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Scientific motivation

e ECMWEF/CAMS provides daily aerosol forecasts up to day 4 since
2008

« MODIS Aerosol Optical Depths (AODs) are assimilated routinely

* No profiling observation is currently used — large uncertainty on
aerosol vertical structure which is determined by the model
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Historical perspective

* Since the first ICAP meeting in 2010, there has been an effort from the CALIPSO
team to provide NRT aerosol backscatter data for assimilation. From an email of
David Winker dated 02/08/2010:

Angela et al,,

Based on conversations at the meeting in Monterey and since, we've put together a preliminary product
catalog for the Level 1.5 NRT product. Our initial assumption is that size is not an issue and as defined here
the product comes in at about 500 MB per day. This is defined as a tropospheric product. We're thinking the
profiles would cover the range 0 - 20 km, but we detect little aerosol above 10 km and virtually none above
15 km.

 QOperational centres including ECMWF have been looking at using the CALIPSO
data for assimilation since 2011 with various degree of success and facing several
challenges (mainly connected to model skill)

* Following the CALIPSO example, Aeolus and EarthCARE will provide near-real-
time (NRT) aerosol products from the ALADIN and ATLID lidars when in orbit.
Data will be delivered to operational centres with interest in aerosol prediction
and forecasting

e Strong interest in pursuing assimilation of aerosol profiling data
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Historical perspective &
Current status
Observation operator for lidar data was developed for inclusion in

4D-VAR under the ESA-funded project QUARL in 2010 (thanks to
Jean-Jacques Morcrette, Olaf Stiller and Marta Janiskova)

Initial assimilation tests at ECMWF using CALIPSO data were
started in 2011 (single orbit)

Several model changes (cycles) occurred over the years which
helped with fitting better the observations

CALIPSO assimilation improvements (i.e. activated variational bias
correction)

Evaluation of CALIPSO assimilation with HSRL and ground-based
lidars
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Examples: Comparisons of MACC/ECMWF model runs

Apr 16, 2008

with lidar observations from CALIOP sétisor on CALIPSO

Model aerosol (color) and clouds (grey)

Model (fh2u) aerosol amount and cloud fraction al n&}gg%@rkm

d cloud i
OF A Train orbit between 20-27:40 & 20:5956- 18/

o “ IFS Simulated Total Attenuated Backscatter (s’ km"[} at 532 nm along 13058 km
i ' B of A-Train orbit between 20:27:40 & 20:59:28 16/04/08 U

Ao N

20:55 20:50 20:45 20:40 20:35 20:30
Loﬂ I I I 1 I I I | | | 1 | | | | I 1
" 61 B3 65 67 B8 B9 70 71 72 73 V4 75 V6 77 78 79 80 81 8283 85 &7 83 91 94
I L I L I L I L L I I I I I I ]
-525 45 -375 -30 -225 15 <75 0 5 10 15 20 25 30 35 40 45 50 55 60

Tt ” e 20:55 20:50 20:45 2040 20:35 20:30
- % . | I A N || [
j_-". s 61 63 6 6768697071 72 73 74 75 76 77 78 ?Jg 80 81 8283 &85 & 89 91

2 4 | | |

7 { ' La | L1 L L1
" ) Qi L 151 FISL 1§ -375  -30 A5 75 0 5 10 15 20 25 30 35 40 45 50 55
\):k' d ; - X N LY

o i \ 5 . - I . SPes. 1 GY NS L “;_ v
Wllindia - S AT s €.k B K Yrgyzsian gegishiek e
= & ' - ! “"' {\\ +bamEexk “s

S
3, -‘x\‘- ‘ s‘ N\ %&,
2 . ‘ ACH

> ., Rl ) e
Observed aerosol (yellow) and clouds (grey) Baékscatter (Sf-1 km-

GALIPSO feature classification along 13059 km ' " }
of A-Train orbit between 202757 & 20-5545 16104108 UT i GALIPSO Aerosol Backscatter Goefficien 5)
of A-Train orbit between 20; 59

A-Al
- |
L B

100 L L

— Noagrosol |
200 | -
07

300 l— — ' 00— 0.3

400+ b3 0.08
L | | W i n s

] ‘ 0.009
1500 Mk . |‘ | kY l e B sviee B - " 0008

20:55 20:50 2045 20:40 20:35 20:30 600 — 1 F 0.001
G 85 6768 63 70 71 72 73 74 75 76 77 78 79 80 81 6263 85 & & 91 94 . Attenuated 1%83: L o . ekl M (pees - 1 - LR L ' ggggg
435 45 475 80 225 15 75 0 5 10 15 20 25 40 ssvrm : 50 %5 60 Lo 2055 2050 2045 20:40 203 0.0 |
¢ - ‘ B E n | [ | | | | | | | 1 | | | | | |
b AN JF 61 B3 B G/ GBRO 7071 72 7374 75 76 77 787980818283 85 & 89 91 94 B
N (),1010 re'e | | | | | | L Lo L ,
3 Y (_\1‘29\10'Ll”0pa ‘[ -52.'5 41'5.5 -3-22.5 -5 -75 5 10 1 2025 30 5 40 45 50 55 60 — -
) /# SAGTH©2010 Google & ,"T L R R el L (‘300*3 2
- .J . - ;‘gs.weplt;?t State Gg.ographer' Id 3 s et () ¥ AN S \\\ .
> -~ b g b 3™ . ' . - er =" N : ~ - "
28°40'2289°N 771°45 1375 EF o4 Phaka thitaelev 215 m 8 Eye alt ' 2186.46 km ™

Lon




NRT CALIOP data for 4D-Var
assimilation

- Mean and Median Attenuated aerosol backscatter at 532 nm
-Standard deviation

-cloud-cleared at 1km resolution
-averaged at 20 km horizontal resolution
-60m vertical resolution

-Feature mask

This product has been
custom-made for NRT (expedited)
provision and assimilation at
operational centres.

-Some indication of aerosol typing *Thinned to 900 profiles,
. 40 km effective
or!c_nt*iu? resolution

ust 18, 2010
"o (originally 1800)

g -

*67 vertical levels, 300m
resolution (originally 345)

"l ' . - ~200000 backscatter
' observations actively
a = assimilated over the
""" 4DVAR 12-hour window
Acknowledgements:

NASA LarC CALIPSOTeam (Dave Winker, Chip Trepte, Jason Tackett
(Dave Wi P ITEP ) SCECMWF




OBSERVATION STATISTICS

CY40R2 (NRT cycle)
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Verification of lidar assimilation experiments

AERONET and MPLNET verification shows good performance of lidar assimilation locally
or at least not worse than the MODIS Dark Target-only run...

Tamanrasset_INM (22.79°N, 5.53°E). Model: 00UT, 1-31 Jul 2013, T+3 to T+24. Daily means.

Comparison of g9p3, g9p4 & gb7w AOT at 550nm and L2.0 Aeronet AOT at 500nm over
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Comparison of g9p3, g9p4 & gb7w AOT at 550nm and L2.0 Aeronet AOT at 500nm over
Dushanbe (38.55°N, 68.86°E). Model: 00UT, 1-31 Jul 2013, T+3 to T+24. Daily means.
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Lidar data are courtesy of Arnon Karnieli. Special thanks to
AERONET and MPLNET teams. Graphics by Luke Jones.
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Verification of lidar assimilation experiments (2)

...but AERONET verification shows that globally lidar assimilation
underperforms with respect to MODIS only analysis!

» This is due to model biases (optical properties are the main suspect) and
possible discrepancies/biases between the MODIS and CALIOP

FC-OBS bias. Model AOT at 550nm against L2.0 Aeronet AOT at 500nm.
Voronoi-weighted mean over 179 sites globally (r . =1276km).
1-30 Apr 2013. FC start hrs=00Z. T+6 to 24.
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Verification of lidar assimilation experiments (3)

August 19 August 27
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Assimilation of
CALIOP profiles
slightly reduces
extinction profiles
in some locations;
largest extinction
values remain
near surface
Depending on
location, these
reductions can
improve or
worsen
agreement with
HSRL

Credits: Sharon Burton
and Rich Ferrare (NASA
LARC)



Altitude (m)

Altitude (m)

Comparison of Median Profiles with and
without CALIOP assimilation

MODIS assimilation
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Median profiles in

good agreement
with MODIS AOT
assimilation

Adding CALIOP:

produces relatively
minor effects on
median profiles

tends to lower the
AOT with respect to
runs that assimilate
only MODIS AOT -
slightly better
agreement with
HSRL

Credits: Sharon Burton and
Rich Ferrare (NASA LARC)



SALTRACE experiment, 2013
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Credits: Fernando Chouza and Oliver Reitebuch (DLR)

* 110 flight hours between
10 June — 15 July 2013

« 5§ large dust outbreaks
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MACC model validation — The African

Good qualitative dust
spatial distribution
agreement

AEJ intenstiy is strongly
underestimated by MACC

Land-sea breeze over
Dakara is in good
agreement

AEW trough position is
well reproduced
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MACC model validation — The ITCZ
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MACC model validation — Long-range
transported dust
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FUTURE PLANS

Resume lidar assimilation tests with CALIOP data within the
framework of ESA-funded activities such as the Aeolus/EarthCARE
Aerosol Assimilation Study (A3S)

Test assimilation of ground-based lidar data within the framework
of the EU-funded project ACTRIS-2

Collaborate with BSC (WMO SDS-WAS) on the validation of the
model extinction profiles using lidar data

Collaborate with European projects TOPROF and E-PROFILE for the
use of ceilometers data for model evaluation and assimilation
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A3S objectives

1. Assess the developments necessary to prepare the ECMWF Composition-
Integrated Forecast System (C-IFS)’s 4D-Var system for assimilation of ADM-
AEOLUS/EarthCARE aerosol profiles

2. Generate/select suitable demonstration lidar observational datasets as a
proxy for AEOLUS/EarthCARE data

3. Develop and test the aerosol assimilation scheme to prepare for assimilation
of ADM-AEOLUS/EarthCARE aerosol profiles

4. Perform feasibility studies of the profile assimilation using the demonstration
datasets
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