Global Climate Change

Evidence for anthropogenic climate change
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FIG. 6. Schematic representation of the atmospheric heat balance. The units are percent of incoming solar radiation. The solar fluxes
shown on the left-hand side, and the longwave (thermal IR) fluxes are on the right-hand side (from MacCracken ‘and Luther 1985).
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Methods

® Trapped gas bubbles in ice
cores

® absolute gas concentration
® sotopic ratios (D:H) =
temperature
® Tree rings

® Glacier length
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Fig. 4. CH, record over the past 650 ky, composed of Dome C CH, (purple line) [(8, 9) and new
data] and Vostok CH, (blue line) (2, 75). Also shown are the N,O data measured along the Dome
C ice cores (red line) [(8, 20, 36) and new data] and 8D records from Dome C (black line) (24) as
well as those from Vostok +42%o (gray line) (2). N,O artifacts are not shown in this figure. Gray
shaded areas highlight interglacial periods with a 8D value >-403%o as defined in (3). Numbers of
MISs are given at the bottom of the figure (25). Data are shown on the EDC2 time scale (3).

Renato Spahni et al., Science 310 25 November 2005, p. 1317
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Orbital Controls over Greenhouse Gases

Natural variations in the earth’s orbit, such as those related to
precession (diagrams), redistribute the sunlight that reaches
the globe overlong timescales. For the past million years,
these subtle changes have driven major dips and swells in
atmospheric concentrations of methane and carbon dioxide
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Methane concentrations rose and fell over the past 250,000 years in
nearharmony with the precession-induced ups and downs of solar
radiationinthe Northern Hemisphere. The highesttemperatures
stimulated extreme methane production in wetlands, which are the
atmosphere’s primary natural source of this greenhouse gas.

Summerwarmth in the Northern Hemisphere peaks
once every 22,000 years, when the yearly northern
summer coincides with the earth’s closest passage
tothe sun and the Northern Hemisphere receives

(graphs). Although scientists do not fully understand why,
global concentrations of these greenhouse gases respond
mainly to changes that occur during summer in the Northern
Hemisphere, the time of year when the North Pole is pointed
most directly at the sun.
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CO0; concentrations, which fluctuated in cycles over the past
350,000 years, varied in response to precession as well as to
shiftsin the tilt of the earth’s rotational axis and in the shape
of its orbit. These other cycles occur every 41,000 and 100,000
years, respectively.

William F. Ruddiman, Scientific American, March 2005, p. 46
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Astronomical Clues

® Eccentricity of earth orbit varies between near O
and 0.06 at periods of ~100 ky and 400 ky

e Tilt in earth’s axis varies between 22° and 25° with
a period of ~4| ky

® Axis precession caused by torque on equatorial
bulge: 26 k)' } Portions of winter

hemisphere get 10% more
insolation than 11 ky later

® Precession of the equinoxes: 22 ky

T. J. Crowley, G. R. North, Paleoclimatology (Oxford U. Press, New York, 1991), Chapter 7.
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axis tilt (41 ky)
orbit eccentricity

precession (26 ky)

Wikipedia
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The long view. The greenhouse gas (CO,, CH,, and NO,) and deuterium (dD) records
for the past 650,000 years from EPICA Dome C and other ice cores, with marine iso-
tope stage correlations (labeled at lower right) for stages 11 to 16 (2, 3). 0D, a proxy
for air temperature, is the deuterium/hydrogen ratio of the ice, expressed as a per mil
deviation from the value of an isotope standard (4). More positive values indicate
warmer conditions. Data for the past 200 years from other ice core records (20-22) Edward J. Brook, Science 310, 25 Nov
and direct atmospheric measurements at the South Pole (23, 24) are also included. 2005, p. 1285
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Charles Keeling
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® Dansgaard-Oeschger
events: in Northern
Hemisphere, rapid rise (a
few decades), followed by
gradual cooling over a
longer period

® 23 D/O eventsin |10 -23
ky BP

® Related to Heinrich events,
which are disruptions in the
North Atlantic
thermohaline circulation

http://en.wikipedia.org/wiki/Dansgaard-Oeschger_events
accessed 20 February 2006
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MELTING TOWARD A COLD SNAP?

As global warming continues to heat up the planet, many
scientists fear that large pulses of freshwater melting off the
Greenland ice sheet and other frozen northern landmasses
could obstruct the so-called North Atlantic conveyor, the
system of ocean currents that brings warmth to Europe and

strongly influences climate elsewhere in the world. Aconveyor
shutdown—or even a significant slowdown—could cool the
North Atlantic region even as global temperatures continue
torise. Otherchallenging and abrupt climate changes would
almost certainly result.
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When the North Atlantic conveyoris active, temperate conditions with relatively warm winters enable rich
agricultural productionin much of Europe and North America. Seasonal monsoons fuel growing seasonsin broad
swaths of Africa and the Far East. Central Asia is wet, and Antarctica and the South Atlantic are typically cold.

Richard B. Alley, Scientific American, November 2004, p. 62
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—Freshwater runoff

RESULTING CLIMATE

As the conveyor grows quiet, winters become harsherin much of Europe and North America, and agriculture suffers.
Theseregions, along with those that usually rely on seasonal monsoons, suffer from droughts sometimes enhanced by
strongerwinds. Central Asia gets drier, and manyregionsin the Southern Hemisphere become warmer than usual.

Richard B. Alley, Scientific American, November 2004, p. 62
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the consequences are potentially disastrous.

would also yield a cleaner, healthier atmosphere, could slow, and eventually stop, the process

COPYRIGHT 2004 SCIENTIFIC AMERICAN, INC.

James Hansen, Scientific American, March 2004, p. 68
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PAST AS PROLOGUE?

Abrupt climate change has marked the earth’s history for from Mexico’s Yucatan Peninsularecord sudden and severe
eons. Ice cores from Greenland, forinstance, reveal that
wild temperature swings (top left) punctuated the gradual isotopes inthe shells shoots up when more water evaporates
warming thatbroughtthe planet out of the lastice age starting  from the lake than falls as rain. Societies have often suffered
about 18,000 years ago. Fossil shellsin lake sediments

Climate and Precipitation
Inferred from Oxygen Isotope Composition

Temperature in Central Greenland
(degrees Celsius)

droughts (bottom left) because a diagnostic ratio of oxygen

as aresult of these rapid shifts (photographs).
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Response of the Greenland Ice Sheet
to Climatic Forcing
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Greenland ice sheet melt area increased on average by 16% from 1979 to 2002.
The smallest melt extent was observed after the Mt. Pinatubo eruption in 1992

University of : :
ggﬁ)rrs;goo Konrad Steffen and Russell Huff, University of Colorado at Boulder
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Extracting a Climate Signal from
169 Glacier Records

J. Oerlemans
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(B) Best estimate of the global mean temperature obtained by com-
bining the weighted global mean temperature from 1834 with the
stacked temperature record before 1834. The band indicates the es-
timated standard deviation.

J. Oerlemans, Science 308 29 April 2005, p. 675
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Figure 1: Variations of the Earth’s
surface temperature over the last

140 years and the last millennium.

(a) The Earth’s surface temperature is
shown year by year (red bars) and
approximately decade by decade (black
line, a filtered annual curve suppressing
fluctuations below near decadal
time-scales). There are uncertainties in
the annual data (thin black whisker

bars represent the 95% confidence
range) due to data gaps, random
instrumental errors and uncertainties,
uncertainties in bias corrections in the
ocean surface temperature data and
also in adjustments for urbanisation over
the land. Over both the last 140 years
and 100 years, the best estimate is that
the global average surface temperature
has increased by 0.6 * 0.2°C.

(b) Additionally, the year by year (blue
curve) and 50 year average (black

curve) variations of the average surface
temperature of the Northern Hemisphere
for the past 1000 years have been
reconstructed from “proxy” data
calibrated against thermometer data (see
list of the main proxy data in the
diagram). The 95% confidence range in
the annual data is represented by the
grey region. These uncertainties increase
in more distant times and are always
much larger than in the instrumental
record due to the use of relatively sparse
proxy data. Nevertheless the rate and
duration of warming of the 20th century
has been much greater than in any of
the previous nine centuries. Similarly, it
is likely [7] that the 1990s have been the
warmest decade and 1998 the warmest
year of the millennium.

[Based upon (a) Chapter 2, Figure 2.7c
and (b) Chapter 2, Figure 2.20]

Summary for Policymakers
A Report of Working Group | of the Intergovernmental
Panel on Climate Change
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Figure 2: Long records of past changes in
atmospheric composition provide the context for

the influence of anthropogenic emissions.

(a) shows changes in the atmospheric
concentrations of carbon dioxide (CO2), methane
(CH4), and nitrous oxide (N20) over the past 1000
years. The ice core and firn data for several sites in
Antarctica and Greenland (shown by different
symbols) are supplemented with the data from direct
atmospheric samples over the past few decades
(shown by the line for CO2 and incorporated in the
curve representing the global average of CH4). The
estimated positive radiative forcing of the climate
system from these gases is indicated on the righthand
scale. Since these gases have atmospheric

lifetimes of a decade or more, they are well mixed,
and their concentrations reflect emissions from
sources throughout the globe. All three records show
effects of the large and increasing growth in
anthropogenic emissions during the Industrial Era.
(b) illustrates the influence of industrial emissions on
atmospheric sulphate concentrations, which produce
negative radiative forcing. Shown is the time history
of the concentrations of sulphate, not in the
atmosphere but in ice cores in Greenland (shown by
lines; from which the episodic effects of volcanic
eruptions have been removed). Such data indicate
the local deposition of sulphate aerosols at the site,
reflecting sulphur dioxide (SO2) emissions at
mid-latitudes in the Northern Hemisphere. This
record, albeit more regional than that of the
globally-mixed greenhouse gases, demonstrates the
large growth in anthropogenic SO2 emissions during
the Industrial Era. The pluses denote the relevant
regional estimated SO2 emissions (right-hand scale).
[Based upon (a) Chapter 3, Figure 3.2b (CO2);
Chapter 4, Figure 4.1a and b (CH4) and Chapter 4,
Figure 4.2 (N20) and (b) Chapter 5, Figure 5.4a]
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Radiative forcing components

Radiative Forcing (W/m?)
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Figure 2.4. Global average radiative forcing (RF) in 2005 (best estimates and 5 to 95% uncertainty ranges) with respect to 1750 for CO,, CH,, N,O and other
important agents and mechanisms, together with the typical geographical extent (spatial scale) of the forcing and the assessed level of scientific understand-
ing (LOSU). Aerosols from explosive volcanic eruptions contribute an additional episodic cooling term for a few years following an eruption. The range for

linear contrails does not include other possible effects of aviation on cloudiness. {WGI Figure SPM.2}
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Figure 4: Simulating the Earth’s temperature variations, and comparing the results to measured changes, can provide insight into the

underlying causes of the major changes.

A climate model can be used to simulate the temperature changes that occur both from natural and anthropogenic causes. The simulations
represented by the band in (a) were done with only natural forcings: solar variation and volcanic activity. Those encompassed by the band in (b) were
done with anthropogenic forcings: greenhouse gases and an estimate of sulphate aerosols, and those encompassed by the band in (c) were done with
both natural and anthropogenic forcings included. From (b), it can be seen that inclusion of anthropogenic forcings provides a plausible explanation
for a substantial part of the observed temperature changes over the past century, but the best match with observations is obtained in (c) when both
natural and anthropogenic factors are included. These results show that the forcings included are sufficient to explain the observed changes, but do
not exclude the possibility that other forcings may also have contributed. The bands of model results presented here are for four runs from the same
model. Similar results to those in (b) are obtained with other models with anthropogenic forcing. [Based upon Chapter 12, Figure 12.7]
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Ocean Heating
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