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Summary of ECMWF activities for ADM-Aeolus
¢ Prepared for assimilating L2B hlos wind

¢ 2002-04, example for other centres

¢ Developing Level-2B processor
¢ ECMWEF is lead institute, 5 sub-contractors
¢ 2004 -present

¢ Other ongoing work/operational phase
¢ MAG, GSOV, Cal/Val, In-orbit commissioning

¢ ECMWF to generate operational L2B/L2C
products, monitor & assimilate Aeolus data,
assess impact on NWP

¢ Maintain, develop & distribute L2B processor
2 On behalf of ESA, using NWP-SAF approach
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Status summary: Day-1 system on track

1. Level-2B hlos winds - primary product for assimilation
a. Account for more effects than L1B products
b. Will be generated in several environments
c. Motivated strategy to distribute source code
2. Main algorithm components developed & validated
a. Release 1.33 available - development/beta-testing
b. Documentation and Installation Tests
c. Portable - tested on several Linux platforms
3. Ongoing scientific and technical development
a. Sensitivity to inputs, QC/screening, weighting options
4. Contact points - ESA and/or ECMWF
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Atmospheric Dynamics Mission ADM-Aeolus

i
Direction to Sun ——

Altitude
400 km

ADM-Aeolus with single payload
Atmospheric LAser Doppler INstrument

ALADIN

Observations of Line-of-Sight LOS wind profiles in
troposphere to lower stratosphere up to 30 km
with vertical resolution from 250 m - 2 km

horizontal averages over 50 km every 200 km
(measurements downlinked at 1km scale)

Vertical sampling with 25 range gates can be
varied up to 8 times during one orbit

High requirement on random error of HLOS

<1 m/s (z=0-2 km, for Az=0.5 km)

<2 m/s (z=2-16 km, for Az= 1 km),
unknown bias <0.4 m/s and linearity error <0.7 %
of actual wind speed; HLOS: projection on
horizontal of LOS => LOS accuracy = 0.6*"HLOS

Operating @ 355 nm with spectrometers for
molecular Rayleigh and aerosol/cloud Mie
backscatter

First wind lidar and first High Spectral Resolution
Lidar HSRL in space to obtain aerosol/cloud
optical properties (backscatter and extinction
coefficients)
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ADM- Aeolus Coverage and Data Availability
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1 | Data antenna (X-band)
E| Coarse Earth-Sun sensor
3| ALADIN telescope

|4 | ALADIN structure

[5_| Orhit control thrusters

Satellite and Instrument ALADIN

@ Inertial measurement unit
@ GaAs solar arrays
E Hydrazine fuel tanks

@ Reaction wheels

@ Laser cooling radiator

i@ Telemetry antenna (S-band)

@ Power control and distribution unit
@ Li-lon battery

@ ALADIN control and data management

Mass and Power Budgets

mass: 1100 kg dry +116-266 kg fuel

power: 1.4 kW avg. (solar array 2.4 kW peak)
mass instrument: 470 kg

power instrument: avg. 840 W (laser 510 W)
Volume: 43 mx2.0mx1.9m

Doppler Lidar Instrument ALADIN
Nd:YAG laser in burst mode operation

(120 mJ @ 355 nm, 100 Hz)

1.5 m Cassegrain telescope
Dual-Channel-Receiver with ACCD detector
(Accumulation Charge Coupled Device)

Orbit

polar, sun-synchronous, dawn-dusk (6 pm LTAN),
97° inclination; height 410 km (395-425 km),

7 days orbit repeat cycle (109 orbits);

92.5 min orbit duration

Pointing and Orbit Control
GPS, Star-Tracker, Inertial Measurement Unit,
Yaw steering to compensate for earth rotation

Launcher tbd 2008
Rockot (Russia), Dnepr (Russia) or Vega (ESA)
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Comparison of Power-Aperture Products of Space

Lidars
Power-aperture product
Lidar Lidar Pulse Pulse Mirror PAP,
altitude energy rep. rate diameter range-cor.
LITE (532 nm) 250 km 560 mJ 10 Hz 1.0m 7.010711'W
GLAS (532 nm) 600 km 35 mJ 40 Hz 09m 0251071 W
CALIOP (532 nm) 700 km 110mJ 20 Hz 1.0m 0.35 10~ W
’ Factor 45
ALADIN (355 nm) 410km 150 mJ 100 Hz 1.5 m
ATLID (355 nm) 450 km 20 mJ 100 Hz 06m| 0281071 W ’ Factor 56
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ADM-Aeolus Ground Segment

Flight Operations Aeolus
Segment (FOS) Vission Users,
Management S rt
TC & real - uppo
time TM s Teams
ight
Operations [ESA-ESRIN]
Control Centre all CalValt
) alibration & aival teams;
S-band products instrument
[ESA-ESOC] experts
X-band Payload Data Segment (PDS) BUFR NRT/QRT
Aeolus B users /
Spacecraft -banc Aeolus Processing Facili Met cantors
Acquisition Level 1B/ 2A
Station
recorded [APF / Tromsg]
science & [AS/Svalbard ] all scientific
HK data products users
eve rocessing ong-Term s (off-line
X-band Facility. L2/Met PF B
Station(s) [ECMWF]
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Ground Segment - Svalbard Satellite
Reception Station

Data-downlink with 5 Mbit/s with X-Band to 2.4 m antenna to Svalbard, Norway (78°15'N)
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ADM-Aeolus Data Products

Product Contents Processor developer Size in
and location MByte/orbit
Level O Time ordered source packets with ALADIN measurement & MDA (Canada) 47
housekeeping data
Tromsg (Norway)
Level 1b | Geo-/ocated, calibrated observational data MDA (Canada) 10-15 (BUFR)
= preliminary HLOS wind profiles (standard atmosphere used +
in Rayleigh processing) - not suitable for assimilation
“ " Tromsg (Norway) 22 (EE XML
- spectrometer readouts at “measurement” scale ( 1-5 km ) Format)
- input for Level 2a/b processing
= viewing geometry & scene geo-location data
Level 2a | Supplementary product DLR-IMF (Germany) 12
= Cloud profiles, coverage, cloud top heights
= Aerosol extinction and backscatter profiles, ground T (N )
reflectance, optical depth romsg (Norway
Level 2b | Meteorologically representative HLOS wind observations ECMWF 18
HLOS wind profiles at “observation” scale ( ~ 50 km ) Reading (UK)
suitable for assimilation - temperature T and pressure p (and other
(Rayleigh-Brillouin) correction applied with ECMWF (or NWP/research centres)
other) model T and p
Level 2c | Aeolus assisted wind vector product ECMWF 22

Vertical wind profiles (u and v component);

NWP model output after assimilation of Aeolus HLOS wind

Reading (UK)
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Ongoing ADM-Aeolus Scientific Studies

Title Team

Consolidation of ADM-Aeolus Ground Processing including DLR Germany
L2A Products G
Météo-France, KNMI, IPSL, PSol

Development and Production of Aeolus Wind Data Products | ECMWF UK
Météo-France, KNMI, IPSL, DLR, DoRIT

ADM-Aeolus Campaigns DLR Germany
Météo-France, KNMI, IPSL, DWD, MIM

Optimisation of spatial and temporal sampling KNMTI Netherlands
Tropical dynamics and equatorial waves MISU Sweden
Rayleigh-Brillouin Scattering Experiment tbd

ESA plans an Announcement of Opportunity AO for ADM-Aeolus scientific use of data
for late 2008 — distinct from the AQO for Cal/Val
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Fig. U. Paffrath

ple of wind measurement with ALADIN

Atmospheric LAser Doppler INstrument

ALADIN

Direct-Detection Doppler Lidar at 355 nm
with 2 spectrometers to analyse backscatter
signal from molecules (Rayleigh) and
aerosol/clouds (Mie)

Double edge technique for spectrally broad
molecular return, e.g. NASA GLOW
instrument (Gentry et al. 2000), but
sequential implementation

Fizeau spectrometer for spectrally small
aerosol/cloud return

Uses Accumulation CCD as detector => high
quantum efficiency >0.8 and quasi-photon
counting mode

ALADIN is a High-Spectral Resolution Lidar
HSRL with 3 channels: 2 for molecular
signal, 1 for aerosol/cloud signal => retrieval
of profiles of aerosol/cloud optical properties
possible
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Transmitter

laser assembly:
Reference Laser Head
with stabilized tunable
MISER lasers

seeding the

Power Laser Head
with low power
oscillator,

two amplifiers and
tripling stage

two redundant laser
assemblies in ALADIN

Mie receiver:
Fizeau interferometer,
thermally stable,
fringe imaged on
single accumulation
CCD

ALADIN Optical Layout

RLH
>

w

=

PLH §

&

_U
-
E
redundant

Transmit/receive
Telescope

Telescope:

1.5 m diameter, Cassegrain,
SiC lightweight structure,
afocal, thermally focused

Transmit/receive
optics:

polarizer as T/R switch,
Laser Chopper mechanism,
1 focus as field stop,
interference filter and prism
for broad-band rejection of
solar background

Rayleigh receiver:
Double edge Fabry-Perot
interferometer,
sequentially illuminated,
temperature tunable
Outputs focused on single
accumulation CCD
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ADM-Aeolus Ground Segment

Flight Operations

Mission

Management

& Planning

[ESA-ESRIN]

alibration &
Monitoring

Segment (FOS)
TC & real
time TM
ight
Operations
Control Centre
S-band
[ESA-ESOC]
X-band Payload Data Segment (PDS)
Aeolus
Spacecraft -banc Aeolus Processing
Acquisition
Station
;g;gg:i [ AS/Svalbard ]
HK data

Station(s)

acili
Level 1B/ 2A
[APF | Tromsa]

eve rocessing ong-Term
Facility. L2/Met PF
(ECMWF] Archive

Aeolus
Users,
Support
Teams
o s | | CalVal teams;
P instrument
experts
L1B
BUFR NRT/QRT
: ' users /
v Met centers
L2B HLOS
all scientific
products users
s (off-line
applications,
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L2B data simulated using ECMWF clouds ...

Yield (data meeting mission requirements in % terms) at 10 km

¢ 90% Of RGYIClgh 100%
. 75%
data have accuracy wiin| B
I25%
better than 2 m/s 19
1.0
¢ In priority areas 09
(filling data gaps in o
. ; 224 < 0.6
tropics & over ; o
oceans) s R L e ] 0
- X X XX XX XXX X d XX x| 75(7
. x e - : x x xx(xxxx x|x jgx llxx,w?x.—;
¢ Complemented by L e e S R LIZQZ
good Mie data from [ tiibelae ittt Aanaiee i T
. o N g g Tona x o SE e TE L NEOE Ly 10
cloud-tops/cirrus i e pdEanipe IR i R
° L8 AL N TR RS R L e S
(5 to 10%) iy SR e e e Lt 07
B T e 1 W+ £ FEE P (R
¢ Tan & Andersson o G s i B i — i

QJ RMS 2005 LIPAS-simulated HLOS data - operational processors later
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.. & impact studied via assimilation ensembles

Pressure (hPa)

S.Hem

12-hr fc impact (Tan et al QURMS 2007)

100

ol .

p<0.001

Q
Q)
0
J
0
D
U
Q
Q
Q
Q
g
Q
Q
Q
Q
Q
Q
Q

" NoSondes |

0.0

IN 10

Zonal wind (m/s)

Spread in zonal wind (U, m/s)

Scaling factor ~ 2 for wind
error

Tropics, N. & S. Hem all similar

Simulated DWL adds value at all
altitudes and in longer-range
forecasts (T+48,T+120)

Differences significant (T-test)

Supported by information
content diagnostics

Cheaper than OSSEs
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Global information content - consistent

¢ Mike Fisher for
Entropy Reduction &
DFS
S ~ log( det( PA ) )
~tr (log (J" 1))
J" = 4d-var Hessian

PA = analysis error covar.

¢ DWL data are
accurate and fill
data gaps

¢ subject to usual
caveats about
simulated data

TEMP/PILOT | Simulated DWL
Data considered u,v to 55 hPa HLOS
Entropy_Reduction 4830 3123
("Info bits")
Deg_Free_Sig 3707 2743
N_Obs 90688 50278
Info bits per obs 0.053 0.062
N_Obs/Deg_Free_Sig 24.5 18.3
Redundancy 2— 3%

Slide 20

July 2008 Data Processing for ADM-Aeolus — LWG Wintergreen & JCSDA

<> ECMWF



Assimilation of prototype ADM-Aeolus data
2003/4: introduced L2B hlos as new observed quantity in 4d-Var

Prototype Level-2B (LIPAS Observation Processing
simulation, includes

ADM Uatal representativeness error) Data Flow at ECMWEF
“Bufr20DB”
Non-IFS processing [~ Convert BUFR to ODB format

Recognize HLOS as new known observable

v

IFS “Screening Job”
Observation Screening [~ Check completeness of report, blacklisting
Background Quality Control

v
IFS “4D-VAR”
Assimilation Algorithm - Implement HLOS in FWD, TL & ADJ Codes P s
Variational Quality Control narysis
v

“Obstat” etc (Lars Isaksen)
Diagnostic post-processing === Recognize HLOS for statistics
Rms, bias, histograms
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Assimilation of prototype ADM-Aeolus data
2004-: Receive L1B data & L2B processing at NWP centres

@% Level-1B data

SOk data
v

(67 1-km measurements)

Observation Processing

Data Flow at ECMWF

Non-IFS processing [~

“Bufr20DB”
Convert BUFR to ODB format
Recognize HLOS as new known observable

v

§L2BP (1 50-km observation)
Observation Screening  [~----

IFS “Screening Job”
Check completeness of report, blacklisting
Background Quality Control

v

Assimilation Algorithm ------

IFS “4D-VAR”
Implement HLOS in FWD, TL & ADJ Codes
Variational Quality Control

v

Diagnostic post-processing f-------

“Obstat” etc (Lars Isaksen)
Recognize HLOS for statistics
Rms, bias, histograms

A7/Analysis /
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Level-2B processor will run in different environments

ECMWF will supply source code - use as standalone or callable subroutine
Aeolus Ground Segment & Data Flows - schematic view

FOS P DS archived HK
data
s N g Dperations - hhbh—-ee—e—_-——_—_— e e_—_—— ==
e S-band Control Center settings, time- [ Mission external support
© TTC FOCC I i“‘es Management & teams
L | Operations planning & Planning Facility
3 commanding opera- [MMPF]
O tions plan,
© HK monitoring & orbit pre- on-board
l'% archiving dictions settings
p < —_
= server Calibration &
o Tanning data Monitoring Facility product
g 7y - [ACMF] distribution
Level 0
[ N - L1A/MBI2A,
X-band Acquisi- L2 Processing L2B/L2C, ADF 2B/2C
b tion Station Facility. L2/Met PF
recorded " [AS / Svalbard] [ECMWF] = ViU scientitic
science & : 9 y users (type 2
house- 1
keeping TM i Aeolus Pro- QRT L1A2.fé Bfgi.':zBf
: i::cumple.rn.e.ntaryr cessing Facility _PLBH A ARF/Inventory ’
s=+Jp| Acquisiton [} _ [APF / Tromse] 1BI2A USDF alVal users
Station(s) (Level 1B/2A) . (type 3)
s . Level 1B
: 3 NRT/QRT service to NWP cen-
ters (type 1
Monitoring & Control Facility [MCF] ]
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Retrievals account for receiver properties ...

Diameter
7.5 mm

¢ Tan et al Tellus
60A(2) 2008

— | — Field stop ‘ Dabas e.r GI Same
Diameter 20 mm i s Su e

Aperture stop
A2

= ¢+ Mie light reflected

== x\ ) )
- m-lv 1, Rayleigh into R0Y|elgh channel
R T ¢ Rayleigh wind
THIT e | | g el algorithm includes
e v correction term
DFUT | BRn e involving scattering
T ratio (s)

DFU2 | Detection Front
End Unit (Mie)

ADM-Aeolus Optical Receiver - Astrium Satellites
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.. and for atmospheric scattering properties

ILIAD — Impact of P & T and backscatter ratio on Rayleigh Responses - Dabas Meteo-France, Flamant IPSL

Response clirve

specttum .
O ' 4 Me Function of P,|T and s
Rayleigh /
Line Shape ar / (P,T) " | Resplnnse
Depends on
P, Tands 1
\_ 1]
25000 0 000

Transmission

Transmission

through the L. , ,
Double FP ' 500 i 500
Frequency shift [MHz]
-
Frequency [MHz
Light transmitted through ' and T, Response (function of f,)

¢ 1km-scale spectra are selectively averaged

¢ Account for atmospheric variability - improve SNR
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Retrievals validated for idealized broken multi-layer
clouds - E2S simulator + operational processing chain

(d) Rayleigh BRC#4

Specified | Retrieved Specified —
clouds and wind=50 i
aerosol m/s - N ol
=
Retrieved Rayleigh | | *.+
- o
winds are accurate gg
in non-cloudy air 5
%9

Classify scene (threshold)
then average cloudy/non- () Mie BRC#4

cloudy regions separately |2 |
+
s} 1 ;_ ;
Retrieved Mie o i
H 101 + —o—
winds are accurate ¢
in cloud and s [T o
aerosol layers 3, o L2B
40 50 60

HLOS wind [m/s]
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Realistic scenes simulated, g uusmcomam coms sateinaic

¢ Real scattering
measurements obtained

I
from the LITE and L
Calipso missions

ESA’s software (E2S) is
used to simulate what
ADM-Aeolus would ‘see’

¢ The L1B software
retrieves scattering
ratio at the 1 km
measurement resolution

LieScere_C_and Rk - Lk mens seatlenng mia

Our input not perfect
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Wind retrieval validated in the presence of
heterogeneous clouds and wind - E2S simulation

Level-1B I Retrievals fairly accurate

- +
Test_Calipso_Segment2_and_EcmwfColloc : L1b meas. wind Rayleigh 2
25l i ||||] || | I ||I ||”| H]JJ_" [ T T | [ i £0 ——E2S input (238)
. E ol IIII | | I I II DO T O 2b Rayleigh Cloudy (5) -
40 : ~
- T O 2bRayleigh Clear (20
.9 = £15 LT I.'. 'l.'. .l'..' i E ." ".lI i o + 1bRa§|eizhobs(2ie>chd'1) +
0 u % [T 10 I II II dF 1 1 ! 20 .
- 2 g 10 LA i I r () 2bMie Cloudy (4)
% ° < ; i T i ur I o 0 () 2bMieClear (2)
[l 1
[ E I « 1 Mie obs (6)
151
-20
0 E
50 100 150 200 250 =
Measurement # out of the first 13 BRCs 1:13 §
Test_Calipso_Segment2_and_EcmwfColloc : L1b meas. wind Mie %
T T T T 10%
60
20T
0| - 40
0 i 15
- o 20
.2 Z0 : S5t
o B, :
1.
= - -
Q. ) 20 . o
T 1 T  — L _— O il
50 100 150 200 250 or Y
Measurement # out of the first 13 BRCs 1:13 L . . . . J
-10 0 10 20 30 40 50

HLOS wind [m/s]

Backscatter from Calipso
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Wind retrieval validated in the presence of
heterogeneous clouds and wind - E2S simulation

Level-1B I Retrievals fairly accurate

Test_Calipso_Segmentz_and_EcmwfColloc : L1b meas. wind Rayleigh 251 T
sl L |I | |I| || 1111 I jl—l—l—ll 60 — E2S input (238)
L | 4 I O 2b Rayleigh Cloudy (5) ~
m 1 | 40 . (Sa A
H ettt T | 2 O 2bRayleigh Clear (20)
| B | | r
o3 %‘5|1—'—rrLr. — - - + 1 Rayleigh obs (24 excld: 1) +
- o T - | | L] 20 .
2 R ir e I gt () 2bMie Cloudy (4)
) "6 ] 1 0 () 2b Mie Clear (2)
[ |
2 E 5 I | 151 +1bMie obs (6)
=20 —_
0 £
0 100 110 120 130 140 150 160 170 180 '6'
Measurement # out of the first 13 BRCs 1:13 °
Test_Calipso_Segment2_and_EcmwiColloc : L1b meas. wind Mie < 10F
T T T T T T T T
60
20F
40
N T 15
Q= 51
—-_— 2 20
(& 1 A1)
=
¢ t 5 0 ¢ . A
I “ Fa) +
= o . 2 or v
; : : : : : : : : I I I I I |
90 100 110 120 130 140 150 160 170 180 -10 0 10 20 30 40 50

Measurement # out of the first 13 BRCs 1:13 )
HLOS wind [m/s]

Backscatter from Calipso Outliers being examined
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.. but only after bugs were fixed in earlier versions
of the L1B processor

defaultscenarioname : L1b meas. wind Rayleigh

h 25' e
< E 15 qﬂ%inpw (233)
.9 = # ’ 0" 2o Fayligh Cloudy (1)
| I .
m O Il B 10 20k 0 gbRaer!ghCIear (14)
- O 10 i + b Rayleigh obs (24)
S = T T T - B i 20 O 2 Mie louy (12
(1] 0 i () 2bMieClear (14)
 — — ~ ——— = 30 « ThMieoh
¥ E s
- _— — - 40 15
o 1 =
10 20 30 40 50 =) 70 20 a0 100 =
Measuremen t = out of BRCs 155 @
=
defaultscenarioname : L1b meas. wind Mie or
N , : : . : . . : n “
20
20F
8 10 5r
3 15 7 0
- 10 10
ot ’ )
oo . A0 80 60 40 0 0 100
5
E (o B - 20 HLOS wind [m's]
-40 - - -
== e Retrieved Mie winds revealed

Measurement £ out of BRCs 1:5

systematic error in L1B input
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Wind retrieval error from ACCD digitization
- theory confirmed by E2S simulation

TN3.1 #001: L1B and L2B hlos wind error versus altitude

hlos wind error (m/s)

-+ - L1B hlos error; brc #1
—6&— L2B hlos error; brc #1

-15 I I I I I
0 5 10 15 20 25 30

altitude (km)

Photon noise will dominate I
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Level-2B hlos error estimates - reqts met

Rayleigh processing
20 s
= Calculated from 108 L2B profiles
= Predicted by L2BP without AOCS errorg
= = = Predicted by L2BP with ACCS errors

16

14

Altitude (km)

0
0 2 4 B 8
HLOS wind speed error standard deviation {m/s)
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(c) Rayleigh BRC#3
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Conclusions - Day-1 system on track

1. Level-2B hlos winds - primary product for assimilation
a. Account for more effects than L1B products
b. Will be generated in several environments
c. Motivated strategy to distribute source code
2. Main algorithm components developed & validated
a. Release 1.33 available - development/beta-testing
b. Documentation and Installation Tests
c. Portable - tested on several Linux platforms
3. Ongoing scientific and technical development
a. Sensitivity to inputs, QC/screening, weighting options
4. Contact points - ESA and/or ECMWF
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5.2 Key assimilation operators
¢ Tan 2008 ECMWF Seminar Proceedings

¢ HLOS, TL and AD

¢ H = - usihg - vcose
¢ dH = =-dusing -dvcosgy
¢ dH* = (-dysing, -dycos o)’

¢ Generalize to layer averages later
¢ Background error

¢ Same as for u and v (assuming isotropy)
¢ Persistence and/or representativeness error

¢ Prototype quality control

¢ Adapt local practice for u and v
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Background for ADM-Aeolus

Observational Requirements

PBL  Troposph. Stratosph.
Vertical Domain [km] 0-2 2-16 16-20
Vertical Resolution [km] 0.5 1.0 2.0
Horizontal Domain global
Number of Profiles [hour ] > 100
Profile Separation [km] > 200
Horizontal Integration Length [km] 50
Accuracy (HLOS Component) [m/s] 1 2 3
Data Availability [hour] 3
Length of Observational Data Set [yr] 3

= Most important requirements - accuracy & vertical resolution
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5.1 Prototype Level-2C Processing
v'Ingestion of L1B.bufr into v Assimilation of HLOS

the assimilation system observations (L1B/L2B)
¢ L1B obs locations within ¢ Corresponding analysis
ODB (internal increments (Z100)

Observation DataBase)
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2a-4. Other NWP configurations

Possibility to modify
algorithm source
code.

Integrated or Standalone,
other options possible.

|
Processing
Parameters
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1a/b. What are Level-2B/2C Products?

Meteorologically representative | wind vector profiles

Other observations Forecast Model

Meteorologically representative | hlos profiles

¢ Reftrieval algorithm accounts
for T & p effects in Rayleigh
channel signal

¢ Measurements grouped and
weighted according to features
defected in atmospheric scene
(primarily clouds & aerosol)

|
Processing

Parameters

Auxiliary Data
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2a-1. ECMWF “operational” configuration

PR

Integrated with
assimilation system

|
Processing
Parameters
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2a-2. ESA-LTA late- and re-processing

| |

Standalone configuration

PR | o | |
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2a-3. Research/general scientific use

Possibility to modify
algorithm source
code.

Standalone configuration.

=
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