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Some issues for decadal predictability

« WGCM has suggested the next CMIP experiment
provide simulations to be analysed for IPCC AR5
will included decadal prediction runs for 2000-2030

* These runs will likely include
— changes in anthropogenic forcing ie ghgs and aerosols

— specified ocean initial conditions to represent the
observed climate state at the start of the simulation

— multi-member ensemble with varying atmospheric initial
conditions
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Some issues for decadal predictability

« Estimating noise - can internal climate variability be
estimated if long control runs do no exist?

— Can ensemble spread reliably estimate internal variability?

* Forced climate change signals - can signals due to
increasing anthropogenic forcing be identified and, if
so, when?

— When is the forced signal in an individual realization likely
larger than noise?

* |nitial condition signals - can signals associated with
specified ocean initial conditions be identified and, if
so, for how long?

— How long will any signal due to initial conditions remain

large reltive to noise and the increasing forced signals?
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CCSMS3 Large Ensemble Experiment
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Experimental design: compared to IPCC runs
N CCSM3 IPCC RUNS (T85) CCSM3 Large Ensemble (T42)
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In the Large Ensemble, the initial state is identical except
for atmosphere which varies from December 1, 1999 to
January 15, 2000 from the 20th Century experiment

THE UNIVERSTTY ©OF

US). MELBOURNE




Spectral density (°CZ yr) Spectral density (°C? yr')

Spectral density (°C% yr)

1.000

0.100

0.010

0.001

1.000

0.100

0.010

0.001

1.000

0.100

0.010

0.001

10

Europe

100

10
Period (years)

100

T

Asia

10
Period (years)

100

Spectral density (°C2 yr) Spectral density (°C? yr')

Spectral density (°C% yr)

1.000

0.100

0.010

0.001

1.000

0.100

0.010

0.001

1.000

0.100

0.010

0.001

South America

10

Africa

100

T

10
Period (years)

100

Australia

10
Period (years)

100

Estimating noise:
internal variability of
area average Temp
compared with
observations

- 5%-95% confidence rangde

i

— Observations

— CCSM3

— ECHAM4-OPYC3

— ECHO-G
GFDL-CM2.0

— GFDL-CM2.1
GFDL-R30
GISS-EH
GISS-ER

— INM-CM3.0

— MIROC3.2(medres)
MRI-CGCM2.3.2
PCM
UKMO-HadCM3
UKMO-HadGEM1

Figure 9.8



Estimating noise: global av temperature

Interannual
standard deviations
of global mean
surface air
temperature
indicate that the
internal variability
can be mostly
represented by the

ensemble spread [ Oy Yer  Ouadcruts
30*61yrs  (T42) (T85) (1900-2007)
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Estimating noise: global av precipitation
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Estimates of internal variability

Land points split into 22 regions, based on Giorgi (2000)
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Estimates of internal variability: regional

America K

0.18 = 5
015 o -
0.12 = 3
0.09 = L
0.06 = -
0.03 = 3
0.00
.0 SCentral America o0 SNestern North America ow Gentral North America, K - Eastern North America, K = Alaska . : K
0.25 4 060 4 0.50 - 124 -
— 050 4 ) 280 [ 050 - 109 3

£ 040 H £ 040 E 2 08 4 3
0.15 ° O 0.40 - O =1

o 0.30 4 k-l o 030 4 S 06 9 -
0.10 = w w w w

020 4 Prem [ o204 = 044 3

0.05 0.10 o 0.10 o - 024 3
0.00 0.00 = . 0.00 0.00 . 0.0 .

.. Greenland | . .., Meditgrranean Basin_, oo Northern Europe | K .. Western Afiica . K EastenAfrica | . K
o 0.40 o 025 4 L 020 4 3
0.60 = -

0.40 = & % . 020 = = 0.16 = -
% 030 o 4 2 4
@ @ @ @

0.30 = b=l T (.40 = =0 0.15 = = T (.12 = -
S 020 4 = b= b=
0.20 3 L2 L 2 010 4 E “ 0.08 4 -
0.20 = -

010 4 010 9 0.05 4 I 004 4 -

0.00 - 0.00 0.00 - 0.00 . 0.00 .
Southern Africa | oss Sahara , . oo 20uUtheast Asia | K . EastAsia | , . K South Asia | , . K
0.25 030 3 048 3 A 0.25 -
0.40 = o
0.20 = 0.25 = 0.15 = - 0.20 = -
015 9 5020' 5012- -§030' -5015_ 1
0.10 4 g% - 5 o F % 010 4 3
0.10 = 0.06 = e
005 3 0.05 4 0.03 4 L. 910 005 4 3
0.00 - 0.00 - 0.00 - 0.00 0.00
Central Asia , Tibet , . , North Asia | . K
0.60 0.50 0.80 . O 0
*
_ 30*61yrs B Octr(Ts5)
0.40 = - 2 A
2 0.30 o k4
030 4 3 8 040 4 L (). ()_
% 0.20 g ( )
0.20 =
ctr(T42 HadCRUT3
0.10 = £

THE UNIVERSTTY ©OF




Ensemble size dependence of noise estimate

Standard
deviations of
global surface
air temperature
across N
randomly
sampled
members of
the large
ensemble
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B1 2011 2030

Detection of emerging
regional warming

Projections of mean surface
temperature change for 2011-2030
relative to 1980-99 from the CMIP3
multi-model ensemble. Stippling
shows the regions with significant
warming at the individual grid cells.

Based on IPCC AR4 WGl fig 10.8

There is significant warming almost
everywhere in the ensemble mean.

But when could such an emerging
warming signal be detected at the
regional scale? Are 20-yr averages
needed to enhance signal to noise?
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Detection of emerging regional warming

Consider low frequency variations of surface temperature in an
individual grid cell in climate model simulations with anthropogenic
forcing. When is the low frequency warming relative to 1980-99
locally significant relative to natural variability?

(a) MPI_ECHAMS5

Latest year in which
the low frequency

warming signal is first
significant in each
grid cell, AT/o; large,
across all members
iIn ensemble
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Emerging forced signal: annual temperature

M3 Large Ensemble Experiment A1B surface air temperature
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Emerging forced signal: regional av temp

M3 Large Ensemble Experiment A1B surface air temperature
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Emerging forced signal: annual precipitation

M3 Large Ensemble Experiment A1B precipitation
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Initial condition signal: annual temperature

CCSMS3 Large Ensemble Experiment A1B surface air temperature
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Initial condition signal: 5-yr av temperature
CCSMS3 A1B surface air temperature
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Ozone forcing and projections of climate change

The observed increasing trend in the SAM is simulated better
In models that include both increasing greenhouse gases and
stratospheric ozone depletion.

The largest differences in SAM variations are from 1990 to
2010, the period of lowest Antarctic ozone.
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Competing influences: increasing ghgs and

0zone recovery

Future greenhouse gases and ozone  podel SAM for increasing

ghgs and ozone depletion
and recovery
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Summary

Estimates of noise due to interannual variability

» Departure from ensemble mean gives a good estimate of
unforced internal variability for global and regionally averaged
temperature and precipitation

» preliminary results suggest internal variability is significantly
underestimated for ensemble size less than ~5

Emerging forced signal

» Emergence of signal depends on spatial and time averaging;
global av ann and reg low freq T signal apart by 2020

» cooling is possible for first decade

» Signal depends on forcing, so need to get forcing right

Initial condition signal

» Difficult to identify and only apart for first perlod of runs
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