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The operational forecasting system

High resolution forecast: twice per day Tco 1279 ~ 9km
137-level, to 10 days ahead

Coupled atmosphere-ocean system

Ensemble Prediction System (ENS): twice daily Tl 639/319 32/64
km 91-level, 51 members to 15 days ahead (next update Tco639 —
18Km)

Extended range forecasts /[ENS extension: twice a week (Mon/Thul)
Tco 639/319 ~ 18/36 km 91 levels, 51 members to 46 days ahead

Long range forecasts: once a month 51 members, ~80 km 91 levels,
to 7 months ahead




Extended range forecast /ENS extension

Ens. m. range twice daily ENS Extended range Mon/Thu
Tco639 Tco319 (36Km)

Askws

Init. cond. Day 10 Day 15

Atmosphere

Initial uncertainties SVs+ EDA perturbations

Model uncertainties Stochastic physics (SPPT and SKEB
schemes).

The central analysis is the Tcol1279L.137 4DVAR coupled to wave
model (WAM) every time step

Ocean

NEMO (about 0.25 degree resolution) coupled to IFS.

Ocean initial conditions provided by S-member NEMOVAR
analysis



Bridging the gap between seasonal forecasting and NWP

® Extended-range weather forecasting: Beyond 10 days and up to
30 days description of weather parameters, usually averaged
over a period of 5-7 days and expressed as a departure from
climate values for that period.

® A particularly difficult time range: In fact at this time range is
generally too long for the atmosphere to keep a memory of its
initial conditions, and too short for the ocean variability to
have an impact on the atmospheric circulation.
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The ECMWF extended forecasts consists of
2 elements:

* Real time forecasts

* A set of re-forecasts covering the most recent
20 years period
the same configuration of the real time forecasts

11-member ensemble integrated at the same day and same month
as the real-time time forecast

It runs twice every week as the real-time forecast

Used to estimate the model drift
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The ECMWF extended forecasts consists of
2 elements:

Real time forecasts
26/09/16 Monday 29/09/16 Thursday 3/10/16 Monday

— —p —

Set of reforecasts

26/09 2015 I 29/09 2015 3/10 2015 I
26/09 2014 29/09 2014 3/10 2014
26/09 1996 29/09 1996 3/10 1996
26/09 1995 29/09 1995 3/10 1995
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ECMWEF Monthly Forecasting System Model Bias:
MODEL BIAS: 2m Temperature

Forecast start reference is 05/03/1991-2008
ensemble size = 5
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ECMWF EPS-Monthly Forecasting System Day 12-18

2-meter Temperature anomaly 06-02-2017/TOM2-02-2017

Faraczst stan reference is 25-01-2017 Shaded areas significant at 10% lavel
ensemble size = 51 climate size = 660 Contours at 1% level
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ECMWF EPS-Monthly Forecasting System Day 15-21

2-meter Temperature anomaly 06-02-2017/TO/M12-02-2017

Foracast star reference is 23-01-2017 Shaded areas significant at 10%: leval
ensemble size = 51 climate size = 660 Contours at 1% level

B-ocedl]-0. s 6.5 [ 5.1 | |40 o.1 [ 1.3 s 6 e 0] 1000

TEFW 1AW 120PW 100PW W L] AW 207 e 20°E AFE ErE arE 00E 1zrE 14rE

™y SECMWF



. Day 12-18
ECMWEF EPS-Monthly Forecasting System 06-02-2017/TOM2-02-2017

(Prob 2m Temp. anom above 66%)

Forecast start reference is 26-01-2017

ensemble size = 51 climate size = 660

Day 15-21
ECMWF EPS'MOI’T‘h')" Forecastirlg Systam 06-02-201 ?ﬂ'Of‘lE-gE-EO‘] 7
(Prob 2m Temp. anom above 66%:)
Foracast star reference is 23-01-2017
ensamble siza = 51 ,climate size = 860
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) Day 19-25
ECMWF EPS-Monthly Forecasting System 13-02-2017/TO/M9-02-2017

(Prob 2m Temp. anom above 66%:)
Forecast start reference is 26-01-2017
ensemble siza = 51 ,climate size = 860

Probabilities for
weekly mean
anomalies:

.410%
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) Day 26-32
ECMWEF EPS-Monthly Forecasting System 20-02-2017/TO/26-02-2017

(Prob 2m Temp. anom above 66%)
Forecast start reference is 26-01-2017
ensemble size = 51 climate size = 660
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Weekly mean multiparameter outlook:

Day 12-18 20170206 - 20170212

Weekly mean Geop. 500

Day 12-18: Mon 20170206- Sun 20170212
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ECMWF Ensemble forecasts for FINLAND - HELSINKI

Location: 60.32°N 24.97°E . e S
Base Time: Thursday 3 Movember 2016 00 UTG Meveres Wizsors Wzree Worseass

Temperature at 850 hPa (C) - Ensemble distribution

Medan

Geopotential at 500 hPa {dam) - Ensemble distribution
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2-metre temperature Paris 9 August 12z
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Analysis and ECMWF ENS Forecasting System
2-metre Temperature anomaly
Varification pariod: 08-08-2018TOA4-08-2016
ansemble size = 51 climale size = 660
Shadad araas significant at 10% lewval, Contours at 1% lewveal
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S2S products:

Ens. Forecasting System: cawc

2-meter Temperature anomaly
Forecast start relerence is 28-07-2016
ensembie size =33 climate size = 396

Day 12-18

08082016/ TO/14-08-2016

‘Shaded areas significant at 10% level
Coritours at 1% level
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Ens. Forecasting System: ncep

2-meter Temperature anomaly
Forecast start relerence is 28-07-2016
ansembia size = 16 climate size = 48

Day 12-18
08-08-2016TOM4-08-2016

Shaded areas significant at 10% level
Contours af 1% level
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FORECAST 28-07-2016: DAY 12-18

http://www.ecmwf.int/en/research/projects/s [
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Ens. Forecasting System: cma

2-meter Temperature anomaly
Forecast start reference is 28-07-2016
ensembie size =4 climake size = 48

Day 12-18
08-08-2016TO/14-08-2016

‘Shaded areas significant at 10% level
Coritours at 1% level
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Ens. Forecasting System: ukmo
2-meter Temperature anomaly

16

Farecasl start reference is 28-07-201
ansembis size =4 climat size = 33

Day 12-18
08-08-2016TON4-08-2016

‘Shaded areas significant at 10% level
Cortours t 1% level
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Ens. Forecasting System: jma

2-meter Temperature anomaly
Forecast start reference is 28-07-2016
ensemble size = 25 climale size = 60

‘Shaded areas signilicant at 10% leve
Carflours al 1% leve
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Bridging the gap between seasonal forecasting and NWP

Sources of predictability for the extended forecasts :

- Land Surface conditions: Snow cover, Soil Moisture
- Ocean conditions: Sea surface temperature, Sea ice
- Stratospheric Initial conditions

- The Madden-Julian oscillation

- Atmospheric dynamical processes (Rossby wave propagations,
weather regimes...)
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Cold spell over Europe Nov-Dec 2012

19 -25/11/2012 26 /11 -2/12 2012 3-9/12 /2012 17 -12 12 2012
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Cold Weather over Europe

SSW Index - Forecast starting on
22/11/2012

Strong SSW Weak SSW
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The Madden Julian Oscillation (MJO)

Real-time MI( filtering supsrimposed upon Ydrm R21 OLR Anomalies
MJO anomalies blue contours, CINT=10. (5. for forecast)

Negative contours sclid, positive dashed
MJO life cycle b
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MJO impact on European weather:

30 The MJO impact is the

strongest about 10 days after
20 the MJO is in the phase with:
10

- suppressed convection over
Indian Ocean

o .
- enhanced convection over
10 Western Pacific are conducive
to negative NAO
20
Cassou (2008) Lin et al (2008)
-20)
Conv. Over Indian Ocean +10
days
- Conv. Over Western Pacific+10
I days



MJO forecast:

VELOCITY POTENTIAL AT 200 HPA

Enzambls mean betwsan Lat 155 and 15M
FORECAST EASED 11/02/2013 00UTC ECMWF MONTHLY FORECASTS

FORECAST BASED 11/022012 00UTC
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MJO forecast:

ECMWF MONTHLY FORECASTS

VELOCITY POTENTIAL AT 200 HPA FORECAST BASED o4/02/2016 00UTC
Ensemble mean between Lat 155 and 158
FORECAST BASED 04022016 00UTC
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VELOCITY POTENTIAL AT 200 HFA
Ensamble maan batweaan Lat 155 and 15N
FORECAST BASED 2&01/2017 00UTC
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..........................

- . ; Cold March 2013 — 14 Feb 2013 -Day 26-32
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2002 MOFC hindcasts
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MJO Teleconnections
Evolution of NAO skill scores day 19-25

NAO index is computed as projection onto a reference pattern
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Probabilistic skill scores -
NDJFMA 1989-2008

Reliability Diagram
Probability of 2-m temperature in the upper tercile
Day 19-25
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ROC for 2mt in the upper tercile

since Oct 2004

a Day 5-11
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Monthly Forecast: Northern extratropics

ROC score: 2-metre temperature in the upper tercile

Monthly Forecast

Persistence of day 5-11

Day 12-18

Monthly Forecast

Persistence of day 5-18

Day 19-32
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Evolution of skill scores based on the re-forecasts
RPSS — Probability of 2mt in upper tercile NDJFM

02

All the re-forecasts produced .

since 2002 have the period 1995- 35 |

2001 in common. 014 4
RPSS scores have been 01 : j:i];lj
computed for all the re- L0 —o— day26:32
forecasts produced between g 0,08 -
April of a given year and 0,06
March of the following year 0,04 - ‘
and covering the period 1995- 002 -
2001 (once a week, 5S-member 0
ensemble). 002 : , . . : . . . . .

| |
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Year
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Heat wave over Central-southern Europe:
2mt weekly mean anomalies
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S$2S 2mt anomalies: ¥ Bl oo BuiBocBeol o
days 12-18 - verifying 29-06 to 05-07 2015
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improve forecast skill and understandmg on the sub—
seasonal to seasonal time scale

promote its uptake by operational centres and exploitation
by the applications community

special emphasis on high-impact weather events

S2S data is available to everyone
https://software.ecmwf.int/wiki/display/S2S/Models



S2S products:

Ens. Forecasting System: cawc

2-meter Temperature anomaly
Forecast start referance is 28-07-2016
ensemble size =33 climate size = 396
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Day 12-18
08.08-2016T0/14-08-2016

Shaded areas significant at 10% level
Contours at 1% level
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Ens. Forecasting System: ncep

2-meter Temperature anomaly

Forecast start reference is 2807-2016

ensemble size =16 climate size = 48

FORECAST 28-07-2016: DAY 12-18
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‘Contours &l 1% level
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http://www.ecmwf.int/en/research/projects/s !
2s/charts/s2s

Ens. Forecasting System: cma

2-meter Temperature anomaly
Forecast start reference is 28-07-2016
ensembie size =4 climake size = 48

Day 12-18
08-08-2016TO/14-08-2016

‘Shaded areas significant at 10% level
Coritours at 1% level
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Ens. Forecasting System: ukmo
2-meter Temperature anomaly

16

Farecasl start reference is 28-07-201
ansembis size =4 climat size = 33

Day 12-18
08-08-2016TON4-08-2016

‘Shaded areas significant at 10% level
Cortours t 1% level
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Ens. Forecasting System: jma

2-meter Temperature anomaly
Forecast start reference is 28-07-2016 ‘Shaded areas significant at 10% leve

Carflours al 1% leve

ensembie size =25 climate size = 60




S2S pI'OdllCtSI 2m temp EFI forecast range:12-18days verifying 8-14 August 2016
3 weeks of delay
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EFIl skill assessment
Preliminary results based on ECMWF

system:

ROCA, 2t, land, NH extratropics, VT: October 2015 - March 2016
COoLD

ROC area
o o o
~ s3] © -
1 1 1 1 L 1

o
o
L 1

—“

45

o
o

35 40

25 3.0
Forecast week

20

1
~

10 15

¥y SCECMWF




Conclusion

SSTs, Soil moisture, stratospheric initial conditions and MJO are source of
predictability at the intra-seasonal time scale. In particular the MJO has a
significant impact on the forecast skill scores beyond day 20.

The ENS produces forecasts for days 12-18 that are generally better than
climatology and persistence of day 5-11. Beyond day 20, the skill is
marginal but for some applications and some regions has some interest.

Making improvements to sub-seasonal predictions, assessing their skill and
uncertainty, and exploring ways to communicate their benefits to decision-
makers are significant challenges. The S2S WWRP/THORPEX-WCRP joint
project (http://s2sprediction.net) is embracing all these challenges and, to
promote this research, has created a new database with a set of multi-
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weekly mean anomalies

over Southern Europe: | .
2mt forecast 12-18 {HE
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Time-longitude diagram of monthly forecast from 20150618:00
Ensemble mean anomaly (contours) and spread (shading)
of Geopotential height at 500 hPa between 60N
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September to December 2015
2m temp weekly anomalies
(55-45N 5-15E):

For. range 12-18 days For. range 19-25
days



http://s2sprediction.net/

Stochastic Perturbed Parametrization
Tendency (SPPT) scheme

Uncertainties in the model physical
parametrizations can be a significant source of
random error. This led to the development
SPPT. It has been used in the since October
1998 there has been an increase in ensemble
spread in the EPS and improved probability
skill scores.

500 km -6 hours 1000 km - 3 days 2000 km - 30 days

ECMWF Newletter 129

1 1 T T T T T T 71 T 1
o 1 2 3 4 5 6 7 B8 9 10 11 12 13 14 15

Time (days)

The three patterns underlying the SPPT3 scheme. The numbers
next to the spheres indicate the horizontal spatial and temporal
correlation scales in kilometres and hours. The three curves on
the graph show time series of the pattern values at a point
employed in the operational scheme The colour of the arrows
relates the patterns to the time series.
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Analysis and ECMWF EPS-Monthly Forecasting System
2-metre Temperature anomaly
Verification period: 16-11-2015T0/22-11-2015
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Stochastic backscatter scheme (SKEB)

It compensate for the loss of energy in the model due to the
Mis-representation of processes at sub-gridscale.
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2-metre temperature Paris 9 August 12z
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Analysis and ECMWF ENS Forecasting System
2-metre Temperature anomaly
Varification pariod: 08-08-2018TOA4-08-2016
ansemble size = 51 climale size = 660
Shadad araas significant at 10% lewval, Contours at 1% lewveal

.-v.—mcleg .—10..-6 .-6..—(3 .%3..—1 -1.. 0 | 0. 1 . 1.3 . 3. 8 . &. 10 .:- 10deg
AMALY SIS FORECAST 08-08-2016: DAY 17

O ES RO B BN E B ENE 150

FORECAST 04-08-2018: DAY 5-11

R A D B B B RO R R R D

MY A D e R B B R

i e
Gddaiddi3 393 3223
e
fid dcad ang 394 22982

O EA R0 EF B ENEFBIErE

FORECAST 01-08-20186: DAY B-14

FORECAST 25-07-2016: DAY 15-21

=i OFEET

siBasssssases
ggss sagsuus ez
L EEE Lo
S85Es 8333005855

pEbbEbbEEEEEEEEEE
a5 0T

T T
Adddud daga sasade2

<~ ECMWF




Skill

of the ECMWF Monthly Forecasting System

<041

60w

180w

<041

160w

160w

ROC score: 2-meter temperature in the upper tercile

Day 5-11

W 120w

HOw 120w,

Day 19-25

o'W

140w

0.1.0.2

1200

120w

100w

100w

0.2

100w

00w

0.2.03 0.3.04 04.05 0.5.0.6

W s0W AW 20W 0 W0E 4

W eOW AW 20W 0 0 4

0.3 0.3.04 0.4.0.5
W sW AW 20w 0 0E 4E
BW W AW W 0 20E_ 4E

0.6.0.7

e

33

e

e

e

e

3

0.7.0.8

100e

100°E

0.7.0.8

100e

100E

0.

e

120°€

.9

s

HoE

120E

120°€

1u0E

140°E

>09

160

160°E

>09

160°E

160°E

N

2N

N

s

s

WS

s

s

108

s

s

s

505

s

s

s

s0N

N

60N

SN

son

3N

20N

N

Day 12-18

<01 0.1..0.2 0.2.0.3 0.3.0.4 0.4.05 0.5..0.6 0.6..0.7 0.7.0.8 0.8..0.9 >09

OW  WOW 120W T00W BW W AW W 0 WE 4E GUE  BE 10UE 120 WDE 160E
BN
N
BN
SN
QN
N
£

0N

505
s
s

s

W MWW 120W 00W BW W AW W 0 W 4CE CE  BE 100E  120E WDE 160E

Day 26-32

<0.1 0.1..0.2 0.2.03 0.3.04 04.05 0.5..0.6 06..0.7 0.8..0.9 >09

W WOW  20W  100W W 6W AW 20W 0 WE ACE GUE B0E 100E 120E MDE 160°E

B0W 0W 120°W  100W  B0W_ 6°W AW 20W 0 2E “1' 2 : a



Skill of the ECMWF Monthly Forecasting System

ROC scores over the Northern extratropics

2-metre Mean sea-level
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Madden Julian Oscillation

MO Index bivariaté correlation

Correlation
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Improvement due to revised organised convective detrainment
term and the revised convective momentum transport.
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