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1. Background 

• There is much focus on the change in long-term climate averages (detection and 

attribution, IPCC projections, UK climate projections). Periods of a decade or more are 

used so that the climate averages are not dominated by a chance sample of extreme 

climate variability. 

• UK Climate Projections 2009 (UKCP091) provided probabilistic projections for monthly 

means of several variables for seven thirty year periods 2010-2039, 2020-2049,…,2070-

2099 (blue curves in Fig. 1). Here we have re-made the projections on the 1-year time 

scale (red curves in Fig. 1) and show they are more informative than UKCP09. 

 

2. Advantages of projections on individual seasons over 

projections on 30-year means 

30-year means and 1-year means 

both show the importance of climate 

change in the 21st century (compare 

medians in Fig.1). Adding short term 

climate variability to make projections 

for individual seasons for every year 

has several advantages: 

•More informative. Fig. 2 shows a 

substantial increase in the probability 

of seasons that were considered 

extreme in the historical period. 

Unlike 30-year means, people will be 

able to relate such extreme seasons 

to their experience and understand 

the impact. 

•Provides information on seasons 

where climate variability offsets 

the climate change signal. Fig. 3 

shows that probability of such 

seasons is appreciable throughout 

much of 21st century, something that 

is not shown by 30-year means in 

Fig. 1.  

•Better manages people’s 

expectations as cold winters and 

wet summers are shown to still be 

possible under climate change. 

Recent wet UK summers of 2007-9 

and cold UK winters of 2009-10 and 

2010-11 have raised a lot of 

scepticism as they do not fit the 

expectation that often arises through 

misinterpretation of long term mean 

climate change projections. 

•Better idea of what we need to 

adapt to. A decision maker faced 

with 30-year mean projections might 

adapt to dry summers only. In 

contrast, seasonal projections 

suggest frequency of wet summers 

will not alter much and so these need 

adapting to as well as more droughts.  

•Possible to verify projections in 

the historical period (see section 3). 

3. Verification 

• 1-year projections can be calculated 

for the historical period and 

compared with observations (see 

Fig. 4). Unlike 30-year means, there 

are enough independent samples to 

meaningfully use verification 

statistics e.g. the rank histogram. 

• A priori we expect the projections to 

be wider (over-dispersive) than 

observations as, unlike real world, 

they sample modelling and forcing 

uncertainty 

• Dome-shaped rank histograms 

confirm this for most variables (see 

Fig. 5). Exceptions are UK winter 

temperature which has a uniform 

rank histogram, and UK winter 

precipitation which is under-

dispersive. For UK winter 

precipitation, Figs. 4 and 5 suggest 

climate variability is under-estimated 

in the climate model. In principle, this 

information could be factored into a 

decision. Fig. 4. Plumes of uncertainty (grey 

shading) of changes relative to 1961-90 

under the A1B scenario. Coloured lines 

show individual plausible realisations of 

what the future might look like, sampled 

using the Bayesian framework. Colours do 

not correspond to the same realisation in 

different plots. Black lines show observed 

time series. 

4. Conclusions 

• Projections of averages over several years highlight the climate change signal but 

obscure details about extreme seasons, providing a misleading impression of the 

climate that we have to adapt to. 

• More consideration needs to be given to how any set of projections would be used in 

decision making and in communication to a wide range of users. 

• We have verified the amplitude of individual seasonal anomalies but other aspects of 

variability could be included (the probability of consecutive anomalous winters, sub-

seasonal variability). There is a need to focus model development on variability as well 

as improving the mean state of the climate model. 

• Evidence from climate models, observations, and expert judgement will evolve, so 

future projections will evolve too. This is an important aspect of projections that must be 

realised by decision makers.  
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• UKCP09 capture forcing (carbon 

cycle, aerosols) and modelling 

uncertainty (atmosphere and 

ocean) and climate variability on 

time scales greater than 30 

years. 

• Evidence is based on several 

ensembles (perturbed 

parameters and multimodel) that 

explore modelling and forcing 

uncertainty, and observational 

metrics used to constrain 

projections. Therefore projections 

do not account for errors 

common to all climate models 

used. 

• This information is synthesised 

using a Bayesian framework2 

and is presented as probabilities 

that measure the relative 

“strength of evidence” for 

supporting any particular level of 

climate change 

Fig. 1. Evolution of uncertainty as represented by 

five percentiles for changes relative to 1961-90 

for A1B emissions scenario. These are for 30-

year means (blue) and every 1-year mean (red) 

from 1860 to 2100. 

Fig. 2. Change in probability of seasons that 

were 1 in 20 year events in the historical 

period 1860-2010 according to the projections. 

Red line shows probability of the event from 

historical period for reference.  

Fig. 3. Probability of seasonal means where 

climate variability acts against the climate 

change signal. 

Fig. 5. Rank histograms of the probabilities 

of the observed values in Fig. 4. 
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