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Model information

Observation information

STATISTICS FOR AEROSOL FROM NOAA-20/VIIRS
MEAN OBSERVATION VALUE (ALL)
DATA PERIOD = 2023-01-20 15 - 2023-02-24 15
EXP = 0001, LEVEL =0.00 - 1013.25 HPA
Min: 0.008 Max: 1.056 Mean: 0.149
GRID: 2.00x 2.00
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Atmosphere
Monitoring

Data assimilation methodology for atmospheric composition
Operational aerosol analysis and forecasts with focus on dust
Reanalysis

Research aspects

S g IS Sl

Summary

With thanks to the ECMWF CAMS team and the VIS IR team
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1. Data Assimilation
Methodology for
atmospheric composition

R ( opemnicus SSECMWEF \\ (




Atmosphere

wonitd]NW P definition: Combining data and model in an ‘optimal’ way to produce the
best possible initial conditions for a numerical forecast

* | Optimal in a statistical sense: minimize error and/or maximize probability of the

analysis better matching observations

* CAMS uses ECMWF’s 4-dimensional variational data assimilation system (4D-VAR)

* | For atmospheric composition DA
parameters other than IC might be
of interest

Time

Observations

Observations

Observations

Forecast

Forecast Forecast

Medium-range forecast
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Model trajectory
from corrected
initial state

- Model trajectory

from first guess x

12 J5
'l
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Atmosphere
Monitoring

Data assimilation for atmospheric composition is in
principle no different from NWP data assimilation

JGO) = (x = 1) "B (x - xb>+2<yl )T RY O = Hilzx)

The ‘optimal’ initial condition equates to minimising the value of this cost function by
changing the value of the control vector x

/x: control vector \

Xp: model background (short forecast)

B: Background error covariance matrix

y: Observations

H[x]: Model equivalent of observations
\R: Observation error covariance matrix /

The challenge is the size of the control vector
and related background error covariance
matrix

S ECMWF Lope‘r‘n‘jc‘g”s o
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< Data assimilation methodology

Atmosphere
Monitoring

Data assimilation for atmospheric composition is in
principle no different from NWP data assimilation

J(x) = (x — xb)TB T(x - xb)+ (yl H; [xl])TR 1(3’1 H;[x;])

“

Control variables

NWP

vorticity
divergence
temperature
surface pressure (logarithm)
specific humidity

Atmospheric Composition

ozone

carbon monoxide
nitrogen dioxide
formaldehyde
sulphur dioxide

carbon dioxide
methane

aerosol mixing ratio

~13 variables in the CAMS control vector
- 137 model levels
- 348,528 grid points at each model level

Total: 620,728,368 variables just in the full control
vector at one point in time

B matrix: 620,728,368"2 = 8.85 x 10"17

ECMWF GpeL”'CUS E| oo



Atmosphere
Monitoring

JG) = (x = 1) B (x = ) + Z(yl

Data assimilation for atmospheric composition is in

principle no different from NWP data assimilation

])TR 1(3’1 [ l])

The ‘optimal’ initial condition equates to minimising the value of this cost function by

changing the value of the control vector x

The challenge is the size of the control vector
and related background error covariance
matrix

Two main ways of managing this:
Ensemble methods and Variational
approaches

/x: control vector \

Xp: model background (short forecast)
B: Background error covariance matrix
y: Observations

H[x]: Model equivalent of observations

Q: Observation error covariance matrix /

S ECMWF \KODC‘VO'CH‘S o



< Incremental 4D-var

" n di=y; — Hixy(t))
J(SX) — %SXTB_ISX i %Z(H iBX(ti) — d,)TRl_l(H iSX(ti) - d,/

N =4
i

/=0 ik

v
J, Background term J, Observation term

We calculate the gradient of the cost function to find its minimum:

Min) <> Vg, J =B718x + 3o M'T HT R (H;M';[8x,] — d;) =0

ﬁx: low resolution increment at initial time \

6x(t;): incr evolved according to TL model from initial time to time index i L
di=y; — Hixu(t;): Innovation vector, x,(t;) background propagated using full model Adjoint
R;: Obs error covariance matrix at time index i
B: Background error covariance matrix

yi: Observation vector at time index i

Hi[x]: TL model equivalent of observations

QI.[X]: Full model equivalent of observations ) S ECMWF Gpemicus [

Commission

Tangent linear




Incremental 4D-var

f 'Monitoring

n
J(5x) = %SXTB'15X+ %Z(H SX(t;) —d)TR(H ,5x(t,) - d,)

i=0

Final Trajectory
T511
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E < Incremental 4D-var

Atmosphere
Monitoring

n
J 55 = %SXTB‘IBX + %Z(H Sx(t,) - d,)TR7(H,8x(t,) - d,)

=0

Outer loops

* Full non-linear NWP model

* Full atmospheric
composition models

* Full set of atmospheric
composition variables

Tangent Linear and
Adjoint of observation
operators

1

Inner loops

* Tangent linear NWP model linearised
around outer-loop trajectory

* No atmospheric composition model

* TL/AD of simple NO2 chemistry now
implemented

* Limited set of atmospheric
composition variables treated as
tracers

\/\ Final Trajectory
T511

opemicus
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‘ Incremental 4D-var

Atmosphere

Monitoring n

J(SX) = %SXTB_IEX ;2 o %Z(H "SX(ti) — d,)TR,_](H iSX(ti) - dl)

i=0

W\/\-l Min 1

Inness, A., Ades, M., Agusti-Panareda, A., Barré, J., Benedictow, A., Blechschmidt, A.-M.,
Dominguez, J. J., Engelen, R., Eskes, H., Flemming, J.,Huijnen, V., Jones, L., Kipling, Z.,
Massart, S., Parrington, M., Peuch, V.-H., Razinger, M., Remy, S., Schulz, M., and Suttie, M.: The
CAMS reanalysis of atmospheric composition, Atmos. Chem. Phys., 19, 3515-3556,
https://doi.org/10.5194/acp-19-3515-2019, 2019

composition variables

\<

ETT e ST U A UTOSPTTETTC
composition variables treated as
tracers

Tangent Linear and
Adjoint of observation Final Trajectory
operators T511

C ECMWF kopgm!gﬁ{ﬁ - European
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2. Operational aerosol
analysis and forecasts with
focus on dust
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Copernicus Atmosphere Monitoring Service

Credits: CAMS team

Ground-based observations
are used to verify the model
prediction

'?\;r::;z:ir Satellite data are
& used in the
ECMWF’s Integrated
Forecast System to
initialize the model
!
A,

Aerosol Optical Depth at ARM_SGP

(36.605°N,97.486°W,319m)

Fire from FRP (GFAS, Global Fire Assimilation
System) and anthropogenic emissions from
l‘ established inventories are inputs to the model

1ittps://atmosphere.copernicus.eu/

aerosol optical depth

ERONET data

The CAMS/ECMWF model is based on:

* ECMWEF 4D-var and meteorology

* Integrated chemistry and aerosol representation
(IFS-COMPO)

* Integrated natural biosphere model

CECMWF (opemicus [ e

Europe’s eyes on Earth Commission
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‘ Impact of data assimilation(DA) on forecasts

Atmosphere
Monitoring

CAMS AOD forecast bias against AERONET

MACC/CAMS 2011-2021 versus Aeronet - Aerosol Optical Depth @550nm 1d fo recaSt With DA RS
:n:u a-.n u'n c-:u iR H u;n [ A1 a1 [ Po S |t | ve

hst with DA~ Impact on
oD

0.4

0.0

-0.4

t without DA

-0.8

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

.MS\PMZ.S forecast compared to EMEP and IMPROVE ground observations

MACC/CAMS 2014-2021 versus EBASMC - SCONC_PM25 WORLD
ARE HI 2RI 43 45R1 46R1

Mixed result
—>for PM2.5

forpcast with DA
 /.observations
Les ounio fordcast without DA

1
1
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Credit: CAMS validation report (CAMS84_20185C3_D1.1.1_JJA2021)
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E ‘ Observations used in CAMS

Atmosphere _ _
s JO) = @—x)TB = 1) + Y 0 — bR (v — Hil])
\ iiO P
VIIRS SLSTR Observation constraint

Mean= 0.134 SDD= 0.070 Mean= 0.070 SDD= 0.068

* Assimilated observations are AOD at 550 nm
from:

— VIIRS (NOAA-20 and NPP) over land and ocean
— MODIS (Aqua and Terra) over land and ocean

from Australia — PMAp (Metop-BC) over ocean
MODIS PMAp

Mean= 0.159 SDD= 0.096

S TI LI T e Assimilation tests with SLSTR AOD ongoing

a o o

) B .

oy

=E X K - -

o »

(3]
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~ Multi-satellite AOD product intercomparison
( Latitude cross section of first guess departure over ocean

Atmosphere

i —— S3aSLSTR —— TERRAMODIS —— NOAA20 VIRS —— PMAp-A ;
Snierng S3b SLSTR —— AQUA MODIS SNPP VIIRS PMAp-B Atlantic dust outbreak
A well captured
0.050 / /

arge diversity,

n South ocean
& . 0.000

wind, cloudsT—p~—___

’ '

Mean of first guesg departure
S
o
N
w

—-0.050

—0.075 ~ - SNPP>NOAA20
- TERRA>AQUA

-0.100 Radiometric
uncertainties in

=0.d25 -60 =’ -20 0 20 40 60 level 1

Latitude
SLSTR shows lower global AOD over ocean ‘B .| (ocemicus S ECMWEF

_ Garrigues et al., ACP, 2022



g‘ Observations used in CAMS

Atmosphere

Monitoring ](x) = (x - xb)TB_l(x - xb) + Z(.yl - Hi [xi])TRi_l(Yi — Hi [xi])
i=0

.. ——
~

VIIRS SLSTR Observation constraint

Mean= 0.134 SDD= 0.070

Mean=0.070 SDD= 0.068

kY . Al M | 171

AOD observations - no
information on vertical profile of
the aerosols or the speciation

from Australia

MODIS PMAp
Mean= 0.145 SDD= 0.065 Mean= 0.159 SDD= 0.096
R .‘\"41-“—' = u} . R s i
i~ o g e N loun Py = ~ny. See | *
X TR o~ - |- 3 j:g 4
- = o oA

f | S ECMWF opemicu§ [ [
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Greenhouse Gas
Module

CHTESSEL
Photosynthesis &
ecosystem respiration
model
Diagnoses the gross
primary production of
CO2 by plants and
release of CO2 by soil

CH4 comes from
prescribed emissions
and climatological loss

Control variables

NWP

vorticity
divergence
temperature
surface pressure (logarithm)
specific humidity

Atmospheric Composition

ozone

carbon monoxide
nitrogen dioxide
formaldehyde
sulphur dioxide

carbon dioxide
methane

aerosol mixing ratio

Model and control vector
n
JG) = (= x,)"B™(x — 1) + ) 0 — HylxD"R 0 — Hylxi])
' i=0

Background constraint

Chemical Module

TMS5 (CBO5)

57 species, 131 reactions
Photolysis, dry and wet deposition

Aerosol bin scheme

14 aerosol-related prognostic variables:
3 bins sea-salt, 3 bins dust, Black carbon, Organic matter,

Sulphate, 2 bins Nitrate, Ammonium

Emissions, dry and wet deposition, sedimentation

nodules are included in ECMWF'’s Integrated Forecast System



(7 B Model and control vector

Greenhouse Gas
Module

CHTESSEL
Photosynthesis &
ecosystem respiration
model
Diagnoses the gross
primary production of
CO2 by plants and
release of CO2 by soil

CH4 comes from
prescribed emissions
and climatological loss

Control variables

NWP

vorticity
divergence
temperature
surface pressure (logarithm)
specific humidity

Atmospheric Composition

ozone

carbon monoxide
nitrogen dioxide
formaldehyde
sulphur dioxide

carbon dioxide

aerosol mixing ratio

JGO) = & — %) BN @ — %) + ) 0 — Kl DR O — Hillxi])
g i=0

Background constraint

Chemical Module

TM5 (CBO5)

57 species, 131 reactions
Photolysis, dry and wet deposition

Aerosol bin scheme

14 aerosol-related prognostic variables:
3 bins sea-salt, 3 bins dust, Black carbon, Organic matter,

Sulphate, 2 bins Nitrate, Ammonium

Emissions, dry and wet deposition, sedimentation

odules are included in ECMWF’s Integrated Forecast System



Atmosphere
Monitoring

Control variables

NWP

vorticity
divergence
temperature
surface pressure (logarithm)
specific humidity

Atmospheric Composition

ozone

carbon monoxide
nitrogen dioxide
formaldehyde
sulphur dioxide

carbon dioxide
methane

aerosol mixing ratio

Control variable is formulated in terms of
the total aerosol mixing ratio.

Analysis increments are repartitioned into
the species according to their fractional
contribution to the total aerosol mixing
ratio.

The repartitioning of the total aerosol
mixing ratio increment into the different
bins is difficult

S ECMWF (ope‘rﬂn‘jc% o
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OVERLAYS

MODIS Combined Value-Added Aerosol

Optical Depth
® Terro and Aqua / MODIS

C————a——
<0.0 3 \

R

Group Similar Layers
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NASA
obsen
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Start Comparison

DAY
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orldview — MODIS Aqua and Terra AOD 550nm
ations for 20210222

The CAMS forecast does a good job of
forecasting the AOD plume from Africa over
Northern Europe

ole|e|alo

=)

. Aerosol forecasts - Sunday 21 Feb 2021, 00 UTC VT Sunday 21 Feb 2021, 12 UTC Step 12
© ECMWF 2021

W,

/ / ;

o
o

01 016 023 029 036 042 049 055 061 068 074 081 087 094

3

Dust storm February 2021

CAMS Total AOD at 550nm 12hr forecast valid

at 20210222 12hr

Aerosol optical depth at 550 nm (provided by CAMS, the Copernicus Atmosphere Monitc



< Dust test case February 2021

ii rather than Dust

Closer examination shows that some of this Dust _ Sulphate
.| total AOD can be attributed to Sulphate, SR

Credit: Melanie Ades

Total AOD at 550nm: 20210222 03hr

* AOD increments are attributed to the
different species according to their
proportion in the nonlinear forecast.

* If there is no dust in the forecast in a
specific location then the increment will
be given to whatever species are there —
in this case Sulphate

AOD incr

at 550nm

[N

I European
Commission




44

With specific additional Dust observations, the
Dust can be increased in the relevant locations
which will improve the spurious increments of == "

Dust

other species

Sulphate

< Dust test case February 2021

Credit: Melanie Ades

AOD at

550nm

AOD incr

at 550nm

LMD IASI 10um obs 20210222 12h

European
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Atmosphere
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CAMS global reanalysis 2003 — 2022 (updated every 6 months)

CAMS Global Reanalysis - Carbon monoxide 2003 - 2016
May 2003 May 2006 May 2009 .
ALY = ,{(_:y Reanalysis
| | ae e S e - A A e e o - — ;
i £ }J HPAS =S = Sk i P 7l .&ﬂ_,_ " Using a combination of observations and
t | oy i { b s § 1 . .
B LN H AR e, ¥ 7 computer models to recreate historical
BLST TR R S S A W R : o
st A N o climate conditions.
P4 ) ] Lobyl <! L Y
i I i | 2
] I | |
DATA DESCRIPTION
) May 2012 May 2016 Total column carbon monoxide (kg m) Data type Gridded
0 = == o O O O === == 0 O O O I -
S B SN P R SRz tg_‘;{r;*f‘r"" I 5 0.0002 0.001 0005 Horizontal coverage | Global
MR B -2 0 = [ T sy ‘.yﬂ? 5 x P
A SRR \‘\“:“\{“ﬂ B R NG CITINENARL . Horizontal resolution | 0.75°x0.75
ESERSS W =N SSER P opernicus ] :
‘ 7 ! L2 iRt ! = Bmopes eyes onBath = Vertical coverage Surface, total column, model levels and pressure levels.
| - 4 p—
i i { % ,\ " g 'TII f } f 4 @ &“"ECM F Vertical resolution 60 model levels. Pressure levels: 1000, 950, 925, 900, 850,
- 1= — Temporal coverage 2003 to 2020

Temporal resolution 3-hourly

CAMS global reanalysis (CAMSRA, eac4) 5”“ zR:j““' Ll

e 2003 -2022, with new years being added puiate et M| Twice 2 year with 2.6 month delay

* Aerosols, chemlcal pc?llutants, CO2 & CH4 « CBOS tropospheric

e 80 km spatial resolution chemistry

* Inness et al. (2019): https://doi.org/10.5194/acp-19-3515-2019 « Cariolle-Déqué scheme for
* Wagner et al. (2021): https://doi.org/10.1525/elementa.2020.00171 stratospheric ozone

» atmosphere.copernicus.eu/ega-reports-global-services * Interactive prognostic O3
. and AER

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

(] Commission |


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

Extreme AOD, number of days in 2021

Atmos|

vonit Aerosol Optical Depth anomalies
calculated against the
2003-2020 annual means from
the CAMS reanalysis

Number of days
in 2021 with
extremely high
AOD (extreme
being defined as
above the local
2003-2020 99.9*"
percentile).

total AOD difference

0 2 4 6 8 10 12 14 16 18
Number of days with AOD above the 99.9th percentile

The exceptional fires over parts of Siberia, U.S. and
Canada, as well as their downstream plumes over the
Arctic ocean and Eastern U.S. are clearly visible.

: 20 { 1 European
oo oz s s g0 ok 0% 032 Brpyn: Remy et al, Aerosols, BAMS STate of Clinistaif o218



7> N The Atmosphere Data Store (ADS)

Atmosphere - Al CAMS data are freely available https://atmosphere.copernicus.eu/data

Monitoring

B (oremos SECMWF (7 i

et Monitoring Service
e . Your fe=dback helps us to improve the service

Home Search Datasets FAQ@

Atmosphere Data Store

Welcome to the Atmosphere Data Store
- 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 free to obtain access to
the ADS and its Toolbox.

We are constantly improving the services and adding new datasets. For more Information, please consult the catalogue,
our FAQ z or the CAMS forum e,

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

Z7m Atmosph
SECMWF (7 fmees

Home Search Datasets FAQ

Search results

cams reanalysis

Sort by
Relevancy
Title
Type

» Variable domain

3 Parameter family
» Spatial coverage
9 Product type

» Temporal coverage

All

Showing 1-7 of 7 results for  cams reanalysis x

(@

(@

((

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

CAMS global reanalysis (EAC4) monthly averaged fields
CAMS global reanalysis (EAC4) monthly averaged fields

CAMS global reanalysis (EAC4)
CAMS global reanalysis (EAC4)

About CAMS

Copernicus Atmosphere Monitoring Service The Copernicus Atmosphere Monitoring Service ( CAMS

CAMS solar radiation time-series
CAMS solar radiation time-series

CAMS European air quality forecasts
CAMS European air quality forecasts

| @CopernicustU

Europe’s eyes on Earth Commission



{ CAMS charts and news bulletins

R A Aerosol Alerts  Map Get Alerts Community Gallery About

Aerosol forecasts o -
https://atmosphere.copernicus.eu/charts/cams .~ -~ .

vvvvvvvvvvvv

Unitedxingdom
» SRR T T senapyc,
« CAMS - Rerotadtes i Ry, 0000 TR ) .
7, \ fance SAL IR
Dust aerosol optical depth at 550 nm (provided by CAMS, the Copernicus Atmosphere Monitoring Service) )/.—/ T 1 :
Results Monday 27 Feb, 00 UTC T+3 Valid: Monday 27 Feb, 03 UTC B e ]
United sates
e g
11 matching items
ol s
et
Forecasts F mria\_,;
T3 R
# Aerosol forecasts ‘ = . o R = 1 ?
ESERB Y CAMS aerosol forecasts SN T A\ tt I t t d t 2023 02 ZJ
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. . CAMS monitors first Saharan dust episodes for

Europe in 2023

Home / News

2

~ https://atmosphere.copernicus.eu/cams-monifprs-first-saharan-dust-episodes-europe-2023


https://atmosphere.copernicus.eu/cams-monitors-first-saharan-dust-episodes-europe-2023
https://aerocom-alerts.met.no/?date=2023-02-27
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4D-ATLANTIC
Dust & Ocean Modelling and Observing Study (DOMOS)

Dust is a key player in
the Earth System (

through its impacts on
radiation, clouds and
the ocean
biogeochemical cycles

LW radiative
processes

DOMOS addresses
the dust interactions :
with the ocean using an Sey Snurents
integrated modelling €O2 sequestration, ~
and observing approach
S ECMWF @= Q etstisuen

esa DOMOS is carried out under a programme of, and funded by, the European Space Agency. The view expressed in D Jo% M O S
this presentation can in no way be taken to reflect the official opinion of the European Space Agency
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. . 1.
Science questions

the Atlantic has changed over the last
20 years? Can we identify robust
trends in the reanalysis and model
datasets and if yes, how can we verify
them?

To what extent dust deposition over

2,

What is the contribution of
anthropogenic and natural sources of
dust compared to biomass burning and
anthropogenic aerosols to soluble iron
deposition over the Atlantic?

3.

What are the impacts of changes in dust deposition on

marine biogeochemistry and their potential effects on
ecosystems?




Satellite EO Dust Datasets (NOA) Moored Instruments (N10Z)

MIDAS - MODIS based pure-dust product E »!
(Gkikas et al., 2021) ng
MiDAS DOD - 1
a0 ussw sow e 600 ae s asse asor [ 28
o : E— b
LIVAS - CALIOP based pure-dust product ik = :;Z >
(Amiridis et al., 2013) . W oso
LIVAS DOI “ . 040
ANNUAL (2007-2015) 30°s 30°s. 0.30
ol 1w oo sw O e soe wse s 020
= 0.80 60°s. 60°S. 010
020 90°s =] i 90°S. 0.00
o fo wew sow mw o ae we mee wtt (O
0.50
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/ Field campaigns (ASKOS dataset, NOA) \
Askos 4 AVATAR-T 42,
. I . . f c I r— /// ——
Observations on board vessels (University of Cologne s
”
. . ~__C(ADDIWA ~#'
Review of available AOD data »
A cE @
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ay e —L ) P
[ rase ] Source: ESA
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PollyXT lidar Solar radiation | )
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Satellite-derived dust optical depth and
deposition products (NOA)- will be publicly

released
LIVAS (CALIPSO)-derived

LIVAS Dust Optical Depth / Annual 2007-2020 LIVAS Dust Deposition / Annual 2007-2020
"y

Latitude (deg)
Dust Optical Depth

60
~100 -90 -80 -70 -60 -50 -40 -30 -20 -10 O 10 20 30

60 )
-100 -90 -80 -70 -60 -50 -40 -30 -20 -10 0 10 20 30 2
Longitude (deg)

Longitude (deg)

ULB Dust Optical Depth / Annual 2007-2020

ULB (lASI)-derived

-60
100 -90 -80 -70 -60 -50 -40 -30 20 -10 O 10 20 30

Longitude (deg)
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Credits: Manolis Proestakis

Dust Deposition [mg/m?d]

/ LIVAS Dust profile and VIIRS AOD LETKF \
analysis (BSC)

(2.5e-4 1/m isosurface)

KMONARCH analysis of the Godzilla dust event (June 2020)/

Credits: Enza Di Tomaso and Jeronimo Escribano

Sep 5

/ IR Dust AOD 4D-Var analvsis (ECMWF) \

Credits:
Liam Steele

Latitude

Latitude

Dust depositiornlnaround hurricane Larry in the &MS analysis
(September 2021) 34
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https://indust.typeform.com/to/N16SFlTJ

ESA Aeolus Mission 5 2eclis.

» Launched on 22 August 2018, Aeolus is the first satellite mission
to acquire profiles of Earth’s wind on a global scale.

« The Aeolus satellite carries a UV Doppler wind lidar (ALADIN)
operating at 355 nm to measure winds through the signal
backscattered by molecules and particles.

Aeolus rayleigh wind velocity (m/s)

40 24 -8 8 24 40

Wind profiles from Aeolus



NRT monitoring of the Aeolus L2A particle backscatter product

https://www.theguardian.com/science/2018/aug/23/satellite-aeolus-launched
-space-map-earth-winds

<EC
A\~ 4 E MWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS

The HLOS wind product has been assimilated since
January 2020 at ECMWF

Since January 2022, NRT monitoring of the L2A
particle backscatter (spin-off product) has been
carried out under ESA funding

The particle backscatter is processed into
IFS-COMPO, and compared with the value
calculated by the forward model operator
(monitoring).

Assimilation is also carried out, to measure the
effect on the short-range aerosol optical depth
(AOD) forecast, compared to the CAMS operational
product
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Credits: Will McLean (ECMWF)



June 2020 “Godzilla” dust event: impact of Aeolus L2A on Aerosol Optical
Dth forecast Credits: Will McLean (ECMWF)

j NASA Suomi NPP/VIIRS visible image of Saharan dust over

the tropical Atlantic region on 17 June 2020 (from NASA
Worldview)

Comparison of hprg, hpre & hpnl and L1.5 Aeronet AOT at 500nm over
Santa_Cruz_Tenerife (28.47°N, 16.25°W). Model: 00 & 12UT, 1-30 Jun 2020, T+3 to T+12.

@ L1.5 Aeronet —— No assimilation —— AOD -— Aeolus with cloud screening + AOD
5
45
4
Vertical profiles of the Aeolus L2A backscatter over the tropical i
Atlantic region for June 15-17. The black line shows the first guess 3

departures, clearly showing Aeolus measurements place the
plume height differently than the model first guess.
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4D-Var data assimilation methodology

CAMS operational system, observations used and some of the difficulties
of doing data assimilation with respect to dust and aerosols

Reanalyses and how these can be used, e.g. AOD anomalies
New research challenges: constraining dust optical depth and dust

deposition using novel observations (i.e. lidar profiles, IR dust optical
depth, etc).

SECMWF ( opernicus
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THANK YOU FOR YOUR ATTENTION!

Any questions?
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