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1. Intro duction

THE CLIMATE SYSTEM
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Great ocean conveyor belt
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The Earth's climate exhibits variability on all timescales...
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The Earth's climate exhibits variability on all timescales...

Estimated global mean temperature (°()
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External in uences include human activity ...
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. the sun....
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... and the Earth's orbital geometry
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Understanding climate variabilit y and
change

(1) Data

Direct measures

{ obsenations

Indirect measures

{ Ice cores

{ marine/lak e sedimens
{ tree rings

{ coral
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(Grape ripening as a past climate |nd|cator

Ire varnatior

sSuUMmmer temperatul ciile]
rench records of grape-harvest dates in
Burgundy were used to reconstruct
spring—summer  temperatures  flom
1370 te 2003 using a process-based phenol-
ogy model developed for the Pinot Moir
grape. Our results veweal that temperatures
as high as those reached in the 19905 hawve
occurred several times in Burgundy since
1370. Howewer, the sumimer of 2003
appears to hawve been extraordinacy, with
temperatures that were probably higher
than in any other year since 1370,
Biological and documentary proxy
records have been widelyused to reconstruce
temperature variations to assess the excep-
tional character of recent climate fluctua-
tions™ . Grape-harvest dates, which are
tightly related to temperature, hawve been
recorded locallyfor centuries in many Euro-
pean countries. These dates may therefore
provide one of the longest uninterrupted

18 are reconstructed fron
series of regional temperature anomalies
fhighs and lows) without chronolagical
uncertainties’.

In Burgundy, these officially decreed
dates havebeen carefully registered in pavish
and municipal archives since atleast the early
thirteenth century. We used a corvected and
upd ated harvest-date series*from Burgundy,
covering the years from 1370 to 2003, to
LECONSLIUCE SPUitg—sumiTer termperature
anomalies that had occurred in eastern
France. To convert historical observations
into temperature anomalies, we used a
process-based phenology model for Pinet
Moir, the mainwvariety of grapethathasbeen
continuously grown in Burgundy since at
least the fourteenth century” (for details,see
supplementary information).

Quryearlyreconstruction is significantly
correlated {Table 13 with summer tempera-
tures deduced from tree rings in central
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Understanding climate variabilit y and
change

(i) Mo dels

basedupon the physical laws which describe the processeswithin
the climate system

enabledirect simulation of past, presert and future climate states

limited by:
{ the understanding of the underlying processes
{ the comprehensienessof the model

{ computational resources
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Can we trust the models?

models require evaluation
compare simulated climate with obsenational or historical data

the maximum extent to which we can have con dence in a model
IS the extent to which it can reliably simulate a range of climate
states

desirableto validate the model over as wide a range of climate
states as possible

the only feasibleway of doing this Is to simulate past climates
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2. The CSIR O MkK3L climate
mo del

system

Low-resolution version of the CSIRO Mk3 climate system model

Includes:

{ Three-dimensionalmodel of the atmosphere
{ Three-dimensionalmodel of the ocean

{ Seaice model

{ Land surfacemodel (static vegetation)
64 56 horizontal grid
18 vertical levelsin the atmosphere

21 vertical levelsin the ocean
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The simulated \presen t day" climate

Control simulation conducted for pre-industrial conditions

Constant boundary conditions:

{ Atmospheric CO, concerration = 280ppm
{ Solar constart = 1365Wm 2

{ \Present day" orbital parameters (AD 1950)

Integrated for 2000+ years
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El NI ro: model versus observed

Mk3L Observ ed
Standard deviation of 0.48 0.71
Niro 3.4 SST anomaly ( C)
Averageperiod (years) 7.8 05 3{6
Averageduration (months) | 17.2 0.6 12

K. E. Trenberth. The de nition of El Niro. The Bulletin of the American
Meteorological Society, 78(12):2771{2777, 1997.
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3. The climate of the mid-Holo cene

Equilibrium simulation conducted for 6,000years BP

Indentical to control simulation, except:

{ Orbital parametersfor 6,000yearsBP
Integrated for 1200+ years
PMIP2 experimernt
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Reconstructed precipitation anomaly over Northern Africa
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El Niro: control versus 6ka BP

Control oka BP
Standard deviation of 0.48 0.42
Niro 3.4 SST anomaly ( C)
Period (years) 7.8 05| 88 0.9
Duration (months) 172 06| 16.6 1.0
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4. The climate of the late Holo cene

Transient simulations from 6,000yearsBP to the presern day

Identical to cortrol simulation, except:

{ Orbital parametersvaried

The accelerationtechnique of Lorenz and Lohmann (2004) is
used

Acceleration factors of 1, 5, 10 and 20

S. J. Lorenz and G. Lohmann. Acceleration technique for Milank ovitc h type
forcing in a coupled atmosphere-ocean circulation model: method and application
for the Holocene. Climate Dynamics, 23:727{743, 2004.
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5. Future climate

Transient simulation in which the CO, conceriration is stabilised
at three times the pre-industrial value

ldentical to control simulation, except:
{ Increasethe CO, conceriration at 1% per year
{ Onceit readhes840ppm, hold it constart thereafter

Integrated for 2000+ years

A climate system mo del for studying past, present and future climate
IASOS/A CE CR C seminar, Hobart, Tasmania, 26 April 2006



A climate system mo del for studying past, present and future climate
IASOS/A CE CR C seminar, Hobart, Tasmania, 26 April 2006



A climate system mo del for studying past, present and future climate
IASOS/A CE CR C seminar, Hobart, Tasmania, 26 April 2006



A climate system mo del for studying past, present and future climate
IASOS/A CE CR C seminar, Hobart, Tasmania, 26 April 2006



A climate system mo del for studying past, present and future climate
IASOS/A CE CR C seminar, Hobart, Tasmania, 26 April 2006



A climate system mo del for studying past, present and future climate
IASOS/A CE CR C seminar, Hobart, Tasmania, 26 April 2006



A climate system mo del for studying past, present and future climate
IASOS/A CE CR C seminar, Hobart, Tasmania, 26 April 2006



A climate system mo del for studying past, present and future climate
IASOS/A CE CR C seminar, Hobart, Tasmania, 26 April 2006



Changein zonal-meanoceantemperature ( C)
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Conclusions

The CSIRO MK3L climate systemmodel is a useful tool for
studying past, presert and future climate variabilit y and change

Simulations of past climate shanv good agreemem with the data,
but alsoreveal somelimitations in the model

The simulated responseto an increasein atmospheric CO,
Indicates ongoing warming and sealevel rise

ENSO strengthensslightly at rst, but weakensoncethe CO,
conceriration is stabilised
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