Decadal prediction: where do we stand?
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1. Twentieth century climate

global temperature and carbon dioxide
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Standard Deviation

Sahel rain and ocean temperature
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Atlantic hurricane activity 1950-2009

300 ACE index = wind speed squared
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Decadal timescale variations of hurricane activity are obvious

and also related to changes in sea surface temperature
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2. Climate predictability

Stop Global Warming 770
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The Earth system
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Changes in the Cryosphere:
Snow, Frozen Ground, Sea Ice, Ice Sheets, Glaciers

Hydrosphere:
Rivers & Lakes f

ges : Changes in/on the Land Surface:
2 Level, Biogeochemistry Orography, Land Use, Vegetation, Ecosystems

Drivers of climate change can be both
natural or anthropogenic
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Timescales in the Earth system

The development of
global climate change
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The oceans have intrinsic timescales similar to those on
which also global warming evolves. Changes in the ocean

. currents can mask the regional effects of global warming
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The global overturning circulation

Slow changes in the 3-d ocean circulation cause slow

changes in the climate of the adjacent continents
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Two types of predictability
(after Lorenz)
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Uncertainties in the climate projections
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Uncertainties in global change projections
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3. Diagnostic decadal predictability

Temperature Precipitation

5-year average

5-year average
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The atmosphere feels the ocean at
decadal timescales

Correlation of long-term components of SST(HadSST3) and Qhe (11-yr RM)  Correlation of short-term components of SST(HadSST3) and Qhe (residue)
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implies a strong control of ocean dynamics in driving SST at
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The Atlantic Multidecadal Oscillation
(AMO), the leading mode of Atlantic SST
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4. The simplest AMO mechanism

Stochastic Climate Models
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Most evidence points towards the
“ocean-only” oscillator
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The null hypothesis for multi-decadal
AMOC variability
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The NAO affects Labrador Sea convection which in turn drives
AMOC (Delworth and Greatbatch, 2000; Eden and Jung, 2001)
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The NAO: a key for decadal MOC
variability in recent decades?

Large scale atmospheric forcing of the AMO/AMV
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Time lag is of the order of a decade
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The NAO-I spectrum is white, but there is
decadal variability by definition

NAO Index (Dec-Mar) 1864-2010
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AMOC may respond to the multi-decadal NAO changes. Are

we facing a slow down of AMOC?
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Forced ocean model AMOC

ORCAO05 MOC 45N, 1500m (Sv)
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Past (model-derived) changes in AMOC are consistent with this picture

future ocean
\\\\\\\\\\ SCIENCES

C
<
o
>
©
()
o
5
0 ?
C
©
()
= o
T
zZ
-0.2

GEOMAR



Overturning anomalies from OGCM

Cold phase of multidecadal mode Warm phase of multidecadal mode
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AMO hindcasts with the GFDL model
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5. Centennial variability

A SST trend b Zonal mean trend
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20th Century centennial variability

A SSO-Index: Observation
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b ssi composite: Observation
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Potential temperature in the Atlantic (WOCE)
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Heat accumulation at mid-depth

global surface air temperature anomaly
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Convection sets in after “enough” heat is accumulated,
destabilizing the water column from below
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Global teleconnections forced through
changes in Weddell Sea convection

1975-2010 after convection shutoff
A SLP trend: Observation b SLP composite: Model
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The pattern correlation amounts to about 0.7.

Can some of the recent decadal trends (e.g., increasing
Antrarctic sea ice) understood in terms of longer-term
centennial variability?
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Thank you for your
attention!




