Seasonal to decadal climate prediction:
filling the gap between weather forecasts

Met Office and climate prOJectlons
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 Motivation
 Practical issues
* What can we predict?

« What is the forecast?
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- Improved weather forecasts
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 Weather forecasts much improved over last 30 years
« 4 days ahead now as accurate as 1 day ahead in 1980
« BUT fundamental limits (weeks) due to chaotic atmosphere
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Met Office

You can’ t predict the
weather in a couple of
weeks time, so how can
you say anything about the
winter/summer/decade?
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More extreme weather events

Can only forecast
probabilities



Met Office Greenhouse
gases
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Temperature anomaly (°C)

Temperature anomaly (°C)
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Want to predict variations and trend

Met Office 1.5T ' | UK 9-year mean temperature  ——
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« External forcing: greenhouse gases, aerosols, volcanoes, solar

* Natural internal variability — need to start predictions from the
current state of the climate system

* Climate varies a lot around the trend!
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= EI Niho Southern Oscillation (ENSO)
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(a) Non-El Nifio conditions
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(b) El Nifio Conditions
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Sahel drought
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Climate model forced by observed SST
simulates Sahel rainfall variations.

Giannini et al., Science, 2003
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Indian monsoon
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North Atlantic variability
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Atlantic ocean circulation

Met Office

Many idealised experiments suggest that North Atlantic ocean
currents are potentially predictable on decadal timescales
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* Practical issues
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Hindcasts to assess skill

MetOffice Ensembles to sample uncertainties:
* Uncertainties in the initial conditions
 Model errors

An optimistic view:
Hindcasts

Observations
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Time
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Perform historical tests (“retrospective forecasts” or
“hindcasts” to assess likely skill and correct biases
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Models are imperfect!

Met Office

(Kharin et al. 2012)
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Sub-surface ocean

observations
Met Office
1960
Ej = 'm%x‘ | o "’?x; —
4 g & \

* Need historical tests to assess likely skill of forecasts
* Far fewer sub-surface ocean observations in the past

 Could forecasts be more accurate than hindcasts?
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* What can we predict?
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Seasonal forecast skill
wetomee DEC-FEb (DJF, months 2-4)

Temperature Precipitation
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 High skill in tropics
* Much lower for mid-latitude land (Europe and USA!)

 Limited skill for precipitation
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Tropical Rains - seasonal ===
El Nino minus La Nina
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The Polar Vortex

Met Office
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The typical polar vortex ...A wavy polar vortex on . AYT_T%?_CT'ONS'“” z
configuration in November January 5, 2014. ; : ,‘(q{‘j{ﬁ
2013.

» Winter in USA and Europe depends
on the wind direction

 Influenced by the Polar Vortex

* Sometimes breaks down — wavy

» Cold northerly winds e.g. 2014
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Atlantic winter climate: the North
Atlantic Oscillation (NAO)

POSITIVE PHASE:
Winds coming in off the

Atlantic send warm and

damp air into Britain
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2012: capability for predicting
wetomee NVAO IS very low
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2014: capability for predicting
vetorice  INAQO IS high!

Observations

R R L R P L P L i L Vi LU LTI Lt Pl £ b 1
Be o e =

Forecasts

1 HIH ‘
£ k3
L :ll

.|||m||| '"|I|||” -.I.,,

1993 1994 1995 1996 1997 1995 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Yeor

Skill (correlation) for predicting Time series of observed (black)
DJF sea level pressure starting and seasonal forecasts (orange)
on 15t November of the NAO

New model is 10 times more expensive
But now very skilful for European winters!

Scaife et al, 2014



Modelling the
climate

» Split the world into boxes

* For each box, ensure fundamental laws
of physics are satisfied:

» Conservation of mass, momentum
and energy

* Small scale processes (e.g. Clouds)
must be parameterised

* The smaller the boxes the higher the
accuracy

* ...but more expensive (need large
supercomputers)
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Higher resolution
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The next 5 years

Met Office

Skill of initialised predictions Initialised - Uninitialised
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« Skilful almost everywhere (positive correlations)
* Mostly due to external forcing

« Initialisation gives improved skill mainly in North Atlantic
and tropical Pacific

(Smith et al. 2010)



Case study: sub-polar gyre

1 !
Sub-polar
gyre \
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Initialised

Uninitialised
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 Low skill in general, but some impacts captured over land for specific events
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« What is the forecast?
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El Nino forecast
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Mid-May 2015 Plume of Model ENSO Predictions
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2016
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What next?

Observed Atlantic overturning circulation
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(a) Five-year-mean subpolar gyre 500m mean ocean temperature

* Smeed et al, 2013: Hermanson et al 2014

» Atlantic predicted to cool...

* ...in response to weakening
of Atlantic overturning

* Not a reversal (yet), but
impacts associated with warm
Atlantic less likely:

» cold winters and wet
summers in Europe less
likely

» fewer hurricanes than
recent peaks

» reduced Sahel rainfall

» reduced risk of
drought in SW USA



North Atlantic variability
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(Zhang and Delworth 2006; also Knight et al 2006
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Summary

Met Office

 Many people are vulnerable to changes in climate over the
coming seasons to decades

» There are good physical reasons why we may be able to predict
some aspects of climate on these timescales

 ...though there will be uncertainties that need to be carefully
communicated!

« This is a new and rapidly developing area

e Much recent progress...

...but also many issues still to overcome

© Crown copyright Met Office
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