., Carraro, C., Koehler, J., Grubb, M. (eds) (2006): Endogenous Techno-
logical Change and the Economics of Atmospheric Stabilisation. A Special Issue of
The Energy Journal, Vol. 27, International Association of Energy Economics, USA.

Mann, M. E., R. S. Bradley, and M. K. Hughes, 1999: Northern hemisphere tempera-
tures during the past millennium. Geophysical Research Letters, 26, 759-762.

Moberg, A., D. M. Sonechkin, K. Holmgren, N. M. Datsenko, and W. Karlen, 2005:
Highly variably Northern Hemisphere temperatures reconstructed from low- and high-
resolution proxy data. Nature, 433, 613-617.

Oerlemans, J. H., 2005: Extracting a Climate Signal from 169 Glacier Records. Sci-
ence, 308, 675-677.

WBGU 2003: ,Beyond Kyoto" Special Report, (www.wbgu.de)

Figs. 3 and 4 are reproduced from the 2006 report The Future Oceans -
Warming Up, Rising High, Turning Sour of the WBGU. (www.wbgu.de)

For more information, see the author's web page at www.ozean-klima.de and
the climate change weblog www.realclimate.org



