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On September 27th, 2013 the IPPC released 
the Summary for Policymakers (SPM) of the 
report by Working Group I (The Physical Science 
Basis), the first part of its Fifth Assessment 
(AR5).  The full WGI report was released on 
September 30th, the following Monday.  The 
WGII report on impacts and the WGIII report on 
mitigation will be released in March and April of 
next year, respectively, and the Synthesis Report 
in October.  Both the SPM and the full WGI 
report are available at www.ipcc.ch.  There is 
also a Technical Summary that serves as a 
bridge between the SPM and the full report.  It is 
referenced in the captions for the figures below 
and can also be found on the IPCC website.    

AR5 reflects the most current scientific 
understanding of climate change, its implications 
and what can be done about it.  It is based on 
observations, analysis and modeling conducted 
since the last Assessment, AR4, that was 
released in 2007.  As we have discussed in 
previous issues, the climate simulations that 
were done in preparation for AR5 are collected in 
the CMIP5 archive. 

WGI consisted of 259 scientists from 39 
countries, who began working on the report in 
November 2010.  The final product of their 
efforts comprises more than 2000 pages with 
1250 figures.  The following is an overview of 
some of the major findings in the SPM.  Each of 
the findings in the report is characterized by the 
level of confidence and, where possible, the 
likelihood, calculated from observations or from 
model outputs.  Where either the confidence 
level or the likelihood stated in the SPM is 
mentioned below, it will be italicized.  All of the 
figures shown below are taken directly from the 

SPM, including the original caption, and are 
numbered as they were in the original. 

The SPM starts by addressing the changes 
that have been already been observed in the 
climate system.  Based on a combination of 
direct measurements, satellite data and indirect 
data from proxies such as tree rings, ice sheet 
cores and ocean bottom sediment cores, global 
warming is unequivocal and unprecedented.  
Both the atmosphere and the ocean have 
warmed, the global extent of snow and ice has 
diminished, sea level rise has accelerated and 
the amount of CO2 in the atmosphere has 
increased.  As shown in the lower half of Fig. 
SPM.1(a),  decadal global mean temperature has 
risen very rapidly since the 1980s and it is likely 
that 1983-2012 were the warmest thirty years in 
the last 1400 years. 

The famous “pause” in warming can be seen 
in the upper half of Figure SPM.1(a).  There is 
considerable variability from year to year and 
decade to decade due to the natural variability of 
the climate system (which stems from its chaotic 
nature) and the SPM cautions against drawing 
conclusions about the rate of warming from 
relatively short time intervals.  There is medium 
confidence that decadal variability accounts for a 
substantial part of the “pause”, including the 
possible redistribution of heat stored at different 
depths in the ocean.  (As we will discuss later, 
most of the heat in the climate system is in the 
ocean and there are indications that it has 
continued to warm since the turn of the century.) 

As shown in Figure SPM.1(b), temperature 
change has not been uniform across the globe.  
As a result of polar amplification due to the ice 
albedo effect, the most rapid warming has been 
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observed in the higher latitudes in the Northern 
Hemisphere. 

As can be seen in Figure SPM.2, systematic 
changes in precipitation are much less obvious, 
which is not surprising given the greater 
variability of precipitation relative to temperature.  
Precipitation in Northern Hemisphere mid-
latitudes has increased since 1901 with medium 
confidence and since 1951 with high confidence.  
Trends for other latitudes have only low 
confidence.  (The relevant physics dictates that 
as the ocean surface becomes warmer, 
increased evaporation puts more moisture into 
the atmosphere resulting in more precipitation.  
The increase, however, is limited by the ability of 
the upper troposphere to absorb the heat 
released when the water vapor condenses.) 

 
Figure SPM.1: (a) Observed global mean 
combined land and ocean surface temperature 
anomalies, from 1850 to 2012 from three data 
sets. Top panel: annual mean values, bottom 
panel: decadal mean values including the 
estimate of uncertainty for one dataset (black). 
Anomalies are relative to the mean of 
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1961−1990. (b) Map of the observed surface 
temperature change from 1901 to 2012 derived 
from temperature trends determined by linear 
regression from one dataset (orange line in panel 
a). Trends have been calculated where data 
availability permits a robust estimate (i.e., only 
for grid boxes with greater than 70% complete 
records and more than 20% data availability in 
the first and last 10% of the time period). Other 
areas are white. Grid boxes where the trend is 
significant at the 10% level are indicated by a + 
sign. For a listing of the datasets and further 
technical details see the Technical Summary 
Supplementary Material. {Figures 2.19–2.21; 
Figure TS.2} 
 

 
Figure SPM.2: Maps of observed precipitation 
change from 1901 to 2010 and from 1951 to 
2010 (trends calculated using the same criteria 
as in Figure SPM.1b) from one data set. For 
further technical details see the Technical 
Summary Supplementary Material. {Figure TS.X; 
Figure 2.29} 

There have also been changes observed in 
extreme climatic events.  It is very likely that 
there has been an increase in warm days and 
nights and a decrease in cold days and nights 
across the globe.  It is also likely that there have 
been more heat waves in Europe, Asia and 
Australia and an increase in the frequency or 
intensity of intense precipitation in North America 
and Europe. 

As mentioned above, most of the heat in the 
climate system is stored in the ocean.  With high 
confidence, the ocean absorbed more than 90% 
of the energy added to the system between 1971 
and 2010 and that it is very likely that the upper 
ocean (down to 700 meters) warmed during that 
period.   

Relative to the “pause”, while it is about as 
likely as not that warming down to 700 meters 
slowed between 2003 and 2010, warming from 
700 to 2000 meters likely did not.  In other words, 
while there may not have been significant 
increases in surface temperature from year to 
year in the early part of this century, heat 
continued to be absorbed by the ocean.  

With high confidence, both the Greenland 
and Antarctica ice sheets have been losing 
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question of whether the observed warming is due 
to natural causes or human activity, the SPM 
states quite clearly that it is extremely likely that 
the latter is responsible. 

Climate models have improved considerably 
compared to those used for AR4, both in terms of 
completeness and accuracy, and reproduce 
many important aspects of the behavior of the 
climate system in a way that is consistent with 
observations.  There is opportunity for further 
improvement in areas such as the modeling of 
aerosols and clouds and accuracy at regional 
scales. 

All of this is, of course, prologue to the 
critical question of what lies ahead.  One of the 
ways in which this is quantified is in terms of the 
equilibrium climate sensitivity, the equilibrium 
mean surface temperature rise resulting from a 
doubling of CO2 in the atmosphere.  The AR5 
estimate is that it is likely between 1.5oC and 
4.5oC.  The upper bound is unchanged from AR4 
and, while the lower bound is 0.5oC lower than in 
AR4, it is the same as it was in AR3.  Based on 
the current best understanding of the available 
scientific data, however, climate sensitivity is 
more likely to be near the center of the range 
than at either of the extremes. 

The thing that is of the greatest interest to 
most people, though, is what we should expect in 
terms of the future evolution of the climate.  For 
the next several decades, the answer to that 
question is determined by past GHG emissions.  
In other words, through the 2030s most of the 
warming that will occur is already in the climate 
pipeline.  Following that, however, the rate of 
warming is a function of current and future 
emissions.  AR4 included a number of future 
emissions scenarios, referred to as SRES 
scenarios.  In AR5, these have been replaced by 
RCP scenarios, where RCP is the acronym for 
Representative Concentration Pathway.  Three 
that are of particular interest are RCP 2.6, RCP 
4.5 and RCP 8.5.  The numbers refer to the 
radiative forcing produced by the emissions in 
each scenario is terms of Watts/Meter2.  RCP 2.6 
represents a very aggressive mitigation scenario, 
which few believe is realistic, 4.5 a more 
moderate mitigation scenario and 8.5 business 
as usual. 

As Figure SPM.7(a) clearly shows, the world 
needs to adopt mitigation measures that are at 
least consistent with RCP 4.5 in order to have a 
chance of preventing an increase in global mean 
temperature greater than 2.0oC in 2100, and 
even in that case exceeding 2.0oC is more likely 
than not.  The current reality, however, is more 
consistent with RCP 8.5, which would result in 
warming of 3.0-5.0oC, which many believe would 

mass, glaciers have been shrinking almost 
everywhere and the extent of both Arctic sea ice 
and Northern Hemisphere spring snow cover 
have been declining.  It is very likely for the 
glaciers and the Greenland ice sheet, and likely 
for the Antarctica sheet, that the rate at which 
this is happening has accelerated in recent 
decades.  Moreover, there is medium confidence 
that the loss of Arctic summer sea ice is 
unprecedented over the span of at least the last 
1450 years. 

The rate of sea level rise has accelerated, 
with high confidence, and was very likely 3.2 
millimeters per year between 1993 and 2010, up 
from 1.7 millimeters per year between 1901 and 
2010.  The largest contribution to sea level rise 
has been thermal expansion of the ocean but 
glaciers and the Greenland and Antarctica ice 
sheets have also played a role. 

All of these changes are driven by what is 
called radiative forcing, which simply means that 
the Earth receives more energy from the Sun 
than it is able to radiate back into space.  As a 
result of the energy that is trapped, the mean 
global temperature of the Earth rises.  The SPM 
addresses the various contributions to this 
forcing, some positive and some negative, in 
some detail. 

The largest contributor to the net positive 
radiative forcing is the increase in atmospheric 
CO2 since 1750.  The amount of CO2 now in the 
atmosphere is 40% higher than in pre-industrial 
times and is unprecedented in at least the last 
800,000 years.  This is primarily due to burning 
fossil fuels although changes in land use, such 
as deforestation, have also played a significant 
role.  30% of the additional CO2 has been 
absorbed by the ocean, which has lead to an 
increase in its acidity referred to as ocean 
acidification. 

The second largest positive contribution is 
from methane.  The largest negative factor is 
aerosols (small particles) in the atmosphere, 
most of which exert a cooling influence with the 
exception of black carbon, which absorbs solar 
radiation and converts it to heat.  Changes in the 
amount of solar radiation reaching the Earth 
have played a negligible role relative to that of 
greenhouse gases and aerosols. 

In addition to the components of radiative 
forcing, the various feedbacks that either amplify 
or reduce the effect of the forcing are also 
important.  It is extremely likely that the feedback 
from water vapor is positive and likely that the 
net feedback from clouds is positive.  The lower 
level of confidence in the latter is due to 
uncertainty about the contribution of low clouds. 

With respect to the politically contentious 
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have consequences that are literally 
catastrophic.  Furthermore, it very likely that heat 
waves will increase in frequency and length. 

September Arctic sea ice is very likely to 
continue its decline under all of the scenarios, as 
is Northern Hemisphere spring snow cover, and 
under RCP 8.5 the Arctic is likely to be 
essentially ice free by the middle of the century, 
as illustrated in SPM.7(b).  It is also virtually 
certain that the area of near surface permafrost 
will shrink and there is medium confidence that 
shrinkage will be significant under all scenarios. 
Likewise, the ocean is projected to become more 
acidic under all scenarios, with RCP 8.5 again 
producing the largest change. 

 
Figure SPM.7: CMIP5 multi-model simulated 
time series from 1950 to 2100 for (a) change in 
global annual mean surface temperature relative 
to 1986–2005 (see Table SPM.2 for other 
reference periods), (b) Northern Hemisphere 
September sea ice extent (5 year running mean) 
and (c) global mean ocean surface pH. Time 
series of projections and a measure of 
uncertainty (shading) are shown for scenarios 
RCP2.6 (blue) and RCP8.5 (red). Black (grey 
shading) is the modelled historical evolution 
using historical reconstructed forcings. The mean 
and associated uncertainties averaged over 
2081−2100 are given for all RCP scenarios as 
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colored vertical bars. The numbers of CMIP5 
models used to calculate the multi-model mean 
is indicated. For sea ice extent (b), the projected 
mean and uncertainty (minimum-maximum 
range) of the subset of models that most closely 
reproduce the climatological mean state and 
1979‒2012 trend of the Arctic sea ice is given 
(number of models given in brackets). For 
completeness, the CMIP5 multi-model mean is 
also indicated with dotted lines. The dashed line 
represents nearly ice-free conditions (i.e., when 
sea ice extent is less than 106 km2

 
for at least 

five consecutive years). For further technical 
details see the Technical Summary 
Supplementary Material {Figures 6.28, 12.5, and 
12.28–12.31; Figures TS.15, TS.17, and TS.20}  
 

 
Figure SPM.8: Maps of CMIP5 multi-model 
mean results for the scenarios RCP2.6 and 
RCP8.5 in 2081– 2100 of (a) annual mean 
surface temperature change, (b) average percent 
change in annual mean precipitation, (c) 
Northern Hemisphere September sea ice extent 
and (d) change in ocean surface pH. Changes in 
panels (a), (b) and (d) are shown relative to 
1986–2005. The number of CMIP5 models used 
to calculate the multi-model mean is indicated in 
the upper right corner of each panel. For panels 
(a) and (b), hatching indicates regions where the 
multi-model mean is small compared to internal 
variability (i.e., less than one standard deviation 
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of internal variability in 20-year means). Stippling 
indicates regions where the multi-model mean is 
large compared to internal variability (i.e., greater 
than two standard deviations of internal variability 
in 20-year means) and where 90% of models 
agree on the sign of change (see Box 12.1). In 
panel (c), the lines are the modelled means for 
1986−2005; the filled areas are for the end of the 
century. The CMIP5 multi-model mean is given in 
white colour, the projected mean sea ice extent 
of a subset of models (number of models given in 
brackets) that most closely reproduce the 
climatological mean state and 1979‒2012 trend 
of the Arctic sea ice extent is given in light blue 
colour. For further technical details see the 
Technical Summary Supplementary Material. 
{Figures 6.28, 12.11, 12.22, and 12.29; Figures 
TS.15, TS.16, TS.17, and TS.20} 

Figure SPM.8 shows projections under RCP 
2.6 and 8.5 for temperature, precipitation, Arctic 
ice extent, and ocean acidity for different parts of 
the world in the late 21st century.  Generally 
speaking, the largest changes in temperature are 
in the Arctic, followed by continental interiors in 
the Northern Hemisphere mid-latitudes.  West 
coasts in the Northern Hemisphere and east 
coasts in the Southern Hemisphere see smaller 
temperature increases due to prevailing ocean 
winds. 

Decreases in precipitation are likely in the 
sub-tropics and mid-latitude dry regions.  
However, the picture is further complicated by 
fact that natural variability is greater for 
precipitation than it is for temperature.  The 
hatched areas indicate where the variation in 
precipitation is greater than the projected 
change.   

Extreme precipitation will very likely become 
more frequent and intense in the tropics and mid-
latitudes.  The portion of the globe subject to 
monsoons will likely grow with monsoons likely to 
become longer and wetter, although with weaker 
winds. 

Figure SPM.9 shows projections of likely sea 
level rise under the various scenarios.  It ranges 
from as little as 0.3 meters under RCP 2.6 to as 
much as 1.0 meter under RCP 8.5.  It is virtually 
certain that sea level will continue to rise for 
centuries. 

The reason that the projections are higher 
than they were in AR4 is that the understanding 
of ice sheet dynamics is better now than it was at 
that time.  There is now high confidence that the 
Greenland ice sheet will contribute positively to 
sea level rise and medium confidence Antarctica 
will contribute negatively with it being likely that 

the net contribution of the two will be up to 0.2 
meters in the late 21st century.  There are 
remaining uncertainties that could conceivably 
result in sea level rise greater than currently 
projected but WGI concluded there wasn’t 
enough data available currently to meaningfully 
evaluate that possibility. 
Finally, the SPM looks at the relationship 
between cumulative CO2 emissions and warming 
at the end of the century, which is approximately 
linear.  This means that it doesn’t matter when a 
gigatonne of CO2 is emitted, just how many are 
in total.  To limit warming to 2oC with a 66% 
probability, cumulative emissions must be limited 
to about 800 gigatonnes of carbon, taking non-
CO2 forcings into account, or about 
2930gigatonnes of CO2.  By 2011, 531 
gigatonnes of carbon, or about 1940 gigatonnes 
of CO, had already been emitted, more than 60% 
of the total.  CO2 emissions in 2013 are 
estimated to be 36 gigatonnes, so the limit would 
be reached in another 26 years at the current 
rate of emissions.   

 
Figure SPM.9: Projections of global mean sea 
level rise over the 21st century relative to 1986–
2005 from the combination of the CMIP5 
ensemble with process-based models, for 
RCP2.6 and RCP8.5. The assessed likely range 
is shown as a shaded band. The assessed likely 
ranges for the mean over the period 2081–2100 
for all RCP scenarios are given as coloured 
vertical bars, with the corresponding median 
value given as a horizontal line. For further 
technical details see the Technical Summary 
Supplementary Material {Table 13.5, 
Figures13.10 and 13.11; Figures TS.21 and 
TS.22} 
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