Seasonal Forecasting and Numerical
Weather Prediction - Are These
Relevant to Climate Change Studies?

With thanks to Judith Berner, Paco Doblas-
Reyes, Laura Ferranti, Mark Rodwell, Antje
Weisheimer
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ENSEMBLES
“ENSEMBLE-based Predictions of Climate Changes and their ImpactS”

Obijective

Development of an ensemble prediction system based on the
principal state-of-the-art, high resolution, global and regional Earth

System models developed in Europe to produce for the first time, an
objective probabilistic estimate of uncertainty in future climate at the
seasonal to decadal and longer timescales.
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Drought Britain
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Background: The North Atlantic Oscillation

. : North Atlantic Oscillation
SPQ crirtfamnn tomnoratiiro anrnalles

(a) NAO- DJF

Negative NAO
€ >

WINTER

(Schematic)

In mid-latitudes internal seasonal variability is much larger than forced
signals. The scientific evidence suggests a weak forcing of the ocean on
the atmosphere in winter (and the models underestimate the effect).

*Negative North Atlantic Oscillation (NAO) implies greater frequency of
easterly flow.
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Blocking frequency In seasonal hindcasts
Northern Hemisphere blocking frequency for DEMETER hindcasts

November start, 1959-2001, 9-member ensembles
Top row: November (first month) Bottom row: January (third month)
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Representing Model Uncertainty

® Multi-models
® Perturbed Parameters
® Stochastic Physics



Cellular Automaton Stochastic Backscatter
Scheme (CASBS)
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G.Shutts, 2005
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Possible impact of Stochastic
Parametrisations on mean state

Eqg ball bearing in potential well.

Without small-scale
Without small- “noise’”, this minimum
scale “noise”. this might be inaccessible
regime istoo
dominant
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Weather Reqgimes: ERA-40 vs control (Jung et al, 2006)




Weather Regimes: Impact of Stochastic Physics

Control

Stochastic Physics
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Focus on 2005/2006 winter

® Ensemble runs with multi-models, perturbed parameters
and stochastic physics

® Coupled and uncoupled integrations
® Relaxation of tropics to analysis
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IPCC (2001) range

Probability of Global Warming




Climate: Error vs Sensitivity

2.0
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Circles: AGCM + Mixed-Layer model results from Stainforth et al. (2005) show combined RMSE of 8 year
mean, annual mean T,,, SLP, precipitation and ocean-atmosphere sensible+latent heat fluxes (equally
weighted and normalised by the control).

Diamonds: AGCM results from Rodwell & Palmer (2006) show RMSE from 39 year mean, annual mean Ty,
SLP and precipitation (equally weighted and normalised by the control).
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Pressure (approx)

Pressure (approx)

January 2005 Initial T Tendencies

Rodwsell and Palmer, 2006
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By D+5,
interactions
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(non-linearity) leads
to completely

3 day® (5 for bias) - 6 s different balance

Amazon = [300°E-320°E, 20°S-0°N]. 70% confidence intervals shown. Model = 29R1,T159,L60, 18008
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Linearity of Initial Tendencies at 60°S
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Conclusions

Multi-model ensembles are not necessarily
reliable. Models systematically under-simulate
blocking.

Stochastic parametrisations appear to increase the
probability of occurrence of sub-dominant regimes

Very short range budget tendencies can be used to
constrain climatically-important fast-physics
parameter perturbations

Seasonal prediction and NWP are highly relevant
to climate change studies — supports “seamless
philosophy”.



