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ECMWPF’s global forecasting system

» High resolution forecast (HRES): twice per day
16 km 137-level, to 10 days ahead

» Ensemble forecast (ENS): twice daily
51 members, 30/60 km 91-level, to 15 days ahead

» Monthly forecast (ENS extension): twice a week (Mon/Thursday)
51 members, 30/60 km 91 levels, to 1 month ahead

» Seasonal forecast (SEAS): once a month, 41 members, 125 km
62 Ievels to 7 months ahead —
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(Global observations

obal weather forgcasts
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Model grids: HRES (16 km) and ENS (32 km)

HRES: T1279 (16 km) ENS: T639 (32 km)

orography shaded (height in m), land grid points (red), sea grid points (blue)

orography shaded (height in m), land grid points {red]), sea grid points (blue)
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Windstorm 28 October 2013 - St Jude/Simone/Christian




Windstorm 28 October 2013 - St Jude/Simone/Christian
Probability of a storm occurring on the 28t issued on the 24th

108 {+/—12h window) Featlire Point Strike Probability, for feature DT: Thu 24/10/2013 00Z  VT: Mon 2R/10/2013 122
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Windstorm 28 October 2013 - St Jude/Simone/Christian
Probability of wind speeds >33 m/s on the 850 hPa level, on the 28th
issued on the 26th

5 10 15 20 25 30 35 40 45 ECWF 20%?51026 86 5 65 70 75 80 85 a0 95 100 105
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Windstorm 28 October 2013 - St Jude/Simone/Christian
The Netherlands (observed wind gust was > 35 m/s)

Cumulative Distribution Functions for 10m wind gust at 53.25%5.34% VT 281072013 00UTC - 291072013 00UTC
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Windstorm 28 October 2013 - St Jude/Simone/Christian
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Why do we run a forecast ensemble?

Taking account of uncertainty
Forecasting forecast skill

Basic idea:

Assess uncertainty of today’s forecast

Provide alternative forecast scenarios

Distil the predictable (large-scale) component

Highlight the risk for rare or extreme (small-scale) events

I:&sting

benefits

N

challenges
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Forecasting extreme events
Extending the forecast range
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Ensemble mean and ensemble spread
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EPS Meteogram
Reading 51.57"N 0.83"W (EPS land point) 48 m
Deterministic Forecast and EPS Distribution Wednesday 23 January 2013 00 UTC
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Probabilities of events
wind speed at 850 hPa > 33 m/s
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Extreme forecast index (EFI)

Measures the distance between the ensembie
cumulative distribution and the model climate

Ran?es from—1 (all members break climate
minimum records) to +1 (all beyond model
climate records)

Indicates places where the ensemble distribution !
Is towards the extreme of the climate distribution

/

I — U
Y BT: UT: I Fri 08 | Sat0 | Sun 11 | haon 12 |
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ZOF for 24h maximum wind gust (mis)

100

Extreme .
forecast *
index (EFI)

Clrmate 1+ [24-48h] -100%50% EF| S0°6100%
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Eps 1+ [48-72h]
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EFI Skill

Skill of the
extreme

forecast
index (EFI)

2m temperature
0.95
08 | /\_\J =T |
- I\J
w S
0.75
0.7

2004 200520062007 2008 20032010201120122013
Year

EFI Skill

EFI Skill
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10m wind speed

T

I

i

~

2004 2

005 2006 2007 2008 2009 2010 2011 2012 2013

Precipitation

/]

Year

4

2004 200520062007 2008 20092010201120122013

Year

Verification of Extreme Forecast Index (EFI) for precipitation, 10m wind and T2m over
Europe showing ROC area from 2004 to 2012 at day 4 (72 - 96 hours ahead)

Extreme event is taken as an observation exceeding 95th percentile of station climate.
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10m wind verification

Comparison of forecast winds against buoy data for
ECMWEF and other main NWP centres.

10m WIND SPEED SCATTER INDEX at all buoys 113 buoys

wo= ECM == MOF =t FNM na w=imNCP w=m=MTF «DWD nla v SHM
wims JMA  ovis KMA n/a n/a nla n/a n/a n/a
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WMO scores using radiosondes, Europe

Verification to WMO standards

verification against radiosondes === UKMO 00utc —— JMA 00utc
wind 850hPa —M-FOOUtc e CMC 00utc
Root mean square error —— ECMWF 00utc ~- NCEP 00utc

Europe N Africa (lat 25.0 to 70.0, lon -10.0to 28.0)
1

10- et

m/s

Wind850

1 2 3 4 5 6 7 8
Forecast Day

12-months
August 2012 — July 2013

> ECMWF
SAC-42 Evaluation 2013 —
J sacszEvavaion203 [MEE30=



Improving ECMWEF scores for recent model versions

0.6

0.5+

0.4+

0.3+

0.2+

0.14

i 2 3 4 5 6 7 8 9 10
Forecast Day
The relative increase in skill of current operational forecasts compared with those made using the
forecasting system of 2006. This shows the steady increase in skill from forecasting system
improvements in the six-month period November—March during 2009—-10 (turquoise), 2010—11 (green),
2011-12 (blue) and 2012—-13 (red). Curves show the fractional improvement in anomaly correlation
coefficient at 500 hPa for the northern hemisphere extratropics.
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Recent model upgrades

26 June 2013 — cycle 38r2:
» 137 levels in high-resolution forecast

» Modification of surface drag. Slight reduction of wind
speed, most notable in Europe at 12 UTC.

19 November 2013 — cycle 40r1.:
» 91 levels in the forecast ensemble

» Changes to stable boundary layer diffusion, turbulent
orographic drag, orographic gravity wave drag and
surface-atmosphere coupling over forests, which
Improves boundary layer winds (e.g. at wind turbine hub
height) and improves N. hemisphere winter scores.

Verification of wind speed at a few tall towers in Europe has
shown that the night time winds have improved from 50 to 200
m, which is relevant for wind energy applications.

' S~ ECMWF
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wind speed (m/s)

8.0

Recent model upgrades

Daily variation in wind speed in three European towers, at
three heights

wind speed (m/s)
wind speed (m/s)
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wind forecasts and
analysis publicly
available from
August 2010...

% New ECMWF 100m

/ Deterministic

Level 90

Probabilistic \

— 110 m E— Level 59
|}
L

Absolute errorin m/s

Absolute error of model level 88 analysis wind speed values and estimated speeds from 10m winds
Tor ditferent values of rougness lenght (z0) over FINO1 (103m), Tor February 2008

Wr———7 7 717 T T T T T T T T 1
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I estimated sppede at 1023m for z0=0.2mm (FINO1)
[] estimated speeds at 103m for z0=1mm (ecmwi} !
* | N eetimatad epaads at 103m for z0=1cm (beast fitting) |*

! | I model level 88 adapted wind spesds at 103m
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Verification for 100-meter winds for DJF 2012 (ml| 88-89)

100ff
Anomaly correlation B n.Sea —— c.europe
europe,scandinavia,c.europe,n.sea,germany,uk —— scandinavia —— germany

Date: 20111201 12UTC to 20120229 12UTC
netp od oper 0001 12UTC | Mean method: fair | Population: 91,91,91,91,91,91.91
100
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Conclusions

ECMWEF has a strong focus on providing early warnings
for severe weather events several days ahead, for wind,
temperature and precipitation.

Forecasts are often expressed in terms of probabilities
(risks) that a certain weather event will occur.

For wind-energy:
» Early warnings of wind storms
» Specific 100m wind product (since 2010)

» Progress to improve the vertical profile of wind in the
forecast, and the daily variations in wind speed

» Climate reanalysis available for download from data
server at www.ecmwf.int/research/era
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http://www.ecmwf.int/research/era

Verification for IFS Hi-Res 10-meter winds for DJF 2012

10m wind speed
Anomaly correlation B n.S8a —— c.europe
europe,scandinavia,c.europe,n.sea,germany,uk —— scandinavia —— germany

Date: 20111201 12UTC to 20120229 12UTC
nest od oper 0001 12UTC | Mean method: fair | Population: 21,81,91,91,91,91 91
100
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5l

The errors of the ECMWF wave height forecasts (red) compared
to other major global centres

Significant wave height scatter index at all buoys 123 buoys
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The scores for all centres are computed for a fixed set of ocean buoys in a verification project for the

WMO-IOC Joint Technical Commission for Oceanography and Marine Meteorology. The error score

is the scatter index (SI — the standard deviation of error normalised by the mean observed value) for
forecasts of significant wave height out to five days ahead for the period January - March 2013.
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Who uses our data
and products?

> ‘Full’ access

= National Met Services of Member and Co-operating States

= Those licensed by the NMSs (private sector service providers
and end users)

* Those licensed directly by ECMWEF (outside Europe)
» Restricted or time-limited access

= By license to WMO NMHSs for ‘Official Duty’ use

»= Subsets labelled “WMO-additional” (to NMHSs worldwide) and
“WMO-essential” (freely available)

= Disasters / humanitarian needs / developing countries
» Graphical products available via www.ecmwf.int
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