Consistent, quality-controlled information
on atmospheric composition worldwide
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OUTLINE

* State-of-play with the implementation of the Copernicus Atmosphere
Monitoring Service

* |IRS “wish list” for CAMS (focusing especially on air quality)
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PROGRAMME DEVELOPMENT

Now

From research to operations
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WHY INFORMATION SERVICES ARE NEEDED?
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Ao Observations are essential, but direct

use is generally limited:

e gapsin space and time

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

 complex and numerous

D0 Y

What services do:

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

. T o A * forecasts, some days ahead

N Example: NO, tropospheric column from * reanalyses over past years, decades

Jﬁ Copernicus Sentinel-5P (16/05/2019, yesterday!) & ECMWE (gp‘?fﬂ!?.‘ﬁﬁ o o |
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More than 70 individual
satellite data streams in
: CAMS daily operations
e (composition is on top

l = Y ofEcMWENWP)

Number of satellite data products actively assimilated at ECMWF
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‘ CAMS VALUE-ADDING CHAIN
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e e T In-situ observations
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STATISTICS FOR AEROSCOL FROM AQUA/MODIS

Observation-minus-model statistics are automatically
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5( CAMS GLOBAL AND REGIONAL FORECASTS

AAtmosphere
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* Twice daily (based 00,
12) NRT global analyses
and forecasts up to
+120h, 40km
resolution

e Daily (based 00) NRT
European analyses and
forecasts up to +96h,
10 km resolution

* Delayed mode (4 day
behind) global analyses
and forecasts of CO,
and CH,, 9km

CAMS regional forecasts seen in the highly successful Windy
app and website (operational service starting next month!). S ECMWF Gpeﬁ!"PUS [
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Atmosphere CAMS opened in September 2018 a webpage following Southern Hemisphere ozone hole area
Vionitoring - raquest from DG-CLIMA to provide ozone layer monitoring * ==

20 2018

& — forecast
information for the EU (previously they were using NASA). &*
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(™NBTHE CAMS REANALYSIS

Atmosphere The dataset covers the period 2003 to end 2017. This reanalysis is a marked improvement over our previous
Monitoring datasets (MACC reanalysis and CAMS interim reanalysis).
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Monitoring

Carbon dioxide emissions (103 kg)

YT

100 1000 1000.0 100000 100000.0 Carbon dioxide emissions (10”3 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 2019
(extrapolation). Example: CO, emissions from shipping activities (provider: FMI,

Finland ) 3 S ECMWF Lopernicus B oo



k BEYOND AIR POLLUTION: POLLEN FORECASTS

Atmosphere

e ‘8’ CAMS daily maximut

b 4 September 2018

While many people regard spring
as prime pollen season, one type
of pollen wreaks havoc in the late
summer and fall. Ragweed pollen
usually reaches peak levels in mid-
September; this type of pollen can
cause seasonal allergic rhinitis.

forecast
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What happens today
G if emissions from
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DAILY SOURCE APPORTIONMENT INFORMATION

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?

8 Largest Country-Contributors to PM10

e 2019/01/23 4 =
= City~ i
. = Brussels = . 20190124 g =
= Pollutant~ PM10 - Chemical Species in PM10
ssels eykjavik
of Be «

L]
2o
$3g8
g
a 2
&
E

® R
® Fi
® Uni [ ]
‘ * :e Osle 1l © NH4
® e e < bow
ﬁ @ Lux: 9 e Copenhagen Vilnius ® EC
® Switzerland o A Warsiw soA
NCD) Natural London, . PMW
Tox Othes Luxembourg ® FFIRE
272" ienna 2y
FRA, JCHE] Bern
M Liubljana  pucharest
.
sterdam sources 1 s Rope N8
London Rotterdam spente e °
5 o 8 Loca o Nicgsi
External
Brussels © Rest valleta
Frankfurt
o Brussels - EMEP Brussels - EMEP
Luxembourg 75
e . . Highcharts.com © Natural Earth —3 75 =
2019/01/23 | . Brussels - EMEP = =
100
E 50
- g
£ < 2
£ A 8
3 50 E 25
a
=
& (B 0
N _AE A 7\ dian Wed Jan 23 Thu Jan 24 FriJan 25 Satjan 26
at Jan

Thu Jan 24 FriJan 25 SatJan 26 ¥
3

Wed lan 23 Thu lan 24 Frilan 25 Sat lan 26

S ECMWF Gpemicus [

Eusrope’s eyes on Earth Commission



hst

% N CAMS PARTNERS WITH KEY INSTITUTIONS

Atmosphere

Monitoring

https://public.wmo.int/en/our-mandate/focus-

areas/environment/ozone

o
METEOROLOGICAL
u CRGAMIZATION -q _
Vicsihe: - wa

Ourmandate  Programmes  Projects Resources Media  Events Aboutus  Extranet

Ozone

Ozane Is a form of axygen with molecules carrying three atoms

km of the atmesphere, and In the stratosphere, 10 to 50 km above
tne ground. Ozone acts as a shield protecting us against harmful
ultraviolet radiatlon from the Sun

n tropasphe ne-CO-NMVOL chemistry. Stratspheric ozone is modellad with 3 linearized scheme. A
bel' d I this dﬂcmn!n[

WMO’s public website features some
headline CAMS forecasts since July 2018.

nstead of two. Ozone is found Dotn In the troposonere, the lawer 10

EEA provides information about air quality
observed by Member States across Europe in the
last 48h and forecast from CAMS for the next 48h.

%} European Air Quality Index - Forecast 2019-01-16 10:00 UTC+1

Q SAE Country (1)
AL .

Stations Al

Past Forecast
Now
Info
| Montferrand
.4 ArQualtyindex
L1 Fair(duetoPM25) b @

Montferrand (FR07004) Accumulated number of days - past 100 days [ e —
Air Quality Index Fair (due to PM2.5)
Date 2019:01-16 1000 UTC+1
France
Clermont-Ferrand

Urban
Pollutant Concentration (yg/m3)

PM25  119%
NO2 9%
03 »
(#)values based on modelled data

http://discomap.eea.europa.eu/map/AQl/ViewerCAMS/
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Atmosphere CAMS products are now reaching ‘
>100 million people worldwide

Monitoring
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"Helps with my day before
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Atmosphere BAE o s News = Sport Weather iPlayer = Sounds

Monitoring NEWS

Home | UK World Business Politics Tech = Science Health = Family & Education

Science & Environment

Watch how air pollution moves across
Europe

By Jonathan Amos
BBC Science Correspondent

© 31 minutes ago f © v & <shae

00:21 / 00:21

0 ©6 12 18 24 30 36 42 48 54
NO2 concentration [ pg / m3 ]
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CAMS provides big data with the corresponding
technical and scientific expertise to support
expert users.

In doing so, we allow the CAMS information to
reach millions of users in and outside Europe.

CAMS
expert

S

Downstream applications

S ECMWF (opgm!g% .
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SUCCESFUL USE CASES BECOME LIVE: EXAMPLE #1

T

| ijATMOSYS ''''' .

e e  E T e e
a
A8

FASTRACE
traffic
emission
model

ATMOSYS(E tomeeron

I Bt

O e b b e e e e

VITO developed a web application for the Flemish Environmental Agency to calculate road traffic
emission scenarios in support of regional air quality management. Using CAMS air quality data, they
can implement their service in other parts of Europe.

>~ vito
visian on technology CECMWF Gpemicus - ~ European

Eusrope’s eyes on Earth Commission



‘ SUCCESFUL USE CASES BECOME LIVE: EXAMPLE #2

Atmosphere
Monitoring

Solar surface irradiation

S

3D building data

mNOVELTIS

. (France)

wiigee Croyers Wy e
mNOVEI.TIS

“Mon Toit Solaire” provides a web-based decision support
system for the development of rooftop photovoltaic solar
panels. CAMS provides the satellite-based time series of
available solar radiation for the specific location, taking
into account the amount of clouds and aerosols. < ECMWF GDemiCUS B

Europe’s eyes on Earth Commission
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* Some “overselling” in
the past

* S-5P is triggering an
entirely different
attitude among air
quality professionals

* Horizontal resolution
and coverage are key

* Somewhat over
enthusiastic (column vs
surface values,
temporal resolution)

Example: 13/02/2019, tropospheric NO,

Commission

S ECMWF (opg:njg% .
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Darmstadt (DEHE001)

Air Quality Index Fair (due to 03)

Date 2019-05-15 20:00 UTC+2
Country Germany

Location Darmstadt
Classification Background

Area Urban

Pollutant Concentration (pg/m3)

PM10 7.4
NO2 7.4
03 89.9
s02 <1.0

Country fact sheet Germany (7'
Organization website (7'

“Entangled” processes:

Emissions
Vertical mixing
Transport
Dry deposition

ASSET FOR GEO: HIGH TIME SAMPLING!

Accumulated number of days - past 100 days

——PM10 === NO2 === 03 == s02
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Fig. 3.2: Surface O3 data from various European stations, over the period 2001-2004. Left, hourly variability
(standard deviation, ppb); right, daily / hourly variability. Note hourly variability is larger than daily

variability. (Chevalier et al., 2007.)
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Atmosphere
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Near surface (ideally “nose-leve
maximum = lowermost troposphere)

concentrations, 0-2km/0-3km at

Specific pollutants and precursors: PM10/2.5/1, 03, NO2, SO2 + CO (as
tracer of combustions), NH3 (as PM precursor), VOCs (but very complex)...

High temporal resolution is essential

Key interest is for concentrations AND

emissions

Getting beyond the “obvious” (where

cities are, that week days and
weekend days are different...)

Ex.: traffic emissions

- g



Atmosphere
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Species:

* Lowermost troposphere CO (really useful for emissions, especially if S-4
provides NO,)

* Aerosol (speciated as far as possible: dust, volcanic ash...)

* NH,; (emissions and precursor of aerosol)

* Lowermost troposphere Ozone (combined product with S-4 most
probably required)

* PAN, C,H,, CH;0H, HCOOH, CH,COOH, HCN... (fires and transport of poll.)

* Not air quality but strong interest for CO,, CH, and N,O

Resolution:
* Temporal: 1h, 3h max
* Spatial: as fine as possible to approx. 10kmx10km max

+ real-time availability

Value of night observations to be assessed but in principle extremely interesting
(less deposition and turbulence)
CECMWF (operricus [l o, |

Commission
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