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Climate change in the longer term 

The foregoing calculations have focussed on the 
period up to the year 2100; it is clearly more 
difficult to make calculations for years beyond 
2100. However, while the timing of a predicted 
increase in global temperatures has substantial 
uncertainties, the prediction that an increase will 
eventually occur is more certain. Furthermore, 
some model calculations that have been extended 
beyond 100 years suggest that, with continued 
increases in greenhouse climate forcing, there 
could be significant changes in the ocean 
circulation, including a decrease in North Atlantic 
deep water formation. 

Other factors which could influence 
future climate 

Variations in the output of solar energy may 
also affect climate. On a decadal time-scale solar 
variability and changes in greenhouse gas 
concentration could give changes of similar 
magnitudes. However the variation in solar 
intensity changes sign so that over longer 
timescales the increases in greenhouse gases are 
likely to be more important. Aerosols as a 
result of volcanic eruptions can lead to a cooling 
at the surface which may oppose the greenhouse 
warming for a few years following an eruption. 
Again, over longer periods the greenhouse 
warming is likely tra dominate. 

Human activity is leading to an increase in 
aerosols in the lower atmosphere, mainly from 
sulphur emissions. These have two effects, both 
of which are difficult to quantify but which may 
be significant particularly at the regional level. 
The first is the direct effect of the aerosols on the 
radiation scattered and absorbed by the 
atmosphere. The second is an indirect effect 
whereby the aerosols affect the rnicrophysics of 

 clouds leading to an increased cloud reflectivity. 
Both these effects might lead to a significant 
regional cooling; a decrease in emissions of 
sulphur might be expected to increase global 
temperanues. 

Because of long-period couplings between 
different components of the climate system, for 
example between ocean and atmosphere, the 
earth's climate would still vary without being 
perturbed by any external influences. This 
natural variability could act to add to, or 
subtract from, any human-made warming-, on a 
century tirnescale this would be less than changes 
expected from greenhouse gas increases. 

How much confidence do 
we have in our predictions? 
Uncertainties in the above climate predictions 
arise from ourimperfect knowledge of: 

• future rates of htunan-made emissions 
• how these will change the atmospheric 

concentrations of greenhouse gases 
• the response of climate to these changed 

concentrations 

Firstly, it is obvious that the extent to which 
climate will change depends on the rate at which 
greenhouse gases (and other gases which affect 
their concentrations) are emitted. This in turn 
will be determined by various complex economic 
and sociological factors. Scenarios of future 
emissions were generated within IPCC WGIII 
and are described in the annex. 

Secondly, because we do not fully understand 
the sources and sinks of the greenhouse gases, 
there  are  uncertainties in our calculations of 
future concentrations arising from a given 
emissions scenario. We have used a number of 
models to calculate concentrations and chosen a 
best estimate for each gas. In the case of carbon 
dioxide, for example, the concentration increase 
between 1990 and 2070 due to the Business-as-
Usual emissions scenario spanned almost a factor 
of two between the highesrand lowest model 
result (corresponding to a range in radiative 
forcing change of about 50%) 

Furthermore, because natural sources and sinks 
of greenhouse gases are sensitive to a change in 
climate, they may substantially modify future 
concentrations (see earlier section: "Greenhouse 
gas feedbacks"). It appears that, as climate 
warms, these feedbacics will lead to an overall 
increase, rather than decrease, in natural 
greenhouse gas abundances. For this reason, 
climate change is likely to be greater than the 
estimates we have given. 

Thirdly, climate models are only as good as our 
understanding of the processes which they 
describe, and this is far from perfect. The ranges 
in the climate predictions given above reflect the 
uncertainties due to model imperfections; the 
largest of these is cloud feedback (those factors 
affecting the cloud amount and distribution and 
the interaction of clouds with solar and terrestrial 
radiation), which leads to a factor of two 
uncertainty in the size of the warrning. Others 
arise from the transfer of energy between the 
atmosphere and ocean, the atmosphere and land 
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