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What Is a low cost lidar and how can it help?

Traditionally referred to
as Ceilometers.

+ Low cost
+ Operational
+ High density

- Limited aerosol capabilites

GIE/EIG EUMETNET, Registered Number 0818.801.249 - RPM Bruxelles


http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.nautikaris.com/product/weather-sensors/&ei=zwQcVbn7E8HKOcfEgBg&bvm=bv.89744112,d.d24&psig=AFQjCNEHeDTbkzzuvR-Zp48TQnhuiOUtmw&ust=1427985974853421
http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://geonor.no/nb/meteorologisk-instrumrntering/&ei=MAUcVYTHFs32O92KgZgC&bvm=bv.89744112,d.d24&psig=AFQjCNFqj6FgGIAJ0boNohvEtG7E-VIhBQ&ust=1427986066339800
http://www.campbellsci.de/cs135

@ vt SeoskE e
TOPROF / E-PROFILE
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TOPROF MC E-PROFILE
Chaired by A. lllingworth Chaired by A. Haefele

WGL1: Ceilometer ) " ET-RWP: Windprofiler )
| Chaired by M. Haeffelin | | Chaired by V. Lehmann |
WG2: Doppler lidar " ET-ALC: Ceilometer
| Chaired by E. O'Connor | | Chaired by J.-L. Lampin |

rWG3: Microwave Profiler\
| Chaired by U. Lohnert |

r WG4: Data Assimilation )
Chaired by R. Potthast

\ Research&Development / \ Operational Environment /

GIE/EIG EUMETNET, Registered Number 0818.801.249 - RPM Bruxelles




N ECSaD
@ v ScoskE %gk

TOPROF WG1 Objectives

1. To implement a harmonized ALC network
2. To evaluate the backscatter profiles predicted by NWP

3. To set up a system to monitor aerosol properties,
mixing height, low visibility alerts
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Understanding instrument output -..are version
24h clear sky observations with CL31 \l
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[Kotthaus et al. 2016, AMTD]
Vaisala released TOPROF firmware (2.03) which allows reconstruction of raw data.
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Calibration: I|qU|d cloud algorlthm 0'Connor o a. 2004
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Callbratlon MOleCUIar algOrlthm [Wlegner and Geiss, 2012]

43_ } g}ﬁ E'll‘lt
ﬁﬁéﬁg m@ ; %}% : ]Ej B
i

i : %@ L)

=]
1%

~
T

* One year of data, automatic processing

=23
T

« Seasonal cycle visible, more investigation
needed

=
T

Calibration Coefficient CL [W.ma]
w (&2

]
T

» Successful implementation for CHM15k

0 L . L L . . L . . L L . L .
Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb

GIE/EIG EUMETNET, Registered Number 0818.801.249 - RPM Bruxelles



BEORD

N
©:vvitner SeoskE Gt

Water vapor absorption [wiegner and Gasteiger, 2015]
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Look-up table for cross section generated
from line-by-line calculation.

Atmospheric profiles from radiosonde or
NWP model.

Emission spectrum from manufacturer (time
dependent!).

Calculation of effective transmission T, s (z)
for use in monochromatic lidar equation.

— Terf(2)

Altitude (m agl)

10000

WV transmission from ground to 1 km (red)
and 10 km (green) -> important for 900-930

Emission spectrum with 2 nm (black solid) and
4 nm (black dashed).

Uccle (BE), 2014
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CelLinEx2015

Ceilometer Lidar Intercomparison Experiment http://ceilinex2015.de/

Obijective:
Test the performance and behavior of the automatic lidars and ceilometers (ALCS)
that are typically used in the E-PROFILE and TOPROF community

12 instruments

3 manufacturers, 6 institutes
June-August 2015 3 months
20 investigators

10 fields of investigations

60 GB dataset

Hosted and coordinated by
DWD
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CelLInEx2015 Results

CEILINEX inter-comparison
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« Differences in attenuated backscatter @ 1064 nm < 25% within aerosol layer.

« Wavelength correction according to Grof3 et al. (2013) assuming continental
aerosol.

« Water vapor absorption accounted for.
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E-PROFILE lidar data hub

Hub Processing in HERMES at Met Office

Incoming Load and

Raw Lidar Annotate
Files Metadata

Validate

Archive
Raw Data
Camel

Multicast

Data Processed
Conversion netCDF Lidar
Files
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Product Generation

Convert raw2L1

Individual

NetCDF used to
store L1 data.
(keep separate
from derived
products).

Convert L1 - L2
Calibration +
additional
processing modules

Combined

NetCDF stored
as merged files
containing data
from L2 onwards
(provided it has
same time
granularity).
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Data processing chain

Harmonize ALC data format

J * Rayleigh calibration or |

Ceilometer NetCDF (L1) " Cloud calibration . .
* Water vapour correction
for affected wavelengths
Calibration
data file
(NetCDF)
v
. Derive attenuated backscatter profiles: Legend
* Apply calibration coefficients g stument
* Apply overlap correction input file
* Apply background correction _
* Temporal average Bl routine
2. Derive backscatter error profiles [] routine description
A 4 3. Derive quality flags:
Attenuated Backscatter « saturation detection, [ inputfile
NetCDF (L2) * instrument failure detection [C] netcoF file
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E-PROFILE pilot network

Cabauw (NL) P
o |- 7 Y : "“l‘ - ‘Schweden 5 (Displayed ALCs: 11 )
: ‘ - ) Availability:
E oo ik All
E .Fiqnland . Availlable 0

Not Available only

Calibration:

log10(Attenuated backscatter [Mm-1.sr])

s, Estlanf Al
d Ostsee B 2 + lYes
300 2006100 13 400 1500 1600 1700 1800 1900 2000 2100 2200 2300 0000 OLD0 0200 0300 G4GO 0500 060 0700 0BU0 030D i No
Ti UT [h <
20160713 e 20160714 Lettland
v ordsee

Display quicklooks?

Verelmgtes Déinemark: Litauen Yes
6\_ Kénigreich - : 4
Weilrussland
Alrland o U Polen 8 icklooks size:
®

“¥ Deutschland Y =

|Date:
Ukrai [T

oday (Click to change)

o2 " Moldawien .
Frankreich (\Zi s e /- o Q\S o)t i
SN S s ' —
>
Schwarzes
Meer

2 .._;“A. i
mona
o o (s

‘ 4] Madrid ; v, 5 : = B
GO. gle Portug%l — @ f)‘ﬂ'hﬂ'"SCheS 7% 1 Kartendaten © 2016 Google. INEGL ORION-ME Nutzungsbem

10 stations automatically calibrated and displayed in real time.

eﬂom <

http://www.eumetnet.eu/alc-network
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TOPROF WG4 Objectives

 Understand instrument characteristics of cellometers,
Doppler lidars and microwave radiometers, relevant for
data assimilation.

* Inventorize forward operators for the three observations

types.
« Perform data assimilation experiments with the three

observations types
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Lidar forward operators

Inventory (non exhaustive!)

Institution Targets

« ECMWEF: Aerosol and cloud

* University of Hohenheim with DWD: Aerosol, including ash
« University of Cologne: Aerosol

* Met Office: Aerosol, cloud and rain
« Metéo-France: based on ECMWF

» Institut Pierre-Simon Laplace (ISPL):. Aerosol, cloud
 LSCE part of ISPL: Aerosol

« Japan Meteorological Agency (JMA): Aerosol

« Naval Research Laboratory (NRL): Aerosol

 NASA - Goddard Space Flight Center: Aerosol
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Model verification

Data set prepared by WG1 _ 0.and B wattisham: 2015-01-31 09:00:00
- Attenuated backscatter A T S |
e 3 months B e S
- S Qbﬁe.rvatl_qn.._CL31

* 10 stations % Forward model
oAb
. S o3

Analysis .
* O-Bstatisticswith various models | § |
(just started) _

+ TOPROF workshop on forward i (07 7T
models and O-B statistics In
Nov./Dec. 2016 In Patris.
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Case study: Etna eruption 2015
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3 and 4 December 2015 * Dispersion over
Mediterranean sea and

« Up to the tropopause Europe
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Map of Measurements

© 3 operational ceilometers
networks ( AliceNet, DWD,
MeteoSwiss)

@ 6 Ceilometers selected
® In-situ measurements
¢ Research Lidar
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Calculating aerosol mass profile

In Situ [ \

|
JFJ (3580rm)

«»

Betameter Scattering
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Mass T ] ..
\\_—Absorption ) Mass Efficiency

Extinction
Ceilometer
/ o \ Mass Profile
Remote iy
Sensing
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Mass Profile

Retrieval
® |n Situ Measurement

« During maximum of the event
(12:00 - 15:00)

« Lidar Ratio 52 Sr [ Hervo et al.
2012]

« Mass efficiency of: 0.9 m?.g~1

Eyjafjallajokull:

« 0.68m?%g™ ! Gasteiaer et al.. 2011

Altitude a.s.| [m]

0 1 2 3 4 5
Aerosol Mass [1g.m-3]

Good agreement Remote sensing / In Situ
This method can be used for other ceilometers
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Spatial distribution
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Good agreement between Model dispersion and ceilometers mass retrievals.
Meteo from GFS, dispersion with Hysplit (volcanic ash), source specification
from INGV.
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Summary and Conclusions

« TOPROF and E-PROFILE provide R&D and operational
framework for low cost lidar network.

« Understanding of low cost lidars (cellometers) has been
significantly improved.

« Sophisticated algorithms have been
developed/implemented to derive attenuated backscatter

coefficient from a variety of instruments (CL31/51, CS135,
CHM15k).

 Lidar forward models have been inventorized.

« A data set for model evaluation has been prepared,
generation of O-B statistics just started.

« Potential of low cost lidar network for ash monitoring
demonstrated for Etna eruption 2015.
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Contact Detalls

Alexander Haefele
E-PROFILE Programme Manager
GIE/EIG EUMETNET

E-PROFILE Programme Manager GIE EUMETNET Secretariat
MeteoSwiss c/o L’Institut Royal Météorologique
Chemin de I'’Aérologie de Belgique

1530 Payerne Avenue Circulaire 3

1180 Bruxelles, Belgique
Tel: +41 26 662 63 41

Fax: +41 26 66262 12 Tel: +32(0)2 373 05 18
Email: alexander.haefele@meteoswiss.ch Fax: +32(0)2 890 98 58
Web: www.meteoswiss.ch Email: info@eumetnet.eu
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