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The CllmaTe PedIC"ZIOﬂ Pr'oblem/Par'adox

~

We can predict the weather one week into the future...

warming will be easily recognisable against natural climate

E
We confidently state that by 2100, anthropogenic global l
variability..(cf., IPCC simulations)

E Yet we make no statements about the climate of the year
“ 2015 or 2022 or even the period 2030-2035

Why is this ? When might we be able to say something
useful on these timescales?

Jochem Marotzke, MPI, Hamburg




| Change in winter surface temperature (2061-2090)-(1961-1990) for A1B I

scenario, as downscaled by a single RCM for a range of GCMs and
an ensemble of common GCMs each started fr‘om different mmal da‘res I
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ECHAMS A1B-3 (50 km)

The Climate Change signal is
large and robust for all GCMs
by the end of the Century.

Figure courtesy G.Nikulin SMHI
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Comparing 3 RCM runs all using ’rhe ECHAM5 AlB GCM as boundar'y forcing
but with each ECHAMb run started from a different date in 1860, allows
for an estimate of the VGF‘IGbIlITy of ’rhe sumula’red climates in 2Q_61 2090
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The model estimate of natural variability (as defmed by dlffer'en‘r initial
dates) is a lot smaller than the forced climate change signal by 2075
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On shorter timescales ~2030 the model representation of natural
variability (spread across the 3 members) in some areas is of similar .
magnitude to the total climate change signal (2016-2045) - (1961 1990)
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This makes it difficult to give a clear statement abou’r clnma’re change
in 2030: This is an important timescale for many adaptation problems



Why is this so? gro

When we make climate simulations we 'spin-ﬁb' the ocean over
thousands of simulated years forced only by: The Sun, Earth's
rotation and pre-industrial concentrations of greenhouse gases.
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Northern Hemisphere temperature anomalies : COSMOS Millenium Experiment
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Reconstructed 'observed’ values

—— GCM simulated value Johan Jungclaus MPI
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Climate models can simulate a realistic amount of naTuml variability.
But there is no reason to expect this variability is occuring at the same

time as it is in reality. i.e The model calendar is largely imaginary
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In terms of natural var'lablll'ry cycles we have absolu’rely no way
of knowing where we are in relation to any observed variability
when we start a fu’rur'e cluma‘re m’regr'a’rlon say in ’rhe year' 2005
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Any greenhouse gas induced trend is I|kely/hopefully mcluded

A more accurate prediction of the climate evolution over the
short term might arise if we could initialize the slowly varying
components (ocean, sea-ice, soil moisture etc) with observations
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The predlc‘rablll‘ry we are familiar with arises fr‘om an estimate of

~ future changes in radiative forcing agents, and the climate system .

e ~ response o those changes. i

Predictability might also arise from information contained in the
initial state of the system

- "committed warming”
- natural variability of the system Tom Delworth GFDL |

- Assuming we can (i) observe this (ii) assimilate the information into
“= our models, (iii) the variability has a predictable component and I
(iv) our models are good enough to simulate the subsequent evolution
of the climate system ’

We may be able to make some useful statements regarding the
Evolution of the climate system on a 1-30 year timescale.

Climate Prediction as a mixed initial/boundary value problem
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Radlosonde cover'age
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Lessons fr'om 1'he Pas1' m!

. Numerical Weather

| Prediction really became

~ successful once adequate

. observations and suitable
assimilation/initialization
techniques were developed
to start models from
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Satellrres have gr'eaﬂy mcr'eased both the amoum‘ and
spa’nal/temporal coverage of obser'va'rlons avallable to NWP
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With improved assumlla’rlon techniques this has led to an increase
in the accuracy of weather prediction over the past 20 years
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Improvemen’rs in coupled (ocean a‘rmospher'e) models along with __,_
observational developments (e.g. TAO array in the tropical Pacific) i
that allowed the subsurface ocean to be initialized, led to the _

~ development of seasonal prediction: Mainly tied to ENSO for'ecas’rmg 2
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TAO/TRITON Monthly SST (°C) and Winds (m s~ 1)
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Seasonal Mean Ocean Ther'mal anomalles as a function of dep‘rh
along The Equa’ror'lal PGCIfIC ENSO evenT of 1997- 1998

An accurate initialization of ocean temperatures and surface winds
along with a good coupled model can allow skillful forecasts
of the evolution of ENSQO events with a 3-12 month lead time
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Atmospheric teleconnections act to communicate the impact
of equatorial Pacific SST anomalies around the globe

Accumulated Rainfall anomalies Nov1997-Apr1998 expressed as
de
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‘| Are there slowly varying modes of the cllmate sys1'em ﬂmf have
. a predlcfable evolution (mos1' Ilkely in the ocean, sea-lce soul 7)
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Do these modes have Tanglble impacts on climate variables of
'relevance for adaptation either locally or remotely?
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Do we have suffucnem‘ observaﬂons to defme an m|1'|al s1'a're7
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Can we assnmula’re 'rhls mforma‘rnon intfo our cllma're models"
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Are models good enough to do some‘rhmg wn1'h 1'h|s mformahon ?
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Decadal timescale vr'ibi'ry in the North Pacific Ocean
' Monthly values of the Pacific Decadal Oscillation index: 1900-2006

S.Hare, N.Mantua et al.



The Atlantic Meridional Oscillation index
A 10 -yr movmg aver'age of annual Nor'1'h Aﬂarmc SST anomalles

1600 1700 1?!0 1800 1850 1800

. .
i -
i g
s :

Atlantic Multidecadal -
Oscillation Index 2 L2
- Annual r = 0.64 (20th Century r = 0.78) §
e~ Decadal r = 0.81 (20th Century r = 0,94) ' 2
= | ° %
= R
1
&l 23
E 2 p %
<

2,
E = =
=2 4 )
2
B
:

S.Gray et aI 2004
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A Modelmg Example from GFDL (T. Delworth et al. GFDL) .
Hybr'ld coupled model - based on GFDL CM2.1

Global Atmosphere/Land System

Heat Water Momentum Heat

Mom.

Heat Water

Pacific & Atlantic | Indian i
Dynamic Ocean ke Slab Ocean |- Pynamic Ocears

GFDL CM2.1 - ..
20 atm ; Time varylng heatmg

1/3 to 1° ocn ' to induce AMO-like SST &
| nomads.gfdl.noaa.gov/CM2.X variations %




AMO decadal varlabllzjr; &oes appear' ‘ro pr'o JZCT onto Sahel and India I

summer decadal rainfall statistics. Given a reasonable AMO the GFDL =
model appears capable of sumula’nng ThIS Teleconnec'rlve VClI"IClbIlITy
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. Regression of modeled LF JJAS ralnfall
4 anomaly on modeled AMO Index
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Regression of observed (CRU) LF JJAS |
: ralnfall anomaly on observed AMO Index
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Regressnon I)f LF ASO ‘ve.r"'rlcal shear of zonal wind (m/s) -
on The AMO index (1958 2000)
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ECMWF 40-yr Reanalysis GFDL model (10-member ensemble mean)
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Vertical Shear of the zonal wind is an important control

on interannual variability of Atlantic tropical cyclone activity



There appear's to be some increased skill (in a quarrrlfa'hve sense)
when observations are included in coupled climate model Predictions i

Results from the UK Met. Office DePreSys integrations
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D. Smith etal. UKMO

Forecast period (years)
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Surface and subsurface ocean observations are a crucial =
componen’r of any aﬁempt at decadal climate prediction §
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DePreSys For'ecasts mrhalnzed March 2007

Ocean 360m T anom
Observed Mar— Aug 2007

Persistence (R’ 0 56)
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D. Smith et al. UKMO
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I‘r IS now possnble for WCRP to addr'ess ’rhe seamless S,
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ﬁ prediction of the climate system from weekly weather = =

to seasonal, interannual, decadal and centennial climate &
variations and an’rhr'opogemc climate change

; s i ey o T SRR SR

Climate Prediction buulds on past lmprovemenTs in both

the Global Observing System and Climate Models but F&
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requires further developments in both areas to best
support short timescale impact and adaptation needs.
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