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Organisational structure of ECMWF

Policy Advisory Scientific Advisory
Committee Committee
! COUNCIL !
5-20 Members 12 Members

22 Member States

Technical Advisory Finance
Committee Committee
20 Members 7 Members

DIRECTOR-GENERAL
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Data Policy (France) Co-operating States
5-34 Members 14 Members
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F. Pappenberger M. Palkovi¢ L. De Castro Neves Filho A. Brown J-N. Thepaut
(Germany) (Slovakia) (Portugal) (United Kingdom) (France)

Lo
i’ ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS 2



The operational forecasting system

High resolution forecast (HRES) :
— twice per day 9 km 137 levels, to 10 days ahead

Ensemble forecast (ENS):
— twice per day 51 members, 18 km 91 levels, to 15 days ahead

— Monday/Thursday 00 UTC extended to 1 month ahead (Monthly Forecast, 18/36
km )

Ocean waves: twice per day
— HRES-WAM: 10 days ahead at 14 km (coupled)
— HRES Stand Alone Wave (SAW) model : 10 days ahead at 11 km (*)
— ENS-WAM: 15 days ahead at 28 km (coupled)

Seasonal forecast: once a month
— 51-members, ~35 km 91 levels, to 7 months ahead
— sub-set of 15 members is run for 13 months every quarter (30 years of hindcasts)
— EUROSIP — Multi model seasonal is replaced by Copernicus Seasonal
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Model in focus

Integrated Forecasting System (IFS) cycles

* Cycle 43rl:

Upgrade to the dynamical ocean model used for the medium-range ensemble and its
monthly extension, new model output (ceiling, height of convective cloud top, height of 0/1
degree wet-bulb temperature, direct solar radiation, wave energy flux magnitude/mean
direction, significant wave height of all waves within a range of periods

* Cycle 43r3:

new radiation scheme, improvement in convection, new aerosol climatology, changes in
observation assimilation

* Cycle 45r1

consistent gains in the extended range. A key plank of the upgrade is enhanced dynamic
coupling between the ocean, sea ice and the atmosphere. The upgrade extends this
coupling to ECMWF's medium-range high-resolution forecasts (9 km horizontal resolution)

» Cycle 46rl1

Continuous data assimilation and introduction of a 50-member Ensemble of Data
Assimilations: weakly coupled data assimilation for sea-surface temperature in the tropics;
improvements in the wave model, the convection scheme, the radiation scheme and the use
of observations.
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Model in focus

BOLOGNA PLANS
48rl
— Single precision — operational implementation (HRES fc, ENS, extended-range)
— Unified vertical resolution (ENS, extended-range to match existing HRES L137)
— ENS horizontal resolution increase to 9-11 km
— Dally extended-range ensembles (ideally 51 members) *see separate presentation
— Maoist physics framework upgrade, multi-layer snow scheme

— pySuite-based analysis suites
— OOPS and COPE operational implementation

— NEMO 4, SI3

— Multi-layer surface variables / multi-layer soil scheme
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Services In focus

Time Critical applications (some examples)

application

IRELAND HARMONIE (LAM, resolution 2.5 Km, 65 vertical levels). It uses ECMWF boundary 2017
conditions.
IRELAND Data acquisition (to run DA on ECMWF HPCF) 2017
PORTUGAL ALADIN (LAM). 2013
ITALY COSMO-LEPS (LAM ensemble) 2004
GERMANY Disaster Backup NWP of DWD 2014
HIRLAM consortium GLAMEPS (LAM ensemble) 2010
SPAIN HARMONIE (LAM) 2015
AUSTRIA ALADIN-LAEF (LAM ensemble) 2011
SERBIA NMMB (LAM — nonhydrostatic multiscale model — NCEP). It uses ECMWF as 2017
boundary conditions
UNITED KINGDOM UKMO SSPS (Site-Specific Post-Processing System) 2013
GREECE COSMO 2018
SERBIA Nonhydrostatic Multiscale Model (NMM-B), 4Km resolution (IFS boundary conditions 2018
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L ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS 6



Services In focus

Availability of Boundary Conditions
optional programme data

ENS model levels (and more) from the BC optional
programme:

— Stored on FDB and available for 30 days

— More information here:
https://confluence.ecmwf.int/display/UDOC/ENS+BC
+model+level+data+in+MARS

The hourly data and 06/18 UTC forecast runs from its
Boundary Conditions optional programme are now available
to all users holding a real-time licence, upon request.
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BC optional programme members
can request the products via the
standard channel:

https://msaccess.ecmwf.int:9443/do/
product/requirements




Pull requests Issues Marketplace Explore
L
European Centre for Medium-Range Weather Forecasts

Embracing open development for ECMWEF software

- ECMWEF now available on GitHub o .
— Allows for easier code contributions —

- Package software on conda & pip
— Easy reach for Python community

 Ported key libraries to Windows
— Need help from community

Automatic set-up 1
Actions by contributor \

:
:

yr777 5. create pull request

— Test suites are running from GitHub

GitHub
public
git repositories

6. Pull requests will
be evaluate
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core software packages — not intended for
direct usage!



Products In focus

« Test products for winter cold spells (medium and extended
range)

 Point rainfall in ecCharts

* New forecast output fields (46r1):
— 200m wind, parameters on PV=1.5, 2
— QOcean waves
— Ocean fields
— Integrated water vapour transport EFI
— Extended-range EFI

* Reforecasts initialised from ERA5: more consistent model
climatology
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Products In focus

ECMWEF is a World Meteorological Centre

threshold

tpg<threshold> Total precipitation of at least 25, 50, 100
<threshold> mm mm WORLD
: METEOROLOGICAL
10fgg10 10 metre wind gust of at least 10 10 m/s ORGANIZATION
m/S Probabilities: 24hr total precipitation
ptsa_gt_<threshold>st Probability of 850hPa 1,15,2
dev temperature standardized stdev

anomaly greater than
<threshold> standard deviation

ptsa It <threshold>std Probability of 850hPa 1,1.5,2
ev temperature standardized stdev
anomaly less than - <threshold>
standard deviation

« All parameters are in GRIB edition 2
« Parameters available for ENS

 aa )
i’ ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS



Products in focus
Extended range EFI/SOT

Mon 16 Apr 2018 00UTC @ECMWF VT: Mon 16 Apr 2018 00UTC - Mon 23 Apr 2018 00UTC 0-168h Thu 12 Apr 2018 00UTC @ECMWF VT: Mon 16 Apr 2018 00UTC - Mon 23 Apr 2018 00UTC 96-264h Mon 09 Apr 2018 00UTC @ECMWF VT: Mon 16 Apr 2018 00UTC - Mon 23 Apr 2018 00UTC 168-336h
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Forecast performance in focus
Forecast performance: headline scores

2 primary scores
— HRES upper-air skill R .
— ENS upper-air skill :
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Forecast performance in focus
Comparisons with other centres — Z500 Northern Extratropics

500hPa geopotential

. CMC = sessrssssaan ERA5
Anomaly correla_tlon IMA KMA
NHem Extratropics (iat 20.0to 90.0, lon -180.0 to 180.0)
UKMO NCEP
ECMWF DWD

6.5

Forecast range at which the anomaly correlation drops below 85%
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

4
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Forecast performance in focus

WMO Lead Centre for Wave Forecast Verification (N.

KMA ——— DWD
significant wave height IMA —— UKMO ppid
Scatter index ——=—— ECMWF NIWVA Scatter index
NHem Exfratropics (=1 20.0t090.0, lon -180.0t0 180.0) —— ECCC NGEP NHem Extratropics (it 20.01590.0, lon -180.01a 180.0)
Date: 20180601 00UTC to 20190815 12UTC BoM — METFR Date: 20190601 00UTC to 20190805 12UTC
%ﬁemi b wave prod | Maan mathod: faie aqa;;api hw wave prod | Maan mathiod: fair

Hemisphere extratropics)
JJA 2019

KA

JMA — UKMO
—— ECMWF NIV A

ECCC NCEP

Bol ——— METFR

0.35

0.34

0.33

0.32

0.31

. T T T
(1] 1 2 3 4 5 . :
Forecast Day 0 1 2

T T
3 4 5
Frrecsst Nav

Significant wave height Peak period
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Forecast performance in focus
ENS precipitation (CRPSS)

12mMA of CRPSS reaches 0.10

7.5

day

s
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Forecast performance in focus

Frequency of large 2m temperature and wind errors - ENS

10m wind speed, Extratropics, Day 5, Score=CRPS

8

2 meter temperature

Fraction of large CRPS value >5.0

Extratropics (iat -90 to -30.0 and 30.0 to 90, lon -180.0 to 180.0)
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Outreach in focus

» Universal Tra UPINF

BIRL & 11pe:iscrware.ecrmtnwikilapiay P CT/Sovera vEvnt+Catalog 2

Pages / Forecast User Home

Severe Event Catalogue

@ Craatad by Flc

# Edt @ watch £ Share & Tools v

nodified by Linus Magn 2, 2014

On this space we collect material for evaluation of severe/extreme weather events, The
focus Is on the metearological conditions and the forecast perfarmance. The amount of
material differs from case to case, and we are not claiming to give the full pi
cases here. Users are welcome ta contribute with material for the cases by using the
comment function in the bottom of each page To suggest a new case to evaluate, please
contact us here (forecast_user@ecmwr.int). If you have any Initial comments and material
please include them In the mail

(Please note that s

me of the links on the pages are only accessible from ECMWF )

201409 - Floods -

akistan

Heavy monsoon rain during the first week of
September led to flaoding In north-eastern - 2
Palistan, and has killed about 280 people. -

201406 - Rainfall - Bulgaria

Feabtured

Read more . — An unstable alr mass triggered a lot of convection
accompanied by heavy thunderstarms, hail and
Foa 201408 - Rainfall - Sweden, Denmark tarrential rain across Bulgaria from 15 to 19 June
2014, Climatalogically June is one of the wettest
» Significant flooding, due ta a relatively months over mast parts of the countr

short-lived burst of convective activity,

3 Find: [ontrance | < Erevious > Next  Highlight all | | Match case

Nevertheless cainfall accimulations exceeded

Forecast User Home:

https://software.ecmwf.int/wiki/display/FCST/Foreca

st+User+Home
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Pages

Forecasting issues

| Forecast User Home &

Known IFS forecasting issues

< Save for later @ Watch <G Share

means no longer current, but these issues can be relevant when examining archived

Related activities

Created by Timethy Hewson, last modified on Dec 12, 2017
Please note that numberingfordering does nat indicate/imply any sort of priority. Recent entries/changes/updates are shown in green.
forecasts.

Topic title Deseription

2m

Temperature

T.2m In common with all models, 2m temperature forecasts from the IFS tend to have much larger errars, on average, during low level inversion situations, which are particularly | New reparting practices for

temperature in
the presence of

eomman at high latitudes in winter. The basic physical explanation is that a set change in atmospheric energy content has a much larger impact on screen temperature in | raiosonde data (‘BUFR" messages),
inversion situations than in unstable situations, because the energy change is commuted through a much smalier depth of the atmosphere (e.g. metres rather than

being introduced around the world,

inversions Kilometres]. The lower the inversion, the larger is the potential error. There is also sensitivity here to the method we Use to interpolate between air temperature at the could alleviate this problem
lowest model level (~10m) and skin temperature {2m temperature is a diagnostic, not direct model autput). somewhat, by providing model

analyses with a much more detailed
representation of the near surface
layers.

2. City Due to the urban heat island effect not being represented, sereen in large urban areas, particuls , are commonly too low compared to observations. | “Urban tiles' to be introduced in land

temperatures | The problem can be accentuated in winter by snow cover. surface scheme in due course.

toolow
Improvements due to radiation code
“fixes' were introduced with cycle 4182
in March 2016. In example cases the
impact of these changes has been
very positive. More substantial
radiation code changes are licely
the longer term.

T4 Meteogram | In adition ta the narmal problems of representing screen temperatures in complex topography in current-generation global models, the user should be aware that the Resclution upgrade in March 2016

temperature | method by which screen temparatures on heteograms are generated from model Screen temparatures assumes a Standard lapse rate (6.5°C orop per km increase in (41R2) has helped. Re-calioration

issues in altitude), and so if the difference in height between the site chosen, and the nearest madel gridpoint (as shown in the ENSgram title) is large, the scope for large project should help even mare

complex errors/oiases increases. This is especially true in winter-time whe inversions are more commaon: by definition an inversion implies a temperature increase with height, not a

topagraphy decrease, so the temperature correction applied could even be in the wrong direction. This issue is compounded by 2m Temperature issue T1 above.

5. China *cold | In produets that intrinsically display 2m temperature output in some ‘anamaly’ form - such as monthly forecast anom:

spot*

Pages [ Forecast User Home &

Changes to the forecasting system

Crested by Uberto Modigliani, st mafied by Dominiaus Lucss on har 27, 2078

Please note that for

On thess pages you can find information about planned changes 1o the IFS forecasting syste deseribing e
plannad changes this i 2 roceed i

Formal announcements of the implementation schedules for new madel eycles will still be made by email, and relevant information will then be posted on dedicated
pages on the ECMWE web site, where you can also find information about previous changes to the ECMWE foracasting system. The terminology used is described
in Terminology far IFS testing

Planned changes
« Implementatian of IFS Cycle 45r1 - IFS Gycie 45r1 planned implementation date 5 June 2018

Past changes

Implementation of Seasonal Forecast SEASS - SEASS implemented & November 2017
Implementation of IFS Cycle 43r3 - IFS Cycle 43r3 implemented 11 July 2017
Implementation of IFS Cycle 43r1 - IFS Cyele 43r1 implemented 22 November 2016
Herizontal rasolution inerease - IFS Cycla 41r2 implemented 8 Mareh 2016
Boundary-Condition Programme ENS at 06 and 18 UTC - implemented 8 July 2015

Twitter handle: #newfcsystem

, seasonal forecast anomalies, and in the shorter
ranges EF| and SOT - there has been a semi-permanent winter-time ‘cold SOt over eastern China. It is not real in the sense that temperatures are not always ‘below

# 50t OrSawforlater  © Wateh < Share

Mailing list

A mailing lst has been created ta inform interested parties
about IFS changes.

To subseribe to or unsubscribe, please send an email to
forecast_changes-request@lists.ccmwh.int

With the word subscribe or unsubscribe as Subject or
click subscribe

Alternatively access

t_changes, enter your email adaress and elick Subseribe

@E1C83MWF



Outreach in focus

User guide to ECMWEF products
https://software.ecmwf.int/wiki/display/FUG/Forecast+User+Guide

= CECMWF Spaces ¥  Calendars Create

. Pages B 2 Save forlater @ Watch <% Share
Forecast User Guide w
Forecast User Guide

T

SPACE SHORTCUTS

[ Forecast User Home

Q
PAGE TREE ==
+ 1 Introduction “Behind good forecast practices are often hidden good theories; equally, good theories should provide a basis for good forecast practices.”  Professor Tor Bergeron, personal communication, 1974
> 2 The ECMWF Integrated Forecasting System - IFS
> 3 Availability and Interpolation of NWP output . i A, | 3 " g
> 4 NWP Evolution versus Reality e foa"”’a.,d | = ‘ s ’ = S
> 5 Forecast Ensemble (ENS) - Rationale and Construction S o " - y \gl,ﬁ ; : .

> 6 Using Deterministic and Probabilistic Forecasts ; “ = —

5T - = .
; . . ‘\_mm”_r 4 Mo

T R e 1

> 7 ENS Products - Dealing with Uncertainty

> 8 ENS Products - What they are and how to use them

> 9 Physical Considerations when Interpreting Model Qutput
> 10 Interfaces for displaying Model Output

* 11 Conclusion

> 12 Appendices

j e
— N/ |
— [ty A ISG vyl .Im
m =4¢ ecCharts A > L - ¢ l

The aim of this User Guide is to help meteorologists make the best use of the forecast products from ECMWF - to increase understanding of the ensemble forecast process, to develop new
products, to reach new sectors of society, to satisfy new demands. The User Guide presents the Integrated Forecasting System (IFS) and advises on how best to use the output, not least on how
to build up trust in the forecast information. A good forecast that is not trusted is a worthless forecast. The emphasis is on the medium-range forecast products, as this is ECMWF's primary
goal, and because medium-range NWP output generally differs significantly from dealing with short-range or seasonal NWP.

This guide is intended to give an outline of structure and use of the ECMWF IFS and how the high-resolution forecast (HRES), ensemble forecast (ENS), extended range forecast and seasonal
forecast models inter-depend and interact. Links to more detailed descriptions of processes are given, mainly at the end of each section, whilst separate online ECMWF training resources are
also available to explain aspects of the ECMWF IFS more visually. Education is a key component of the work at ECMWF and further educational material is available through the web site (e.g.

o3 Space tools « Webinars (recordings), Slidecasts (slides and audio recordings), Tutorials, Training lectures (presentations in PDF))
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https://software.ecmwf.int/wiki/display/FUG/Forecast+User+Guide

Learning in focus

Our offers:

Courses are designed to enable
participants to develop an understanding
of advanced numerical forecasting and to
use ECMWF'’s services and products
effectively. We provide user learning
activities within C3S and CAMS

Areas

* Meteorology (NWP and use of
products)

» Software/computing

Other learning opportunities

 WMO Fellowship scheme
 Annual seminar

Technical courses (ecFlow,
ecCodes and online training
week) (195)

AN
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Data Assimilation
(including NWP-SAF

course) (55) OpenlFS (54)

Parametri-
Predictability ~ zation of
_ andensemble  physical
: forecast processes
(32)

Sy

o

--------

760 learners in 2019!
(September 2019)

Follow us #ECLearn

20



The European Weather Cloud

£ ECMWF 7 & EUMETSAT

¢
== Member& f__.
ﬁ Co-operating
—  States s
Py

77 o
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The European Weather Cloud

: SEES: Synergy of ECMWF Historical Dataset ML Model
OGC Web services : . :
and EUMETSAT Services Training / Blending
on full ECMWF forecasts : : N
: Display simultaneously EUMETSAT Large amounts of historical
without need of data transfer to DWD
OSI SAF forecast dat

ASCA’

.

d ECMWE forecasts

. _ In preparation
Staff just arrived to start January 2020

aibiidl  Coming in 2020

Participants: Switzerland, United Kingdom, France, Germany, Netherlands, Finland, Sweden,
Norway, Austria, Denmark, EUMETNET (discussions), ECMWF and EUMETSAT
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Highlights for next year
1. New ECMWEF strategy is currently developed
2. Discussion on moving towards open data
3. We are moving to Bolognha
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