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(';/vﬂgcc Lidar Observations from ADM-Aeolus and EarthCARE - \\\N‘“\ cSa
Validation, study of long-range transport of aerosol
and preparation of a future Chinese COZ2 lidar mission

= Proposal objectives cover calibration and validation aspects relevant for four lidar
missions addressing major focus topics atmosphere, climate & carbon cycle

Aerosol and clouds CH, climate mission Aerosol, clouds and CO,

Atmospheric dynamics

Aeolus EarthCARE

Begin 2018

expected launch dates
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Outline of the talk

» Project architecture & objectives

» Aeolus — the 1stwind lidar in
space — latest status

» Airborne campaigns - results and
planning
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Deutsches Zentrum fir Luft- und Raumfahrt (DLR),
German Aerospace Center, Institute of Atmospheric
Physics (IPA), Oberpfaffenhofen, Germany
European Lead Investigator

Dr. Oliver Reitebuch (LI, PI), et al.

Wind lidar, ADM Cal/Val, CO,/CH, lidar

Institut fir Trophospharenforschung
- (TROPOS),

~ Leibzig, Germany

" Dr. Dietrich Althausen (PI)

Julic cuve - . June Zuus

IPA
Dr. Gerhard Ehret, Dr. Andreas Fix
CO,/CH, lidar Merlin and CHARM-F
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Project Architecture and Partners
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| Aerosol lidar ground measurements R

Shanghai Institute of Optics and Mechanics
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Ocean University of China (OUC),

Ocean Remote Sensing Institute ORSI, Qingdao
Chinese Lead Investigator

Prof. Wu Songhua (LI, PI) et al.

Wind lidar , ADM Cal/Val, aerosol transport, CO, lidar

CMA-National Satellite
. Meteorological Center, Beijing
1 Dr. Shang Jian

University of Science
®.. and Technology of
China (USTC), Hefei,
Prof. Sun Dongsong
Wind lidar ground
measurements

repruary Zuuy ——
[ -

¥ LZU, Lanzhou
¥ Prof. Huang Jianping
= Dust Aerosol Transport observations

Anhui Institute of Optics
and Fine Mechanics, CAS-

(SIOM), Chinese Academy of Sciences AIOFM, Hefei
Prof. Chen Weibiao (PI), Dr. Liu Jigiao Dr. Liu Dong
ACDL Chinese CO, - Mission ACDL

20174F “JevkR]” TUMZEARI <=
201746 H26-30H , FH# BAIR




@/ﬂgcc

Project Objectives

Aeolus and airborne dgmonstrator

\ e

MERLIN and
airborne
demonstrator
CHARM-F

2017 DRAGON 4 SYMPOSIUM
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. Support of Chinese ACDL - Mission

. Dust transport and validation with lidar
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. Wind Lidar Observations from Aeolus

Validation of the wind, cloud and aerosol data products with ground-based and
airborne campaigns in Europe and China (DLR, OUC, SIOM), the ALADIN

Airborne Demonstrator (A2D) data will be analyzed with particular attention to
zero-wind calibrations and the retrieval of surface albedo using ground returns.

Development and test of new retrieval algorithms for wind and land surface
observations (Young Scientist)

Validation with ground-based and airborne sounding instruments
for aerosol and CO, in Europe and China (DLR, SIOM)
Scientific support in definition of mission requirements

Determine the dust source region, the main transport
route and the main deposition areas (OUC, TROPOS)
Validate the ADM-Aeolus and EarthCARE wind, cloud and
aerosol data products (DLR, TROPOS, OUC)

Past and present locations of the TROPOS Portable Raman lidar systems (Polly)
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Aeolus: First wind lidar in space

Aeolus
with single payload
Atmospheric LAser Doppler INstrument
ALADIN

" First wind lidar in space with molecular and
aerosol/cloud channel: wind+aerosol products

" Profiles of wind in line-of-sight LOS direction
(mainly zonal wind) from ground up to
20-30 km averaged over 100/140 km

" Error requirements on horizontally projected
LOS (HLOS) random:
< 1 m/s (z=0-2 km, Az=0.5 km)
< 2.5m/s (z=2-16 km, Az=1.0 km)
" systematic error: < 0.7 m/s HLOS
(0.5 m/s + 0.7% slope error)

2017 DRAGON 4 SYMPOSIUM
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Doppler shift in
line of sight (LOS)
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| —— Flight direction

Af — fo -2 U/C Flight altitude

320 km

25 vertical Nk
range gates

with

programmable
vertical
resolution in

~ steps of 250 m

Mie Channel

f~ 16 km
Subtropicalf
s
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AEOLUS status

« Satellite fully integrated and tested in

ambient
/VAL gehearsal Workshop ~

was heldin Toulouse, F;a_@?efr 28-30 —
March (http: //aeolus calval 2017 0rg/)

—

« Thermal vacuum test of the satellite is
ongoing until mid-July. 7

i . = —-.
« Next steps: Quallflcatlon,a/n?q't

Acceptance Review completion in. :J_..-.;g#’
October 2017; Launch Jan. 2018~ %%, ]
; Fig. credits ESA
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‘nggcc The ALADIN Airborne Demonstrator — A2D \\\Qs eSd

A2D first direct-detection
airborne wind lidar in 2005

I A2D receiver i
(thermally stabilized)g'

First flights of coherent 2-pm
and direct-detection wind
lidars on-board same aircraft
in 2007

A2D — Tasks at DLR

= Instrument improvements
of A2D

= Refined operational and
analysis methods relevant
for Aeolus satellite mission
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Vertical bin overlap incl. imperfections for
Rayleigh spots and Mie fringe
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Fabry-Pérot interferometer \7Y/€/gh channel

('?NHEEE A2D/Aeolus measurement principle
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s TEallc = olirs

> Intensive callbratlon and valldatlbn by ground based

Instruments, other satellite data and airborne lidars
planned during commissioning phase

» Continuous performance assessment during mission

= \/ —]+—50 MHz \ | =_LLLL.LIIIILL.L.I..I..LLI B LLNRRNL ]| (RN [ \nnenan
e ! ] i 01 JARARN ‘ L] | | reference
signal (Mie) ~ [l aull ik )

ol | N(aerosol/cloud) 1 (R SHEE

18) 01234567 85 LIS 0123456789 111K | Ground
0.0 L 7 | DAAZDATMAZD 0R29/20150529. 111916 e ¢
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Frequency / THz
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ADM-Aeolus WindVal
11. - 29. May 2015

NASA DC-8
May 9-28, 51 flight hours

DLR Falcon
May 11-29
47.5 flight hours

First time 4 Wind Lidars and
dropsondes on 2 aircrafts
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&g]mgcﬂ WindVal 2015 results (selected)

_ (€ A2D Rayleigh Flight on 2015-05-25
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A2D - LOS wind speed / m/s

difference (2um-A2D) / m/s

5 et 12 linear fit W
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WindVal 2015: Overall LOS wind speed
comparlson A2D vs. 2-pm Ildar

{zesa

WindVal 2015 summary:

A2D: 9 scientific and 4 transfer flights
between May 11t and May 29t, 2015

= 12 h of A2D wind measurements (21
scenes between 10 — 88 min)

5 in-flight instrument response calibrations
(= 2.5 h)
Coordinated wind measurements performed
during 7 flights
Flight hours:

NASA DC-8 = 51 h (excl. transfer)

DLR Falcon = 48 h (incl. transfer)
101 dropsondes released from DC-8

Large increase in statistical evidence for
comparison A2D and 2-pm from 2 scenes
in 2009 (Ng,y=1076, Ny;e=975) to 18
scenes (Ng,,=12647) for Rayleigh and 5
scenes (N,,,=1958) for Mie; statistics in
LOS with 20°

Final meeting successful, final report
delivered
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A®ue;  Windval 11 during NAWDEX 2016 @sa

North Atlantic Waveguide and Downstream Impact Experiment
Iceland 19 Sept. — 16 Oct. 2016

German DLR - Falcon flight tracks

University of

@Reading

B o cae i Aeolus Cal-Val payload
G: DLR Falcon Sy O

2eolus oy | s & A2D & 2-pum Doppler wind lidars

|
| -

\ -

|; IACETH .
DLR 4
LMU MIM 0

I | MaxPancenstite: k.

m Universitit Hamburg \@ fir Meteorologie

NAWDEX
Falcon D-CMET flight tracks
21/09/2016 - 15/10/2016

ST
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http://www.dlr.de/ipa
http://www.meteo.physik.uni-muenchen.de/
http://www.iac.ethz.ch/
http://www.mpimet.mpg.de/
https://www.mi.uni-hamburg.de/
http://www.geomet.uni-koeln.de/
http://www.uni-leipzig.de/%7Emeteo/de/index.php
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@/ﬂgcc Sampling of the jet stream on 27/09/2016 &Qgesa
o 07 and I winde R Jet stream crossing near the

[ 30 Outer Hebrides

—2 < High LOS wind speeds above
] 25 m/s (HLOS = 70 m/s)

3
3 , * Broad coverage, good agreement
£ with 2-pm DWL data
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&gfgm Sampling of the jet stream with A2D - 3D

T EEN

% — e ‘H'ﬁ 27/09/2016 o
--------- g;;: g—.“l : /f
Very high LOS wind speeds (25 m/s), E 100
corresponding to HLOS speeds of >70 m/s |
« Strong vertical wind shear (>10 (m/s)/km) = 2o
Google Earth | 7 e e
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A2D LOS wind speed / m/s

W\

c.‘g]”ﬂgﬂﬂ Correction of Mie winds (mean bias reduction) \\&*esa

Reduction of mean bias of Mie winds (for the flight on 04/10/2016) by:
e Applying calibration with new ground detection (-1 m/s)
Calibration with olhqgouumdticiteettion  ° Subtraction of Rayleigh background signal on Mie channel (-0.9 m/s)

BlebsreatiactionRefyRegleighckgcegraind  © Lowering of SNR threshold from 5 to 3 (-0.3 m/s)

/—

—

/‘
"z

Mie SNR threshold = 8 *  Further corrections possible (e.g. taking account of different altitudes/pressure levels)
0 T T 2% e
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A2D background data and solar radiance 21/09/2016

Comparison with solar radiance data obtained with SMART-HALO
during coordinated flight over dense clouds

. Slope: 1.81 - 10 Wm2sr i nmLSB™?
=» Potential for Aeolus relevant albedo data P

Intercept: 5.7 - 10* Wm2srtnm?

Background and solar radiance: Correlation coefficient R% 0.78
0.065 T T
0.10 T T | . T ' | : : I . I C T T T T T T T ]
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E ——— A2D Rayleigh background — 300 E 0060 ";/ .
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B E’ ww 00ss -“::E:'-J 1
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E 0.06 200 g E‘ 0.050_— * ]
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% 004 o R .
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(@)sccc  A2D - aerosol flights on 22/10/2016 dzesa

A2D Mie-signal analysis for comparison with ground lidars and Calipso spaceborne lidar

Mle signal intensities after Rayleigh background subtraction

| |
42I44I4t|4| ||J| 4I tISI:I 600

Potepza®

c/ouds

|II I
I c/ouclfs

Catania/Etna @

Lecce | |
gverpass Nl ||||I I |||I ||-|-| 1

|
260
number of cbservation
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(e Aerosol flights on 22/10/2016 — Mie signal £~

Mie signal - DCO, BKG, RG, TOBS orrectedb length normalized - Iog scale

eSa

10.50
° ‘ 10.25
6 | " 10.00
: [T |; I
g4 ‘ il | - p Al m 9.50
% ) |||+|¢ ( I ,hll #H|||||| ‘” : ‘ nl P" m M‘HM | ' 9.25
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o ko --- 1 1 - m \ Ly ,
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532 nm Total Attenuated Backscattes 'er' UTC: 2016-10-22 11:45:24.5 to 2016-10-22 11:58:53.2 Version: 3.30 Standard Daytime
30

Red line marks the Calipso overpass region:
=>» Vertical aerosol extent is approximately

-E' s .

: in the same range as A2D has measured:
' top at ~5 km

s s - Courtesy Alexander Geiss, ESA/ESTEC
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(@ e WindVval 11 2016 summary \Q&_esa

T —

. 15 hours of wind measurements available from 12 research flights (4 additional flights were
dedicated to calibrations and aerosol detection)

Mie winds_. statistical comparlson W|th 2-pm DWL data appllcatlon of

. Correlation between A2D baclfw 8|gnals and solar radlance ata crb ained from SMAR
HALO was demonstrated == —— - —— —

. Further analysis is ongoing regardlng the Rayleigh wind blas the Mie nonlinearity error and the
omparlson with SAFIRE data
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CHARM-F CO, & CH, IPDA

= precursor for Merlin and ACDL

~ = ~wavelength

=

-

..........

\
/\"7’ Google earth
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Courtesy Axel Amediek, DLR
Applied Optics Amediek et al. 2017

dzesa

* First airborne campaign on
HALO in spring 2015

* Measurement principle and

data retreival algorithms

demonstrated

Second airborne campaign

CoMet planned in spring 2018

Distance /m
CH, - emission from ventilation
of coal mine shafts detected
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Data analysis of WindVal 2015

finalized

Project summary

Airborne campaigns performed with
focus on instrument specifics,
algorithm refinement and satellite
mission calibration and validation

Data analysis ongoing for WindVal
Il 2016 and CHARM-F

Successful tests, improvements and
new developments of algorithms for
all involved lidar systems.

Contribution to L1B and L2A
algorithms for Aeolus mission

§

s §
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