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How can we use the (CMIP3) MME in 
probabilistic forecasting?

• MME samples some uncertainties in (physical) 
parameterisations

• Does it in some way “include” reality?

• Is it too narrow?

• Is it too broad?

• What do these statements mean, and how can we 
check them?
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Paradigms for interpreting the CMIP3 
“ensemble of opportunity”

(IPCC Expert Meeting, Boulder 2010)

Truth-centred Statistically indistinguishable

“each ensemble member is sampled 
from a distribution centered around 

the truth”

“each of the members is considered 
to be ‘exchangeable’ with the other 
members and with the real system”

mi = T + ei ~ N(T,σ) mi = M + ei ~ N(M,σ)
T = M + et ~ N(M,σ)
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Comparison of behaviours
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How can CMIP3 be understood within the 
statistically indistinguishable paradigm?
• Our ensemble represents our uncertain beliefs about the system

• Ensemble is centred on our “mean beliefs” (not reality)

• If our uncertainty (ie ensemble range) is well-calibrated relative 
to error in the mean, then reality and models will be a similar 
distance from the mean

• Corollary: natural “counting” interpretation will be reliable

14

Summary for Policymakers 

TAR model average for 2090–2099. The ranges are 
narrower than in the TAR mainly because of improved 
information about some uncertainties in the projected 
contributions.15  {10.6}

Models used to date do not include uncertainties in 
climate-carbon cycle feedback nor do they include 

basis in published literature is lacking. The projections 

Greenland and Antarctica at the rates observed for 1993 

in the future. For example, if this contribution were to 
grow linearly with global average temperature change, 

the upper ranges of sea level rise for SRES scenarios 
shown in Table SPM.3 would increase by 0.1 to 0.2 m. 
Larger values cannot be excluded, but understanding of 
these effects is too limited to assess their likelihood or 
provide a best estimate or an upper bound for sea level 
rise.  {10.6}

Increasing atmospheric carbon dioxide concentrations 

based on SRES scenarios give reductions in average 
global surface ocean pH16 of between 0.14 and 0.35 
units over the 21st century, adding to the present 
decrease of 0.1 units since pre-industrial times.  {5.4, 
Box 7.3, 10.4}

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 figure, 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.
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Summary for Policymakers 

PROJECTED PATTERNS OF PRECIPITATION CHANGES

Figure SPM.7. Relative changes in precipitation (in percent) for the period 2090–2099, relative to 1980–1999. Values are multi-model 
averages based on the SRES A1B scenario for December to February (left) and June to August (right). White areas are where less than 
66% of the models agree in the sign of the change and stippled areas are where more than 90% of the models agree in the sign of the 
change.  {Figure 10.9}

Extratropical storm tracks are projected to move 
poleward, with consequent changes in wind, 
precipitation and temperature patterns, continuing the 
broad pattern of observed trends over the last half-
century.  {3.6, 10.3} 

Since the TAR, there is an improving understanding 
of projected patterns of precipitation. Increases in the 
amount of precipitation are very likely in high latitudes, 
while decreases are likely in most subtropical land 
regions (by as much as about 20% in the A1B scenario 
in 2100, see Figure SPM.7), continuing observed 
patterns in recent trends.  {3.3, 8.3, 9.5, 10.3, 11.2 to 
11.9} 

Based on current model simulations, it is very likely that 
the meridional overturning circulation (MOC) of the 
Atlantic Ocean will slow down during the 21st century. 
The multi-model average reduction by 2100 is 25% 
(range from zero to about 50%) for SRES emission 
scenario A1B. Temperatures in the Atlantic region 
are projected to increase despite such changes due to 
the much larger warming associated with projected 
increases in greenhouse gases. It is very unlikely that 
the MOC will undergo a large abrupt transition during 
the 21st century. Longer-term changes in the MOC 

Anthropogenic warming and sea level rise would 
continue for centuries due to the time scales 
associated with climate processes and feedbacks, 
even if greenhouse gas concentrations were to be 
stabilised.  {10.4, 10.5, 10.7}

Climate-carbon cycle coupling is expected to add 
carbon dioxide to the atmosphere as the climate system 
warms, but the magnitude of this feedback is uncertain. 
This increases the uncertainty in the trajectory of 
carbon dioxide emissions required to achieve a 
particular stabilisation level of atmospheric carbon 
dioxide concentration. Based on current understanding 
of climate-carbon cycle feedback, model studies 
suggest that to stabilise at 450 ppm carbon dioxide 
could require that cumulative emissions over the 21st 
century be reduced from an average of approximately 
670 [630 to 710] GtC (2460 [2310 to 2600] GtCO2) to 
approximately 490 [375 to 600] GtC (1800 [1370 to 
2200] GtCO2). Similarly, to stabilise at 1000 ppm, this 
feedback could require that cumulative emissions be 
reduced from a model average of approximately 1415 
[1340 to 1490] GtC (5190 [4910 to 5460] GtCO2) to 
approximately 1100 [980 to 1250] GtC (4030 [3590 to 
4580] GtCO2).  {7.3, 10.4}
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Evaluating reliability with the
Rank Histogram (Talagrand diagram)

• For a reliable ensemble, the truth lies equiprobably at 
each position in the rank ordering of ensemble plus truth

• Histogram of ranks of observations should be flat

Wide ensemble: spread 
is too large, observation 

is near the centre.

Narrow ensemble: 
observation is too often 
outside ensemble range.

Reliable: ensemble 
represents our 
uncertainty.
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Real data and models - MMEs and SMEs
(Yokohata et al submitted - see poster XL115 today)

• Reliability of CMIP3 MME and several single model ensembles
MIROC, HadCM3/SM3, NCAR CAM3

• Many observations relating to radiation balance and clouds

CMIP3-AOGCM                CMIP3-ASGCM CMIP3-AOGCM                CMIP3-ASGCM

Underestimate             Overestimate

P-value: 
Right 0.50
End   0.30

Right 0.13
End   0.70

Clear sky SW Radiation

But how about climate change?
Hargreaves et al submitted - see talk, CL1.2 15:30 Tuesday

Rank Histogram of temperature anomalies
MARGO vs PMIP2

Climate change at the Last Glacial Maximum
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(1/n)∑||mi-O||2 = (1/n)∑||mi-M||2 + ||O-M||2 
Average of model errors = Ensemble spread + Error of multi-model mean

(eg Stephenson and Doblas-Reyes 2000, Epstein 1969, Leith 1974)

Where the mi are the models, M=(1/n)∑mi is their mean and O are the obs

• Lambert and Boer 2001 Cli Dyn: “the mean model is generally the best model”

• Glecker et al 2008 JGR : “in most cases the mean and median models score 
best”

• Pierce et al 2009 PNAS: “Although MM’s superiority has been found in 
previous studies focusing on the mean climate, the reasons for this have not 
generally been elucidated”

• Statistically Indistinguishable paradigm can provide some insights

Follow-up: When is the mean better than
the best model, and why?

(Annan and Hargreaves, J Clim in press)

“But if the ensemble isn’t centred on the truth, 
why is the multi-model mean so good?”
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Probability of a given model being better 
than the mean

CMIP3 results
(2D fields)

• Strongly depends on relative width and effective dimension

• Doesn’t depend on shape of distribution

Solid: Isotropic (spherical) Gaussian
Dotted: exponential eigenvalues
Dashed: 1/√i distribution

(T.Palmer, ECMWF
Newsletter #106)
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How many effective dimensions are there?

• We’ve seen this is critical for analysing CMIP3 behaviour

• Annan and Hargreaves GRL 2010:
Nef = 40 (NWP) or 5 (cross-validation)

• These imply very different interpretations of the results

• CMIP3 ensemble: Nef = 4.6, 7.5 and 3.4 (SAT, PPT, SLP)
(based on Bretherton et al EOF approach, supported by cross-validation)

• Finite sample gives lower Nef than infinite ensemble from 
same distribution

• More models will sample more dimensions



EGU 2011

Test subsets of models

Comparison with synthetic data
of known effective dimension

->11

->6

->4
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Summary

• Multi-model ensemble fits the statistically 
indistinguishable paradigm fairly well.

• ...Even for out of sample data (PMIP and the LGM).

• Many properties of the ensemble can be easily 
explained within this framework.

• “Reliability” is a key concept in evaluating the MME.

• Provides a basis for use of the MME in probabilistic 
prediction.

• Ensemble size is far from saturated
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• J.C. Hargreaves “Skill and uncertainty in climate models”
WIRES 2010

• J.D. Annan and J.C. Hargreaves, “Reliability of the CMIP3 ensemble”, 
GRL 2010

• J.D. Annan and J.C. Hargreaves “Understanding the CMIP3 multi-
model ensemble”, In Press, J Clim 

• T. Yokohata et al, “Reliability of structurally different perturbed 
physics and multi-model ensembles”, submitted to Climate Dynamics

• J.C. Hargreaves et al, Are the PMIP climate models consistent with the 
MARGO data synthesis for the Last Glacial Maximum?
Clim Past Discussions.
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The End


