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Goals

* Improving the EARLINET installed base of
lidars

1. Performance
2. Homogeneity
3. Operationality

» Selecting optimum technical solutions for
Instrumental problems

 Recommendations for implementation
across the network

» Faclilitate expansion of the network

20 Sept. 2010 2nd GALION WT

§ W2y
5 NN 57
> ’ N
/{/& WMO, Geneva
IXTH FRAMEWORK PROGRAMME RLIN ET I




Performance

« Which parameters should be optimised?

Table 1:

Measurement characteristics as required for the main application areas. Backscatter lidar
(BL), Raman lidar (RL), depolarization lidar (DL), and high spectral resolution lidar

(HSRL). These methods can be applied either at one or at multiple wavelengths (MBL,

MRL). a= extinction, p = backscatter, 5 = depolarization, S, = lidar ratio, MPP =
microphysical properties.
Application area Parameters required Instrument | Operation required | Number of
type stations -
1.a Global climatology a, d, (B, Sa) RL fixed schedule, 207 §|
3lweek S
1.b Model evaluation a, 9, (B, Sa, MPP) MRL fixed schedule + pa
diurnal cycles o
1.c Transport and tracers B, (a, &, MPP) BL fixed schedule + on |50 o)
alert =
1.d Radiation a, B, (&) RL random 20 ;
2.a Air quality assessment a, 5, B, MPP RL fixed schedule 50+ OL\O‘
2.b Air quality forecast B BL guasi-continuous ?7? =
3. Plumes from special events | B, (a, 5, MPP) BL on alert 50 2
4_a Ground truth a,d, B, S MRL TBD 20 o
4.b Complementary a, 0, B, S; MRL fixed schedule 20 %
information o
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Performance

Which lidar configurations?

Table 3:

Aerosol properties that can be derived from lidar observations. Only the simpliest

lidar type that is needed to provide the product is listed. Depolarization channels (DL)

are required to identify desert dust.

Parameter (product)

Basic lidar type

Range corrected signal (colour plots of aerosol and cloud distributions)

BL

Attenuated backscatter coefficient (calibrated range-corrected signal) BL

PBL depth BL
Aerosol backscatter coefficient BL+SPM
Aerosol type discrimination (dust, anthropogenic) BL+DL
Aerosol extinction coefficient (estimate), optical depth, column lidar ratio BL+SPM
Aerosol extinction coefficient, optical depth, lidar ratio RL or HSRL
Angstrém exponent (backscatter-related) MBL
Angstrém exponent (extinction-related) MRL
Aerosol type determination (dust, maritime, fire smoke, urban haze) MRL+DL
Aerosol microphysical properties (volume and surface conc., refractive index) | MRL
Single scattering albedo (aerosol) MRL

GAW report 178, WMO/TD-No. 1443
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Homogeneity?

@ Multi-wavelength Raman (3+2)
@ Raman
@ Backscatter
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main computer
with DAC & main program

Leipzig/Meltpiz, DE

Grénada, ES

Athens, GR ér'm.iscﬁ-'rtenkiﬂrchen, DE
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Operationality

* Increase level of automation
— e.0. measurement start-up procedures
— Full autonomous operation
* Decrease need for operator controlled
measurements
— e.g. safety and control
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Expected Results

Enhanced homogeneity of performance over the network
— Quantitative data products

Better coverage of vertical range

— Including the boundary layer
Increased temporal coverage

— Improved Raman daytime performance

— Increased level of automation (capture events)
Facilitate expansion of the network

Possible: spin-off to SME for production of standardised
components
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Expected Results

Enhanced homogeneity of performance over the network

— Quantitative data products

Better coverage of vertical range
— Including the boundary layer
Increased temporal coverage

— Improved Raman daytime performance
— Increased level of automation (capture events)

Facilitate expansion of the network
Possible: spin-off to SME for production of standardised

components
Expansion of deliverable data products

— Cloud products, ash, faster data delivery
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Methodology and Tools

« Handbook of Instruments
— Extensive set of system parameters
— Exploitation of handbook data

» Repository of techniques
— Solutions for technical problems

* Analysis tools

— Optical configuration (ray-tracing)

— Electronics recommendations and testing
procedures
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Handbook of Instruments

. .- TRANSMITTER
» Detailed description of each

individual station

» Generic format to allow wide BEAM
. - EXPANDER
variety of designs

 Blocks of information

— Station information (location,
name, etc.)

— Emitter description (wavelengths,
control systems)

— Optical receiver

— Wavelength separation
— Detectors

— Data acquisition

— Ancillary station information
(nearest sonde, sunphotometer)

LASER
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Handbook Example

 1-lambda Backscatter lidar

LASER PROBE BEAM | | RETURN, RADIATION

| | FROM TARGET

I |

Yy
OUTPUT OPTICS

PHOTODETECTOR

3 ~—_ DATA
9 PROCESSOR
&
. U K AN >
2 LASER
©
2 / SPECTRUM \
s RECEIVER ANALYSER DISPLAY
= OPTICS MONITOR
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Handbook Example

« Multi-wavelength Raman Lidar

MULIS, V. Freudenthaler
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Handbook Updating

« Spreadsheet

— Tedious updating process
— Difficult to couple to profiles in database

N

Database with admin-access via web

— Easier to maintain

— System configuration traceable to specific date
— Automatic access (data processing purposes)
— Public interface for general overview
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Handbook Updating

Earlinet adminpages

SF Statien Emitter Receiver
BH
#oall-sign BH
AN :
#lidar_system_name
#updated 2010-03-25 14:07.
#description Bilthoven - Rijksins!
#name Cae
#location Bilthowen, NL
#lat 52.12 + T _callsign _updated _receiver #wavelength scattering_mechanism wavelength_separation separation_passhand_bandwidth separation_transmiss
#lon 5.2 & X sF 2010-03-29 10:59:21 Telescope 510.6 nm Elastic
#alt 5 1
#environment urban r & X sF 2010-03-29 10:59:21 Telescope 1084 nm Elastic DES
#transportable no d
I # X sF 2010-03-29 10:59:21 Telescope 532 nm Elastic DES
El
- & X SF 2010-03-29 10:69:21 Telescope 607 nm Wibr. Raman N2 DBS
(devel)
© # X EH 2010-03-25 14:07:33 Telescope 1064 nm Elastic DBS
1
- & X BH 2010-03-25 14:07:33 Telescope 3687 nm vibr. Raman N2 DBS
1
© # ¥ BH 2010-03-25 14:07:33 Telescope 355 nm Elastic DBs
1
C & XEH 2010-03-25 14:07:33 Telescope BO7 nm vibr.Raman N2 DBS
1
r # X BH 2010-03-25 14:07:33 Telescope 407 nrm vibr. Rarnan W DBs
1
I # X EBH 2010-03-25 14:07:33 Telescope 532 nm Elastic DBS
1
- & X BH 2010-03-25 14:07:33 Telescope 532 nm Elastic parallel n.a.
2
[ 2007-01-15 00:00:00 Telescope 355 Elastic DBS 0z
1
& X AN 2007-01-15 00:00:00 Telescope 367 Wibr. Raman N2 DBS 0.2
1
| | 2007-01-15 00:00:00 Telescope 408 Yibr.Raman H20 DBES 02
1
& X AN 2007-01-15 00:00:00 Telescope 532 Elastic parallel DBES 035
1
C 2 X AN 2007-01-15 00:00:00 Telescope 608 Wibr. Rarnan N2 DBs 02
1
[ 2007-01-15 00:00:00 Telescope BE0 Wibr.Raman H20 DBS 10
1
i 2007-01-15 00:00:00 Telescope 1064 Elastic DBS 0z
1

http://cerberus.rivm.nl/earlinet/earlinet.php
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Handbook Public View

EARLINET - Handbook of instruments
« ‘ > || \@http //cerberus rivm.| nI/earhnet/mdex new. php C Q‘ Google

5 rivmy knmiv Lidarv EARLINETv Projectsv Climatev EarthObsv Journalsv Eventsv Orgv Sitesvy Groupsv Personsv Vendorsv Privév Infov tmpv Apple (145)v

EARLINET Handbook of instruments

Earlinet Stations

. | Map | Satellite [ Hybrid
SF A

BH
AN

imagery ©2010 TerraMetrics, NASA - 1e€rms of Use

) ey 17

G

http://cerberus.rivm.nl/earlinet/index_new.php
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Handbook Public View

EARLINET - Handbook of instruments
| + i@h(tp'//cerberus rivm. nllearlinet/index new.php ¢ | (Qr Google

rivmv knmiv Lidarv EARLINET¥ Projectsv Climatev EarthObsv Journalsv Eventsv Orgv Sitesv Groupsv Personsv Vendorsv Privév Infov tmpv Apple (145)v

EARLINET - Handbook of instruments

| wap | Satelite | Hybrid_|
8

Station Emitter Receiver
call-sign BH

updated 2010-03-25 14:07:33
name

lat

fon

alt

transportable

http://cerberus.rivm.nl/earlinet/index_new.php
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Handbook Public View

EARLINET - Handbook of instruments

« [ »> + 8 hltp://cerberus.rivm.nI/earlinet/rindexfnew.php ¢ | (Q~ Google

[ ¥ rivmv knmiv Lidarv EARLINETv Projectsv Climatev EarthObsv Journalsv Eventsv Orgv Sitesv Groupsv Personsv Vendorsv Privév Infov tmpv Apple (145)v

EARLINET - Handbook of instruments

Earlinet Stations

[_Map_| satellte | _Hybrid_|
SF : Station Emitter Receiver i‘
BH .
AN

http://cerberus.rivm.nl/earlinet/index_new.php
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Analysis Tools

* Optics

— Calculate validity
of configuration
based on
Handbook data

— Raytracing
individual
Instruments
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Repository of Techniques and
Solutions

* Techniques are presented and discussed
during workshops
« Documentation materials made accessible

Scrambler: experimental verification ‘The scrambler: experimental verification

i\ \Fiber
: core 0.4m

|. Serikov

-----

06.02.2009 - - - - - . &

5%3
|. Serikov

| Beam forming unit | F=100mm (it SRR T A F=25mm = =3

06.02.2009
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System Integration and
Automation

« Recommendations to put
sub systems together

— Serviceable (modular, | l
replaceable, upgradable)

Remote control and monitoring

- |nStrument ContrQI " Opto-Mechanical integration
software integration | | , ] _ |
. . Optical sub- Electronic Opto-
— Ele(_:tncal connections to system sub-system || Mechanical
avoid problems sub-system
— Computer Interfacing | _
Softw trol |
— Remote control =
Climatisation | Safety systems | Housekeeping

Environment control

Il
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Commercial Systems

« Commercially available systems are
available

— In use in Granada, Leipzig, Evora, Bucharest,
spra, Palaiseau

— Instruments have to pass through network
QA/QC procedures before data can be
accepted in the database

« Common parts

— Interact with suppliers for common
specifications and custom configurations
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Progress and Status

Station Countr System name Lat Lon 2000 2006 2010
Abastumani GE 41.75 N 42.82 E - - -
Aberystwyth GB 52.4N 4.06 W 1b+1a = =
Andenes NO ALOMAR Troposphere Lidar 69.278 N 16.008 E |- 3b+2a 3b+2a
Athens GR EOLE 37.9716 N 23.7875 E|1b 3b+2a 3b+2a
o I n St r u m e nt Barcelona ES UPCLidar 41.393 N 2.120E |1b 2b 2b+1a
Belsk PO 51.5N 2047 E |3b 2b 3b
Bucharest RO LISA 44.348 N 26.029 E |- 2b -
- RALI - - 3b+2a
Cabauw NL RBL 517N 4.93E = 1b =
Caeli - - 3b+2a
Cork IR - - -
Evora PT 38.568 N 7.912wW |- = 3b+2a
V m n Garmisch-Partenkirchen DE 47.476 N 11.063E |3b - -
NDSC lidar - 2b 2b
HSRL - 2b+1a 2b+1a
- Granada ES Raymetrics LR321 - D400 37.164 N 3.605W |- 3b+1a 3b+2a
S I n Ce Hamburg DE ARL2 53.568 N 9.973E |lb+1a 3b 3b+1a+2r
Ispra IT CIMEL 45811 N 8.621E |- ib ib
Kuhlungsborn DE 54.1167 N 11.7667E |3b+2a - -
L'Acquila IT 42.344 N 13.327 E |1b+la 1b+1a lb+1a
Lausanne CH EPFL-MeteoSwiss 46.5481 N 7.9839 E |3b+1a 2b+2a -
Lecce IT UniLe 40.33 N 18.10 E 1b+1a 1b+1a 1b+1a
Leipzig DE Martha 51.35N 1243 E 3b+2a+2r|3b+2a+2r |3b+2a+2r
Bertha - 6b+2a+2r |6b+2a+2r
Polly - ib+1a ib+1a
Polly-XT - - 3b+2a
Linkdping SE FOI UV Lidar 58.392 N 15.575E |1b 2b+2a 2b+2a
Lisbon PT 37 N 8.5 W 1ib - -
Ljubljana SI 46.0 N 145 E 1b - -
Madrid ES LIDAR-CIEMAT 40.456 N 3.726 W |- 1b+1a 1b+1a
Maisach DE POLIS 48.209 N 11.258E |- 1b+1a 1lb+1a
Minsk BY MSTL-2 53.917 N 27.383E |2b 4b+1a 4b+2a
Munchen DE MULIS 48.15 N 11.57E |3b 3b+2a 3b+2a
Napoli IT 40.833 N 14.183E |1b 3b+2a 2b+2a
Ness-Ziona L IIBR 31.55N 3447E |- - 2b
Neuchatel CH MAL-ground 47.001l N 6.955 E 3b 1b 1b
Oxylithos GR EOLE-OXY 38.55N 24.13E |- = =
Palaiseau FR LNA 48.42 N 2.16 E 2b 2b -
ALS450 - - ib
Payerne CH RALMO 46.812 N 6.943E |- = lb+1a
Potenza IT PEARL 40.6 N 15.733 E |2b+1a 3b+2a 3b+2a
MUSA - - 3b+2a
Saint-Michel (HP) FR LTA-LOR 43.935 N 5.712 E - 1b+1a 1b+1a
Sofia BU Sofia-EARLINET station IE  42.65 N 24.38E |[2b 3b+1a 3b+1a
Thessaloniki GR AUTH 40.5N 229 E ib 3b 2b+2a
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Network Development

2000

Sb+2a+2r 22 Instruments

fovza 8/22 Raman capable
ab+1a 2/22 High performance

b

3b+2a+2r

3b+2a

3b+1la+2r

3b+1a Hol_2000

3b

2b+2a

2b+1a

2b

1b+la

1b
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28 Instruments

9/28 Raman capable
7/28 High performance

Network Development

_

6b+2a+2r
4b+2a
4b+1a  ———
4b
3b+2a+2r E
3b+2a
I—
3b+la+2r
i Hol_2006
I Hol_2000

3b
2b+2a
2b+1a
2b
YO

1b+1la
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Network Development

2010

Gor2av2r 33 Instruments

4b+2a

27/33 Raman capable
dbria — 14/33 High performance

4b

3b+2a+2r

3b+2a

3b+1la+2r
Hol_2010

b+l ——————— ¥ Hol_2006

& Hol_2000
3b

2b+2a

2b+1a

2b

1b+la

1b
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Conclusions

Tools exist for keeping track of the development and
guality of the installed base of instruments in the
network

Recommendations and techniques for network
participants and aspiring partners available

Improvement of tools and repository of
recommendations is ongoing

Commercial systems are becoming part of the
network

Network has expanded and performance in terms of
network objectives has increased
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