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The ErathCARE missgon

Scientific objectives: »
» Improvement of the vertical distribution of natural and anthropogenic aerosols on a global scale
» Improve our understanding of cloud-aerosol-radiation interactions (NWP and climate purposes)

» Derivation of profiles of atmospheric radiative heating and cooling
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The ErathCARE missgon

For this contribution :

» Improvement of the vertical distribution of natural and anthropogenic aerosols on a global scale
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Motivations ...

We will try to address some key points regarding the use of EarthCARE data:
= How can data assimilation contribute to the validation of EarthCARE aerosols observations ?
= What added value can EarthCARE data give to better characterize aerosols at global scale ?

= Can the use of EarthCARE aerosol observations within a global assimilation system add value compared to all
existing data ?

= How EarthCARE data could help to improve the model parametrizations using data assimilation ?

= What kind of information could EarthCARE bring to the assimilation system during extreme events (e.g., desert
dust outbreaks, wildfire events or volcanic eruptions) ?
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The assimilation sysgem

=» It is developed within the MOCAGE model: the chemical transport model of Météo-France covers both troposphere and
stratosphere with gases and aerosols:

— 47 vertical levels (from the ground up to 5 mbar : “40m near the surface till ~800m in the stratosphere)
— Global: 2°x2°; 1°x1° and 0.5°x0.5°
— Regional: 0.5°x0.5°;0.2°x0.2° and 0.1°x 0.1°

=» Assimilated products

— AOD observations:
 Many wavelengths (>20: UV-IR) are implemented in MOCAGE for AOD assimilation
— Lidar profiles :
 The observation operator is able to solve the lidar equation for:
o Wavelengths: 355, 532, 1064 nm
o Quantities: the backscattered lidar signal, the extinction coefficient (a), the backscattering coefficient ()

o Geometries: Satellite, ground-based or aircraft (up or down) lidars
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The Aerosol Assimilaggion System

AOD

Lidar Profiles
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Assimilation of AOD gMODIS)

" The assimilation system is operational since January 2020
= \alidation of MODIS AOD assimilation for many years and for specific events:
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=» Overall good agreement of assimilated fields compared to AERONET
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Assimilation of AOD MODIS)
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CUT-TEPAK ( lon: 33.04275 ; lat: 34.674806 )

© O AERONET Observations
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Desert dust event over France (February - March 2021):

Desert Dust Total column (g/m2)

2021-03-04 @ 12HO00

MODIS Assim VIIRS Assim
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SeNionde

Quand les poussieres de sable du Sahara
arrivent en France, ce n’est pas sans
conséquences sur la santé

POLLUTIONS

Ce phénoméne se produit pour la troisiéme fois en moins d’un mois. Les particules
transportent notamment virus et autres agents pathogénes.

Publié le 03 mars 2021. Mise a jour le 04 mars 2021
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Pollution event due to dust

transport over China (March 2021) L*g
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La capitale chinoise Pékin enveloppée par un
épais nuage de poussiére
Reuters , 15/03/2021
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AOD, 15 Mars 2021 @ 12h00
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Height (km)

(a) AOD_OC 'Model'

Longitude (deg)

January 6, 2020 @ 12h00
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El Amraoui et al., 2022

Australian Wildfires: Nov — Dec 2019
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CALIOP Profiles ( 6 Jan. 2000 )

(a): CALIOP trajectory

(b): Backscatter coefficient (CALIOP)

(c): Backscatter coefficient (Model)

(d): Backscatter coefficient (MODIS Assimilation)
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Assimilation of CALI@PE lidar profiles

Assimilation exercise :
= TRAQA-2012 (20-29 June)

=» Saharan Dust Outbreak over The MB Mean Std.Dev
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Assimilation of CALI@QPE lidar profiles

Mumier of Measurements | 3

Ceorr=0.677
. . . -| Bias = -0.066
* Comparison with AERONET AOD observations "7 RMSE - 0.185
0.G
05 -
=
Autilla ( Lon: -4.603 ; Lat: 41.997 ) Ersa ( Lon: 9.359 ; Lat: 43.004 ) = =
= 0= =
0.6 =@~ Station: Autilla =@~ Station: Ersa § .}3
—— MOCAGE —— MOCAGE =
== Assim. CALIOP a7 =& Assim. CALIOP L3 “:1 g
(]
05 05 0.2 -
£ o4 £ o5 AERONET Stations (Number of measurements) (|
= g . 1800
1] 2 1600 1 0
éo.a 50-4 ‘ S TR EEGE ne e a6 07 a6 1
g = ‘ 1o AERCQMNET
g 3 0.3 o 1200
02 ® o 1000 Corr= 0 716
02 Y . . Bias = 0.046
o1 01 600 | =
0°N o E 1w g
0.0 o =
at A a P o o o° AL a Ak Al A o 0 ° AL w0 A =
rp\'v"ﬁ 10-\1;“6 g 20@'“6 20@'“1 ’F\'I-'dl FLB-\':;“'L rp‘@"ﬂ WY 0™ 0™ e ..n‘\q;dl _m'iw'dl = s _m’bn’l . = =
N _ - 10°W o 10°E 20°E 0°E 1
Granada ( Lon: -3.605 : Lat: 37.164 ) Malaga ( Lon: -4.478 ; Lat: 36.715 ) S 1 £
R —&— Station: Malaga ] 1w =
—8— Station Granada 08| —4 mMocace « =]
08 I m‘\%ij_lop =& Assim. CALIOP {—: =
07 " 07
_. 08 £ oe L k= ||:ﬂ
g g 05 a4 (| Ak = s Az e oy Qs
E 0.5 i AEROMNET
8 o4 % 0.4
a 2 - - . - -
2 03 <03 MOCAGE free run CALIOP Assimilation
0.2 02
Nobs Correlation Bias EMSE Correlation Bias RMSE
01 01
0.0 an ak _rﬂ a0 o e o2 N
o o o o ol ol ol ot -
oV o @ P @ g0 g @ g0 0 0 0 0o g0 o e 34230 0.677 0.066 0.185 0.746 0.046 0.149
A A A A

ESA-JAXA Pre-Launch EarthCARE Science and Validation Workshop | 13 — 17 November 2023 | ESA-ESRIN, Frascati (Rome), Italy




. Flight 29.06.2012. 05-0%h {a} I ]
Flight 29.06.2012. 05-09h - -
14— ATR — |
- - MOCAGE Free Run - |
e 12 CALIOP ASSIM — |
= - 1 1
T 10 4 et . - -~ . v
B - -
2 B —]
£ °F E |
g 61— — |
o - - L
E o4 —
5 E -
2 - - | taste
Py = — =y
- - it
c = —e
_ _lia
£ 5000 g 1 Average Total AOD el
o 4000 F . e
€ 3000 F . i
2 2000 F - e
= 1000 g k 3
<< 0 b
5 9 i
Time [hours] |
T3
3
Tame
B
Flight 29.06.2012. 10-15h ﬂ;
14 — ATR — Lt 30.88 36.05 43.00 .02
_ E MOCAGE Free Run | Flight 29.06.2012. 10-15h Lon 9.85 815 620 400
‘e 12— CALIOP ASSIM —
§ 10 —
B 3
g sl =
= E =
S 6 = .
2 b 3 "
E 4 ﬂ- — B
5 F -
4 - -
21— — = ¥
E M\ 3 _ <
Eeo oo b IO i b ) IR E L=
ESOUSJ ...... e e L L B H=h ﬁs 52-5
— 4000 [ 1 = 2g
€ 3000 | 1 z .5
2 2000 | ] 03 _ )
= 1000 g 1 Average Tolal AOD 3
10 11 12 13 14 15 : 2
Time [hours] .
o
Lat33ld =564 LL3RE) LASL0 Lad3 &) LA sAr Latsad L 53
Gmain Lardai Lt Leunr Leans Lmads Lndin Leie
El Amraouietal., 2020

aokh @

Altitude, km

- het applleable

: clean madne

- dust

: pedluted continental
: pedlted dust

: sroke

il

(

T
Lt 3312 Lat36G68 LatRET Lt 8109 L

Height (krr}

Len®2d Londzd  LonTad

36.91 42,06

B.6

&

Concentration

Ikgim3)

P

i

ha

ESA-JAXA Pre-Launch EarthCARE Science and Validation Workshop | 13 — 17 November 2023 | ESA-ESRIN, Frascati (Rome), Italy




Summary

The modelling and assimilation activities during the EarthCare CAL/VAL will have as
objectives :

o Assessment of the vertical structure of EarthCare products (compared to modelling
fields & other observations)

o How the EarthCare products can constrain the models at global scale via data

assimilation =» compared to independent observations performed during the
CAL/VAL period

o Evaluation of the added-value of EarthCare observations within a Global Observation
System using data assimilation (taking into account other observations)
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