@ The CAMS reanalysis:

Status and plans
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We provide consistent and quality-controlled information related to air |
pollution and health, solar energy, greenhouse gases and climate forcing,
everywhere in the world.

\-‘-L‘é'? Today's air qual'ty forecasts

This is done by assimilating atmospheric composition data into the
IFS (in addition to meteorological observations)

The CAMS portfolio includes Earth
Observation based information
products about:

e global atmospheric
composition;

e the ozone layer;

e air quality in Europe;

e emissions and surface fluxes of
key pollutants and greenhouse
gases;

e solar radiation;

e climate radiative forcing.

e reanalysis of atmospheric
compositon

Quarterly validation reports of
global and regional outputs.

https://atmosphere.copernicus.eu £ ECMWF (opernicus o
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(i Near-real time model versus reanalysis
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m CAMS Reanalysis
= NRT CAMS analysis

NRT global CAMS system (daily analyses and

5-day forecasts):

* Evolves with time: Usually 2 model updates
per year

* Horizontal and vertical resolution can change

* Observation usage changes

* Emission data sets might change

Reanalysis (retrospective):
* Consistent long term dataset produced with
one model version
* Consistent emissions
* Consistent, reprocessed observations
* Can be used for trend analysis
€ ECMWF Gpggen!pgs Bl o
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CAMS global reanalysis 2003 — 2020 (updated every 6 months)

CAMS Global Reanalysis - Carbon monoxide 2003 - 2016
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DATA DESCRIPTION

Reanalysis

Using a combination of observations and
computer models to recreate historical
climate conditions.

Data type Gridded
Horizontal coverage Global
Horizontal resolution | 0.75°x0.75°

Vertical coverage

Surface, total column, model levels and pressure levels.

Vertical resolution

60 model levels. Pressure levels: 1000, 950, 925, 900, 850,

Temporal coverage

2003 to 2020

Temporal resolution 3-hourly

File format GRIB (optional conversion to netCDF)
Versions Only one version

Update frequency Twice a year with 4-6 month delay

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

Wagner et al. (2021): https://doi.org/10.1525/elementa.2020.00171

atmosphere.copernicus.eu/eqa-reports-global-services

Available from ADS https://atmosphere.copernicus.eu/data

* CBO5 tropospheric
chemistry

* Cariolle-Déqué scheme
for stratospheric ozone

I European
Commission


https://doi.org/10.5194/acp-19-3515-2019
https://atmosphere.copernicus.eu/data
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GFAS fire emissions

’ CloudSat

272.5 sec.
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SCIAMACHY, MIPAS, OMI, SBUV, GOME-2,

MLS, OMPS, S5p
MOPITT
SCIAMACHY, OMI , GOME-2
AATSR, MODIS

GOSAT, IASI

GOSAT, IASI

MODIS

Species Instruments ,

CAMS Global reanalysis

GCOM-W1

101 sec.

-

Offline/ reprocessed data
used in first part

NRT data used towards
the end



@ Improvements due to advances in

composition modelling, data selection and
improved meteorology
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‘ AOD validation against AERONET
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Figure S.1: a) Aerosol optical depth at 550nm in IFS 00Z model simulations for 2003—-2020 against daily
matching Aeronet Version3 level 1.5; (top) b) Modified normalized mean bias (MNMB); CAMS reanalysis
(red) and control run (blue); MACC reanalysis (green); (bottom) Corresponding correlation coefficient.

Improvement compared to older MACC reanalysis

VN

https://atmosphere.copernicus.eu/sites/default/files/2021-06/CAMS84 2018SC3_D5.1.1-2020 _reanalysis_validation.pdf



Free Troposphere - Antarctica 2003-2020 Free Troposphere - Arctic 2003-2020
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Figure S.3: Comparison with ozone sondes in the free troposphere, period 2003-2020: MNMBs for 4 regions
(first row left: Antarctica, first row right: Arctic, second row left: Northern Midlatitudes, second row right:
Tropics) in the free troposphere. Red: CAMS reanalysis, green: MACC reanalysis, blue: Control run.

https://atmosphere.copernicus.eu/sites/default/files/2021-06/CAMS84 2018SC3_D5.1.1-2020_reanalysis_validation.pdf
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'9‘ CO validation against IAGOS aircraft data
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* Validation against IAGOS data
shows large change in MIACCRA
bias when assimilation of IASI
CO started in 2008

* CAMSRA more consistent over
time; uses only MOPITT CO

From Wagner et al. (2021)
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Examples of CAMSRA data usage

GDEL'?.!QH.% . § twopean | €S ECMWEF




January 2020 anomalies of CO and AOD
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Study of CO

trends

“ CO burdens
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Fig. 2.60. Time series of monthly CO burdens (Tg) for (a) the whole globe and (b) over Maritime Southeast Asia from the
CAMS reanalysis for 2003-19 (2019 is shown in red) and a piecewise linear trend (dotted line) for the periods 2003-07,

2008, and 2009-19.

Comparison of xCO with TCCON at Parkfalls
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Fig. 2.62. Column-averaged CO (xCO, in ppb) at the Park Falls TCCON station. Monthly mean observations are shown by
the black dots, and corresponding monthly mean xCO columns calculated using the TCCON-averaging kernels are shown
by the blue triangles. The continuous blue line is the monthly xCO from the CAMS reanalysis.

Flemming et al. (2020),
BAMS State of Climate 2019

TCCON data from:
https://tccondata.org/
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k( Arctic March TCO3 trends
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atmosphere 1N addition to long-term recovery there is a lot of interannual variability

Southern Hemisphere ozone hole area

Southern Hemisphere ozone column minimum
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Potential benefits for NWP & Climate
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Atmosphere
Monitoring

Impact of interactive aerosols and ozone
Climatology of biomass burning emissions for use in forecasts
Aerosol climatology/distribution for use in forecasts

CONFESS will exploit CAMS data
— CAMSRA aerosol data to provide harmonized CAMS and CMIP6 datasets for aerosols

— Create biomass burning emission dataset from the CAMS Global Fire Assimilation
System (GFAS)

S ECMWF (opernicus | @

ommission



and boreal wildfires 2021

; ( AOD anomalies

2 04 04 035 03 025 -02 045 00 005 005 04 045 02 025 03 035 04 045 2

g %ﬁ;&g\u R A A DS R
P 1 "\%;’? W‘jﬁg | - <
- - - T M -
SNCAE 7’ T& — i/
R R IVEIS SN
) \( '\“‘ \%3;’ e
i Y ST
1 L«N_%/ }
- June 2021 i A
i
S O e e ) Y R [ o e e s
L e & -
=9 %ﬁ e s -
- B Mﬁ_ i -
w ¥ e I N & o
Sk 1 A
= - . Sk,
e
=l v A SN
9 = B .
] NI Y
{ TN
- August 2021 - o i i o

Anomalies calculated against 2003-2020

monthly means from CAMS reanalysis
I

2 04 04 036 03 0265 02 015 00 005 005 01 0.5 02 025 03 035 04 045 2

T T
= s = =0 ,
i e o AOD anomalies due to
T Siberian and N-American
. Faass ~rxr - wildfires in JJA 2021
J A AR
o P 7
o July 2021 —— i i
AOD mean Artic JJA 2021
| Active vegetation fires in Siberia
0.4 * red: AOD analysis,
*  blue: 108 h forecast
0.3 green: climatology
Credit: Johannes Flemming
0.1 4

02/06 12/06 22/06 02/07 12/07 22/07 01/08 11/08 21/08 31/08

time
c ECMWF Gpem|CUS m European

Europe’s eyes on Earth Commission



Impact on Artic wildfires on 2m temperature

forecasts JJA 2021
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( PLANS FOR a CAMS2.0 REANALYSiS

Atmosphere
Monitoring

Global reanalysis (EAC4)

CAMS ~80 km, 60 levels, tropospheric chemisty, lin O,

----->

‘ﬁ 1979 2003 2007 2014 2021

CAMS 2.0 Global reanalysis (EAC5), start dev. in 2022, start prod. in 2023/2024?

higher resolution(s), tropospheric & stratospheric (7

* Improvements to chemistry (+ stratospheric chemistry?)

* Newer/ improved IFS version (better meteorology)

* Increased resolution

* Better, reprocessed observations

* Improved QC for assimilated data

* Continued use of reprocessed observations instead of switch to NRT data (?)




( PLANS FOR a CAMS2.0 REANALYSiS

Atmosphere
Monitoring
CAMS Global reanalysis (EAC4)
~80 km, 60 levels, tropospheric chemisty, lin O,
4 | 1979 2003 2007 2014 2021

CAMS 2.0 Global reanalysis (EAC5), start dev. in 2022, start prod. in 2023/2024?

higher resolution(s), tropospheric & stratospheric (7

Considerations that need to be taken into account:

* Including chemistry increases the cost => limitations on resolution

* Emission datasets (incl. fire emissions) needed

* Lack of available atmospheric composition data in early years - e
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Satellite instruments measuring atmospheric composition
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* Limited data
availability before
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Atmosphere
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CAMS provides atmospheric composition data at global and European regional scale
CAMS data freely available from ADS: https://atmosphere.copernicus.eu/data
CAMS reanalysis covers the years from 2003 onwards

CAMSRA will be extended until CAMS2.0 reanalysis is in place

CAMSRA can be used to look at trends and anomalies (e.g. CO, AOD)

CAMSRA can be used to look at stratospheric ozone, e.g the exceptional ozone holes
in 2019 and 2020, O3 trend studies and other atm composition fields

Benefit for NWP and climate
CONFESS will exploit

— CAMSRA aerosol data to provide harmonized CAMS and CMIP6 datasets for aerosols

— Create biomass burning emission dataset from the CAMS Global Fire Assimilation System
(GFAS)

Plans for CAMS2.0 reanalysis (start 2023/247?) still covering the period from 2003 on

CECMWF (opernicys [l &

Commission


https://atmosphere.copernicus.eu/data

The Atmosphere Data Store (ADS)

All CAMS data are freely available https://atmosphere.copernicus.eu/data
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Home Search Datasets FAQz

Atmosphere Data Store

k Search results
Welcome to the Atmosphere Data Store , &
cams reanalysis Al
- Dive Into this wealth of Information about the Earth's past, present and future Atmosphere.
Itis freely avallable and functions as a one-stop shop to explore Atmosphere data. Register for fres to obtain access to 5°:=‘|’:’m:y Shawing 17 of 7 results for | cams reanalysis s
the ADS and its Toolbox.
We are constantly improving the services and adding new datasets. For more Information, please consult the catalogue, :;:Z g CAMS global reanalysis (EAC4) monthly averaged fields
our FAQ =z or the CAMS forum =,

CAMS global reanalysis (EAC4) monthly averaged fields

3 Variable domain
[ o] e | - CAMS global reanalysis (EACA)

» Parameter family
CAMS global reanalysis (EACA)

» Spatial coverage

About CAMS

3 Product type.
Copernicus Atmosphere Monitoring Service The Copernicus Atmosphere Monitoring Service (CAMS

> Temporal coverage

CAMS solar radiation time-series

CAMS solar radiation time-series

Atmosphere Data Store APl Access the CAMS Forum Access the CAMS website

CAMS European air quality forecasts
CAMS European air quality forecasts

http://atmosphere.copernicus.eu | @CopernicusECMWF | @CopernicusEU

c ECMWF Gpem|cus - European
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