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1. Is climate change happening?

• Atmospheric change

Summary for Policymakers 
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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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The understanding of anthropogenic warming and 
cooling infl uences on climate has improved since 
the TAR, leading to very high confi dence7 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).  {2.3., 6.5, 2.9}
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CHANGES IN GREENHOUSE GASES FROM ICE CORE 
AND MODERN DATA

6 In this Summary for Policymakers, the following terms have been used to 
indicate the assessed likelihood, using expert judgement, of an outcome or 
a result: Virtually certain > 99% probability of occurrence, Extremely likely > 
95%, Very likely > 90%, Likely > 66%, More likely than not > 50%, Unlikely 
< 33%, Very unlikely < 10%, Extremely unlikely < 5% (see Box TS.1 for more 
details).

7 In this Summary for Policymakers the following levels of confi dence have 
been used to express expert judgements on the correctness of the underly-
ing science: very high confi dence represents at least a 9 out of 10 chance 
of being correct; high confi dence represents about an 8 out of 10 chance of 
being correct (see Box TS.1) 
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How many light bulbs would be lit in 
this room by this energy input?

If room is  20m x 30m =600 m2

warming of 1.67 Wm-2   

equivalent to

 
10 bulbs



Warming signal
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CHANGES IN TEMPERATURE, SEA LEVEL AND NORTHERN  HEMISPHERE SNOW COVER

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).  {FAQ 3.1, 
Figure 1, Figure 4.2, Figure 5.13}
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Extreme events: Heat wave in summer 2003  
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Understanding and Attributing Climate Change Chapter 9

Frequently Asked Question 9.1
Can Individual Extreme Events 
be Explained by Greenhouse Warming?

Changes in climate extremes are expected as the climate 
warms in response to increasing atmospheric greenhouse gases 
resulting from human activities, such as the use of fossil  fuels. 
However, determining whether a specifi c, single extreme event 
is due to a specifi c cause, such as increasing greenhouse gases, 
is diffi cult, if not impossible, for two reasons: 1) extreme events 
are usually caused by a combination of factors and 2) a wide 
range of extreme events is a normal occurrence even in an un-
changing climate. Nevertheless, analysis of the warming ob-
served over the past century suggests that the likelihood of some 
extreme events, such as heat waves, has increased due to green-
house warming, and that the likelihood of others, such as frost 
or extremely cold nights, has decreased. For example, a recent 
study estimates that human infl uences have more than doubled 
the risk of a very hot European summer like that of 2003. 

People affected by an extreme weather event often ask 
whether human influences on the climate could be held to 
some extent responsible. Recent years have seen many ex-
treme events that some commentators have linked to increas-
ing greenhouse gases. These include the prolonged drought in 
Australia, the extremely hot summer in Europe in 2003 (see 
Figure 1), the intense North Atlantic hurricane seasons of 2004 
and 2005 and the extreme rainfall events in Mumbai, India in 
July 2005. Could a human influence such as increased concen-
trations of greenhouse gases in the atmosphere have ‘caused’ 
any of these events?

Extreme events usually result from a combination of fac-
tors. For example, several factors contributed to the extremely 
hot European summer of 2003, including a persistent high-
pressure system that was associated with very clear skies and 
dry soil, which left more solar energy available to heat the 
land because less energy was consumed to evaporate moisture 
from the soil. Similarly, the for-
mation of a hurricane requires 
warm sea surface temperatures 
and specific atmospheric circu-
lation conditions. Because some 
factors may be strongly affected 
by human activities, such as sea 
surface temperatures, but oth-
ers may not, it is not simple to 
detect a human influence on a 
single, specific extreme event. 

Nevertheless, it may be pos-
sible to use climate models to 
determine whether human influ-
ences have changed the likeli-
hood of certain types of extreme 

events. For example, in the case of the 2003 European heat 
wave, a climate model was run including only historical changes 
in natural factors that affect the climate, such as volcanic activ-
ity and changes in solar output. Next, the model was run again 
including both human and natural factors, which produced a 
simulation of the evolution of the European climate that was 
much closer to that which had actually occurred. Based on these 
experiments, it was estimated that over the 20th century, hu-
man influences more than doubled the risk of having a summer 
in Europe as hot as that of 2003, and that in the absence of hu-
man influences, the risk would probably have been one in many 
hundred years. More detailed modelling work will be required 
to estimate the change in risk for specific high-impact events, 
such as the occurrence of a series of very warm nights in an 
urban area such as Paris. 

The value of such a probability-based approach – ‘Does hu-
man influence change the likelihood of an event?’ – is that it 
can be used to estimate the influence of external factors, such 
as increases in greenhouse gases, on the frequency of specific 
types of events, such as heat waves or frost. Nevertheless, care-
ful statistical analyses are required, since the likelihood of in-
dividual extremes, such as a late-spring frost, could change due 
to changes in climate variability as well as changes in average 
climate conditions. Such analyses rely on climate-model based 
estimates of climate variability, and thus the climate models 
used should adequately represent that variability.

The same likelihood-based approach can be used to examine 
changes in the frequency of heavy rainfall or floods. Climate 
models predict that human influences will cause an increase in 
many types of extreme events, including extreme rainfall. There 
is already evidence that, in recent decades, extreme rainfall has 
increased in some regions, leading to an increase in flooding.

FAQ 9.1, Figure 1. Summer temperatures in Switzerland from 1864 to 2003 are, on average, about 17°C, as shown by 
the green curve. During the extremely hot summer of 2003, average temperatures exceeded 22°C, as indicated by the red bar 
(a vertical line is shown for each year in the 137-year record). The fi tted Gaussian distribution is indicated in green. The years 
1909, 1947 and 2003 are labelled because they represent extreme years in the record. The values in the lower left corner 
indicate the standard deviation (!) and the 2003 anomaly normalised by the 1864 to 2000 standard deviation (T’/!). From 
Schär et al. (2004).
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Modeled variability with & without 
anthropogenic forcing
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Figure 9.5. Comparison between global mean surface temperature anomalies (°C) 
from observations (black) and AOGCM simulations forced with (a) both anthropogenic 
and natural forcings and (b) natural forcings only. All data are shown as global 
mean temperature anomalies relative to the period 1901 to 1950, as observed 
(black, Hadley Centre/Climatic Research Unit gridded surface temperature data 
set (HadCRUT3); Brohan et al., 2006) and, in (a) as obtained from 58 simulations 
produced by 14 models with both anthropogenic and natural forcings. The multi-
model ensemble mean is shown as a thick red curve and individual simulations are 
shown as thin yellow curves. Vertical grey lines indicate the timing of major volcanic 
events. Those simulations that ended before 2005 were extended to 2005 by using 
the fi rst few years of the IPCC Special Report on Emission Scenarios (SRES) A1B 
scenario simulations that continued from the respective 20th-century simulations, 
where available. The simulated global mean temperature anomalies in (b) are from 
19 simulations produced by fi ve models with natural forcings only. The multi-model 
ensemble mean is shown as a thick blue curve and individual simulations are shown 
as thin blue curves. Simulations are selected that do not exhibit excessive drift in 
their control simulations (no more than 0.2°C per century). Each simulation was 
sampled so that coverage corresponds to that of the observations. Further details of 
the models included and the methodology for producing this fi gure are given in the 
Supplementary Material, Appendix 9.C. After Stott et al. (2006b). 
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Figure 9.5. Comparison between global mean surface temperature anomalies (°C) 
from observations (black) and AOGCM simulations forced with (a) both anthropogenic 
and natural forcings and (b) natural forcings only. All data are shown as global 
mean temperature anomalies relative to the period 1901 to 1950, as observed 
(black, Hadley Centre/Climatic Research Unit gridded surface temperature data 
set (HadCRUT3); Brohan et al., 2006) and, in (a) as obtained from 58 simulations 
produced by 14 models with both anthropogenic and natural forcings. The multi-
model ensemble mean is shown as a thick red curve and individual simulations are 
shown as thin yellow curves. Vertical grey lines indicate the timing of major volcanic 
events. Those simulations that ended before 2005 were extended to 2005 by using 
the fi rst few years of the IPCC Special Report on Emission Scenarios (SRES) A1B 
scenario simulations that continued from the respective 20th-century simulations, 
where available. The simulated global mean temperature anomalies in (b) are from 
19 simulations produced by fi ve models with natural forcings only. The multi-model 
ensemble mean is shown as a thick blue curve and individual simulations are shown 
as thin blue curves. Simulations are selected that do not exhibit excessive drift in 
their control simulations (no more than 0.2°C per century). Each simulation was 
sampled so that coverage corresponds to that of the observations. Further details of 
the models included and the methodology for producing this fi gure are given in the 
Supplementary Material, Appendix 9.C. After Stott et al. (2006b). 
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Figure 9.5. Comparison between global mean surface temperature anomalies (°C) 
from observations (black) and AOGCM simulations forced with (a) both anthropogenic 
and natural forcings and (b) natural forcings only. All data are shown as global 
mean temperature anomalies relative to the period 1901 to 1950, as observed 
(black, Hadley Centre/Climatic Research Unit gridded surface temperature data 
set (HadCRUT3); Brohan et al., 2006) and, in (a) as obtained from 58 simulations 
produced by 14 models with both anthropogenic and natural forcings. The multi-
model ensemble mean is shown as a thick red curve and individual simulations are 
shown as thin yellow curves. Vertical grey lines indicate the timing of major volcanic 
events. Those simulations that ended before 2005 were extended to 2005 by using 
the fi rst few years of the IPCC Special Report on Emission Scenarios (SRES) A1B 
scenario simulations that continued from the respective 20th-century simulations, 
where available. The simulated global mean temperature anomalies in (b) are from 
19 simulations produced by fi ve models with natural forcings only. The multi-model 
ensemble mean is shown as a thick blue curve and individual simulations are shown 
as thin blue curves. Simulations are selected that do not exhibit excessive drift in 
their control simulations (no more than 0.2°C per century). Each simulation was 
sampled so that coverage corresponds to that of the observations. Further details of 
the models included and the methodology for producing this fi gure are given in the 
Supplementary Material, Appendix 9.C. After Stott et al. (2006b). 
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CHANGES IN TEMPERATURE, SEA LEVEL AND NORTHERN  HEMISPHERE SNOW COVER

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).  {FAQ 3.1, 
Figure 1, Figure 4.2, Figure 5.13}



• upper 2.5 m of ocean holds as much heat 
as overlying atmosphere

• 80% of anthropogenic extra heating has 
gone into the ocean
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Figure 5.1. Time series of global annual ocean heat content (1022 J) for the 0 to 700 m layer. The black curve is updated from Levitus et al. (2005a), with the shading repre-
senting the 90% confi dence interval. The red and green curves are updates of the analyses by Ishii et al. (2006) and Willis et al. (2004, over 0 to 750 m) respectively, with the er-
ror bars denoting the 90% confi dence interval. The black and red curves denote the deviation from the 1961 to 1990 average and the shorter green curve denotes the deviation 
from the average of the black curve for the period 1993 to 2003. 390
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Figure 5.1. Time series of global annual ocean heat content (1022 J) for the 0 to 700 m layer. The black curve is updated from Levitus et al. (2005a), with the shading repre-
senting the 90% confi dence interval. The red and green curves are updates of the analyses by Ishii et al. (2006) and Willis et al. (2004, over 0 to 750 m) respectively, with the er-
ror bars denoting the 90% confi dence interval. The black and red curves denote the deviation from the 1961 to 1990 average and the shorter green curve denotes the deviation 
from the average of the black curve for the period 1993 to 2003. 
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Figure Legends  

Figure 1. Change in ocean heat content  (1020J; red represents a gain in heat for the later period) 

between the twenty-year periods 1980-2000 and 1950-1970 diagnosed from (a) historical data 

integrated over the water column and (b) 1.4 º ocean model output using realistic ECMWF wind 

and buoyancy forcing after a 60-year spin-up.  Observations and model data were binned onto the 

same 2 º grid. The observations reveal an overall gain in heat in the tropics and subtropics, and a 

loss of heat in the subpolar ocean.  

 

Figure 2.  Change in ocean heat content  (1020J; red is a gain) between  two idealized model 

experiments for 1980-2000 and 1950-1970: (a) using realistic surface buoyancy forcing from 

ECMWF, but with climatological wind forcing; (b) realistic wind forcing from ECMWF, but with 

climatological buoyancy forcing.  

  

Figure 3. Observed temperature change (oC) between the twenty-year periods 1980-2000 and 

1950-1970 along a constant depth (red line) of (a) 1000 m or (b) 2000 m, revealing a warming in 

the tropics and subtropics, but a cooling north of 45oN.  This temperature change at constant 

depth is separated into changes along an isopycnal (blue line) and the temperature change from a 

deepening of isopycnals (green line); and a residual from the misfit of these independent 

estimates (black line). Over the whole basin, there is a warming from the deepening of isopycnals 

(heave, green line), which is opposed by a cooling of the water mass along the isopycnals (blue 

line) in the subpolar gyre. 

 

Figure 4.   (a) Change in ocean heat content (1020J: red is a gain) from a model run using NAO- 

composite forcing to a model run using NAO+ composite forcing.  (b)  Zonal integral in heat 

content change for the observations (black line with error bars) and for the NAO model runs (blue 

dashed line).  The NAO+ composite forcing is defined as the forcing fields of the 5 individual 
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Ocean uptake of carbon

• 50 - 70 times as much carbon in the 
oceans as in the atmosphere
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Pattern reflects combination 
of physics & biology



• 1/2 the recent industrial emissions of 
carbon has gone into ocean

404

Observations: Oceanic Climate Change and Sea Level Chapter 5

!"# $"%$&'()# *')+,%# -./# 0/'%# ),# '/)$*.)'#

.")+&,1,2'"$(# (.&3,"# 4&,*# ,3/'&5.)$,"/#*.%'# .)# .#

/$"26'#)$*'#1'&$,%#3./'%#,"#-'6678",-"#1&,('//'/#)+.)#

(,")&,6#)+'#%$/)&$30)$,"#,4#".)0&.6#9:;#$"#)+'#,('."<#

=+'#*')+,%#(,&&'()/#)+'#,3/'&5'%#9:;#(,"('")&.)$,"#

4,&#,&2."$(#*.))'&#%'(,*1,/$)$,"#."%#%$//,60)$,"#,4#

(.&3,".)'#*$"'&.6/>#."%#&'*,5'/#."#'/)$*.)'#,4# )+'#

9:;#(,"('")&.)$,"#,4# )+'#-.)'&#-+'"# $)#-./# 6./)# $"#

(,").()# -$)+# )+'# .)*,/1+'&'# ?@&03'&# ')# .6<># ABBCD<#

E$)+# )+$/# *')+,%># .# 26,3.6# 9:;# $"(&'./'# ,4# AAF# G#

AB#@);#3')-''"#1&'7$"%0/)&$.6#)$*'/#?&,02+6H#AIJKD#

."%# ABBL# +./# 3''"# '/)$*.)'%># 0/$"2# B>CAF# 1&,!#6'/#

4&,*#)+'#ABBK/#?M.3$"'#')#.6<>#NKKL3O#/''#P$20&'#J<AKD<#

=+'#0"('&).$")H#,4#GAB#@);#$"#)+$/#'/)$*.)'#$/#3./'%#

,"#0"('&).$")$'/#$"#)+'#.")+&,1,2'"$(#9:;#'/)$*.)'/#

."%# *.11$"2# '&&,&/># -+$(+# +.5'# (+.&.()'&$/)$(/# ,4#

&."%,*#'&&,&>#."%#,"#."#'/)$*.)'#,4#1,)'")$.6#3$./'/>#

-+$(+#.&'#",)#"'('//.&$6H#('")&'%#,"#)+'#*'."#5.60'<#

Q,)'")$.6#3$./'/#,4#01#),#IR#$"#)+'#)'(+"$S0'#+.5'#3''"#

$%'")$!#'%>#*,/)6H# (.0/'%# 3H# .//0*1)$,"/# .3,0)# )+'#

)$*'#'5,60)$,"#,4#;TN>#)+'#.2'#,&#)+'#$%'")$!#(.)$,"#,4#

-.)'&#*.//'/#?U.)/0*,),#."%#@&03'&>#NKKJD>#."%#)+'#

&'('")#(+."2'/#$"#/0&4.('#-.&*$"2#."%#/)&.)$!#(.)$,"#

?V''6$"2># NKKJD<# Q,)'")$.6# 3$./'/# 4&,*# .//0*1)$,"/#

,4# (,"/).")# (.&3,"# ."%# "0)&$'")# 01).8'# &.)$,/# 4,&#

3$,6,2$(.6#.()$5$)H#+.5'#",)#3''"#.//'//'%<#E+$6'#)+'#

*.2"$)0%'# ."%# %$&'()$,"# ,4# .66# 1,)'")$.6# 3$./'/# .&'#

",)#H')#(6'.&>#)+'#2$5'"#0"('&).$")H#,4#GACR#.11'.&/#

&'.6$/)$(#(,*1.&'%#),#)+'#3$./'/#.6&'.%H#$%'")$!#'%<#

W'(.0/'#,4#)+'#6$*$)'%#&.)'#,4#5'&)$(.6#)&."/1,&)#$"#)+'#,('.">#

*,&'#)+."#+.64#,4#)+'#.")+&,1,2'"$(#(.&3,"#(."#/)$66#3'#4,0"%#

$"#)+'#011'&#LKK#*>#."%#$)#$/#0"%')'().36'#$"#*,/)#,4#)+'#%''1#

,('."#?P$20&'#J<AAD<#=+'#5'&)$(.6#1'"')&.)$,"#,4#.")+&,1,2'"$(#

(.&3,"# $/# (,"/$/)'")#-$)+# )+'#9:;#(+."2'/#,3/'&5'%#3')-''"#

)-,# (&0$/'/# ?Q'"2# ')# .6<># ABBF># NKKXD<#!")+&,1,2'"$(# (.&3,"#

+./# 1'"')&.)'%# %''1'&# $"# )+'#Y,&)+#!)6.")$(# ."%# /03.").&()$(#

M,0)+'&"#T('."#(,*1.&'%#),#,)+'&#3./$"/>#%0'#),#.#(,*3$".)$,"#

,4Z#$D#+$2+#/0&4.('#.68.6$"$)H#?$"#)+'#!)6.")$(D#-+$(+#4.5,0&/#)+'#

01).8'#,4#;TN>#."%#$$D#*,&'#.()$5'#5'&)$(.6#'[(+."2'/#(.0/'%#

3H#$")'"/'#-$")'&#*$[$"2#."%#3H#)+'#4,&*.)$,"#,4#%''1#-.)'&/#

?M.3$"'#')#.6<>#NKKL3D<#=+'#%''1'&#1'"')&.)$,"#,4#.")+&,1,2'"$(#

(.&3,"# $"# )+'/'# &'2$,"/# $/# (,"/$/)'")# -$)+# /$*$6.&# 4'.)0&'/#

,3/'&5'%# $"# )+'# ,('."$(# %$/)&$30)$,"# ,4# (+6,&,"#0,&,(.&3,"/#

?;P;/D#,4#.)*,/1+'&$(#,&$2$"#?E$66'H#')#.6<>#NKKLD>#(,"!#&*$"2#

)+.)#$)#).8'/#%'(.%'/#),#*."H#('")0&$'/#),#)&."/1,&)#(.&3,"#4&,*#

)+'# /0&4.('# $"),# )+'# )+'&*,(6$"'# ."%# )+'# %''1# ,('."<#9''1'&#

1'"')&.)$,"# $"# )+'# Y,&)+# !)6.")$(# ."%# /03.").&()$(# M,0)+'&"#

T('."#$/#.6/,#,3/'&5'%#$"#)+'#(+."2'/#$"#+'.)#(,")'")#/+,-"#$"#

P$20&'#J<X<#=+'#6.&2'#/),&.2'#,4#.")+&,1,2'"$(#(.&3,"#,3/'&5'%#

$"# )+'# /03)&,1$(.6# 2H&'/# $/# (.0/'%# 3H# )+'# 6.)'&.6# )&."/1,&)# ,4#

(.&3,"#4&,*#)+'#&'2$,"#,4#*,%'#-.)'&# 4,&*.)$,"# ),-.&%/# )+'#

6,-'&#6.)$)0%'/#?P$20&'#J<AKD<

=+'#4&.()$,"#,4#)+'#"')#;TN#'*$//$,"/#).8'"#01#3H#)+'#,('."#

?)+'#01).8'#4&.()$,"D#-./#1,//$36H#6,-'&#%0&$"2#ABFK#),#NKKJ#

?XIR#G#IRD#(,*1.&'%#),#AIJK#),#ABBL#?LNR#G#IRDO#+,-'5'&#

)+'# 0"('&).$")H# $"# )+'# '/)$*.)'/# $/# 6.&2'&# )+."# )+'# %$44'&'"('#

3')-''"# )+'# '/)$*.)'/# ?=.36'# J<AD<# =+'# "')# ;TN# '*$//$,"/#

Table 5.1. Fraction of CO2 emissions taken up by the ocean for different time periods. 

Time Period  Oceanic Increase (GtC) Net CO2 Emissionsa (GtC) Uptake Fraction (%) Reference

1750–1994  118 ± 19 283 ± 19 42 ± 7 Sabine et al., 2004b

1980–2005b 53 ± 9 143 ± 10 37 ± 7 Chapter 7c 
#

Figure 5.9. Changes in surface oceanic pCO2 (left; in !atm) and pH (right) from three time 
series stations: Blue: European Station for Time-series in the Ocean (ESTOC, 29°N, 15°W; 
Gonzalez-Dávila et al., 2003); green: Hawaii Ocean Time-Series (HOT, 23°N, 158°W; Dore et 
al., 2003); red: Bermuda Atlantic Time-series Study (BATS, 31/32°N, 64°W; Bates et al., 2002; 
Gruber et al., 2002). Values of pCO2 and pH were calculated from DIC and alkalinity at HOT and 
BATS; pH was directly measured at ESTOC and pCO2 was calculated from pH and alkalinity. The 
mean seasonal cycle was removed from all data. The thick black line is smoothed and does not 
contain variability less than 0.5 years period. 

Notes:
a Sum of emissions from fossil fuel burning, cement production, land use change and the terrestrial biosphere response. 
b The longest possible time period was used for the recent decades to minimise the effect of the variability in atmospheric CO2. 
c Sum of the estimates for the 1980s, 1990s and 2000 to 2005 from Table 7.1.
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Table 5.1. Fraction of CO2 emissions taken up by the ocean for different time periods. 

Time Period  Oceanic Increase (GtC) Net CO2 Emissionsa (GtC) Uptake Fraction (%) Reference

1750–1994  118 ± 19 283 ± 19 42 ± 7 Sabine et al., 2004b

1980–2005b 53 ± 9 143 ± 10 37 ± 7 Chapter 7c 
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Figure 5.9. Changes in surface oceanic pCO2 (left; in !atm) and pH (right) from three time 
series stations: Blue: European Station for Time-series in the Ocean (ESTOC, 29°N, 15°W; 
Gonzalez-Dávila et al., 2003); green: Hawaii Ocean Time-Series (HOT, 23°N, 158°W; Dore et 
al., 2003); red: Bermuda Atlantic Time-series Study (BATS, 31/32°N, 64°W; Bates et al., 2002; 
Gruber et al., 2002). Values of pCO2 and pH were calculated from DIC and alkalinity at HOT and 
BATS; pH was directly measured at ESTOC and pCO2 was calculated from pH and alkalinity. The 
mean seasonal cycle was removed from all data. The thick black line is smoothed and does not 
contain variability less than 0.5 years period. 

Notes:
a Sum of emissions from fossil fuel burning, cement production, land use change and the terrestrial biosphere response. 
b The longest possible time period was used for the recent decades to minimise the effect of the variability in atmospheric CO2. 
c Sum of the estimates for the 1980s, 1990s and 2000 to 2005 from Table 7.1.
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Figure SPM.5. Solid lines are multi-model global averages of surface warming (relative to 1980–1999) for the scenarios A2, A1B and B1, 
shown as continuations of the 20th century simulations. Shading denotes the ±1 standard deviation range of individual model annual 
averages. The orange line is for the experiment where concentrations were held constant at year 2000 values. The grey bars at right 
indicate the best estimate (solid line within each bar) and the likely range assessed for the six SRES marker scenarios. The assessment of 
the best estimate and likely ranges in the grey bars includes the AOGCMs in the left part of the fi gure, as well as results from a hierarchy 
of independent models and observational constraints.  {Figures 10.4 and 10.29}

MULTI-MODEL AVERAGES AND ASSESSED RANGES FOR SURFACE WARMING

15 TAR projections were made for 2100, whereas projections in this report are for 2090–2099. The TAR would have had similar ranges to those in Table SPM.3 if it had  
treated the uncertainties in the same way.

16 Decreases in pH correspond to increases in acidity of a solution. See Glossary for further details.

3. What might happen in the future?



What happens if we burn all our fossil fuels?

• Initial fast rise in atmospheric CO2

steady state set by the total amount of carbon emitted

• Ocean (& terrestrial) uptake 

• Eventually approach a steady state 
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PhD thesis of Phil. 
Goodwin (Liverpool)

For a long term steady state:



If burn all of the conventional fossil fuels, 
5000GtC, then extra heating of 8.5 Wm-2   

Same amount of heating given in this 
room (20m x 30m) by these 100 W 
light bulbs:

50 bulbs
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Summary for Policymakers 

Figure SPM.2. Global average radiative forcing (RF) estimates and ranges in 2005 for anthropogenic carbon dioxide (CO2 ), methane 
(CH4 ), nitrous oxide (N2O) and other important agents and mechanisms, together with the typical geographical extent (spatial scale) of 
the forcing and the assessed level of scientifi c 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 fi gure 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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8 Halocarbon radiative forcing has been recently assessed in detail in IPCC’s Special Report on Safeguarding the Ozone Layer and the Global Climate System (2005).
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RADIATIVE FORCING COMPONENTS

8 Halocarbon radiative forcing has been recently assessed in detail in IPCC’s Special Report on Safeguarding the Ozone Layer and the Global Climate System (2005).
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