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Learning Objectives

« |dentify the different Atimospheric composition and Air Quality (AQ) relevant
datasets available from the Copernicus Atmosphere Monitoring Service

« Understand the difference between forecast, analysis and reanalysis

« Understand how satellite observations are used for forecasting, reanalysis, and
evaluation

» Discover how fo subset and visualize reanalysis and forecast outputs

.-. . NASA’s Applied Remote Sensing Training Program 5 \g :



Session 3: Global Air Quality Forecasting by
Copernicus Atmosphere Monitoring Service
(CAMS)
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~ ECMWF

ECMWF’s role is to address
the most critical and most
difficult research problems in
medium-range Numerical
Weather Prediction (NWP)
that no one country could
tackle on its own.

Created in 1975

34 member and co-operating states
340 staff from 30 countries

Based in Reading, UK
Partnerships around the world
http://www.ecmwf.int
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http://www.ecmwf.int/
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Copernicus is the European Union’s operational Earth Observation

- , _ Emergency
and Monitoring programme, looking at our planet and its
environment for the ultimate benefit of all citizens.
User-driven with free and unrestricted data access @ Security

Service is implemented by ECMWF
"=~ 1 ECWMF is contributing to the Service
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DATA  ABOUT US  WHAT WE DO QSEARCH

) o | (opemicus CECMWF

f«“/&'\‘f*""“ - We provide consistent and quality-controlled information related to air
4*" ~ pollution and health, solar energy, greenhouse gases and climate forcing,
everywhere in the world.

Today's air quality forecasts

The CAMS portfolio includes
Earth Observation-based
information products about:

Past, current, and near-future
(forecasts) global
atmospheric composition;
The ozone layer;

Air quality in Europe;
Emissions and surface fluxes
of key pollutants and
greenhouse gases;

Solar radiation:;

Climate radiative forcing.

This is delivered by a large
European consortium (196
entities through 75 contracts).



Copernicus
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Credit:/European Union, contains modified Copemicus Sentinel data 2018, prot‘zessed with EO BrowSer

Example: NO, tropospheric column from
Copernicus Sentinel-5P (31/10/2018)

B OB Why is CAMS needed?

Observations are essential, but
direct use is generally limited:

Gaps in space and time
Observed quantities may not be
directly relevant (vertical column
vS. surface concentration)

Can be complex and numerous

What CAMS Does:

Blends observations (satellite
and non satellite) with model to
provide a consistent 3D state
Forecasts, a few days ahead
Reanalyses over past years or
decades



@ CAMS Information Flow

CAMS Users
: : » Applications
e el ¢ Policy Products
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Atmosphere Built on the ECMWEF Integrated Forecast System (IFS)

Monitoring
Extra
Information:
« Emissions
(e.g., GFAS)
* Fluxes

Development of N
Inversion
capability

Observations
» Observation operators
* Variational bias
correction
« Background error
statistics

Chemistry solvers included in IFS, e.g.,
TM5 (CB05)

57 species, 131 reactions

Photolysis, dry and wet deposition
(simple TL + AD of chemistry for NO2)

IFS Control Variables
CHEM: O3, NO2, SO2, CO, HCHO
AER: Single or dual control variables
(total or fine & coarse mode aerosol

mixing ratio)
GHG: CO2, CH4

Meteorological Variables

Aerosol model with 14 bins (no TL or
AD): dust, sea salt, organic matter, black
carbon, sulphate, nitrate, ammonium

GHG Fields

Coupling between
aerosols and
CHEM

Aerosols & ozone
interactive with
radiation

~ ECMWF (opermicus |l &

Commission



ECMWEF IFS COMPOSITION CONFIGURATIONS

CO, & CH,

TM5 (CBO5S)
trop chemistry

MACC (LMDz) aerosol

ey
STRATO O,
e

V. Huijnen et al., Quantifying uncertainties due to chemistry modelling — evaluation of tropospheric composition simulations
in the CAMS model (cycle 43R1), GMD, https://doi.org/10.5194/gmd-12-1725-2019.

S. Rémy et al., Description and evaluation of the tropospheric aerosol scheme in the Integrated Forecasting System (IFS-
AER, cycle 45R1) of ECMWF, GMD, https://doi.org/10.5194/gmd-12-4627-2019.

A. Agusti-Panareda et al., Modelling CO, weather — why horizontal resolution matters?, ACP, https://doi.org/10.5194/acp-
2019-177, 2019.

A. Inness et al., The CAMS reanalysis of atmospheric composition, ACP, https://doi.org/10.5194/acp-19-3515-2019, 2019.

Current Operational Version:
« Basedon IFS Cy47r1
 Horizontal: T511 (~40km)
« \Vertical: L137
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l Downstream Services and Users

f

CAMS Analyses and Forecasts

Retrieval Teams

|

L2 Data

}

CAMS Analysis and —
Monitoring Tools NRT Assimilation

| t

Good Data —
Statistics and Plots el ASSIMIlation Tests

Feedback




CAMS Observation Data Flow

Atmosphere
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EUMETSAT

Converter: Read data
EUMETCast  from delivered format

and convert into BUFR

format used by IFS

Ingestion & Processing

A 4

@_

Data Storage
(DHS)

Include the BUFR-
formatted data into
CAMS model

Analysis & Forecast
(CCA/CCB)

Observation
monitoring
statistics to
evaluate impact
and feedback any
issues to retrieval
teams
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Global system

0, OMI, SBUV, GOME-2, MLS, OMPS, S5p

CO IASI, MOPITT, S5p

NO, OMI, GOME-2, S5p

SO OMI, GOME-2, S5 .

e P CAMS uses Earth Observation data
acloos O, [kl VIR S from many satellites for atmospheric
CO; GOSAT, 0CO-2 composition and weather.

CH, GOSAT, IASI, S5p
GFAS fire emissions MODIS, SEVIRI', VIIRS, Sentinel-3, GOES-E/W’,
HIMAWARI-8"

Assimilated Monitored Under Development *Geostationary Platform



OVER 80 SATELLITE DATA STREAMS USED DAILY FOR CAMS

OPERATIONS
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Number of satellite data products actively assimilated at ECMWF ]
-
==
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
m POES Suomi-NPP mJPSS H Metop mERS-1/2 m ENVISAT
u COSMIC COSMIC-2 B CNOFS B GRACE B GCOM B TRMM
Megha Tropiques ™ AQUA " TERRA mAURA mFY3 ® QuikSCAT
m JASON B Oceansat mHY2 W Meteosat m GOES m MTSAT
" FY2 Cryosat m Saral/Altika 1 SMOS EarthCARE = ADM Aeolus
GOSAT Sentinel 3 Sentinel 5p m0C0-2

Satellite observations that are assimilated in the global NRT system

Instrument  Satellite Space Agency Data Provider
MODIS EOS-Aqua, EOS-Terra NASA NASA

MLS EOS-Aura NASA

OMI EOS-Aura NASA KNMI

SBUV-2 NOAA-19 NOAA NOAA

IASI METOP-A, METOP-B EUMETSAT/CNES ULB/LATMOS
MOPITT EQS-Terra NASA NCAR

GOME-2 METOP-A, METOP-B EUMETSAT/ESA AC-SAF

OMPS Suomi-NPP NOAA EUMETSAT
PMAp METOP-A EUMETSAT EUMETSAT

Satellite observations that are monitored in the global NRT system

Instrument Satellite Space Agency Data Provider
GOME-2 METOP-A, METOP-B EUMETSAT/ESA AC-SAF
SEVIRI METEOSAT EUMETSAT LandSAF
Imager GOES-11, -12 NOAA UCAR

Satellite observations that are planned for the global NRT system

Species
AOD, FRP

03 profile
03, NO2, s02
03 profile

co

co

03, so2

03

AOD

Species
NO2, HCHO
03, FRP

FRP radiances

Instrument Satellite Space Agency Data Provider Species

CALIOP CALIPSO NASA aerosol lidar backscatter
IASI METOP-A, -B EUMETSAT/CNES EUMETSAT 03 radiances

Imager MTSAT-2 IJMA IJMA FRP radiances

VIIRS Suomi NPP NASA/NOAA EUMETSAT AOD, FRP

SEVIRI MSG EUMETSAT ICAR AOD

https://atmosphere.copernicus.eu/cams-input-data



https://atmosphere.copernicus.eu/cams-input-data

Al\t/lngﬁﬁgzﬁre We need efficient means of combining the information from ~20,000,000 observations
; with a global model at ~40 km horizontal resolution.

Data assimilation is the process of merging observations with a background model
forecast in a statistically consistent manner.

We want to minimize a cost function (J) that evaluates the model background (J,)) and
observations (J,).

X X, = Argmin
Ty 1 Ty 1
j J(x) = (x—x)'B ' (x - xb)+<y x])'R ' (y - H[x])
7 analysis ™ = o, (x) + Jo(x) \
OI b Observation
._,.-" corrected ForecaSt Observation
/ I Jy forecast / / / Operator
X, =X, + A Hx
EJb .7 ‘ ’ 7‘ (y b)
X5 IJO Analysis Averaging
Kernel
I I I »
3z 6z 9z 12z 15z time

R (opemicus g e,

assimilation window
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Mﬂdel parameter ﬁ Observed
in obs space parameter

HXp y

To assimilate any data, we need a means of directly comparing the
model parameter with an observed quantity.

The observation operator (H) converts a model parameter for

comparison against an observation in observation space (i.e., taking
into account location, time of day, etc.).

The simplest form is interpolation from model grid to observation
location (e.q., in situ measurements).

For satellite observations, it also includes complex transformations based
on the physics of the measurement.

£ ECMWF (Opﬁm!%{ﬁ =1

Commission



Atmosphere o
Monitoring

Averaging kernels provide the information required to directly compare
satellite retrievals with models/in situ observations.

MOPITT: Averaging Kernel,
DOF =15 TES

1 e T A T A L AR
15| Lat=452N I ’? —— 0-5km
Lon=61.1W | —— 5-10km
150.0hPa Time =17.2 \ — 10-16km
St s DOFS (full) = 4.12
DOFS (trop) = 1.07

& 50.0hPa ol
s bl B .
o 200
= [3)
- 18| NSRORIRRTEN . . SO 350.0hPa ER
w \ = L
o <
o L

fJ._Qt_]_F_’ s

N 7 ol W 700{0hPa
0.0hPs
R ettt A | (977 i
1000 I | 0 7. <A R R
-0.2 00 02 04 0.6 015  -0.10 -005 000 005 0.0 0.5 020
Averaging Kernel Row Averaging Kernel

MOPITT CO TES O,

Altitude / km

L S L N A N NN AN B A A
Lat=459N NN NN/
Lon=618W
Time = 14.1
DOFS (full) = 3.22
DOFS (trop) = 0.55

-0.15 -0.10 -0.05 -0.00 0.05 0.10 0.15 0.20
Averaging Kernel

IASI O,

Data assimilation into NWP models redistributes atmospheric
composition observations to provide vertical information.

{opernicus



Gases in CAMS Real-Time System

tmoshere cO Tropospheric NO2
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https://atmosphere.copernicus.eu/satellite-observations



https://atmosphere.copernicus.eu/satellite-observations
https://atmosphere.copernicus.eu/satellite-observations

Assimilation of CO Observations in a Global Model

P tmosphere
- Monitoring

Sss8 8 & & &

Carbon monoxide (CO) is a tracer of combustion sources.
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Super-Obbing

S5P data volume is a challenge. TROPOMI O3

Atmosphere*
Monitoring e

]

Data Resolution: 7 km x 7 km

Sensor = TROPOMI, Satellite = S5P
EXP=gvt1, 20171107, 12z
03 obs [DU]

MOdel ReSOIUtion: 40 km X 40 km 150 17§ 200 225 250 275 300 326 380 375 400 425 480
Resolution of Minimisations: e s
* 120 km x 120 km R NI
« 210 km x 210 km - All Data
For other atm. composition data we randomly thin the data. - |
We need to thin the data in a clever way. - i -~
Super-Obbing I = ==——==—==s ~—_ -}
A Offline Data from ODA1 Server
o-ape oo 12 e M e et =
e o e
= T T BRE QNN 17 E
o TN TR S e =
+ T159 aE —oaens
i - b A
1 120km o e
‘ \ C Y
7 T~
t7
L s sl
= B N 2 Ll




o

Atmosphere

Monitoring

Example

DENS0N = | HUFUNMI, DELENe = 50r
“iiaiEs” TROPOMI (Al
NO2 obs [10*15 molecicm?2]
0 15 20 200

0 1 2 3 4 5 6 8 1

 Test data provided
by Henk Eskes
(KNMI)

NO2 obs [10715 molecicm2]

TS GOME-2B (GDP v4.8)

NO2 Coverage on

20171123, 0z

DENS0r = UMI, DSHIBIIE = AQUE

Frriies OMI (DOMINO-V2
NO2 obs [10*15 molec/cm2]
15 20 200

NO2 obs [10715 molecicm2]

DENS0I = QUIVIE-Z, DdIBIIIE = ME TUF-A
EXP-gums, 20171129,0 ME-2A (GDP v4.8
GO v4.
15 20 200

GOME-2 and

OMI thinned to

0.5° x 0.5°

mEn,

il

_.,-:.;i_-__—'}_.'."
‘

o W



A s Example NO2 Coverage on 20171123, 0z

Atmosphere ornamee - TROPOMI (T511) argmarzr OMI (DOMINO-V2)

Monrtor'ng 0 1 2 3 1 5 6 8 10

0 1 2 3 4 § 6 8 10

" e ey e T 3
= Ve =L S

NO2 obs [10715 molecicm2] NO2 obs [10715 molecicm2]

"Emesnst T GOME-2B (GDP v4.8) T gm0 GOME-2A (GDP v4.8)

0 1 2 3 4 5 & 8 10 15 0 1 2 3 4 5 & 8 10
[~ el e W S T — == /S 3 5
/\—/ -1 /\_‘[\5—‘:: -
= TR
— e 7| ~
..'.,.‘
; A
¥

GOME-2 and
OMI thinned to
0.5°x 0.5°




Example

r i, oal I
EXP=gvsh, 2017112
NO2 obs [10*15 molecicm?2]

Atmosphere
Monitoring

DENS0I = QUIME-Z, DdlellllE
EXP=gvmz, 20171123, 0z
NO2 obs [10715 molecicm2]

NO2 Coverage
TROPOMI (T159)

Even at T159,

super-obbing the

coverage is

better than what

we currently
have.

GOME-2B (GDP v4.8)

on 20171123,

DeNsor = unli, ug
EXP-gvmz, 20171123, 0z
NO2 obs [10*15 molec/cm2]

4 § 6 8 10

NO2 obs [10715 molecicm2]

4 5 [ ] 10

0z
OMI (DOMINO-V2)

DENS0I = QUIVIE-Z, DdIBIIIE = ME TUF-A
g 207123 ME-2A (GDP v4.8
g 207123 O v4,
15 20 200

GOME-2 and
OMI thinned to
0.5°x 0.5°
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First guess (observation minus model) departures, 31 March to 1 May,

2021, shown as maps and hovmoeller plots highlight differences

between model and observed values.
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Time series’ of monitoring statistics allow us to
assess the relative performance of the
observations (vs. consistent model) over time.

Departures
Obs — First Guess
Obs — Analysis
-0.060
18 21 24 27 30 2 5 B 11 14 17 20 23 26 23 2
Apr May
skv{DBS-FG) sicv[DBS-AN)
o ; Standard Deviations
B Y R W — " Obs — First Guess
Uﬁc-'lllv--"tu L i B i U i R i e i N R R R ObS_AnalySiS
-o.ao- T T T T T T T T T T T T T T T T
%' 21 24 27 30 A|2: 5 ) 1 14 17 20 23 26 29 ng
— OBS — G —ANA
o1 Values
168 ObS
120 .
First Guess
Analysis
024
8 21 24 27 a0 2 5 B 11 14 17 20 23 286 29 2
Apr
= n_displayed w———rall e n_usad
R Number of Calues
144000+ .
WWMW"‘W“MWWW' L Displayed
SE000-
i All
48000
- Used
M SR

24 27 30 2 5 & 1720 23 26 23 2
Apr May

https://atmosphere.copernicus.eu/charts/cams monitoring/
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CAMS EMISSIONS INVENTORIES (BOTTOM UP)

Carbon dioxide emissions (103 kg)

Carbon dioxide emissions (103 kg)
T - > <

100.0 1000.0 100000 100000.0

Emissions are both an input to CAMS global and regional systems and a popular product. New
datasets have been produced covering 2003 to 2020 (extrapolation). Example: CO, emissions

from shipping activities (Provider: FMI, Finland).

T

10.0 100.0 1000.0 10000.0 100000.0

RN
sw ECMWF (Granier et al., doi 10.24380/d0bn-kx16)
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SO, China

SO, India

SO, SE Asia

SO2 China - 1960 to 2015
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* Global emissions inventories
for anthropogenic, biogenic,
shipping, volcanic
outgassing, soil NO

— (Geographical and sectoral
temporal profiles

 Regular updates to include,
e.g., specific information on
regional (including China,
India, & SE Asia) emissions

« Public releases and

documentation available via
CAMS Atmosphere Data
Store

— https://ads.atmosphere.cop
ernicus.eu/

European
Commission

S ECMWF (opermicus ' [


https://ads.atmosphere.copernicus.eu/

Estimating Global Wildfire Emissions in CAMS

NG
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CAMS GFAS Daily Fire Products Tuesday 01 August 2017
Average of Observed Fire Radiative Power Areal Density [mW/m2]
o1 [:%-3 LE] 1 2 L] 10 o 30 100 200 200

oW oW oW W mW oW oW oE =

W

W MW fzonw

GFAS

patd
20 Hourly Fire Radiative Power for Portugal
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% vV V.
= 1O .
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Dgys in June 2017

Global Fire Assimilation System (GFAS); see
http://apps.ecmwf.int/datasets/data/cams-qgfas/

Uses satellite observations of Fire Radiative Power
(FRP)
— Currently Aqua and Terra MODIS FRP observations

— FRP from VIIRS, Sentinel-3, and geostationary
satellites are being tested for future implementation

Global Coverage at ~10km Resolution
— Daily Output: 1-day behind NRT
— Hourly Output (+24-h means): 7-hours behind NRT

Emissions of aerosols and gases are estimated using
factors dependent on vegetation type.

Injection heights calculated with Plume Rise Model
and IS4FIRES

European
Commission

< ecMWF (opernicus

Evsngpe’s eyes an Earth


http://apps.ecmwf.int/datasets/data/cams-gfas/

https://atmosphere.copernicus.eu/index.php/how-wildfires-americas-and- S ECMWF Gpernicus = european
o o . Euwope’s eyes an Earth s = Commission
tropical-africa-2020-compared-previous-years



https://atmosphere.copernicus.eu/index.php/how-wildfires-americas-and-tropical-africa-2020-compared-previous-years




Atmosphere . CAMS DaﬂngIobaI Wildfire Carbon Emissions (GFASv1.2)
Monitoring — ggﬁg 2005 2019 mininex Estimated emissions reflect the scale
—— GFAS 2020 and intensity of active fires.
20

& CAMS GFASv1.2 January-December Global Total Wildfire Carbon Emissions
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+ Radiative energy of fires can be observed by satellites 0 2005 2000 2015 2020
and can be used to estimate emissions of pollutants.
* 2020 was generally an average year for wildfire activity at | = g (opemicus CECMWF

the global scale.

* However, there was notable activity in the Arctic Circle -~ _
and Siberia, parts of the Amazon, Western US, and o ECMWF  opernicus | &=,
Australia. A




CAMS Daily Fire CO, Emissions (GFASv1.2)
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CAMS Daily Fire Emissions (GFASY1.2) for asia_sib

Mean Daily Emission 2003-2016
Daily Emission 2017
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CAMS Daily Fire Emigsions (GFASvV1.2) for nam_wcan

Mean Daily Emission 2003-2016
Daily Emission 2017
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Long-Range Transport of Boreal Fire Emissions, August 2018
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https://policy.atmosphere.copernicus.eu/DailySourceAllocation.php

CAMS in Action: European Air Quality

Daily Forecast

PM10 ug/m3

PM10 ug/m3

On the evening of Sunday, May 10, strong sulphurous
smells were experienced in the Paris area. CAMS was
used to bring the first insights about the situation.

Country Attribution Chemical Species

8 Largest Country-Contributors to PM10

Fine particulate matter
pollution was mostly =~ «
coming from Benelux.

Chemical Species in PM10

DUST @ SEASALT
. Valletta N N itrate, ammonium’
: and sulfate e e

/ principally

C NEWS = .0 L'Actu  Le Direct LeT

(=p Reégis Crépet »° ™\ L
> @RegisCrepet

#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,
rabattant aussi les odeurs vers Paris. Quant au ciel "orange"
au-dessus de la Capitale, c'est di a la réflexion des lumieres
de la ville sur les nuages bas twitter.com/m_parrington/s...

www.visitmonaco.com

ILE-DE-FRANCE

L'ODEUR DE SOUFRE EN ILE-DE-FRANCE EST
«VRAISEMBLABLEMENT LIEE AUX
INTEMPERIES», SELON LES POMPIERS

Mark Parrington @m_parrington

Cold front clearing surface PM2.5 #airpollution across UK & NW
Europe on 10 May continues across Europe through coming days.
@CopernicusECMWF Atmosphere Monitoring Service @ ECMWF
regional ensemble forecast visualized by @windyforecast
windy.com/-PM2-5-pm2p57?c... @CopernicusEU

Par CNEWS - Mis & jour le 11/05/2020 a 11:34
Publié le 11/05/2020 & 06:27

f v

W Windycor

Sunday 10 - 0:00

Q2067 23:12 - 10 mai 2020 O

© 1202 personnes parlent a ce sujet >


https://policy.atmosphere.copernicus.eu/DailySourceAllocation.php

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

Monitoring

Maps and animations of
the latest situation in
Europe

Forecast model estimate of
reduction in air pollution is
expected on a daily basis,

accounting for weather
effects.

CAMS currently contributes to a number of epidemiological
studies trying to evaluate the links between air pollution and

uuuuu

CAMS NO2 daily mean analysis Turin 19 Apr 2020

O Norestrictions/no data B Local lockdown B National lockdown

=== 2017-2019 7d mean
— 2020

=== 20207d mean
2017-2019 range

03 10 17 24 31 07 14 21 28 06 13 20 27 03 10
Jan Jan Jan Jan Jan Feb Feb Feb Feb Mar Mar Mar Mar Apr Apr
Date

Surface (12:30 UTC) and S5P Total Columns 2020

CAMS website: ECMWF

COVID-19 (effects of long- and short-term exposure; fine
particulate matter as a potential vector in air for the virus?...).

Air pollution across Europe
compared to 2017-2019 and
as a function of lockdown
measures

How consistent are surface
and satellite
measurements?

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


https://atmosphere.copernicus.eu/european-air-quality-information-support-covid-19-crisis
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CAMS Global Reanalysis 2003 — 2020 (Updated Yearly)

https://ads.atmosphere.copernicus.eu/cdsapp#!/dataset/cams-global-reanalysis-eac4

CAMS Global Reanalysis - Carbon monoxide 2003 - 2016
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CAMS Global Reanalysis:
2003 — 2020, with new years being added
Aerosols, 13 chemical pollutants, CO, & CH,

80 km spatial resolution

Inness et al. 2019, https://doi.org/10.5194/acp-19-3515-2019

@ £ ECMWF

Reanalysis
" Using a combination of observations and
= I computer models to recreate histarical
climate conditions.

O3 Score at Neumayer Station

X

- ' Reanalysis
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Real-Time —
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bad %7&
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https://doi.org/10.5194/acp-19-3515-2019
https://ads.atmosphere.copernicus.eu/cdsapp#!/dataset/cams-global-reanalysis-eac4
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Evaluation of Aerosol Optical Depth

N Now and Back to 200 3

The CAMS global reanalysis covers the period from 2003 to the end of 2017 (2018 available soon). It is a
marked improvement over our previous datasets (MACC reanalysis and CAMS interim reanalysis).

CAMSRA (2003-2016)

60°E 120°E

120°W 60°W [3

MACCRA (2003-2012)

~>  Sample

Size

@ 200

® 175
® 150
® 125
® 100
® 75

.25

Evaluation of Total Column CO

on celuma osserving
netuork

Parkfalls
120} - a4 bias 4.49+504 299%3.02 -0.54+2.95
? A g IR ‘A : ; :
110( e N T e /R T e - A
2 ‘ | “« N R A1l | i A
2 ‘ W 48 W A (b ‘ J : i1
o) \ § \: y ‘ ’ . ¢ ‘f, i‘l Y ) ; ,:I
5 VoW Wy WY N v K PMOA b
80! - -Ji n B 2o 7 ” e ‘ '
i j i g 7
: ‘ : : L '
A g @ g @ 0 o e P o P o oV
Darwin
| ~ bias 4.55+4.50 7.30 £ 4.42 1.96 * 5.06
2 N :
2 100} (R Y
) A 1 "
g | N \
W B |
60 Vo ’
5 % & P
287 8% g g

Year

< ECMWF



0Ozone forecasts - Wednesday 15 Sep 2021, 00 UTC VT Wednesday 15 Sep 2021, 03 UTC Step 3
© ECMWF 2021

100 125 150 175 200 220 240 260 280 300 320 340 360 380 400 425 450 475

Total column of ozone [DU] (provided by CAMS, the Copernicus Atmosphere Monitoring

CAMS monitors the area and values within the
Antarctic ozone hole throughout its development
in the Austral spring.

https://atmosphere.copernicus.eu/monitoring-ozone-layer

25 I 1979 -2018
— 2019
— 2020

20 — 2021
=== forecast

15

the Antarctic Ozone Hole

Southern Hemisphere ozone hole area

Area of Antarctica

million km?
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Last update: 2021-09-15T10:36Z
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—_— 2021
100 ~---- forecast
July

Last update: 2021-00-15T10:362

1 1979 - 2018
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@CopemicusECMWF

Southern Hemisphere ozone column minimum
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Atmosphere 1IN @ddition to long-term recovery, there is a lot of interannual variability.
Monitoring

) Southern Hemisphere ozone hole area b) Southern Hemisphere ozone column minimum

—— 2019
25  —— 2020 300
— 1979 - 2019 mean
1979 - 2019 range

20 250
. 15 D
5 a 200
= 10
- 150 —— 2019
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—— 1979 - 2019 mean
o _ 4 100 1979 - 2019 range
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Date Date

Last update: 2021-01-14T17:182 ICopernicusECMW Last update: 2021-01-14T17:182

) « Both and 2020 had exceptional Antarctic
-50 ozone holes.
~60 was small and short-lived because of

> 770 | A unusual stratospheric warming.
Rl = ' - 2020 was deep, big, & long-lived due to very
20 T 1979 - 2019 mean i cold stratosphere and stable polar vortex.
100 19792019 range

Jan Feb  Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Date

1979-2002 from ERAS; 2003-2019 from CAMSRA; 2020 CAMS NRT)



42 years of
Antarctic ozone
hole data
merging ERA-5
and CAMS
Reanalysis data

(opemicus € ECMWF

https://atmosphere.copernicus.eu/monitoring-ozone-layer



Atmosphere
Monitoring

Mean CO.MIXING.RATIO.VOLUME profiles CAMS vs NDACC
(AN o-suite vs FTIR, 2018.04-01 00-00 to 2018-04-30 00:00)
20

E
Rl
\ o
g ; £
( OPErmiCUs
- Eur arth
Validas; a
at,o ooo o020
re
HEar_,,EE’ & Port of the CAM CABAUW (Lat:51.972 Lon:4.927) -1 m
a Ime glob S
Mospp c al 1200
" e 1:1 |
°MPosition e,
Description of the CO2 inversion Septe,nbef C 3 1000
production chain ) November 2017 9
Q
@ 800
W
&
g
o
S 600
g
Issued by: CEA Iss =]
Date: 27/03/2017 Dar:ib!"KNMl E 400
Ref: CAMS73_20155C2_ D73.1.5.5_201703_ CO2 inversion production chain_v1 Ref CAI,CR/ZUIS 2
o
1584_201505 boarsg - 2 200
201750n . -
e o
T Mean: 121; bias: 15 st-dev: 81; mrr__cae;f 0913
1200

A\ 0 200 400 600 800 1000
/ \ e = Hourly mean of Global Irradiance station (W/m?)

G@?’f”‘?%

CAMS provides detailed information about how its products are produced and what the quality is.

https://atmosphere.copernicus.eu/user-support/validation/verification-global-services
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Aerosol
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Species,

vertical range
Aerosol,

optical properties
Aerosol mass
(PM10, PM2.5)

03-;
stratosphere

03-)
UT/LS

03J
free troposphere

03}
PBL / surface

CcO,
UT/LS

CcO,
free troposphere

Cco,
PBL / surface

N OZJ
troposphere

HCHO

S0;

Stratosphere,
other than O3

CO,, surface, PBL
CO,, column
CH,, surface, PBL

CH., column

Assimilation

MODIS Aqua/Terra AOD

MODIS Aqua/Terra

MLS, GOME-2A, GOME-28B, OMI,
SBUV-2

MLS

Indirectly constrained by limb and
nadir sounders

IASI, MOPITT
IASI, MOPITT
IASI, MOPITT

OM|, partially constrained due to
short lifetime

GOME-2A, GOME-2B (Volcanic
eruptions)

Validation

AQD, Angstrﬁm: AERONET, GAW, Skynet,
MISR, OMI, lidar, ceilometer

European AirBase stations

Sonde, lidar, MWR, FTIR, OMPS, ACE-FTS,
OSIRIS, BASCOE and MSR analyses

IAGOS, ozone sonde

IAGOS, ozone sonde

Surface ozone: WMO/GAW, NOAA/ESRL-
GMD, AIRBASE

IAGOS

IAGOS, MOPITT, IASI, TCCON

Surface CO: WMO/GAW, NOAA/ESRL

SCIAMACHY, GOME-2, MAX-DOAS

GOME-2, MAX-DOAS

NO; column only:
SCIAMACHY, GOME-2

ICOS
TCCON
1COS
TCCON

UT/LS

Free trop

PBL, surface
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‘ Migration to the Atmosphere Data Store

Gp,e!'f!'cy,s. QEGMWF ( Monitoring Service

Your feedback helps us to improve the senvica

S e vmes s The Atmosphere Data

B

Atmosphere Data Store i Store (ADS) |S the

main point of access to
e R e all of the CAMS data

It is freely available and functions as a one-stop shop to explore Atmosphere data, Register [or free to
obtain access to the ADS and |ts Toolbox.

We are constantly improving the services and adding new datasets. For mare information, please
cansult the catalogue, our FAG & or the CAMS forum 2,

https://ads.atmosphere.copemicus.eu

‘ . - | Ez;:ﬁﬁ::mnl Gpeﬂ{.:ngus 5 ECMWF
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all CAMS datacan be downloaded from one place
physicallocation and specific data server technology are
hidden from users by utilisingdataset-specific adaptors
interactive and programmatic access (Python or bare-bone

REST API) available
using only a few standard and harmonised data formats

queueing system with quality-of-service (QoS) rules in place
to protect the service and offer equitableaccess
effective caching of popular data subsets to improve

throughput
regular bug-fixes, updates and improvements

B oo | \opemicus S ECMWEF
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* launched in June 2020
* 11 published datasets, 2 more are close to being ready

« total volume of published datasets ~ 1.5 PB, with 120 TB on

disks, the rest on tapes
 more than 5600 registered users from 148 countries

150 active users / day
« ~25,000 requests / day

 on average 1.5 TB of data per day

B o | \opemicus £SECMWEF
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1 | Register
once)

Based on CDS

A\ Climate
1 Change Service

B (oemics SECMWF (7 imii....

Eotopes eyes onEarth

* A
Home Search Datasets FAQ®

A B OPENING OF THE ATMOSPHERE DATA STORE

Your feedback helps us to improve the service

]
http://ads.atmosphere.copernicus.eu

Combine Plot Open

Atmosphere Data Store “reate Plot

2 | Search catalogue

Carbon monoxide
Nitrogen dioxide

- H
=] CAMS global reanalysis (EAC4)
EAC4 (ECMWF Atmospheric Composition Reanalysis 4) is the fourth generation ECMWF global of atmospheric c ion. is combines model ¢
|_0g| n/register with observations from across the world in...
€S  CAMS global reanalysis (EAC4) monthly averaged fields
EAC4 (ECMWF Atmospheric Composition Reanalysis 4) is the fourth generation ECMWF global of atmospheric c ion. is combines model ¢
with observations from across the world in...
S CAMS global inversion-optimised greenhouse gas fluxes and concentrations
This data set contains net fluxes at the surface, atmospheric mixing ratios at model levels, and column-mean atmospheric mixing ratios for carbon dioxide (CO2),
methane (CH4) and nitrous oxide (N20)....
€  CAMSsolar radiation time-series
The CAMS solar radiation services provide historical values (2004 to present) of Global, Direct and Diffuse Solar Irradiance, as well as of Direct Normal Irradiance. Tl
of thisistofi ™"~
Variable ®
-
= CAMS E
This dataset Ammonia Birch pollen
. Dy Grass pollen
significantly | Nitrogen monoxide Non-methane VOCs

a3
‘o
Data:

Olive pollen
Particulate matter < 10 pym (PM10)
PM10, wildfires only

Secondary inorganic aerosol

5

Datasets | Bookmarks

Dive into this wealth of information about the Earth's past, present and future Atm

Itis freely available and functions as a one-stop shop to explore Atmosphere data. Register for free to ob
ADS and its Toolbox.

We are constantly improving the services and adding new datasets. For more information, please consu
our FAQ@ or the CAMS forum@.

T

4

Enter search term(s)

(21 ENS_ANALYSIS.nc
& latitude
Welcome to the Atmosphere Data Store Qlewi -
& longitude
= pm2p5_conc
& time

Select all Clear all
LOTOS-EUROS
EURAD-IM
Clear all
500
5000
Select all Clear all

A
\

N
~Download and use

z

/ Array(s) | Scale ( Map | Overlays \( Shading \( Contours \( Vectors \( Labels \

Scale Range:  Min.: 0, Max.: 30 Fit to Data Color Table:

[_ZHE CB_Reds_08.cpt B

3 | Fill-in form




Thank You!

.-. . NASA'’s Applied Remote Sensing Training Program
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