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UK Met Office forecasts

Met Office

The Met Office is the UK equivalent of the Japan
Meteorological Agency — forecasts are produced across
all timescales using a common computer model:
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Seasonal Forecasting
?
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What Is a seasonal forecast?
FHPHEITMAMN?

How does it work?
ESVPH->TFHFHTS?

Current Capability
TED T AT RE

Future Possibilities
Sk A EEE



Why seasonal forecasts?
LEEHPH?

Climate varies a lot from year to year
SURITFES LITKESEHTS

Temporarily dominates climate change
or adds to climate change to give

extremes:

—BFHICIESIRZBICE#T 5. H LT BERZZ
BYTESICKEESICMEKT S

e.g. Cold winters, summer heatwaves, flooding...

UK flooding, summer 2007 R
London, Late Winter 2008/9 Japan heatwave, summer 2010
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What I1s a Seasonal Forecast?
EHPHEIIMAMN?

How do seasonal forecasts differ from weather

forecasts?
ST HEMAES DM ?

How do seasonal forecasts differ from climate

predictions?
mBRAEF R ERIAESDH ?



What Is a Seasonal Forecast?

Q. If weather forecasts are unreliable after a week or

two, how can we possibly predict a season ahead?
Q. 1. 2BEBOXKFHRNAEETELRIETEL. ESLTEHFBRATELOMN?

A. Because slow variations in the OCeéa, land, sea-

Ice, upper atmosphere, greenhouse gases, solar and

volcanic forcing all influence the weather

A. BFCE, BK, ARLE, BEMRAR, KBEES ., KILFBICXH58H%
EDWKYLE=ZERINBH LD,

Note that we are not predicting individual weather

events seasons ahead.
BEHEDBELDRIKEFALTOAIDTIELBVRISEE,

Whether it will rain in Tokyo on 12t July 2011 is

probably impossible to predict
2011 FD7A12BICRRTRABRANESINEVNIZEIEFRITSEAL,

Instead we predict the chances of different weather...
KHVIZ. RADBERNEHIHERETF AT S,



probability

What Is a Seasonal Forecast?

EHMPMEEAH?

Forecast is for RISK of different outcomes

FHPWMIIL. Bo-KENBEDIRIZTFH

Compare with: health risk, sports events

An example Winter forecast:

Z 0T 5

30%

28'%

cold near average

temperature

© Crown copyright Met Office

mild

Does not mean “We are forecasting

a cold winter”
ENZZFTHRL TR ELSEBRTITELY,

Does mean “Cold is more likely

than either average or mild”
ELNENLYRBIYDPTNIEEZFRILTLNS,

Forecast is not wrong if winter is
mild!
ERRICEZTHOTH, PHRITHEENTIHAL !

Should have a mild winter for ¥4 of

the times such a forecast is issued
CHOEIEFPHROGE . 49D FBRIZHEIRE,



How does 1t work?
ES5%5THHE 2

How do we make a seasonal forecast?
EDH->TEHFHREITON?

Can we forecast the coming season?
ROFHDFRIEITES?

or

Does the “butterfly effect” make it impossible?
NZTSARRIIFH FHEFAIREIZT S ?

and

Are climate models good enough?
SUEETILIEFTSRLIMN?



Climate Models sgz7L

Newton's second law
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The Navier—Stokes equations for fluid flow are at the heart of climate models. The first three
equations represent Newton's second law and give the acceleration of the winds in the
east-west (u), north—south (v) and vertical directions (w). The mass-continuity equation
ensures that although the density, speed and direction of the air change as it flows around the
Earth, its mass is conserved, while the thermodynamic equation allows heat-transfer processes
such as heating by the Sun to be included as a parametrized source term (5). We use the same
equations to model the dynamics of the ocean, but usually make further simplifying
approximations. In the equations, r is the distance from the Earth’s centre, Q is the angular
velocity of the Earth's rotation, ¢ is latitude, 2. is longitude and t is time. ¢, is the specific heat
capacity of air at constant pressure, 8 is potential virtual temperature, ITis the “Exner function”
of pressure and p is air density. The subscript *d” refers to dry air.

clouds
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rrrrrrrag
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rrrrrrird
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temesirial

wind radiation
heat exchange siress
f’ human ghacier m ice sheet
I g influences biosphere
soil-biosphere
interaction
rivers and lakes
land
changes in the ocean: surface

circulation, sea level
Imgamhemshy

changes in/on the land suface:
iy, land use, ion, ecosystems

The Earth's climate system comprises the atmosphere, ocean, biosphere, cryosphere and
geosphere. Interactions between these components lead to a large natural variability in the
climate, while human influences such as the buming of fossil fuels add further complexity.
Some of these processes, such as the circulation of the ocean, can be resolved explicitly in
climate models, while others, such as the effects of clouds, must be “parametrized”.

5 governing equations + ideal gas law

5ONHEX+BEIUOREAERX

Solve these equations over the whole
Earth to predict the weather

hioDAZEMBREH TR



Initial Values and Boundary Values
MAELTERE

Initial Values e.g. current state of the atmosphere, ocean, land
HE BIAEE, XK. BF. BEOREORKE)

Boundary values e.g. greenhouse gas concentration, solar forcing
HARE (BIRE, REDNRTRABE., KEEH)

OPTIONS:

 Unconstrained: long control simulations of the climate model with
neither initial conditions nor variation in boundary conditions

 Initial values only: weather forecasts: ‘an accurate measure of the
weather today can be used to predict the weather tomorrow’

« Boundary values only: climate predictions for the coming century:
knowing the future level of greenhouse gases is enough to predict
changes in the statistics of the weather

* Initial AND boundary values (harder!): seasonal predictions:
climate events and weather statistics can both be predicted for
months to years ahead



Starting the forecast: initial values
FEH OB : PR E

Include initial condition information: atmospheric winds, temperature,

pressure etc. Ocean temperature and salinity
E%ﬂﬁ%w##&&ﬁwé AROR., RE. [RE. BEDKIER. EHEE

Assimilate these to create a ‘best estimate’ of the current
condition of the oceans and atmosphere
T—AEMEL T, BHFELERXKDERDOERLBRVLHEEEEZ/EMT S,

However, only recently have we had good coverage of the oceans:
BEOBAT—INEELID (L. BFITHE>THD,

June 2007 June 1960

90E 180 90w 0 90E 180 90w 0



Progressing the forecast:

boundary values
FHOER: KHRE

Greenhouse gases: Obs then scenario

BEMRAR BEGEA. FERE VL

Aerosols: Obs then scenario

T70VIVBEEER. JEEFIE

Solar Forcing: Obs then repeat 11 year cycle

KEEES BEXER., FEFI11EHAIIIERYIRT

Volcanic Forcing: Obs in past, none in future

KRS B X ISR A, FEOFRITGL

© Crown copyright Met Office



Allowing for chaos

(the butterfly effect)
NAREERTHCNZTFAHRY)

Ensembles of forecasts — to represent uncertainty
FHROTUHUTIL-THEREDRE

QOutcome is a shift in likelihood
HRIZ,. BIYDPTEDI TR

A
Forecasts

Actual

ainjeladwa]

Time (years)
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Current Capability

WEDHERE

Tropics versus Extratropics
% X PERE

Global Forecasts: El Nino, Africa,
Hurricanes 2010, Russia 2010

ERFH: TIL=—=3, 7IUAH. 2010FD/\)7—>,
2010FEAL 7 DEVE



Tropics versus Extratropics
2FE vs FERE

SOM |
s S e <#=_., Forecast skill for mild

454 1- 1 i R A f ';-j?: = winters

*- : B = BACHT P RMmE

Largest in tropics
455 #RHETHRLREL
gos MR BRI | e ~—4== |Largest over ocean
180 BELETERLREN

Poorer in extratropics
iR E TIL BRI/
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El Nino — Southern Oscillation
IT)=——=—g—FAAHIKE

Normal Conditions El Nifio Conditions
Sl A
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Warming in mid and E Pacific, convection moves E,
AEFER-FHROKED LR, FRBEISHIZDT,

Atmospheric circulation weakens,
AR (VF—h—) FRINELS.,

Upwelling in E Pacific reduces, thermocline relaxes
RBAFEEDBEFANEALY, REEROIESHERILES

Biggest source of natural climate variability
£oLLREFLBRDORUREEIDY—R



Observed El NIno

HRAINF-TIL=——aDKRE Rainfall mpgxe

b) abserved precipitation difference, JJA, (1979-2007)
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d) abserved precipitation difference, DJF (1979-2007)
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Winter (DJF) ..
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These year to year changes in the rainfall pattern are well reproduced

NEDEIKNF—2 DEREH T ILBEHTHEINS,
Many tropical influences Z<DEHDTE



El Niho forecast skill
II=——=gFHEE

August, Nino 3.4

1.0
0.8

0.6 :

0.4 -

Centred ACC

0.2F -
0.0 e :

lead month
ENSO peaks in winter ENSOIX& -2

Remarkable levels of predictability even 6 months ahead
6N AKDFATLEN-FARREEDOLAIIL

Remote effects? &f@EzhE?



El Nino/La Nina effect on rainfall

T =—=3/5=—=% DFK~NDEE

a) GloSea4 forecast precipitation difference, JJA (1989-2002)
T T T

Forecast P}

observed precipitotion difference, JJA, (1979-2007)
T T T

Observed £1:81
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6H-88
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GloSea4 forecost precipitation difference, DJF (1989-2002)
T L] ]
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Skilful forecasts of ENSO effects in the tropics — even for rainfall
RFICBITHENSODTEDIREDH S TR LB TR EELREKD
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Atlantic Hurricanes

KBEFEDN)r—>

3

Numbers of hurricanes can

fd
T T T

—

|
=
T

Mo. of storms (normalized)
o

|
[
T T T

-3

be forecast months ahead

N)Tr—QEREENMAXLETTA
AIRE

Extending to years ahead
HERETTH
(Smith et al., Nat Geosci., 2010)

And perhaps to the
Pacific... &Zo<{KFE#H

1960 1970 1980 1990
Year

This year’s forecast:
SEDFE:
Well above average numbers

of named storms see figure:
FEELYIGYERE
Observed number: 19!

EFEDERAIZ19E !

© Crown copyright Met Office

2010

"‘ Tropical Storm Frequency Forecast
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RUSSian Heatwave Forecasts from May....

AL 7 DK
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Pt
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© Crown copyright Met Office



Over-confidence and multiple
models srescanETLOFN

- Multi-model anomalies
o o
] *.
] Model 1
O] -1
E’ ]
2 ] Model 2
£
-%_2: -2
] Model 3
3 -3
AFPR MAY JUW JUL ALG SEF OCT WOV DEC JAW FEB MAR AFR MAY JUMN
2010 2011

Predictions are generally too confident
FRIE—BMICEIEBRR

This can be seen in individual cases!
B2DEHIHND,

Multiple models can help but we need to improve models
BFERDOETIIZKZFRIIRIZIOMN, ETILOREFIDHE,



Future
13k




Future Developments: Improved Capability
HEDEFHK: HESNT-EEE

* Increased resolution models (vertical and horizontal)
B ARG L (AT KF)

 Improved Sea-Ice and land surface initialisation
Gk . BEE D MHIEIL DHE)

e Better links to monthly and decadal forecasting
1M AFRELOERETHMED LY BLVEDY

Future Developments: Better Models
FEORR: KYBWNETIL

« Model development
ETIVER

e Reduced errors
mED@MLD

e Better representation of climate variability
S[URZEHD LY BLERE

© Crown copyright Met Office



Future models: smaller errors
FEDETIL: KYINSLVRE

Old Model - SST Error
BETNL - BEKERRE

| 5 N * p-
. 4 iy =

90N [

Error in sea surface temperature

0 G0E 180 o0W o

e R N TR T as b|g as S|gna| we are fOrecast|ng

New Model - SST Error

but improving

BEKRDRELSTFIVERLCILNKREN,
WEINTLD,

920S T
0 920 180 w
MIN: -8.82e+00 MEAN: -3.32e-01 SD: 9.43e-01 MAX: 7.20e+00
-3 -2 -1 0 1 2 3
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Can we improve extratropical
forecasts? wszosmeamcsons

Key drivers of extratopical climate are being identified.
PREOIJUEDRLLGLIBEIXFEINATNS,

These suggest useful levels of skill may be
possible....e.g. El Nifio in the extratropics:

NDDEFFRELARILOFEH FHRAATEETHEHLZRE

Observatlons B Old Model BEEFL




Winter 2009/10

El Nino

Nino 3.4 Pentad data to 2 September 2010
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Moderate El Nino and negative Arctic Oscillation

Not a coincidence!

© Crown copyright Met Office
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We are using these new models to

iImprove the operational system:
HORTLIZEDHE

E.g.

5
F

Winter 2009/10

NNNE i ;

90N

75N




Summary &6

Seasonal forecasts are based on fundamental physics
FHFHIL. ZRMEIZHE

There is good forecast skill in much of the tropics (e.g.

Hurricanes, El Nino effects)
BEICRVFABENHS B, N\Ur—2, TL=—=aDEE)

Some g:imited) skill in the extratropics (Japan, UK)
th#§E (A&, £E) TRHLLSHD (Bdhi) FRAKENHS

A single seasonal forecast is neither “right” nor “wrong”
—EOFHFHIL., “L-V"TH T THEL,

There is great demand from government and business

planners for probabilistic seasonal forecasts
EERMLFHTRIT. B, ESRRI—M—DDEREBELZNH S,

Rapid progress is being made and further improvements

are %E%aearin already
SEIC  ESHEIMB AT TITITHhh TS,

We do not know what the upper limit on predictability is

but it is likely to be lower in the extratropics
AT OB RIES DDA, DEE TIERBLYENESS,
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