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SENTINEL-1:

4-40m resolution, 3 day revisit at equator

SENTINEL-2:

10-60m resolution, 5 days revisit time

SENTINEL-3:
300-1200m resolution, <2 days revisit

SENTINEL-4:
8km resolution, 60 min revisit time

SENTlNEL_Sp: S5P in orbit
7-68km resolution, 1 day revisit

SENTINEL-5:
7.5-50km resolution, 1 day revisit

SENTINEL-6:
10 day revisit time

S1A and 1B
in orbit

S2A and 2B in
orbit

S3A and S3B
in orbit

1st Launch
2022

1st Launch
2023

1st Launch
2020

=ecmwr (opernicus

Polar-orbiting, all-weather,
day-and-night radar imaging

Polar-orbiting, multispectral
optical, high-resolution imaging

Optical and altimeter mission
monitoring sea and land parameters

Payload for atmosphere
chemistry monitoring on MTG-S

Mission to reduce data gaps
between ENVISAT, and Sentinel 5

Payload for atmosphere chemistry
monitoring on MetOp 2"Gen

Radar altimeter to measure sea-
surface height globally

European |
Commission
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Example: NO, tropospheric column fro
Copernicus Sentinel-5P (07/10/2018)

Observations are essential, but direct use
Is generally limited:

gaps in space and time

observed quantities may not be directly
relevant (vertical column vs nose-level
concentration)

Complex and numerous

What services do:

blend observations (satellite and non-
satellite) with model to provide a
consistent “picture”

forecasts, some days ahead
reanalyses over past years, decades

European
Commission
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DATA ABOUT Us WHAT WE DO Q§EARCH

(opernicus £ ECMWF

: We provide consistent and quality-controlled information related to air
. pollution and health, solar energy, greenhouse gases and climate forcing,

Today's air quality forecasls

el Press Tenders  Helo & suppeet

CAMS provides operational

information products based on

S ECMWF

Q)permcus

Earth Observation about:

past, current and near-
future (forecasts) global
atmospheric
composition;

the ozone layer;
European air quality;

emissions and surface
fluxes of key pollutants
and greenhouse gases;

solar radiation:

climate radiative forcing.

European
Commission

Europe’s eyes on Earth
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CAMS users

Monday 23 May 2016 00U TC CAMS Formcast 1.036 V- Tus saay 24 May 2016 12uTC
Dust Asrosels Optical Depth a1 550 nm
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40km Globe
(twice daily, d+5)

CAMS main operational data
assimilation and modelling systems
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Health advice for moderats, high or very high poliution =
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Atmosphere
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& CAMS aerosol optical depth forecast 13 October 2017 00UTC —— -

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

CAMS aerosol forecasts initialized on 13 October 2017. Storm Ophelia oA/Neil Pugh, BaC
transported a mixture of smoke, dust and sea salt aerosol across Europe — Cohem
leading to the sun appearing red and to yellow skies. SSECMWF  \OPETNeds
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Evaluation of Aerosol Optic%l Depth  REROWET

The CAMS global reanalysis covers the period 2003 to end 2019.
It is a marked improvement over our previous datasets (MACC reanalysis and CAMS interim reanalysis).

CAMSRA (2003 2016)
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Evaluation of total column CO

7~ NPRODUCTS: Past global atmospheric composition
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The anomalous 2019 ozone hole

5 , has closed. It has been the smallest
O o o - _— - , since the early 80s. This possibility

/ _ was mentioned by CAMS to the
@ press in mid-September already.

*@‘ “@ 1@
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BEAE o seon Nows Sport Reol Workiife Travel Futwra M
' ~ - - NEWS
p Hame Videa Workd UK Business Tech Science Stories Entertainment & Ars
-/ . L ’ Science & Environment
2019 ozone hole could be smallest in | SFIEEELONLINE spreceum Q
== Meni | politic Meinung Wirtschaft Panorama Sport Kultur Netzwelt nenr W
15 Sep 2006 12 Sep 2007 18 Sep 2009 25 Sep 2010 17 Sep 2011 15 Sep 2013 01 Oct 2014 three decades -

. WISSENSCHAFT ; oat12280

f © v B <
Erfolg im globalen Umwelschutz

Ozonloch so klein wie vor 30 Jahren

; -
@ e Die Ozonschicht der Erde hat sich offenbar groBflachig das berichten Forscher. Das
A friher bedrahliche Loch in dem UV-Schutzschild ist so kiein wie zuletzt 1989,

(Copermicus € ECMWF
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20 Southern Hemisphere ozone hole area
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MLS analysis (BASCOE)

IFS Linear schemes

rd.h7c4_240x121x137_22003241200.grhdim_240x121x137_202003241200.gr
O3 [ppbv] at 475.00 [K] :
’ILS_05.07E_202003$41200_L137.ncl

3629
2911
2192
1474
756

37

IFS detailed schemes

IFS-CARIOLLE

GO3 [ppbv] at 475.00 [K]

IFS-CB05/BASCOE

IFS-HLO

GO3 [ppbv] at 475.00 [K]

03 [ppbv] at 475.00 [K]
nl.b27e_192x97 202003241200

IFS-MOCAGE

=eomwe (opermicus g

BIRA-IASB contribution: Ozone layer — validation + development

Detailed representation
of stratospheric
composition is a
repeated user
requirements.

Developments have been
essentially completed and
the next step is

transferring to operations.

Opportunity to assimilate
certain satellite
observations, which are
nn'l- Ilf'\f\f'l 'I'I\I'If\ll

UL UoCU luuay.

Users: academia (ozone
hole, climate...) and NWP.

European
Commission
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Carbon dioxide emissions (10*3 kg)

)

1000 0o 10000 100000.0 Carbon dioxide emissions (103 kg)

< . >

10.0 100.0 1000.0 10000.0 100000.0

Emissions are both an input to CAMS global and regional systems and a popular product.
Entirely new datasets have been released covering 2003 to 2020 (extrapolation).

Example: CO, emissions from shipping activities.
(lead provider: TNO, NL)

European
Commission

~ECMWF \opernicus
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GLOBAL PRODUCTS: DAILY ANALYSES AND FORECASTS

Atmosphere

Monitoring

ﬁ [0 https://atmosphere.copernicus.eu/charts/cams/methane-forecasts?facets=undefined&time=2020112200,90,2020112518&projection=classical_europe e

Methane at surface [ ppbv ] (provided by CAMS, the Copernicus Atmosphere Monitoring Service)
Results Sunday 22 Nov, 00 UTC T+90 Valid: Wednesday 25 Nov, 18 UTC

12 matching items

Forecasts

ts\svn\ README txt - pol forecasts
S aerosol forecasts

Carbon DIOXIde forecasts

@ CAMSc n dioxide foreca
Carbon MonOX|de forecasts
CAMS carbo

. Formaldehyde forecasts
® CAMS formaldehyde forecasts

“STE5 Methane forecasts
¢ CAMS methane forecasts

M Nitrogen Dioxide forecasts
o 32 CAMS nitrogen dioxide forec

i

gﬁ Particulate matter forecasts
1 CAMS particulate matter for.

Ozone forecasts
CAMS ozone forecasts

w22 Sulphur Dioxide forecasts
CAMS sulphur dioxide forec...

@& Uvindex forecasts .
S CAMS UV index forecasts VT I Mon 23 | ue 24 Wed 25 I I
1 ] 1 ] 1 1 1 1

|||||||
1660 1700 1740 1780 1820 1860 1900 2320

Analyses

\Q\Q&’;& Fire activity analyses
] CAMS fire activity analyses

O &

* Twice daily global analyses
(00, 12UT) and forecasts up
to +5 days, 40km resolution

* CAMS site provides all data
(and many charts)

* GHG products CO, and CH,:
global analyses in delayed
mode (4 day behind) at
9km resol.

Methane forecast on 2020/11/25 (today) at 18UT
from analysis on Sunday at 00UT

European
Commission

&tcmwr (operious



Atmosphere

Monitoring  QOver Europe, a multi-model ensemble
' is used to deliver forecasts (with
uncertainty).

e, L e\ e SO » |t has now 9 operational members
‘ L 4 (CHIMERE, DEHM, EMEP, EURAD,
T g GEM-AQ, LOTOS-EUROS, MATCH,
| -d « 27 13 T | MOCAGE, SILAM) and 2 more are
| ) 1o o W B3| ramping up (MONARCH, MINNI).

i Y 7 é‘"ﬁ: e 75 AR . . .
s < ook j By * These are the leading air quality

PT Y e Eae TEo models in Europe, leveraging on
= L ol national efforts and expertise in 10 EU
N\ Member States.

* 10km by design.

S ECMWF \opemicus | R e
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CAMS global and regional forecasts seen in the highly successful
Windy app and website.

Here: NO2 forecast by AQ ensemble on 2020/11/20 (Wednesday)
at 16UT from analysis on Monday at OUT

@—) c @ ’@ & https://www.windy.com/-Show---add-more-layers/overlays?camsEu,n02,2020112515,50.060,8.207,6 e @ ﬁ‘ B/ v oM S 9 »
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CAPE Index
Waves

Swell

Swell 2

Swell 3

Wind waves

Sea temperature
Currents

NO,

PM2.5

Aerosol

Ozone layer
SO,

Surface Ozone
CO concentration
Dust mass

Fire intensity

Pressure

Weather warnings

Outdoor map

IMPLEMENTED BY

<> ECMWF

X

Subset available for viz
on Windy
(in addition to weather):

Gpgmiggﬁ

NO,
PM2.5
Aerosols
O,

SO,

CcO

Dust
Fires

European
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Annual Air Quality interim assessment
reports based on ensemble reanalysis of
UTD E2 datasets: available July year N
for year N-1. Includes analysis of key
episodes and effect of natural
contributions for supporting reporting

- activities in MS.

Annual Air Quality assessment

reports based on ensemble reanalysis of
validated datasets: available Q3 of year
N for year N-2.

In collaboration with

European Environment Agency 3}5‘}

0

avganral S W gma

20 30 40 50 100
PM1o Concentration / pg m3

Example: PM10

http://policy.atmosphere.copernicus.eu

- European |
Commission
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Daily Concentrations

Pollutants Forecast Base Time Valid Time
- &  2020-06-09 2020-06-09 -

From Europe
Trafiic

L; Ihdustry

4 O

Residential
' reduction: -15%
Agricuture

O

Emissions of the main activity sectors

Color scale upper limit

la

0 10 20 30 40 S0 60 70 80

Concentration map Difference map Country scenario

PM10 daily mean (ug/m°)
T ¢ Gdansk
+ gdom |
eManch: s Hamburg .‘ 4
e 8r emen -2
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Difference between the reference PM10 map including only the main anthropogenic sources
and the user scenario assuming a Europe-wide uniform reduction of: Agriculture: 0 % ;
Traffic: 60 % ; Residential: -15 % ; Industry: 20 %

X Get map

Co-designed with EU Member States and operated using

F one of the ensemble members (CHIMERE, Ineris, FR).

The CAMS ACT has been recently
adjusted to support European Member
States with the management of air
quality during the COVID-19 crisis.

Pollutants Forecast Base Time Valid Time

Daily Concentrations :§ PM10 - @ 2020-06-09 2020-06-09 b3

Concentration map Difference map Country scenario
. Largest country-contributors to daily mean PM10 concentrations at Paris
(left: reference, right: scenario)
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From France B France
raflic Natural
reduction: 70% 50 W Shipping
) B BIC
B eelgium
sy - 40 W Netherlands
B UnitedKingdom
: E
2 30
o
—
Resicental =
reduction: 5% = 20 ref =
- ) scen =cen ref
= N
Agrodlute 10 -
mducdun: 0% ref
- = Hm BN oo
I | | [ =4
Tue, Jun 09 Wed, Jun 10 Thu, Jun 11 Fri, Jun 12
IMPLEMENTED BY .
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*

2018/01/23 | §i§

PM10 ug/m3

PRODUCTS for Air Quality managers

For the European capitals, daily analysis of local versus large scale contribution to air pollutant
concentrations. Where does pollution come from? What is the chemical composition of PM?

Brussels * 2019/04/23 @ =

+ 2019/01/24 M

8 Largest Country-Contributors to PM10

Pollutant-~ PM10 = Chemical Species in PM10
@ Brussels teykjavik /
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i —a - p rance
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Germany ~ Oslo T.Wnn © NH4
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® Switzerland . i Warsi SOA
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L Vienna w v
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Amsterdam B Sources i BN E
Lond Rotterdam sbon"e b
L) : Local Mh:ru Nlo:sh
External
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Frankfury Brussels - EMEP ssals - EME
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Highcharts.com © Natural Earth
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7~ B EXAMPLE

by
’?\;m?s‘ph.ere On Sunday 10 May evening, strong sulphurous smell = mEe  aeee o
onitorin 2 ey

are experienced in Paris area. CAMS was used to bring Une odewt de soulre Induiétante s'stend de Lill jusqufa Nantes : on
first insights about the situation. s S S B
tivités humaines. On vous explique.

Daily Forecast Country Attribution Chemical Species AR " 2
Régis Crépet »* ™\ L
@RegisCrepet

+

8 t Country-Contributors to PM10 .
B e e #Odeur de soufre en IDF ? c'est lié au changement de masse

d'air et de l'arrivée brutale de I'air froid de mer du Nord,

: w&"‘!m . : H " ]

L rabattant aussi les odeurs vers Paris. Quant au ciel "orange'

@ Netherlands N 1 ~ s . " P

» Sy au-dessus de la Capitale, c'est d0 a la réflexion des lumiéres

\!‘ . e de la ville sur les nuages bas ~ twitter.com/m_parrington/s...
Others*
'L i i Mark Parrington @m_parrington = X e
N Ay FvY -~ Flne partICL”ate matter Cold front clearing surface PM2.5 #airpollution across UK & NW Or, la France a connu ce week-end une violente activité électrique. Pas des milliards
i p0||ut|0n was mostly poris - EMEP Europe on 10 May continues across Europe through coming days. d’éclairs, bien sdr, mais en nombre suffisant pour produire des oxydes d’azote, comme
= @COQaniCUSECMWF Atmosphere Monitoring Service @ECMWF I'explique Mark Parrington dans un tweet (en anglais) :

regional ensemble forecast visualized by @windyforecast

coming from Benelux

z : o windy.com/-PM2-5-pm2p57?¢... @CopernicusEU Cold front clearing surface PM2.5
o #airpollution across UK & NW Europe on 10 May
continues across Europe through coming days.
@CopernicusECMWF Atmosphere Monitoring
: T Service @ECMWEF regional ensemble forecast
L Chesticxl Spaciealn P10 visualized by @windyforecast https://t.co
w L (et v e [Erlw4r6Fm7 @CopernicusEU
AN 8 sha S pic.twitter.com/LrOWsh5YBO— Mark Parrington
e g e Wagew SR Chm (@m_parrington) May 10, 2020

Parls . ® @
® Zuncn -Sgdapest
Lyon reb
¥ &H:m Zyor Bucharast

R s Nitrate, ammonium
we 7 and sulfate

/ principally

- Une onde de pollution

On I'a vu ce week-end, et on ne peut que le remarquer depuis ce lundi matin : aprés
des flux de sud-ouest qui ont fait remonter sur la France des orages puissants et
durables, un immense front froid, venu du nord-est, a rapidement repoussé cet air
chaud et humide pour apporter ses températures fraiches jusqu’au sud de la Loire.

Pariz - EMER

E
-‘ ; / 2067 23:12 - 10 mai 2020 ® RIEEEY C :
. - = - 2 c opernicus European
‘ P [ = O 1202 personnes parlent ace suiet > w E MWF 3 p Europe’s eyes on Earth Commission
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Latitude (°)

Supplementary products

Greenhouse gas fluxes (CO,, CH,;, N,0) Climate forcings

MACC-GHG F ysis Flux D 2011

Mean CO2 Fluxes [gC/m2/day] mean =0.039
WOV VOW TOW NO'W W SrW 40 BW

red - sources blue - sinks MACC Aerosol Forcing derived from MACC reanalysis Global Monthly Mean January 2003

P I aap— Anthropogenic SW direct forcing at TOA allsky [ Wm-2 | min=-6.602 max=0.813 mean=-0.537

“JADE" Monthly average GHI map (2005-2017): Jan.

2))
» IO

"JADE" CAMS radiation
Monthly average Global
Horizontal Irradiation
maps over Africa

Units: KWh/m?

Spat. resol.: 0.2*

(c‘Jpemicus - APRIL 2018
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Atmosphere CAMS provides detailed info about how its products are produced and their quality

Monitoring

https://atmosphere.copernicus.eu/index.php/quality-assurance

Large efforts by international consortia of external experts using

independent observations provide extensive validation, e.g. :

* 3-monthly validation reports of NRT products (global, AQ/EU, ...)

e Annual validation report of reanalysis

e Automatic monitoring plots:
https://global-evaluation.atmosphere.copernicus.eu/
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Validation of ozone layer R
using independent satellite obs £ ECMWF @pernlcug
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http://ads.atmosphere.copernicus.eu

@—) C @ [@ & https://ads.atmosphere.copernicu s & ﬁ] = v oM 20 »

Eurapean

Compissian
—_—

Variable ®

Ammonia
Nitrogen manoxide

Ozane

PM2.5, anthropogenic fossil fuel carbon only

Peroxyacyl nitrates
Sulphur dioxide

OPErnicUs

Europe’s eyes on Earth

IMPLEMENTED BY /_\ At h
< mosphere
c ECMWF Gl Monito':ing Service

1 |Register (once, instaneous, free) —>

Your feedback helps us to improve the service

Birch polien Carbon monoxde
Grass pollen Nitrogen dioxide
Non-methane VOCs Olive polien

@ Particulate matter < 2.5 ym (PM2.5)
PM2.5, anthropogenic wood burning carbon only
polien

Particulate matter < 10 pm (PM10)
PM10, wildfires only
Secondary inorganic aerosol

Select all Clear all

Model @

B Ensemble median
8 MATCH
@ DEHM

& CHIMERE B EMEP

B LOTOS-EUROS
-] @ SILAM 8 EURAD-IM
8 GEM-AQ
Clear all

Level @&

60
1000

Select all Clear all

Date

Start:
2020-01-01

Fill-in form

End:
& 2000-03-14 ™

Based on CDS

Climate
{11 Change Service

climate.copernicus.eu

Search results

Datasets 2

B .

Search catalogue

ozone |
Sort by
Y Showing 1-4 of 4 results for ozone x
Relevancy
Title - —_— . .
Tipe & CAMS solar radiation time-series
1 such as aerosol optical properties, water vapour and ozone concentrations, and these are taken into
$ Variable domain
€ CAMS European air quality forecasts
P: ter famil
¥ Fammeteriamly steps at seven height levels. Note that only nitrogen monoxide, nitrogen dioxide, sulphur dioxide, ozone
9 Spatial coverage
- .
& CAMS global reanalysis (EAC4)
Product
3 Productupe ethers, Organic matter aerosol optical depth at 550 nm, Organic nitrates, Ozone, Paraffins, Particulate
9 Temporal coverage
€ CAMSglobal reanalysis (EAC4) monthly averaged fields
matter aerosol optical depth at 550 nm, Ozone, Particulate matter d < 10 um (PM10), Particulate matter d
mass concentration of pm2p5 ambient aerosol in air
£ Am =
e = L
ZIENS_ANALYSIS nc o el &
+ latitude =
’
- =
~_
™ R = ey
R \‘ e
)
wnload and use data
= N )
= { - —
o, } oS
7 [ =N
| Arrayts) |/ Scale | Map ' Overlays | Shading | Contours | Vectors | Labels |
Scale Range:  Min.: 0. Max: 30 FiroData Color Table: (CTINN CB Reds_08.cpt B
IMPLEMENTED BY .
L2 ECMWEF \.OpPernicus European
A\ 4 Europe’s eyes on Earth Commission




Atmosphere
Monitoring

https://atmosphere.copernicus.eu/european-air-quality-information-support-covid-19-crisis

Maps and animations of
the latest situation in
Europe.
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How consistent are surface
and satellite
measurements?

CAMS currently contributes to a number of epidemiological
studies trying to evaluate the links between air pollution and
COVID-19 (effects of long- and short-term exposure; fine
particulate matter as a potential vector in air for the virus?...)

CAMS regional air quality forecasts: Météo-France, Ineris (FR)
CAMS COVID-19 scenario forecasts: Ineris (FR)
CAMS website: ECMWF
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