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' Data and tools

Relief vu par le modéle global (résolution 150 km)

Altitude (m)
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= Global Climate Models (GCM)
and multi-models o & " s

= Regional Climate Models (RCM)

= Statistical tools

extrapolation from analysis or forecasts : regressions, composites,
statistical models...

=>» A description of these tools

=» Their forces and their limits METEO ERANCE
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' Plan

1. Climate Models
2. Model outputs
3. Other products
4. Conclusion
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1. Climate Models
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'GCM . a tentative to integrate the mains

sources of predictability

The climate system

st

-3

~ |Troposphere|

The evolution of the atmosphere
is partly driven by the evolution of
external forcing conditions (SST,
continental surfaces,
stratosphere).

And the evolution of external
forcing Iis often slow and
predictable.

=>it gives a slow memory to the
atmosphere, the evolution of
the latter becoming partly
predictable.
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’Anexample of GCM : ARPEGE-S4 (Météo-France)

= ocean-atmosphere coupled model
(based on CMIP5 model)

=  Atmosphere: horizontal resolution
~150km (AROME-France : 2.5km)

= (Qcean : horizontal resolution ~100km

= Ensemble forecast : 51 members
= daily fields, up to 7 months

= Reference period (hindcast):
15 members 1991-2011 (21 years)
= scores, calibration
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, Global Producing Centres

A Global Producing Centre (GPC) for Long-Range Forecasts (LRF)
Is a new WMO designation that is conferred upon producers of
global seasonal forecast products. The first GPCs were recognised
at the WMO CBS Extraordinary Session held in Seoul, November
2006.

As a minimum a GPC is required to:

bk owbE

Have a fixed production cycle and time off issuance;
Provide a minimum set of products;

Provide verifications as per the WMO SVSLRF;
Provide up-to-date information on methodology;

Make products available through a web-site and/or disseminated
through the GTS and/or Internet.

[' METEO FRANCE
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Global Producing Centres

GPC status was conferred in November 2006 on the National
Meteorological Services of the following countries:

Australia

Canada

China

France

Japan

Korea

United Kingdom

United States of America

WMO Lead Centre for
Long-Range Forecast Multi-Model Ensemble

Aboutus News Data & Plot  Related Sites

[ MME listic MME

Login | Sign Up | Sitemap | Contact Us

WMO Lead Centre for SVSLRF »»

™ Latest Forecast data
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South Africa

http:///www.wmolc.org/
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Multi-models

. Forecast Hindcast Hindcast Hindcast
Origin .
ensemble ensemble period length
ECMWF 51 15 1981-2010 30 yrs
Met Office variable/42 12 1996-2009 14 yrs
Météo-France 51 15 1991-2011 21 yrs
NCEP 52 12 1982-2010 29 yrs

EURQCSIP multi-model seasonal forecast

Prob{most likely category of precipitation)

Forecast start ieference is 01/09/15
Urweighted mean

0°E

B0°E

ECMWF/Met Office/Meteo-France/NCEP

OND 2015

[ 4050 [l=0.60% [lec.7ov 701000

S0°E 120°E 150°E
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http://www.ecmwf.int/

WMO Lead Centre for
Long-Range Forecast Multi-Model Ensemble

About us

MNews

Data & Plot Related Sites

Introduction Dreterministic MME

Probabilistic MME References

u Home » Multi-Model Ensemble > Introduction

Introduction

https://www.wmolc.org/
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RCM-SEEVCCC
A Regional Climate Model

RCM-SEEVCCC: Mean 2m temp. anom. (°C) for season OCT-NOV-DEC 2015 RCM-SEEVCCC: Precipitation anom. (%) for season OCT-NOV-DEC 2015
Forecast start: 002010CT2015 D SEEVCCC Forecast start: 002010CT2015 D SEEVCCC

50N
48N e
46N
44N
42N
40N

38N

36N

34N

Dynamical downscaling of ECMWF seasonal forecast
* regional atmosphere-ocean coupled model (RCM-SEEVCCC)
* 41 ensemble members
* is issued once per month between 15th and 20th
* The forecast run is for 7 months.
 Horizontal resolution is 0.25 degrees for atmospheric model and 0.2
degrees for the ocean model.
» Atmosphere is resolved with 32 and ocean with 21 vertical levels.

METEO FRANCE
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http://www.seevccc.rs/?p=7
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Forces and limits of GCMs (1)

= Global Climate Models have quite a “rough” resolution (~100km)

=» not enough to describe fine physical processes
=>» not enough to represent regional climate
=>» well adapted to forecast large scale circulation

Zoom sur la France

(modéle global)

Relief vu par le modéle global (résolutio

n 150 km)

Relief vu par le modéle régional
ésolution 12 km;

-EEEEEESE

Altitude (m)

Pacific North American pattern
Forecast initial date: 20151001
Ensemble size: Forecast=51 Model climate=450 Analysis climate=30

11.84
10.2+

6.8

HHh

Octob Novemt Decaml January  February March April

http://www.ecmwf.int/
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’ Forces and limits of GCMs (2)

12

= The successive instantaneous states of the atmosphere have a
limited predictability while the mean states of the atmosphere have

a greater predictabillity.

Daily Scores over
Northern
Hemisphere

+ monthly running
mean scores

+ seasonal
running mean
scores

Correlation

8

1

Geopotential Height at 500 hPa forecast

I I I | I I I
20 a0 40 an 60 70 &0 an 100 110 120

Jour

=» The temporal mean state is partly predictable (but not the
successive instantaneous states of the atmosphere) D METEO FRANCE
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Forces and limits of GCMs (3)

= GCMs produce probabilistic forecasts

NINO3.4 ARPEGE 2015 07 NINO3.4 ARPEGE 2015 10

Anomalie decC

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Apr May Jun Ju Aug Sep Oct Nov Dec Jan Feb Mar Apr

mois mois

JMA/MRI-CPS2 ACC=-0.19
Rain MC JAN init:11.27
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a = 1985 1990 1995 2000 2005 2010 -6 6
CEG Black: analysis
Deep Blue: ensemble mean
Blue: each member(ensemble size=10) Analysis spread
Don’ mmariz Ftoi nsemble mean
= Don’t summarize a SF to its ensemble mea METEO FRANCE
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http://ds.data.jma.go.jp/gmd/tcc/tcc/products/model/hindcast/CPS2/shisu/shisu.html

2. Model Outputs

METEO FRANCE
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, Seasonal Forecasting Models

= Ensemble forecast

- Several simulations with small perturbations in the initial
conditions

- Launched once a month

= A ‘"hindcast” = simulations over an historical period
(typically, 20 to 30 years)
- To calculate scores
- To correct bias and variance problems

METEO FRANCE
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v 4

Simulations

Lead time 1 seasonal forecast 1

»

v

time

Mai | Juin | Juil | Aout | Sept | Octo Nov Dec
>
>
>
>
/1 Month M M+1 M+2 M+3 M+4 M+5 M+6
Forecast issue Forecast Range: 7 months
Forecast for July/August/September
METEO FRANCE
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17
’ Generalities on scores

= models have different performances depending on the considered
regions and years.

= It is important to get the evaluation of the model over a long time
period in order to take these evaluation into account in the
Interpretation of the forecasts of the model (particularly the
confidence in the forecast)...

= ... with some limitations : the climate is non-stationary

= The performance generally depends on the forcing (namely the
stronger is the forcing the better is the model)

= so it should be better to get the evaluation by large type of forcing

events (e.g. El Nifio, La Nifla and Neutral conditions).
———  mportance of the hindcast experiment

[' METEO FRANCE
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60"

30°

Scores : AUC upper tercile

for DJF (LT=1 mois)
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Some scores (ARPEGE-S4 )
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’ Elaboration of numerical products

Direct Methods (deterministic and probabilistic products)
formulation as Indices or Anomalies

Anomalies: Adaptation _ D ) |
to « local » observation A_ P P C, mm/D, mss,...

properties

%

forecats compared to
its own climatology P

Indices: Model I _ P_ﬁ
O,

METEO FRANCE
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temperature

Mean and variance : seasonal
forecast vs observation

Temperature DJF MFS4 / EOBS 0.5
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’ Deterministic and Probabilistic products

= Deterministic products

— One forecast : the ensemble mean
(for MF model, ensemble = 51 runs)

— Average normalized anomaly or mean index of the model

— Statistical test to know where the index is meaningfully
different from the climatology (t-test)

METEO FRANCE
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' Deterministic and Probabilistic products

= Probabilistic products :

3 categories are specified using the terciles of the forecast
distribution : forecast below normal, normal or above normal

+ 2 extremes : probabilistic forecasts of strong anomalies
(negative et positive) are also calculated (generally extreme
quintiles)

=>» Probabilistic maps show the frequency of forecast members
In each category.

METEO FRANCE
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Probabilistic products

to position the members in relation to the hindcast experience

212

Forecast below Normal
33%

Forecast above normal
33%

Strong negative anomaly
20%

Strong positive
20%)

anomaly

=== Reference experience

A Caractéristic points

ETEO FRANCE
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Examples

T 2M PREVISION ARPS4 DECEMBRE-JANVIER-FEVRIER RUN DE NOVEMBRE 2014
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PROBABILITE (%) DE LA CATEGORIE LA PLUS PROBABLE
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Make the best of GCM (1):

look at scores to put forecasts into perspective

S5T anomalies (K) latitude= 5.0to -5.0 longitude= 190.0 to 240.0
Forecast initial date: 20151001
Ensemble size: Forecast=51 Model climate=450 Analysis climate=30

iilltty

Oetélblr Novemt Decemt Jan Y F.br.unr\r March

ROC upper terclle: NIno3.4

-1

Lead (months)
[~} o [ -]

(]

et

an Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Target Months

o
50 60 70 80 90 110

http://www.ecmwf.int/

April

2m temp. anomalies (K) latitude= 50.0 to 35.0 longitude= -10.0to 30.0
Forecast initial date: 20151001

25

Ensemble size: R t=51 Model clir 450 Analysis elirr 30
October  Novemt Decemt January  Fabruary March April

ROC upper terclle: Southern Europe

-

Lead (months)
@ e o il

N
h

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Target Months

" "pm METEO FRANCE
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http://www.ecmwf.int/

Make the best of GCM (2):
Return to roots...

Number 1 forcing (and the best forecasted parameter) : tropical SST !

Ancmaly Correlation Coefficient for ECMWF  with 15 ensemble members Anomaly Correlation Coefficient for ECMWF  with 15 ensemble members

Sea Surface temperature Sea Surface temperature

Hindcast period 1981-2010 with start in May average over months 2 to 4 Hindcast period 1981-2010 with start in November average over months 2to 4

Black dots for values significantly different from zero with 25% confidence ( 1000 samples) Black dots for values significantly different from zero with 25% confidence ( 1000 samples)
- 03 -0s oz 08 o 02 0z 04 7 08 0s o

| o5 07 -1 LE] -08 a7 -08 0.4 -0z oz 04 o5 07 0.8 03
_ I I | | — |

JJA DJF

http://www.ecmwf.int/ METEO FRANCE
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Make the best of GCM (3):
general circulation products
From tropical SST to general circulation...

OND CHI&PSI@200 [IC = Sep. 2015 ]

EUROSIP multi-model seasonal forecast ECMWF/Met Office/Meteo-France/NCEP Meteo-France S4 Psi - zonal mean
Mean forecast SST anomaly OND 2015 90N ——L - . : A ! L 1 ! | 1 |
Forecast start sference is 01/0915

Variance: -slandardeed mean

W <2oenfi20.10 1005 |os.02 0202 0205 [los.ao o200 [-20°C

180°E 150w 10w 0w o'W o'W o'k WE ‘e 0E 120°E 150°E

30E 60E 90E 120E 150E 180 150W 120W 9OW BOW 30W 0
ECMWF S4 Psi - zonal mean
P | 1 1 1

| 1 1 ! 1 1 !

Velocity Potential (colour ranges) gives insight
into the atmospheric response in terms of
Hadley-Walker circulation anomalies

while Stream Function (red and blue contours)

gives complementary insight into the NE G WE 12E IS0E 180 1SOW 120 0OW 6OW W O
atmospheric response to tropical forcing B [

. . . . . -2.1 -1.5 -0.9 -0.3 0.3 0.9 1.5 21
(especially in terms of teleconnections with mid-

latitudes) METEO FRANCE
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Make the best of GCM (4):

general circulation products

Anomalous regime occumenca(:)

Nerth Atlantic Oscillation

Forecast initial date: 20151001

Ensemble size: Forecast=51 Model climate=450 Analysis climate=30

10.4+
8.6+
6.9+
5.2+
3.5+
1.7
0.0+
-1.74

5.2
-.9
8.6
-10.4-
121

*\/1_—_‘-—_—-

Octab Novemt Decemt J-n;ury F.br.ulry March

eof 1: Morth Atlantic Oscillation (NAQ)

April

a0 [0 e O
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Make the best of GCM (5):
benefit “biodiversity” !

ECMWF Hzmﬁmm
2015 NDJ - Montreal
o 22 2015 NDJ
= Exeter Seoul ]
- 2015 NDJ i
: 2015 NDJ Beijing & : = Washington
Toulouse 2015 OND '.fdwﬂ 2015 OND |
2015 NDJ -
2015 OND
x CPTEC
= Pretoria 2015 NDJ
2015 OND s Melboume
2015 NDJ
METEO FRANCE
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Make the best of GCM (6)

= GCMs produce probabilistic forecasts

NINO3.4 ARPEGE 2015 07 NINO3.4 ARPEGE 2015 10

Anomalie decC

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Apr May Jun Ju Aug Sep Oct Nov Dec Jan Feb Mar Apr

mois mois

JMA/MRI-CPS2 ACC=-0.19
Rain MC JAN init:11.27
— 6 6
B -
] @ G
S £ ’ of 8
= ‘E — oQ S s
S o 5o e 2 n O
=0 - @ @ S S
Q -3 s o <
O E S iz
_ .= _E‘ T T T T T T _6
a = 1985 1990 1995 2000 2005 2010 -6 6
CEG Black: analysis
Deep Blue: ensemble mean
Blue: each member(ensemble size=10) Analysis spread
Don’ mmariz Ftoi nsemble mean
= Don’t summarize a SF to its ensemble mea METEO FRANCE
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http://ds.data.jma.go.jp/gmd/tcc/tcc/products/model/hindcast/CPS2/shisu/shisu.html

3. Other products :
what else ?

N~

)

METEO FRANCE
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= Composites and regressions

Anomalie de Fonction de Courant 200hPa DJF EINino-Sup1

112 (Nino3.4 > 1)

! S ‘. 4 =
/:wmalie de Fonction de Courant 200hPa DJF E\Nino~SuEl (s“va
-2,0E4+01 -1,2E+01 -4,0E+00 4,0E+ 00 1,2E+01 2,0E+01
DataMin = -1,2E+01, Max = 1 4E+01

January

Pacific - North American Pattern (PNA)
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Classical impacts of specific situations

Global ENSO Temperature and Precipitation
Linear Regressions

JFM

FMA

MAM

AMJ

MJJ

ENSO Teleconnection: DJF Precip

Regression{mm/day)

| S
-8 -4 -2 -1 -05 0 05 1 2 4 8

Correlation(%)

[T

| =]
—50 —45 —40 -35 —30 25 25 30 35 40 45 50

http://www.cpc.ncep.noaa.gov/products/precip/CWIink/ENSO/regre

ssions/geplr.shtml

METEO FRANCE
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http://www.cpc.ncep.noaa.gov/products/precip/CWlink/ENSO/regressions/geplr.shtml

Scale

http://www.ldeo.columbia.edu/res/pi/NAO/ METEO

FRANCE

Regwna[ ~
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Classical impacts of specific situations
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Modes de variabilite et indicateur thermique France
Moyennes pour decembre - periode 1950 a 2013
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Statistical Downscaling

GCM Resolution
X e.g. HADCM2 2.50 x 3.750

.

Regional Climate Model
Resolution e.g. 50km

Aggregation

- Soi ..« Hydrology

| Vegetation

"= %) Topography

uonebasbbesiq

Social Systems

YI OCaI = ;;;em.%yg; RN

...Downscaling consists in searching
METEO FRANCE
for valuable F.
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’ Forces and limits

= Composites and regressions :

- 0 correlation means “no systematic effect”, it doesn’'t mean “no
effect’...

- ... and significant correlation doesn’'t mean “100% sure”
=» don’t forget the probabilistic nature of SF
=» to be confirmed by analysis

- climate trends could create “artificial” correlation

= Downscaling products (also relevant for RCM):
- Don’t forget large scale forcings !

=» predictability comes from large scale, should be taken into
account when looking at downscaled products

[' METEO FRANCE
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4. Conclusion

METEO FRANCE
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,Conclusion . data and tools for SF production

GCM : mainly able to predict large scale features

= Interpretation of GCM impact parameter forecasts (T, RR) :

— to cross-check with circulation and knowledge on the impact of this
circulation.

— to interpret relatively to their skill : scores should help
= Seasonal forecast: basically Probabilistic forecast,
= Forecast of the temporal Mean State and not of the Weather,

= Confidence in the forecast depending of the place, the year and the
parameter,
- better in tropical regions than in the mid-latitudes regions
- generally better for temperatures than for precipitations
- better in the case of a strong forcing (El Nifio)

[' METEO FRANCE
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uestlons ?

irévisions météo : la théorie des
oignons de Noél

Rémy Gullung est passionné par 13 mEtéo et les traditions paysannes a'autrefols. Cette année, 1a nult de Nol, 1L
n'a pas 0éroge 3 ses habitudes - Il 3 observé les 0lgnons pour avolr un apergu de 1a météo de 2015.

(3 FRANcE

Le 30/12/2014 05:00

sions-meteo-la-theorie-des-oignons-de-noel

METEO FRANCE
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' Limitation of numerical forecast : Daily forecast

Daily Scores
over Northern
Hemisphere

+

Persistence
Scores

Correlation

Geopotential Height at 500 hPa forecast

[ [ [ [
10 20 4l 40 A0 [=14] 70 80 an 100 110 120
Jour

METEO FRANCE
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’Limitation of numerical forecast : Seasonal forecast

Daily Scores
over Northern
Hemisphere

+

Correlation

seasonal
running mean
Scores

-4 T T T T

0 10 20 a0 40

I I I | I I I
an 60 70 &0 an 100 110 120

Jour

The mean state is partly predictable (but not the successive

instantaneous states of the atmosphere)

METEO FRANCE
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'Limitation of numerical forecast : Monthly forecast

Daily Scores
over Northern
Hemisphere

+

Monthly
running mean
Scores

Correlation

[ [ [ [
4l 40 A0 [=14] 70 80 an 100 110 120
Jour
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'Limitation of numerical forecast : Seasonal forecast

Daily Scores
over Northern
Hemisphere

+

Ensemble
forecast, ]
seas_onal n L e Bl
running mean
and SST
forecast —

[ [
4] 10 20 4l 40 A0 [=14] 70 80 an 100 110 120
Jour

Correlation

METEO FRANCE
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’I‘he evolution of external forcing conditions

= Evolution of Sea Surface temperature (SST)
— Interannual variability (like ENSO)
— Decadal variability (like PDO)

= Evolution of continental surface conditions
— Influence of continental surface conditions (snow, albedo, ..),
— Intraseasonal variability (notably soil moisture)

=  Mutual influences
— Decadal/[ENSO
— ENSO/Intraseasonal
— Intraseasonal/Synoptic

METEO FRANCE

Toujours un temps d’avance

43



The climatic variability

= The climatic variability : slow variation in the Atmosphere
— NAO
— PNA mode
— PDO
— QBO or TBO
— http://www.cpc.ncep.noaa.gov/data/teledoc/telecontents.shtml
and Barnston and Livezey 1987, Mon. Wea. Rev., 115, 1083-1126)

METEO FRANCE
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The North Atlantic Oscillation

NAO normalised index

Year

Upper panel: Observed Dec-March change in SLP associated with a 1 standard
deviation change in the NAO index (after Hurrell, 1995, Science, 269, 676-679).

Lower Panel: Winter (December to March) index or the NAO based on the differ-
ence of normalized pressure between Lisbon, Portugal and Stykkisholmur, Iceland
from 1864 to 1995. The SLP anomalies at each station were normalized by division
of each seasonal pressure by the long-term mean (1864-1995) standard deviation.
The heavy solid line represents the meridional pressure gradient smoothed with a
low pass filter with seven weights (1,3,5,6,5,3, and 1) to remove fluctuations with
periods less than 4 years (after Hurrell, 1995, Science, 269, 676-679, this version:
courtesy of T. Osborn, CRU, UEA.
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The « North Atlantic Oscillation »

NAO positive phase (NAO+)

- increase in the north-south gradient
of pressure over the North Atlantic
region

- acceleration of the circulation of
perturbations
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' Winter Regimes and extremes

Temperature Raintall a NAO- 209 Min. Temp. extremes Rainfall extremes
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