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What will I talk about?
• The “standard” lore - Why is solar activity shunned?  

• (Some) Evidence for problems with the standard 
picture. 

• Quantifying the solar forcing - It is large! 

• Solar forcing and climate change. 

• Cosmic Rays, the link between solar activity and 
climate



It is commonly believed that...



20th century warming is Anthropogenic

IPCC AR4
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The trinity

Climate Sensitivity is high 
(increases in the CO2 will 

cause a large change in T) 
21st century ΔT will be large

Most of the 20th century 
warming is 
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There are no large 
“natural” climate drivers. In 

particular, sun is 
unimportant 

Climate sensitivity is lowWe will meet IPCC’s 2°C

in a “business as usual” scenario

The Sun is very important!
Typically 1/2-2/3 solar 1/3-1/2 anthropogenic



Sensitivity is low



Climate response to volcanoes is small

Krakatau, Santa Maria, Katmai, 
Agung, el Chichon and Pinatubo

Robock and Mau 1995

Model predictions: Decrease of 0.3-0.5°C.              
Reality: Decrease of 0.1°C on average

IPCC TAR

Lindzen & Giannitis (1998): 
ΔTx2 ≲ 1°C



Climate response to CO2 is small
Over geological time scales: Large intrinsic variations in CO2 do 
not cause large temperature changes.

been a CO2 fingerprint, then it points to another 
direction.

A central problem in the theory of anthropogenic 
warming is that in order to associate the relatively 
small human induced changes in the energy budget 
with the observed temperature change, Earth’s 
climate needs to be very sensitive to changes in the 
energy budget. However, different empirical 
indications reveal that in contrast to the numerical 
models, the real climate sensitivity is on the low side. 
Already a decade ago, the physicist Richard Lindzen 
from MIT brought the example of volcanos to 
demonstrate that the sensitivity is small.

Massive volcanic eruptions, such as those of 
Krakatoa in 1883 or Pinatubo in 1992, raise large 
amounts of dust into the stratosphere (in the bottom 
of which commercial planes fly). Because the 
stratosphere is stable and does not mix with the 
lower atmosphere, this dust can reside for as long as 
two years, thereby blocking some of the sunlight. In 
other words, such massive eruptions should decrease 
the energy budget of Earth. As mentioned before, the 
numerical models which explain the 20th century 
warming as the consequence of anthropogenic 
activity, require a high temperature sensitivity in 
response to variations in the energy budget. 
Therefore, the same models predict relatively large 
temperature reductions in response to massive 
volcanic eruption, typically up to half a degree. In 
reality, the average temperature reduction following 
the six largest eruptions since (and including) 
Krakatoa, is only 0.1°C! (see fig. 1). Namely, Earth’s 

climate sensitivity must be small, but then one cannot 
explain the 20th century temperature increase 
primarily as a result of anthropogenic activity. 

Because the question of Earth’s sensitivity to changes 
in the radiative budget is the key question to the 
understanding of future climate change, let us 
mention more evidence which indicates that the 
sensitivity is on the low side, significantly lower than 
the claims of the anthropogenic global warming 
protagonists. 

On a time scale of tens of millions of years, there 
were large variations in the amount of CO2. These 
variations arise from a varying deposition rate of 
limestone on the ocean floor and the emission rate of 
CO2 in volcanic activity. As a consequence, there 
were periods during which there was much more 
CO2 in Earth’s atmosphere. For example, there was 
probably 10 times more CO2 450 million years ago 
than there is today. However, during that time, it was 
as cold as it is presently!§ If CO2 has (or had) a large 
effect on the global temperature, Earth back then 
should have been significantly warmer, but it wasn’t. 
In other words, there is no correlation on long time 
scales between the atmospheric CO2 level and the 
average global temperature (see fig. 3). 

Note that in the more recent past, there were 
variations of 10’s of percent in the amount of 
atmospheric CO2. However, these variations are due 
to emission and absorption of CO2 into the oceans. 
On this short time scale, of 10’s of thousands of 
years, there is a clear correlation between the varying 
CO2 and variations in the global temperature, as can 

On the 20th century global warming and the role of the sun / Nir J. Shaviv ! ! !             3/8

§ There were no polar ice caps during most of Earth’s history. Thus, compared to the multi-million year time scale, Earth is now cold. 

Figure 3: Top: A reconstructed (the GEOCARB III model - Berner and 
Kothavala, 2001) and paleosol based CO2  variations (all measurements 
with less than x3 total error in the Berner compilation) over the past 
500 million years. Bottom: 18O/16O isotope ratio based temperature 
reconstruction of Veizer et al., 2001. The lack of correlation between 
CO2  variations and the climate can be used to place an upper limit on 
the effects of CO2. (!T < 1.5°C per CO2 doubling). See also fig. 9.  
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Figure 2: Temperature trends  at the tropics (20°S to 20°N) for the 
satellite era, from Douglass et al., Int. J. Climatol. 28, 1693 (2008). 
Plotted in red is the altitudinal dependence (and the ±2! variations) 
obtained by averaging the results of 22 different climate models, 
which were tuned to fit the observed 20th century temperature 
variations. The blue, green and purple data sets are four different 
radiosonde results.  The yellow symbols  on the right denote different 
satellite based warming at the lower troposphere (T2lT) or averaged 
over the whole troposphere (T2). More information in the above 
reference. Evidently, present climate models grossly fail to describe 
the altitudinal dependence of the warming over the tropics. 

Based on the lack of 
correlation:
1°C ≲ ΔTx2 ≲ 1.5°C
(Shaviv 2005) 

Veizer et al. (2000), Shaviv & Veizer (2003)



But what about Al Gore and his ice cores?



CO2 lags temperature!

Indermühle et al. 2000

But what about Al Gore and his ice cores?



Global Warming “hiatus”
Heating over the past 20 years running below the low estimate 
of the IPCC

Sensitivity below IPCC 1.5-4.5°C range, i.e., ΔTx2 ≲ 1.5°C



The Greenhouse effect

 Why can’t models predict climate sensitivity?
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The Greenhouse effect

 Why can’t models predict climate sensitivity?



Different “recipes” for the cloud cover 
produce different sensitivities: Increase 
of 1.5 to 5°C per CO2 doubling. 

 Why can’t models predict climate sensitivity?



Cess et al. 1989

 Why can’t models predict climate sensitivity?



The Sun’s role in 
Climate Change



Solar Activity

The claim that there isn’t any other explanation, and therefore the 
warming must be primarily human, is wrong. There is another 
explanation: Solar Activity. 
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= proxy for  
solar activity

= climate proxy

Neff et al., 2001

The link over several millennia 



The link over several millennia 

Bond et al. 1997



Eddy, 1976, Science, 192, 1189 

The Link over the past Millennium 



Sun

Sea Level 
Change Rate

Link over the 11-year Cycle 

Shaviv, 2008



HOWARD ET AL.: SOLAR AND ENSO FORCING FROM OCEAN ALTIMETRY X - 27
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Figure 2. Sea level data and the model fit. The blue dots are the linearly de-trended

global sea level measured with satellite altimetry. The purple line is the model fit to the

data which includes both a harmonic solar component and an ENSO contribution. The

shaded regions denote the one � and 1% to 99% confidence regions. The fit explains 71%

of the observed variance in the annually averaged filtered detrended data.
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Link over the 11-year Cycle 

solar + ENSO fit
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Howard, Shaviv & Svensmark JGR (2015)
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from black carbon absorption of solar radiation. There is high confidence that  aerosols and their interactions with clouds 
have offset a substantial portion of global mean forcing from well-mixed greenhouse gases. They continue to contribute 
the largest uncertainty to the total RF estimate. {7.5, 8.3, 8.5}

• The forcing from stratospheric volcanic aerosols can have a large impact on the climate for some years after volcanic 
eruptions. Several small eruptions have caused an RF of –0.11 [–0.15 to –0.08] W m–2 for the years 2008 to 2011, which 
is approximately twice as strong as during the years 1999 to 2002. {8.4}

• The RF due to changes in solar irradiance is estimated as 0.05 [0.00 to 0.10] W m−2 (see Figure SPM.5). Satellite obser-
vations of total solar irradiance changes from 1978 to 2011 indicate that the last solar minimum was lower than the 
previous two. This results in an RF of –0.04 [–0.08 to 0.00] W m–2 between the most recent minimum in 2008 and the 
1986 minimum. {8.4}

• The total natural RF from solar irradiance changes and stratospheric volcanic aerosols made only a small contribution to 
the net radiative forcing throughout the last century, except for brief periods after large volcanic eruptions. {8.5}

Figure SPM.5 |  Radiative forcing estimates in 2011 relative to 1750 and aggregated uncertainties for the main drivers of climate change. Values are 
global average radiative forcing (RF14), partitioned according to the emitted compounds or processes that result in a combination of drivers. The best esti-
mates of the net radiative forcing are shown as black diamonds with corresponding uncertainty intervals; the numerical values are provided on the right 
of the figure, together with the confidence level in the net forcing (VH – very high, H – high, M – medium, L – low, VL – very low). Albedo forcing due to 
black carbon on snow and ice is included in the black carbon aerosol bar. Small forcings due to contrails (0.05 W m–2, including contrail induced cirrus), 
and HFCs, PFCs and SF6 (total 0.03 W m–2) are not shown. Concentration-based RFs for gases can be obtained by summing the like-coloured bars. Volcanic 
forcing is not included as its episodic nature makes is difficult to compare to other forcing mechanisms. Total anthropogenic radiative forcing is provided 
for three different years relative to 1750. For further technical details, including uncertainty ranges associated with individual components and processes, 
see the Technical Summary Supplementary Material. {8.5; Figures 8.14–8.18; Figures TS.6 and TS.7}
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Cosmic Rays: Linking 
Solar Activity to Climate



Clouds over the 11-yr cycle

Svensmark 1998, Marsh & Svensmark 2000, ...



Clouds over the 11-yr cycle

Svensmark 1998, Marsh & Svensmark 2000, ...
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Forbush decreases

Forbush decreases of the cosmic ray flux induce a large 
apparent effect on clouds

X - 14 SVENSMARK ET AL.: COSMIC RAY VARIATIONS AFFECT THE EARTHS AEROSOLS
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Figure 1. The evolution of cloud water content (SSM/I), liquid water cloud fraction (MODIS),

and low IR-detected clouds (ISCCP) is here averaged for the 5 strongest Forbush decreases that

their data sets have in common (order numbers 1, 3, 4, 6, and 7 in Table 1), and is compared with

the corresponding evolution of fine aerosol particles in the lower atmosphere (AERONET). In

the AERONET plot each data point is the daily mean from about 40 AERONET stations world-

wide, using stations with more than 20 measurements a day. The broken horizontal lines denote

the mean for the first 15 days before the Forbush minimum, and the hatched zones show ±1 �

for the data, estimated from the average variance of a large number of randomly chosen periods

of 36 days of each of the four data sets. The e�ects on clouds and aerosols are not dominated by

any single event among the 5 averaged. Examples of SSM/I data for several individual events

are shown in the supporting online material.
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Svensmark et al. GRL 20095 strongest forbush decreases (1987-2007) 



Shaviv 2002, Shaviv & Veizer (2003)

Evidence over Geological Time Scales
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Fig. 4. A raster plot of the detrended 1 Ma binned “master” set of δ18O data. The vertical axis 

spans the Phanerozoic. The horizontal axis is the time folded over a 32 Ma period. For 

convenience, the horizontal axis is duplicated and shifted by 32 Ma. The blue and red circles 

(connected by dashed lines) are the modeled galactic plane crossings and the maximal excursions 

from the plane, respectively. An unmodulated 32 Ma signal would appear as a vertical line over 

the entire 490 Ma interval. The apparent modulation due to the radial epicyclic motion (RO) of 

the solar system is expressed as sinusoidal variations of this line. X’s denote bins with 

insufficient measurements. 
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more than tenfold at 278 and 248 K. The enhancement factor is up to
five times larger at the higher ion-pair concentrations typical of the
upper troposphere (Fig. 2, and Jch curves in Fig. 1). Overall, we find that
the nucleation rate varies with negative ion concentration, [ion2], as
J 5 Jn 1 k[ion2]p, with p 5 0.7–1.0 (Fig. 2). Our measurements show
evidence of saturation of Jgcr and Jch by their convergence with Jn at
high nucleation rates (Fig. 1), where almost every negative ion gives
rise to a new particle21. However, even with ion enhancement, our
measurements show that binary nucleation of H2SO4–H2O will pro-
ceed at extremely low rates in the atmospheric boundary layer. In
contrast, in the cooler mid-troposphere and perhaps at lower altitude
in some polar regions, ion-induced binary nucleation can proceed at
ambient acid concentrations23.

CLOUD has measured the molecular composition of nucleating
charged clusters from monomers up to stable aerosol particles, and
has time-resolved each step of their growth. Example mass spectra are
shown in Supplementary Fig. 3. The ion-induced nucleation measure-
ments in Fig. 1 exclusively involve negative clusters, containing the
HSO4

2, HSO5
2 or SO5

2 ion (Supplementary Fig. 4 shows an example
of a nucleation event). However, at higher ammonia concentrations
(see below) we have also observed positively charged nucleation, invol-
ving the NH4

1 ion.

The chemical composition of nucleating clusters containing up to
n 5 20 sulphuric acid molecules, including the HSO4

2 ion, is shown
in Fig. 3. At 292 K the clusters above n 5 4 are found always to be
accompanied by additional nitrogen-containing molecules, comprising
NH3, amines (mainly dimethylamine and ethylamine) and urea
(Fig. 3c, d). Although these ternary vapours were not intentionally added
to the chamber—at least initially—they are crucial to the nucleation. The
measured contaminant mixing ratios of ammonia and total amines were
less than 35 parts per trillion by volume (p.p.t.v.) and less than 50 p.p.t.v.,
respectively. It is notable that the nucleating H2SO4 clusters included
only nitrogen-containing bases, even though a broad spectrum of gas-
phase contaminants was identified in the chamber. A clear progression
is observed from almost pure binary nucleation at 248 K to pure ternary
nucleation at 292 K; both binary and ternary nucleation contributed at
278 K. From the molecular measurements, the binary fraction (or upper
limit) can be determined for each Jch measurement. After application of
these corrections, there is excellent agreement between the experi-
mental binary Jch values and the model predictions shown in Fig. 1.

Further measurements were made with NH3 intentionally added to
the chamber. The nucleation rates were highly sensitive to small addi-
tions of ammonia up to about 100 p.p.t.v., with evidence of saturation at
higher mixing ratios (Fig. 4). In some cases the saturation also resulted
from the ionization rate limits of about 4 cm23 s21 for GCRs and
80 cm23 s21 for the pion beam. The onset of positively charged nuc-
leation was observed at about 900 p.p.t.v. NH3 at 292 K and at
300 p.p.t.v. NH3 at 278 K, which contributed to a further rise of Jgcr
and Jch. With additional NH3 the nucleating clusters revealed a dis-
tinctive increase in the NH3 molecular content (compare Fig. 3c with
Fig. 3d). These observations provide clear experimental evidence that
the nucleation rates are strongly limited by the availability of NH3 at
mixing ratios below 100 p.p.t.v., and further strengthen our argument
that binary nucleation is not significant in the global boundary layer.

The negative cluster ion spectra (Fig. 3) show strong, quasi-stable
peaks corresponding to the charged pure monomer, dimer and trimer
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Figure 1 | Plots of nucleation rate against H2SO4 concentration. Neutral,
GCR and charged (pion beam) nucleation rates are shown at 1.7 nm diameter,
J1.7, as a function of sulphuric acid concentration at 38% relative humidity.
a, Rates at 292 K; b, rates at 248 K (blue) and 278 K (green). The NH3 mixing
ratios correspond to the contaminant level (,35 p.p.t.v. at 278 and 292 K;
,50 p.p.t.v. at 248 K). Triangles, Jch; filled circles, Jgcr; open circles, Jn. The
predictions of the PARNUC model30 for binary H2SO4–H2O charged
nucleation, Jch, are indicated by the coloured bands. The fitted curves are drawn
to guide the eye. The error bars indicate the estimated total statistical and
systematic 1s measurement uncertainties, although the overall factor 2
systematic scale uncertainty on [H2SO4] is not shown.
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Figure 2 | Plots of nucleation rate against negative ion concentration.
Nucleation rates as a function of negative ion concentration at 292 K and
[H2SO4] 5 4.5 3 108 cm23 (purple line), and at 278 K and
[H2SO4] 5 1.5 3 108 cm23 (green line). Triangles, Jch; filled circles, Jgcr; open
circles, Jn. All measurements were made at 38% relative humidity and 35 p.p.t.v.
NH3. Neutral nucleation rates, Jn, were effectively measured at zero ion pair
concentration (ion or charged-cluster lifetime ,1 s). The curves are fits of the
form J 5 j0 1 k[ion2]p, where j0, k and p are free parameters. The error bars
indicate only the point-to-point 1s errors; the nucleation rates and ion
concentrations each have estimated overall scale uncertainties of 630%.

RESEARCH LETTER

4 3 0 | N A T U R E | V O L 4 7 6 | 2 5 A U G U S T 2 0 1 1

Macmillan Publishers Limited. All rights reserved©2011

Kirkby et al. 2011Svensmark et al. 2007



Solar Wind

Sunlight

Clouds

Cosm
ic Rays

Supernova
Remnant

The Milky Way

CNs CCNs
droplets

ions

�F

�T

The Sun

Svensmark et al. 2013



Solar Wind

Sunlight

Clouds

Cosm
ic Rays

Supernova
Remnant

The Milky Way

CNs CCNs
droplets

ions

�F

�T

Measured

The Sun

Svensmark et al. 2013



Solar Wind

Sunlight

Clouds

Cosm
ic Rays

Supernova
Remnant

The Milky Way

CNs CCNs
droplets

ions

�F

�T

Measured

The Sun

Svensmark et al. 2013



Solar Wind

Sunlight

Clouds

Cosm
ic Rays

Supernova
Remnant

The Milky Way

CNs CCNs
droplets

ions

�F

�T

The Sun

Svensmark et al. 2013



Solar Wind

Sunlight

Clouds

Cosm
ic Rays

Supernova
Remnant

The Milky Way

CNs CCNs
droplets

ions

�F

�T

Measured

The Sun

Svensmark et al. 2013



Solar Wind

Sunlight

Clouds

Cosm
ic Rays

Supernova
Remnant

The Milky Way

CNs CCNs
droplets

ions

�F

�T

Measured

The Sun

Svensmark et al. 2013



Standard Explanation to 20th century

Anthropogenic 
Forcing Only

High Climate 
Sensitivity

Explain observed 
20th century warming

Predict Large ΔT 
over 21st century

X



been a CO2 fingerprint, then it points to another 
direction.

A central problem in the theory of anthropogenic 
warming is that in order to associate the relatively 
small human induced changes in the energy budget 
with the observed temperature change, Earth’s 
climate needs to be very sensitive to changes in the 
energy budget. However, different empirical 
indications reveal that in contrast to the numerical 
models, the real climate sensitivity is on the low side. 
Already a decade ago, the physicist Richard Lindzen 
from MIT brought the example of volcanos to 
demonstrate that the sensitivity is small.

Massive volcanic eruptions, such as those of 
Krakatoa in 1883 or Pinatubo in 1992, raise large 
amounts of dust into the stratosphere (in the bottom 
of which commercial planes fly). Because the 
stratosphere is stable and does not mix with the 
lower atmosphere, this dust can reside for as long as 
two years, thereby blocking some of the sunlight. In 
other words, such massive eruptions should decrease 
the energy budget of Earth. As mentioned before, the 
numerical models which explain the 20th century 
warming as the consequence of anthropogenic 
activity, require a high temperature sensitivity in 
response to variations in the energy budget. 
Therefore, the same models predict relatively large 
temperature reductions in response to massive 
volcanic eruption, typically up to half a degree. In 
reality, the average temperature reduction following 
the six largest eruptions since (and including) 
Krakatoa, is only 0.1°C! (see fig. 1). Namely, Earth’s 

climate sensitivity must be small, but then one cannot 
explain the 20th century temperature increase 
primarily as a result of anthropogenic activity. 

Because the question of Earth’s sensitivity to changes 
in the radiative budget is the key question to the 
understanding of future climate change, let us 
mention more evidence which indicates that the 
sensitivity is on the low side, significantly lower than 
the claims of the anthropogenic global warming 
protagonists. 

On a time scale of tens of millions of years, there 
were large variations in the amount of CO2. These 
variations arise from a varying deposition rate of 
limestone on the ocean floor and the emission rate of 
CO2 in volcanic activity. As a consequence, there 
were periods during which there was much more 
CO2 in Earth’s atmosphere. For example, there was 
probably 10 times more CO2 450 million years ago 
than there is today. However, during that time, it was 
as cold as it is presently!§ If CO2 has (or had) a large 
effect on the global temperature, Earth back then 
should have been significantly warmer, but it wasn’t. 
In other words, there is no correlation on long time 
scales between the atmospheric CO2 level and the 
average global temperature (see fig. 3). 

Note that in the more recent past, there were 
variations of 10’s of percent in the amount of 
atmospheric CO2. However, these variations are due 
to emission and absorption of CO2 into the oceans. 
On this short time scale, of 10’s of thousands of 
years, there is a clear correlation between the varying 
CO2 and variations in the global temperature, as can 

On the 20th century global warming and the role of the sun / Nir J. Shaviv ! ! !             3/8

§ There were no polar ice caps during most of Earth’s history. Thus, compared to the multi-million year time scale, Earth is now cold. 

Figure 3: Top: A reconstructed (the GEOCARB III model - Berner and 
Kothavala, 2001) and paleosol based CO2  variations (all measurements 
with less than x3 total error in the Berner compilation) over the past 
500 million years. Bottom: 18O/16O isotope ratio based temperature 
reconstruction of Veizer et al., 2001. The lack of correlation between 
CO2  variations and the climate can be used to place an upper limit on 
the effects of CO2. (!T < 1.5°C per CO2 doubling). See also fig. 9.  
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Figure 2: Temperature trends  at the tropics (20°S to 20°N) for the 
satellite era, from Douglass et al., Int. J. Climatol. 28, 1693 (2008). 
Plotted in red is the altitudinal dependence (and the ±2! variations) 
obtained by averaging the results of 22 different climate models, 
which were tuned to fit the observed 20th century temperature 
variations. The blue, green and purple data sets are four different 
radiosonde results.  The yellow symbols  on the right denote different 
satellite based warming at the lower troposphere (T2lT) or averaged 
over the whole troposphere (T2). More information in the above 
reference. Evidently, present climate models grossly fail to describe 
the altitudinal dependence of the warming over the tropics. 
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Best fit (i.e., after parameter optimization)

Ziskin & Shaviv, 2012

20th century warming

Residual more 
than twice smaller 
than with GCMs 

(without solar 
amplification)

Comparison: IPCC-AR4



1900 1950 2000 2050 2100
-1

0

1

2

3

21st century temperature increase 
(from fitting the 20th century)



2000 2020 2040 2060 2080 2100
5

10

15

20

25

C
O

2
 e

m
is

s
io

n
s
 (

G
t 

C
/y

r)

Several models
all SRES
envelope

All SRES envelope
including land-ice
uncertainty

Model average
all SRES
envelope

All
IS92

Bars show the
range in 2100
produced by

several models

(a) CO2 emissions (b) CO2 concentrations (c) SO2 emissions

(e) Sea level rise 

2000 2020 2040 2060 2080 2100
YearYearYear

50

100

150

S
O

2
 E

m
is

s
io

n
s
 (

M
ill

io
n
s
 o

f 
to

n
n
e
s
 o

f 
s
u
lp

h
u
r 

p
e
r 

ye
a
r)

A1B
A1T
A1FI
A2
B1
B2
IS92a

Scenarios
A1B
A1T
A1FI
A2
B1
B2
IS92a

Scenarios
A1B
A1T
A1FI
A2
B1
B2
IS92a

Scenarios

A1B
A1T
A1FI
A2
B1
B2

Scenarios

C
O

2
 c

o
n

c
e

n
tr

a
ti
o

n
 (

p
p

m
)

300

400

500

600

700

800

900

1000

1100

1200

1300

2000 2020 2040 2060 2080 2100

2000 2020 2040 2060 2080 2100
Year

0.0

0.2

0.4

0.6

0.8

1.0

S
e

a
 l
e
v
e

l 
ri

s
e

 (
m

e
tr

e
s
)

The global climate of the 21st century

(d) Temperature change

All
IS92

2000 2020 2040 2060 2080 2100
Year

0

1

2

3

4

5

6

T
e

m
p

e
ra

tu
re

 c
h

a
n

g
e

 (
°C

)

A1FI
A1B
A1T
A2
B1
B2
IS92a (TAR method)

Several models
all SRES
envelope

Model ensemble
all SRES
envelope

Bars show the
range in 2100
produced by

several models

Figure 5: The global climate of the 21st century will depend on natural changes and the response of the climate system to human activities. 

Climate models project the response of many climate variables – such as increases in global surface temperature and sea level – to various

scenarios of greenhouse gas and other human-related emissions. (a) shows the CO2 emissions of the six illustrative SRES scenarios, which are

summarised in the box on page 18, along with IS92a for comparison purposes with the SAR. (b) shows projected CO2 concentrations. (c) shows 

anthropogenic SO2 emissions. Emissions of other gases and other aerosols were included in the model but are not shown in the figure. (d) and (e)

show the projected temperature and sea level responses, respectively. The “several models all SRES envelope” in (d) and (e) shows the

temperature and sea level rise, respectively, for the simple model when tuned to a number of complex models with a range of climate sensitivities.

All SRES envelopes refer to the full range of 35 SRES scenarios. The “model average all SRES envelope” shows the average from these models

for the range of scenarios. Note that the warming and sea level rise from these emissions would continue well beyond 2100. Also note that this

range does not allow for uncertainty relating to ice dynamical changes in the West Antarctic ice sheet, nor does it account for uncertainties in

projecting non-sulphate aerosols and greenhouse gas concentrations. [Based upon (a) Chapter 3, Figure 3.12, (b) Chapter 3, Figure 3.12, (c)

Chapter 5, Figure 5.13, (d) Chapter 9, Figure 9.14, (e) Chapter 11, Figure 11.12, Appendix II]
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The link is through cosmic rays!



Thanks for your attention!


