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FIRST OF ALL

e Congratulations to CALIPSO and CloudSat on their
10t anniversary of operations!

e Both instruments have been game changers in
the cloud and aerosol panorama

e Success stories made also of patient work to
improve the products and/or offer new products
tailored-made to the needs of the user community

e Set a great paradigm for future active sensing
missions

S~ ECMWF



OUTLINE

e Motivation
e Aerosol forecast evaluation with lidar data

e Overview of lidar data assimilation efforts

e Current challenges and future perspectives
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MOTIVATION

e Atmospheric composition prediction has developed greatly
over the last 10 year

e Several operational centres run aerosol forecasts and
analysis on a daily basis (ECMWF/Copernicus Atmosphere
Monitoring Service, NASA, NCEP, NRL, JMA, BSC).

e Societal applications vary from air quality forecasts and
solar energy management to health and severe event
preparedness (dust storms, volcanic ash, biomass
burning)




AEROSOL FORECAST VERIFICATION
USING LIDAR DATA




COMPARISONS OF MACC/ECMWF MODEL RUNS
WITH LIDAR OBSERVAFIHONS FROM CALIOP 7
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Asian fires clouding Seattle's
sunny skies

By KPLU News Staff and Bellamy Pailthorp
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Wildfires in Asia to blame for hazy sunsets
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Model (fnyp) Simulated Total Attenuated Backscatter (sr'km™) at 532 nm along 9194 km You might have noticed a haze in the skies of
of A-Train orbit between 10:36:45 & 10:59:09 07/07/12 UT Western Washington, particularly at sunset

the last several days.

At first, Cliff Mass, University of Washington
Professor of Atmospheric Sciences, ught it
was smoke from massive wildfires in
Colorado circulating in the upper atmosphere
and into our area.

e e e e "And then finally, when | did a little
investigation, it became clear it was from
Asia. It was from major fires over Asia and

that smoke went all the way across the Pacific into us," said Mass.
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Pete Colarco, NASA
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LIDAR ASSIMILATION
ACTIVITIES
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MODIS Aerosol Optical Depth
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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 Langley
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' (c) NAAPS 2DVAR Analysis
(a) 17 May 2007 CALIOP 532 nm Attenuated Backscatter || ’“ ~
(1/km*sr), 21:18-21:25 UTC |
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(b) 532 nm Attenuated Backscatter ;(d) 532 Extinction Coefficient (1/km) [
(1/km*sr) and S Ratio (sr)
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Zhang et al. (2012) - GRL DOI: 10.1029/2011GL047



Volcanic Ash Assimilation Evraoyg

Observation:

km'sr*

Callop total attenuated
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Altitude AMSL [km

Analysis:

volcanic ash concentration

CALIPSO flight path N _
02:01:24 - 02:14:53 UT@r s3.00 5153 50.07 48.60

LON 6.09 5.42 4.78 4.17

EURAD-IM volcanic ash
concentration
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Credits: Anne Caroline Lan




CURRENT CHALLENGES




Challenge 1: coverage

e A significant part of the disconnect among different
datasets comes down to apparent scale (i.e., observation
density)
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. Aerosol Oﬁtical Deﬁth - 550 nm _ j
Credits: James Campbell, NRL|
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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.

CALIOP+ MODIS

CALIOP+ MODIS (with
adjoint bug correction) MODIS only (CY40R1)

CALIOP+ MODIS (CY40R1)

(**) Lidar data are courtesy of Arnon Karnieli. Special thanks to
Simone Lolli, Judd Welton and the MPLNET team. Graphics by Luke Jong




Challenge 3: model SkI"S
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1. Ensemble Correlation 2. Comblned with MODIS AOD
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With ensemble data
assimilation
methods,

we can capture the
correlation fields in
the horizontal but...
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Rubin et al. 2015




..capturing realistic correlations in the vertical for global g
forecasts is a bigger challenge. :
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Summary/Perspectives

Lidar assimilation for aerosol prediction is an active area of research at

many forecasting centres and research institutes

Much progress has been facilitated by data availability

Systems used range from variational to ensemble methods

e Variables assimilated are extinction, backscatter or lidar raw signal

e Applications range from aerosol global forecasts, to volcanic ashes
detection and regional air quality.

e Much progress has been made in the last few years, but challenges still lie

ahead due to:

e Collaboration with data provider is paramount (fostered by collaborations

such as the )

e NRT data delivery from all lidar mission is paramount (best effort is fine)

e Research projects funded by space agencies are very useful (ESA project
on Aeolus Aerosol data assimilation, A3S, for example)

e Community is getting ready to use lidar data to improve aerosol prediction

S~ ECMWF
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Outlook

Spaceborne lidars expected beyond 2020

Possibility of having up to 3-4 overlapping lidar missions.

There are vastly different expected capabilities and efficacies, full exploitation requires further
research & collaboration with data providers

Important to provide input on product design and operational use, advocating < 6 hr latency



