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...Mojib Latif...wrote a paper last
year positing that cyclical shifts in
the oceans were aligning in a way
that could keep temperatures over
the next decade or so relatively
stable, even as the heat-trapping
gases linked to global warming
continued to increase.
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The AMO has a projection on Northern Hemisphere and

even global SAT @)
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AMO impact, SAT 1978-2007?

A Obs.(GISS) trend 1978-2007 0.45(0.68) D NA+ARCTIC 0.24(0.39)
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The last decades may contain a strong contribution
from internal variability @)
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Outline

* Mechanisms of decadal
variability

» History of decadal prediction
 What are the limiting factors?
* Challenges
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monthly values for the PDO index: 1900-2008
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A stochastic view for the Pacific

Stochastic Climate Models AGCM - OCM

a) ECHAM5-07 EOF-1 (14%) timescale: 1-5yrs
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Interannual to decadal predictability
originates from gyre adjustment
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CORRELATION

(a) PC1 Spectrum
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Atlantic Multidecadal Oscillation/
Variability

" North Atlantic SST
(70°W-0, 0-60°N)
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Changes in hurricane activity and Sahel rain, for
instance, can be traced back to variations in Atlantic
sea surface temperature (SST) @)
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Decadal predictability stems from
MOC adjustment
P e 6

Stochastic Climate Models
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i Most evidence points
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Decadal variations in the
North Atlantic Oscillation

3S’mndqrdized Seasonal Mean (JFM) NAO index (1950-2008) -~ COId!rStratospherék
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NAO drives Labrador Sea convection
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Dec-Mar 1981-1995
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The NAO spectrum is almost
white, so that a simple
stochastic scenario may apply
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Outline

» History of decadal prediction



Potential Predictability in
Surface Air Temperature

IPCC AR4 Models (8900 yrs Control) 10 yr means
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Higher extra-tropical SST Predictability @)
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The history of decadal prediction:
perfect predictability studies
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Current state-of-the-art models
yleld S|m|Iar results

GFDL CM2.1: North Atlantic MOC Predictability

— 80°N

" N-60°E

e O
70ov. ©

HurreII et aI 2009

1100 1105 1110 1115 1120 1125 1130
Model Year

40°N

The MOC is predicable at a lead of one to two decades
in perfect model studies
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(A) Global average surface temperature

Smith et al. 2007
Keenlyside et al. 2008
Pohlmann et al. 2009
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Outline

 What are the limiting factors?
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Model biases are large

Typical bias in surface air temperature (SAT)
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Errors of several degrees (°C) in some regions
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SST bias (REF) to observations
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The zonal SST gradient along the equator is reversed in
many models. Bad news for prediction in the Tropics.
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Gulfstream SST front

Represention of small-scale processes @)
IFM-GEOMAR
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Atmospheric response:
resolution matters

~a Observed rain rate, satellite b Rain rate, AGCM ~ € Rain rate, AGCM, smoothed
50° N T - 50° N r—— 50°N
£3 : : l , “‘
l /" 1 \ Ll / ',:' h
45'2'N'$ *8( =\ “N1)- 0\ [ 45° N1
d ' -~9 fr“_’_'—'_ \‘ ’I . :‘-——:-_,'- _\\‘t ‘,"
40° N- ) Z - ° N . [40°N{
359 N 359 N+
b 30°N
e DIy - SHEN . : : : pso y I : : :
80°W 70°W 80°W 50°W 40°W 80°W 70°W 60°W 50°W 40°W 80°W 70°W 60°W 50°W 40°W
B e [ I | | T
1 156 2 25 3 35 4 45 5 55 6

mm d- Minobe et al. 2008

The AGCM has T239 horizontal resolution (~50 km) and 48 levels

Compared to the smoothed SST run, rain-bearing low
pressure systems tend to develop along the Gulf Stream
front in the control simulation
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MOC and OHT anomalies
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Do we have enough data?

Global Number of Temperature Observations (1980-2006)

N O

500 500

1000 1000

A major challenge for climate analysis
159 and prediction: uneven observational
coverage in both space and time; deep
2000~ ocean and ice covered regions are

ploorly observed.
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Strong volcanic eruptions, for instance, can cause global
cooling of about 0,2°C for a few years and persist even

longer in the ocean heat content. If they happen, we can
exploit their long-lasting climatic effects.

St. Michaels 12 Oct 2009 IFM-GEOMAR :



Outline

* Challenges



Challenges

« A decadal predictability potential for a number of societal
relevant quantities is well established.

* The signal-to-noise ratio is a problem. How can we best
use decadal forecasts?

 We need a better understanding of the mechanisms of
decadal variability (atmospheric response to extra-tropical
SST).

 We need a suitable climate observing system (ocean, land
surface, seaice...). Is the current one sufficient?

« We need ,,good“ models! We know from NWP that
reduction of systematic bias helps. Biases in climate
models are still large.

* Higher resolution helps. Yet we still need improved
parameterizations.

« The models are not complete. More physics must be
incorporated (e. g., ice, stratosphere, chemistry,...).

 Much increase in computing power is necessary. @)
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To realize the full decadal
predictability potential we need
a coordinated scientific
programme under the auspices
of the World Climate Research
Programme (WCRP)
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Decadal variations in Sahel rainfall

The Sahel region exiends between the 250 mm Dryland Systems Hyper-and

and the 900 mm isohyte (based cn mean annual
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Decadal variations in Atlantic
hurricane activity

IMAGERY COURTESY: CIMSS/SSEC
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Changes in the AMO are felt on a
hemispheric and even global scale

Northern Hemisphere SAT anomaly rel. to 1951-1980
nnual means
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How much did internal decadal variability contribute
to the warming during the recent decades? @)
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Wintertime North Atlantic Oscillation index
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Cross correlation implies predictability
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Shifts in PDFs of European SAT in
response to MOC changes

coupled model simulation
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The natural variability can fool us
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The basis for climate prediction

| SST predict SSS predict
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Griffies and Bryan 1997 @)
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AAR| data 1892—1999: onnuol SAT anomalies, K
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SST trend 1980-2004, global mean removed
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The uncertainty in climate
projections for the 21st century
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CO0, emissions and equilibrium temperature increases for a range of stabilisation levels
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Climate observing system

Example: ocean observing system

Multi-national Argo fleet

: We need climate observations to

s initialize the models to forecast
variations up to decadal time
scales
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