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ECMWF - European co-operation at i1ts best: deliverables

= Global numerical weather forecasts
= Supercomputing & data archiving
= Education & training programme

= EU activities: Operating the Copernicus Climate
Change and Atmosphere Monitoring Services, and
contributing EFAS and FIRE to the Copernicus
Emergency Management Service

<> EC
A& 4 E MWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS




Model development, cycles and
strategy

The strategy and its goals are
always taken into account when
decisions are taken: “... European
weather for a month ahead’.

-----------------------------------------------------------
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GOALS BY 2025

To provide forecast information needed to help save lives, protect infrastructure and
promote economic development in Member and Co-operating States through:

Research at the frontiers of knowledge to develop an integrated global model
of the Earth system to produce forecasts with increasing fidelity on time
ranges up to one year ahead. This will tackle the most difficult problems in
numerical weather prediction such as the currently low level of predictive skill
of European weather for a month ahead.

Operational ensemble-based analyses and predictions that describe the range
of possible scenarios and their likelihood of occurrence and that raise the
international bar for quality and operational reliability. Skill in medium-range
weather predictions in 2016, on average, extends to about one week ahead. By
2025 the goal is to make skilful ensemble predictions of high-impact weather
up to two weeks ahead. By developing a seamless approach, we also aim to
predict large-scale patterns and regime transitions up to four weeks ahead,
and global-scale anomalies up to a year ahead.
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How do we achieve these goals?

Observations

High resolution ensemble
« Earth-system

« Scalabllity

* People and Collaborations
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ECMWF OBSERVATIONS

- satellites
- airplanes
- ships

- buoys

- radars

- balloons

- dropsondes
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ECMWF & satellite data
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Data coverage: 24 hour of data in the ECMWF system

. Infrared Radiances
. Upper Air in-situ

@ Surface in-situ

i

ECMWEF data coverage: 20180130 - 00 : 30 min

. NexRad ppn
. Microwave imagers

@ Microwave sounders

. Geostationary Radiances . GPSRO
. Atmospheric Motion Vectors . Altimters

@ Ground-Based GPS () Scatterometer
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Data Assimilation at the heart of improving the exploitation of observations

Current Early
Delivery 4D-Var
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Extra observations assimilated

in Continuous DA configuration Obs Obs\ Obs Obs
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Obs cutoff time

New Early
Delivery 4D-Var
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why satellite observations matter:
The cases of Florence and Mangkhut, 2018
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Advancing assimilation of novel instruments:
First-ever direct 4D-Var assimilation of space-borne cloud radar and lidar in NWP
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Advancing assimilation of novel instruments:

Aeolus concept successfully demonstrated !
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Advancing assimilation of novel instruments:

Impact of future MTG-IRS -- Wind impact increases with better time sampling

Approximate representation of MTG-IRS disk
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Advancing assimilation of novel instruments:
Impact of future MTG-IRS -- Wind impact increases with better time sampling

Approximate representation of MTG-IRS disk
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Advancing assimilation of novel instruments:

Impact of future MTG-IRS -- Wind impact increases with better time sampling
CTL: Conv + AMSU-A

Approximate representation of MTG-IRS disk EXP: CTL + 2 IASI + CrIS
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Advancing assimilation of novel instruments:

Impact of future MTG-IRS -- Wind impact increases with better time sampling
CTL: Conv + AMSU-A

Approximate representation of MTG-IRS disk EXP: CTL+ 21ASI + CrIS + AIRS
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Advancing assimilation of novel instruments:

Impact of future MTG-IRS -- Wind impact increases with better time sampling

CTL: Conv + AMSU-A

EXP: CTL+ 2 1ASI + CrIS + AIRS

Approximate representation of MTG-IRS disk
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Satellite Data for model verification

=» CM SAF surface radiation data (SARAH-ICDR) have become a
cornerstone of the operational forecast validation at ECMWF

= CM SAF data spatially extends the information provided through
SYNOP observations

a SYNOP verification b Satellite verification
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FIGURE 4 Bias in
downward surface solar
radiation (24-hour
averages) at forecast day
2 in November—
December—January
2017/18 from

(a) verification against
SYMNOP and

() verification against the
corresponding satellite
product from the Climate
Monitoring Satellite
Application Facility

(Cn1 SAF).
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Atmosphere
Monitoring

ECMWF’s NWP forecasting system (IFS) has been extended
with atmospheric composition variables and relevant
observations. Over 70 satellite instruments are used daily.

0, OMI, SBUV, GOME-2, MLS, OMPS, S5p
co IASI, MOPITT, S5p

NO, OMI, GOME-2, S5p

50, OMI, GOME-2, S5p Operational 5-day forecasts twice a day at 40
A MODIS, PMAp, VIIRS, 53 km resolution and 60 levels.

co, GOSAT, 0CO-2

o~ .
CH, GOSAT, IASI, S5p < ECMWF (Op‘?m!ﬁ'-;'ﬁ .

Commission



Atmosphere

Monitorin -
g CAMS aerosol optical depth forecast 13 October 2017 00UTC —_- -

orange - dust, red - biomass burning, blue - sea salt, yellow - fires -

—

CAMS AOD forecasts initialized on 13 October 2017. Storm Ophelia
transported a mixture of smoke, dust and sea salt aerosol across 2 ECMWE

: : : opernicus Cebsraon
Europe leading to the sun appearing red and to yellow skies. \orgmicys  EN |
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Atmosphere
Monitoring

LAST i Metop-A)

CAMS

IASI observations
Dust
NH;

Dust
Biomass burning

Figure c/o L Clarisse (ULB) from Clerbaux etal.

Ophelia winds advected Saharan dust closely followed by smoke from fires in
Portugal and NW Spain across northern Europe over several days from 16 October.
Near-real time monitoring of the event by CAMS showed excellent agreement with

NRT IASI observations of dust and ammonia.
o ecMWF (opermics

Ewsoge’s eyes an Earth

( HURRICANE OPHELIA AND CAMS AEROSOL FORECASTS

15 October pm 16 October am 16 October pm 17 October am

W v - Ew

CAMS AOD contributions

European
Commission



atmosphere  Uptake of Sentinel-5P in CAMS

L @  Avyear after launch, thanks to excellent

e collaboration with ESA and entities in charge
of Level-2 processing, 6 products are already
used in the CAMS system.

Operations @ECMWF could start on the
same day as ESA released officially each

product.

Species | Status Since

NO, Operational monitoring | 11/07/2018

CO Operational monitoring | 22/11/2018

SO, Off-line monitoring 22/11/2018

HCHO Off-line monitoring 22/11/2018
R ' CH, Off-line monitoring 22/11/2018

Example: NO, tropospheric column from

Copernicus Sentinel-5P (7/10/2018) < ECMWF (OP*?EQ!E'-:'E E oo



C3S portfo

Climate
Change

Observations, climate data records and climate

Courtesy:
Philip
Brohan
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Seasonal forecasts
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26 3an 2017

The Copemicus Climate Change Service (C35) is doveloping 50a50nal (0recast products, with @ target
publication date of 15" of each manth. These products are based on data from several state-of-the-art 06 Dec 2016
Seasonal prediction systerns. Report Reassasses Var

The current proof-of-concest phase includes graphical forecast products for & number of variabies (air and
503-surface temparature, atmospheric Crculation and precipitation); the forecasts are updated every
month and cover a time range of 6 months. The interface to the kst of products offers links to maps or )
timeserias for the foracast variadles, and the facilty to navigate the full set of graphics. Multi-system

combinations, as well as predictions from the Individual component systers, are svallable.

Projected changes in annual mean temperature (left) and annual precipitation (right)

centres curmently providing forecasts to C3S are ECVIWF, The Met Offce and Mécdo- France; at 3 later EVENTS c [ o M
stage Deutscher Wetterdienst and Centro Euro-Mediterraneo sul Cambiament) Ciimatici wil be dded to Aok 73 S
the bt

3 Nov 2017 SRES A2 s soo- o 7

T http://climate.copernicus.eu
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ECVs

Climate
Change

Ceean

evolution

Atmospheric physics

Precipitation

Surface Radiation Budget
Water Vapour

Cloud Properties

Earth Radiation Budget

Atmospheric composition

Carbon Dioxide
Methane
Ozone

Aerosol

Sea Surface Temperature
Sea Level

Sea ice

Ocean Colour

Land hydrology & cryosphera

Lakes

Glaciers

lee sheets and ice shelves
Soll molisture

Land blosphere

Albedo
Land Cover

GCOS

435
436
453
454
455

471
472
474
475

531
533
535
537

6.3.4
6.3.6
6.3.7
6.3.16

B39
6.3.10

Fraction of Absorbed Photosyntheti 6.3.11

Leaf Area Index
Fire

B6.3.12
6.3.15

I N

C3S

C35_31ia

2017

Lot &
Lot &
Lot 4
Lot 5
Lot 3

Lot 2
Lot 1

Lot 8

Lot 7

Lot 9

Lot 9

Lot 9

2017

2018

2018

(satellite data)

€35_312b

2019

2019

Lot 1

Lot 2

Lot 3

Lot 4

Lot 5

2020

2020

2021

2021

an
ssion

Coordination with CM-SAF / ROM SAF /
ESA CCl / Uni. Maryland / NASA / NOAA

Coordination with ESA-CCI and other
national projects, CAMS

Coordination with ESA-CCI, CMEMS

Coordination with ESA-CCI, GlobolLakes,
Arc-Lake, HydroWeb

Coordination with ESA-CCI, CGL, QA4ECV,
LSA-SAF
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Climate
Change

ECV products derived from observations

C3S 312b-Lot1

TCDR examples:

GPCP Monthly v2 3 2.5 degree: global mean

Addresses the following five Essential Climate

28— | —
Variables (ECVs): g 1 Ml A ﬂ Jll j‘ } 411* | h ‘.‘ i
T “MU ! M it
e precipitation g:“’_ | ‘ ' | | Iy I
4 Surface radiation bUdget GPCP Monthly v2.3 2.5 degree: 01/1927.3—08/2018 I v |
e water vapour
e cloud properties and

Earth radiation budget.

Several Thematic CIirhate Data Records (TCDRs) and

Interim Climate Data Records (ICDRs) to be brokered
and to be generated for C3S, associated with all
services to provide an easy access via the Climate
Data Store (CDS). For all ECVs, and largely consistent
with the provided TCDRs, respective ICDRs will be D

provided. ool . RMI

Commission



https://public.wmo.int/en/programmes/global-climate-observing-system/essential-climate-variables
https://cds.climate.copernicus.eu/cdsapp#!/home

CM SAF Contributions to C3S: TCDRs

In more detail, CM SAF TCDRs are addressing

e ECV surface radiation budget
CLARA-A2 surface radiation

152
EUMETEZE]

CMSAF  surtace Downwelling Shortwave Radistion (SSR) [W/m?]

|
‘ 10 20 170 250
i
|

-c ECMWF OpEermCLgls m European
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CM SAF Contributions to C3S: TCDRs

Climate
Change

In more detail, CM SAF TCDRs are addressing

e ECV surface radiation budget

CLARA-A2 surface radiation
| )

e ECV water vapour . .

0 10 20 30 40 50 60 70 80 90 100

Upper Tropospheric Humidity [UTH] (%)

|
> & ~ Total Column Water Vapour (HOAPS) ot Cotem ete Vs

Upper Tropospheric Humidity




Climate
Change

CM SAF Contributions to C3S: TCDRs

Mean Cloud Ice Water Path for 1982 - 2015

In more detail, CM SAF TCDRs are addressing =«

Tff*,’, ;k"
‘ ig!:"'ﬁ-_“

Mear; Cloud Liquid Water Path for 1982 - 2015

e ECV surface radiation budget
CLARA-A2 surface radiation
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o E CV Wate r Na p O u r' Cloud Ice Water Path (kg m~?) sl

60°S

~ Total Column Water Vapour (HOAPS) e T

CM SAF
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Cloud Liquid Water Path (kg m~2)
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e ECVcloud properties
CLARA-A2 cloud properties

CFC




Climate
Change

CM SAF Contributions to C3S: ICDR

The TCDR’s have been delivered and will become
visible via the CDS shortly

Through EQC C3S will provide Feedback to CM SAF

products

|
For the ECV’s Surface Radiation & Cloud

Properties, C3S will rely on the ICDRs generated at
CM SAF as soon as they become available

(Q3/Q4 2019)

TCDR: Lo

ZMLBA

Cloud Fraction [%)




CM SAF Contributions to C3S

Climate

Change Support to European State of the Climate 2018
(opemcs

e L

European
State of the
Climate 2018 -

™

-> CM SAF Sunshine Duration for Europe

Europe experienced up to40% more sunshine hours than
average, and in Germany it was the sunniest year on
record. Only in southern é’urope was sunshine duration
below average. |

w©

Sunshine Duration Anomaly 2018 [%]
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- The complete report is available online:
(. climate.copernicus.eu/ESOTC
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Conclusions

« Satellite Observations are key for ECMWF core NWP:
— Model development
— Model validation
— Model initialization

— Model verification

« ECMWEF strategy and partnerships push R&D to increase the exploitation of
satellite data and maximize their benefit

» Copernicus Services further the critical importance of satellite products in
many application areas

 Collaboration within Europe is a multiplying factor

<> EC
WE MWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS
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Implemented by ECMWF as part of The Copernicus Programme News Events Press Tenders Help & Support
‘ /‘/1\ Climate

Change Service ABOUT US WHAT WE DO DATA QSEARCH

Key products and services h‘m;&‘ il
climate.copernicus.eu

@copernicuseCMWF
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