Summary for Policymakers

Climate Change 2007: The Physical Science Basis

Robert Sausen
DLR-Institut fir Physik der Atmosphare
Oberpfaffenhofen

Deutsches Zentrum

DLR fiir Luft- und Raumfahrt eV,

in der Helmholtz-Gemeinschaft



Guidance Notes for Lead Authors of the IPCC Fourth
Assessment Report on Addressing Uncertainties
Table 1. A simple typology of uncertainties

Type

Indicative examples of sources

Typical approaches or considerations

Unpredictability

Structural
uncertainty

Value
uncertainty

Projections of human behaviour not
easily amenable to prediction (e.g.
evolution of political systems).

Chaotic components of complex systems.

Inadequate models, incomplete or
competing conceptual frameworks, lack
of agreement on model structure,
ambiguous system boundaries or
definitions, significant processes or
relationships wrongly specified or not
considered.

Missing, inaccurate or non-representative
data, inappropriate spatial or temporal
resolution,

poorly known or changing model
parameters.

Use of scenarios spanning a plausible
range, clearly stating assumptions, limits
considered, and subjective judgments.
Ranges from ensembles of model runs.

Specify assumptions and system
definitions clearly, compare models with
observations for a range of conditions,
assess maturity of the underlying science
and degree to which understanding is
based on fundamental concepts tested in
other areas.

Analysis of statistical properties of sets of
values (observations, model ensemble
results, etc);

bootstrap and hierarchical statistical tests;
comparison of models with observations.
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Table 2. Qualitatively defined levels of understanding

High agreement
limited evidence

Low agreement
limited evidence

Level of agreement
or consensus —

High agreement
much evidence

Low agreement
much evidence

Amount of evidence (theory, observations, models) —
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Table 3. Quantitatively calibrated levels of confidence.

Terminology

Degree of confidence in being correct

Very High confidence
High confidence
Medium confidence
Low confidence

Very low confidence

At least 9 out of 10 chance of being correct
About 8 out of 10 chance
About 5 out of 10 chance
About 2 out of 10 chance

Less than 1 out of 10 chance
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Table 4. Likelihood Scale.

Terminology

Likelihood of the occurrence/ outcome

Virtually certain

Very likely

Likely

About as likely as not
Unlikely

Very unlikely
Exceptionally unlikely

> 99% probability of occurrence
> 90% probability

> 66% probability

33 to 66% probability

< 33% probability

< 10% probability

< 1% probability
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Human and Natural Drivers of Climate Change

Global atmospheric concentrations of carbon dioxide, methane and
nitrous oxide have increased markedly as a result of human activities
since 1750 and now far exceed pre-industrial values determined from
Ice cores spanning many thousands of years. The global increases in
carbon dioxide concentration are due primarily to fossil fuel use and

land use change, while those of methane and nitrous oxide are
primarily due to agriculture.

# Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV,

in der Helmholtz-Gemeinschaft

Vorlesung Klima I, SPM_|

16.05.2007



Atmospheric concentrations of
CO,, CH, and N,O

Figure SPM.1. Atmospheric concentrations of carbon dioxide,
methane and nitrous oxide over the last 10,000 years (large
panels) and since 1750 (inset panels). Measurements are shown
from ice cores (symbols with different colours for different studies)
and atmospheric samples (red lines). The corresponding radiative
forcings are shown on the right hand axes of the large panels.
{Figure 6.4}
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Human and Natural Drivers of Climate Change

The understanding of anthropogenic warming and cooling influences on
climate has improved since the TAR, leading to very high confidence that
the global average net effect of human activities since 1750 has been one

of warming, with a radiative forcing of +1.6 [+0.6 to +2.4] W m~2 (see
Figure SPM.2).
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Radiative forcing components
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Figure SPM.2. Global average radiative forcing (RF) estimates and ranges in 2005 for anthropogenic carbon dioxide (CO,), methane
(CH,), nitrous oxide (N,QO) and other important agents and mechanisms, together with the typical geographical extent (spatial scale) of
the forcing and the assessed level of scientific understanding (LOSU). The net anthropogenic radiative forcing and its range are also
shown. These require summing asymmetric uncertainty estimates from the component terms, and cannot be obtained by simple addition.
Additional forcing factors not included here are considered to have a very low LOSU. Volcanic aerosols contribute an additional natural

“ forcing but are not included in this figure due to their episodic nature. The range for linear contrails does not include other possible effects |
of aviation on cloudiness. {2.9, Figure 2.20} -
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Direct Observations of Recent Climate Change

Warming of the climate system is unequivocal, as is now evident from
observations of increases in global average air and ocean temperatures,
widespread melting of snow and ice, and rising global average sea level

(see Figure SPM.3).
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Observed changes in
global average surface
temperature, global
average sea level and
Northern Hemisphere
snow cover for March-
April.

Figure SPM.3. Observed changes
in (a) global average surface
temperature, (b) global average sea
level from tide gauge (blue) and
satellite (red) data and (c) Northern
Hemisphere snow cover for March-
April. All changes are relative to
corresponding averages for the
period 1961-1990. Smoothed
curves represent decadal average
values while circles show yearly
values. The shaded areas are the
uncertainty intervals estimated from
a comprehensive analysis of known
uncertainties (a and b) and from the
time series (c)
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Observed rate of sea level rise and estimated contributions
from different sources.

Table SPM.1. Observed rate of sea level rise and estimated contributions from different sources. {5.5, Table 5.3}

Rate of sea level rise (mm per year)

Source of sea level rise 1961-2003 1993-2003
Thermal expansion 0.42 £+ 0.12 1.6+0.5
Glaciers and ice caps 0.50+0.18 0.77 +0.22
Greenland Ice Sheet 0.05 +0.12 0.21 £ 0.07
Antarctic lce Sheet 0.14 £ 0.41 0.21 £0.35
Sum of individual climate 1.1+05 2.8+0.7

contributions to sea level rise

Observed total sea level rise 1.8 +£0.52 3.1+0.72
Difference
(Observed minus sum of 0.7+0.7 0.3+1.0

estimated climate contributions)

Table note:
a Data prior to 1993 are from tide gauges and after 1993 are from satellite altimetry.
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Direct Observations of Recent Climate Change

At continental, regional and ocean basin scales, numerous long-term
changes in climate have been observed. These include changes in arctic
temperatures and ice, widespread changes in precipitation amounts, ocean
salinity, wind patterns and aspects of extreme weather including droughts,
heavy precipitation, heat waves and the intensity of tropical cyclones.
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Recent trends, assessment of human influence on the trend
and projections for extreme weather events

Table SPM.2. Recent trends, assessment of human influence on the trend and projections for extreme weather events for which there
is an observed late-20th century trend. {Tables 3.7, 3.8, 9.4; Sections 3.8, 5.5, 9.7, 11.2-11.9}

Likelihood that trend
Phenomenon@ and occurred in late 20th

direction of trend century (typically
post 1960)

Warmer and fewer cold
days and nights over Very likelyc
most land areas

Warmer and more frequent
hot days and nights over Very likely®
most land areas

Warm spells/heat waves.
Frequency increases over Likely
most land areas

Heavy precipitation events.
Frequency (or proportion of

total rainfall from heavy falls) Likely
increases over most areas

Area affected by Likely in many
droughts increases regions since 1970s
Intense tropical cyclone Likely in some
activity increases regions since 1970

Increased incidence of
extreme high sea level Likely
(excludes tsunamis)9

16.05.2007



Direct Observations of Recent Climate Change

Some aspects of climate have not been observed to change.

» Diurnal temperature range (DTR)

> Antarctic sea ice extend

» Meridional overturning circulation (MOC) of the global ocean
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A Palaeoclimatic Perspective

Palaeoclimatic information supports the interpretation that the warmth of
the last half century is unusual in at least the previous 1,300 years. The
last time the polar regions were significantly warmer than present for an
extended period (about 125,000 years ago), reductions in polar ice volume
led to 4 to 6 m of sea level rise.
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Understanding and Attributing Climate Change

Most of the observed increase in global average temperatures since the
mid-20th century is very likely due to the observed increase in
anthropogenic greenhouse gas concentrations. This is an advance since
the TAR'’s conclusion that “most of the observed warming over the last 50
years is likely to have been due to the increase in greenhouse gas
concentrations”. Discernible human influences now extend to other aspects
of climate, including ocean warming, continental-average temperatures,
temperature extremes and wind patterns (see Figure SPM.4 and Table
SPM.2).
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Recent trends, assessment of human influence on the trend
and projections for extreme weather events

Table SPM.2. Recent trends, assessment of human influence on the trend and projections for extreme weather events for which there
is an observed late-20th century trend. {Tables 3.7, 3.8, 9.4; Sections 3.8, 5.5, 9.7, 11.2-11.9}

Likelihood that trend Likelihood of a
Phenomenon@ and occurred in late 20th human contribution

direction of trend

Warmer and fewer cold
days and nights over
most land areas

century (typically
post 1960)

Very likelyc

to observed trendP

Likelyd

Warmer and more frequent
hot days and nights over
most land areas

Very likely®

Likely (nights)d

Warm spells/heat waves.
Frequency increases over
most land areas

Likely

More likely than notf

Heavy precipitation events.
Frequency (or proportion of
total rainfall from heavy falls)
increases over most areas

Likely

More likely than notf

Area affected by
droughts increases

Likely in many
regions since 1970s

More likely than not

Intense tropical cyclone
activity increases

Likely in some
regions since 1970

More likely than notf

Increased incidence of
extreme high sea level
(excludes tsunamis)9

Likely

More likely than notth
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Understanding and Attributing Climate Change

Analysis of climate models together with constraints from observations
enables an assessed likely range to be given for climate sensitivity for the
first time and provides increased confidence in the understanding of the
climate system response to radiative forcing.

» Likely range for CO, doubling: 2.5 - 4.5 K.
» Best estimate for CO2 doubling: 3 K.

» Very unlikely that value is less than 1.5 K, values higher than 4.5 K
cannot be excluded.

It is very unlikely that climate changes of at least the seven centuries prior
to 1950 were due to variability generated within the climate system
alone.
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Projections of Future Changes in Climate

For the next two decades, a warming of about 0.2°C per decade is
projected for a range of SRES emission scenarios. Even if the
concentrations of all greenhouse gases and aerosols had been kept
constant at year 2000 levels, a further warming of about 0.1°C per decade
would be expected.
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Projections of Future Changes in Climate

Continued greenhouse gas emissions at or above current rates would
cause further warming and induce many changes in the global climate
system during the 21st century that would very likely be larger than those
observed during the 20th century.
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Recent trends, assessment of human influence on the trend
and projections for extreme weather events

Table SPM.2. Recent trends, assessment of human influence on the trend and projections for extreme weather events for which there
is an observed late-20th century trend. {Tables 3.7, 3.8, 9.4; Sections 3.8, 5.5, 9.7, 11.2-11.9}

Likelihood that trend
occurred in late 20th

Likelihood of a
human contribution

Likelihood of future trends

Phenomenona and based on projections for

direction of trend

Warmer and fewer cold

century (typically
post 1960)

to observed trendP

21st century using
SRES scenarios

days and nights over Very likelyc Likelyd Virtually certaind
most land areas

Warmer and more frequent

hot days and nights over Very likely® Likely (nights)d Virtually certaind
most land areas

Warm spells/heat waves.

Frequency increases over Likely More likely than notf Very likely
most land areas

Heavy precipitation events.

Frequency (or proportion of Likel More likelv th " Very likel
total rainfall from heavy falls) ikery Rfe HHEY A G ery likely
increases over most areas

Area affected by Likely in many . _
droughts increases regions since 1970s More likely than not Likely
Intense tropical cyclone Likely in some . . _

activity increases regions since 1970 More likely than not Likely
Increased incidence of

extreme high sea level Likely More likely than notth Likely!

(excludes tsunamis)9
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THE EMissioN SceENARIOS OF THE IPCC SpreciAL REPORT oN EmissioN SceNARIOs (SRES)17

Al. The Al storyline and scenario family describes a future world of very rapid economic growth, global
population that peaks in mid-century and declines thereafter, and the rapid introduction of new and more efficient
technologies. Major underlying themes are convergence among regions, capacity building and increased cultural
and social interactions, with a substantial reduction in regional differences in per capita income. The A1 scenario
tamily develops into three groups that describe alternative directions of technological change in the energy system.
The three A1 groups are distinguished by their technological emphasis: fossil-intensive (A1FI), non-fossil energy
sources (A1T) or a balance across all sources (A1B) (where balanced is defined as not relying too heavily on one
particular energy source, on the assumption that similar improvement rates apply to all energy supply and end
use technologies).

A2. The A2 storyline and scenario family describes a very heterogeneous world. The underlying theme 1s self-
reliance and preservation of local 1dentities. Fertility patterns across regions converge very slowly, which results
in continuously increasing population. Economic development 1s primarily regionally oriented and per capita
economic growth and technological change more fragmented and slower than other storylines.

B1. The BI storyline and scenario family describes a convergent world with the same global population, that
peaks 1 mid-century and declines thereafter, as in the A1l storyline, but with rapid change 1 economic structures
toward a service and mformation economy, with reductions in material mtensity and the introduction of clean
and resource-efficient technologies. The emphasis 1s on global solutions to economic, social and environmental
sustainability, including improved equity, but without additional climate initiatives.

B2. The B2 storyline and scenario family describes a world in which the emphasis 1s on local solutions to
economic, social and environmental sustaiability. It is a world with continuously increasing global population, at
a rate lower than A2, intermediate levels of economic development, and less rapid and more diverse technological
change than in the B1 and A1 storylines. While the scenario 1s also oriented towards environmental protection and
social equity, it focuses on local and regional levels.
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SRES scenarios: CO, emissions

CO, emissions (Gt C)
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Projected global average surface warming and sea level rise
at the end of the 21st century.

Table SPM.3. Projected global average surface warming and sea level rise at the end of the 21st century. {10.5, 10.6, Table 10.7}

Temperature Change Sea Level Rise
(°C at 2090-2099 relative to 1980-1999)a (m at 2090-2099 relative to 1980-1999)
Best Likely Model-based range excluding future
estimate range rapid dynamical changes in ice flow
Constant Year 2000
concentrationsbP 0.6 0.3-0.9 NA
B1 scenario 1.8 1.1-2.9 0.18-0.38
A1T scenario 2.4 1.4-3.8 0.20-0.45
B2 scenario 2.4 1.4-3.8 0.20-0.43
A1B scenario 2.8 1.7-4.4 0.21-0.48
A2 scenario 3.4 20-54 0.23 -0.51
A1FI scenario 4.0 24-6.4 0.26-0.59
Table notes:

a These estimates are assessed from a hierarchy of models that encompass a simple climate model, several Earth System Models of Intermediate
Complexity and a large number of Atmosphere-Ocean General Circulation Models (AOGCMSs).
b Year 2000 constant composition is derived from AOGCMs only.
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Projections of Future Changes in Climate

There is now higher confidence in projected patterns of warming and other
regional-scale features, including changes in wind patterns, precipitation
and some aspects of extremes and of ice.
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PROJECTIONS OF SURFACE TEMPERATURES

25

2 2020-2029

2020 - 2029 2090 - 2099

1.5 1 w

1 2090-2099

Relative Probability

BI

2020-2029

1 2090-2099

Relative Probability

A1B

2020-2029

Tr 2090-2099

Relative Probability
PHV-LOM 22002 D0dI®

-1 0 1 2 3 4 5 6 7 8

Global Average Surface Temperature Change (°C) 005115225335445555665775
(°C)

Figure SPM.6. Projected surface temperature changes for the early and late 21st century relative to the period 1980-19399. The central
and right panels show the AOGCM multi-model average projections for the B1 (top), A1B (middle) and A2 (bottom) SRES scenarios
averaged over the decades 2020- 2029 (centre) and 2090-2099 (right). The left panels show corresponding uncertainties as the relative
probabilities of estimated global average warming from several different AOGCM and Earth System Model of Intermediate Complexity
studies for the same periods. Some studies present results only for a subset of the SRES scenarios, or for various model versions.
Therefore the difference in the number of curves shown in the left-hand panels is due only to differences in the availability of results.
{Figures 10.8 and 10.28}
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PRoJECTED PATTERNS OF PRECIPITATION CHANGES
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Figure SPM.7. Relative changes in precipitation (in percent) for the period 2090-2099, relative to 1980-1999. Values are multi-model
averages based on the SRES A1B scenario for December to February (left) and June to August (right). White areas are where less than
66% of the models agree in the sign of the change and stippled areas are where more than 90% of the models agree in the sign of the

change. {Figure 10.9}
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Projections of Future Changes in Climate

Anthropogenic warming and sea level rise would continue for centuries due
to the time scales associated with climate processes and feedbacks, even
If greenhouse gas concentrations were to be stabilised.
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