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Chapter 1

Managementreport

Seeseparatereport,e.g.athttp://lidarb.dkrz.de/earlinet
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Chapter 2

Executivesummary

Objectives

Themainobjectivesof EARLINET aretheestablishmentof a comprehensive andquantitative sta-
tistical databaseof thehorizontalandverticaldistribution of aerosolson theEuropeanscaleusing
a network of advancedlaserremotesensingstations,andtheuseof thesedatafor studiesrelatedto
theimpactof aerosolsonavarietyof environmentalproblems.Themainobjectivesfor thereporting
periodwereto get thenetwork operationstarted,to establishcommonmethodology, andto assure
dataquality.

Scientific achievements

Thefirst importantstepin thesetupof thenetwork wasthepreparationof thedifferentlidar stations
for the intendedmodeof operation. This was a major effort becauseonly existing instruments
areusedwhich hadbeendesignedfor differentpurposes.The taskwassuccessfullycompletedon
scheduleatalmostall stations,with theonly exceptionsfor stationswheresubstantialreconstruction
or upgradeworkswerenecessary.
Greatemphasiswasput on theassuranceof dataquality. A comprehensivealgorithmintercompari-
sonwascompletedsuccessfullyafteradjustmentof someof thealgorithms.It wasdecidedto launch
anotherintercomparisonfor theextinction retrievals,which is presentlybeingperformed.A rather
big effort wasmadeto comparethe lidar systemsdirectly in a seriesof experiments.Although a
numberof technicalproblemsweredetectedfor severalsystems,thecampaignwasvery successful
becausetheproblemscouldbeidentifiedandeithersolvedimmediatelyor in thenearfuture. Some
intercomparisonsareto berepeated,but thequality assessmentwill becompletedon schedule.
The routinemeasurementsfor the establishmentof a climatologicaldatasethave beenconducted
very well at moststations. For the first periodof seven monthsa large datasetof roughly 3000
individualprofileshasbeencompiledandis availableonCD-ROM. This is by far thelargestdataset
on theverticaldistributionof aerosolworldwide.Thesecondlong-termtask,thecompilationof tra-
jectorydata,wasalsostartedandcontinuedon schedule.Thedatasetof analyticalbacktrajectories
for all stationswill beusedto identify sourceregionsandimportantmodificationprocesses.
In additionto theroutinemeasurementsanextendedspecialprogramhasbeenperformedaddressing
the observation of Saharandust episodesmainly in the Mediterranean.It is considereda great
successthat a large datasethasbeencollectedon the verticaldistribution of Saharandustclouds,
covering13episodes.Again this is thelargestexistingdataseton thatsubject.It formsasolidbasis
for theinvestigationof associatedatmosphericprocesses.
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Socio-economicrelevanceand policy implications

The main overall achievementof the first yearis the formationandoperationof a real network of
20 individual groupshaving very differentstartingpositions.It is a majorstepforwardthatregular
measurementswith similar methodsareperformedat 20 stationson a truly continentalscale,that
equivalentretrieval methodsareused,andthatagrowing databaseis compiledwhich is usedjointly
by all partners.This is relevantwith respectto the formationof a cooperative Europeanscientific
communityin the areaof advancedremotesensingandexperimentalenvironmentalstudies. Al-
thoughthe dataset resultingfrom the project is still ratherlimited, it clearly is the bestavailable
instrumentfor studyingissuesrelatedto theverticaldistribution of aerosol.Worldwide thereis no
similar network, Europehasbecometheleaderin this areaof researchandapplicationof advanced
measurementtechniques.The studieson Saharandust transportin the Mediterraneanareof high
importancefor theassessmentof therelative contributionsfrom naturalandanthropogenicsources
to theoverall aerosolloadthatcanbeveryhighparticularlyin theseareas.

Conclusions

TheEuropeanAerosolResearchLidar Network is establishedwith goodsuccess.Themethodsthat
wereselectedor developedfor thestudiesappearto beappropriate.Theplanfor thecomingperiodis
mainly to continuetheregularandspecialmeasurementsandto startwith statisticalanalysesbased
on thegrowing dataset.

2.1 List of publications

2.1.1 Peer reviewedarticles:

Bösenberg, J.,Ansmann,A., Baldasano,J.,Balis,D., Böckmann,C.,Calpini,B., Chaikovsky, A., Flamant,P.,
Hagard,A., Mitev, V., Papayannis,A., Pelon,J.,Resendes,D., Schneider, J.,Spinelli, N., Vaughan,T. T. G.,
Visconti,G.,andWiegner, M. (2000). EARLINET: A EuropeanAerosolResearchLidar Network. In Dabas,
A. andPelon,J.,editors,Laser Remote Sensing of the Atmosphere. Selected Papers of the 20

���
International

Laser Radar Conference. EditionEcolePolytechnique,Palaiseau,in press.

2.1.2 Non refereedliteratur e:

Schneider, J.,Ansmann,A., Baldasano,J.,Balis, D., Böckmann,C., Bösenberg, J.,Calpini, B., Chaikovsky,
A., Flamant,P., Hagard,A., Mitev, V., Papayannis,A., Pelon,J.,Resendes,D., Spinelli,N., Vaughan,T. T. G.,
Visconti,G., andWiegner, M. (2000). A EuropeanAerosolResearchLidar Network to EstablishanAerosol
Climatology:EARLINET. J. Aerosol Science, 31:592–593.
Böckmann,C. andWauer, J. (2000). The influenceof spheroidson the inversionin the retrieval of micro-
physicalparticleparametersfrom lidar data. In Proc. SPIE Intern. Soc. Opt. Eng. 4015, Sendai, Japan.
Bösenberg, J. (ed.) (2000). EARLINET: Handbookof InstrumentsInternetpublicationon projectpage

2.1.3 Others:

CD-ROM with aerosoldata

CD-ROM with trajectorydata
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Chapter 3

Progressof Work

Intr oduction

Thischapteris organisedstrictly accordingto thestructureof work packagesasdefinedin thestate-
mentof work. No individual groupreportsare included. It is emphasizedthat all work package
reportshave beencompiledusingtheinput of a largenumberof individualsincludingall groups.It
is considereda greatadvantageof this projectthat thework is performedin very closecooperation
betweenmany groups,with mutualbenefitsfrom thework of otherpartners.Thedisadvantageof
courseis thatnotalwayspropercreditcanbegivento theindividualsthathavecontributed.However,
all thesecontributionsareexplicitly acknowledgedhere.

3.1 WP1, Hardwaresetup

by JensBösenberg

3.1.1 Objective

Themaingoalof thiswork packagewasto preparethelidar systemsatall sitesfor properoperation
within the network. The project is almostcompletelyrelying on existing hardwarewhich is sup-
plied by theindividual partnerinstitutions,only very few upgradesweresupportedthroughproject
money. The main challengeis the requestfor operationon a regular schedule,which is different
from previous operationfor mostof the participants,but also the requestfor extendedadditional
coordinatedmeasurements.Consideringthecomplexity of a lidar systemthetimefor preparationof
theinstrumentswasextremelyshort.But in view of themaingoalof theproject,thecompilationof
a comprehensiveclimatologicaldatabaseof theaerosolverticaldistribution, it wasnecessaryto get
startedasearlyaspossible,evenif at somestationsfurtherimprovementswerestill in progress.

3.1.2 Achievements

At almostall stationsthelidar systemswerereadyfor operationasscheduled.Thedetailsof theused
instrumentsaredescribedin the handbookof instrumentswhich hasbeenpublishedin September
2000andwhich is availableat http://lidarb.dkrz.de/earlinet. Table3.1 providesan overview over
thepresentandplannedstatusof thehardwareat theindividualstations.
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As a result� of thequality assuranceexercisesa few caveatshave to beadded:thestationsat Lisbon
andPalaiseauhadseriousproblemswith the hardwaresetup. Only very few measurementsfrom
thesestationscanbe usedfor the purposeof this project. At Palaiseautheseproblemshave been
solvedmeanwhile,at Lisbontheupgradeis still in progress.Othersystemsshowedsometechnical
problemsaswell whichmainlyreducedtheusefulrangeof themeasurements.Thiswill bediscussed
in moredetail in WP3.
At thefirst EARLINET workshoptherewasgeneralagreementthattheprojectwouldgreatlybenefit
from theadditionof a Ramanchannelfor all systemswherethis wasconsideredpossible.A joint
actionwasorganisedto purchasethe necessaryfilters and thusachieve betterperformanceanda
substantialreductionin price.Thisactionwasverysuccessful,a numberof systemshasmeanwhile
beenupgraded.
Thanksto theeffortsof thegroupin Minsk it wasalsopossibleto bringanotherstationinto operation
whichis locatedin Belsk,Poland.Thedataareprocessedandanalysedby thegroupin Minsk. From
October2000this stationprovidedadditionalmeasurementsthatareconsideredtypical for a rural
or backgroundenvironmentwith no directinfluenceof industrialpollution. Thiswill beveryuseful
for theassessmentof naturalversusanthropogenicsourcesof aerosoloverEurope.

3.1.3 Plansfor the next period

Thework packageis consideredcompletedwith very goodsuccess.TheLisbonstationis expected
to start regular measuementsaroundMay 2001. At somestationssystemupgradeswill continue
andthusimprove theperformance.In additionit hasto beconsideredthat the intensive useof the
systemswill inevitably causesomefailures. So far only few breakdowns occurred. Fortunately
the institutionsmanagedto organisea repairon their own expensein rathershorttime, so that the
generalstatusis still consideredexcellent.Weareconfidentthatthis will betruefor thefuture,too.
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3.2 WP2, Regular measurements

by JensBösenberg

3.2.1 Objective

Thegoal of this work packageis the establishmentof a comprehensive climatologicaldatabaseof
theverticaldistributionof aerosoloverall stationsof thenetwork.

3.2.2 Methodology

For the dataset to becomecomprehensive andstatisticallysignificantin a climatologicalsenseit
is necessaryto performthemeasurementsat a ratherlargenumberof stationsundera broadrange
of atmosphericconditions. Oneof the importantadvantagesof lidar over passive remotesensing
methodsis that it canyield reliable resultseven in caseof the presenceof complex cloud fields
thatarevariablein heightandhorizontalextension.In orderto avoid any biasin theresultsdueto
selectionof specificconditionsfor the measurements,the climatologicaldatasetis collectedon a
regular scheduleon preselecteddates,regardlessof weatherconditions. If weatherconditionsdo
not permit lidar operationduring thescheduledperiod,e.g. dueto rain or fog, this fact is notedin
thedatarecord,thusproviding a statisticsof occasionswhenaerosolsdo not play a major role for
mostatmosphericprocesses.Basedon theexperiencewith theGermanaerosollidar network it was
resolvedto schedule3 measurementsperweekon 2 differentdaysasa goodcompromisebetween
requirementsfor goodcoverageandlimitationsof resources.
Specifically, measurementsaremaderoutinely on Mondaysaround13:00UT andaroundsunset,
andon Thursdaysaroundsunset.Thesetimeswereselectedto haveonedaytimemeasurementwith
a well developedboundarylayer, andtwo measurementswith low backgroundlight to benefitfrom
the mostadvancedlidar methodsthatarebestoperatedin thedark,andto make measurementsof
thedustlayerthathasdevelopedduringtheday.

3.2.3 Scientific Achievements

As statedbefore,almostall groupsstartedregularmeasurementsasscheduledandsenttheir reports
to thecoordinator. Table3.2shows thenumberof measurementsfor themonthsMay to November
2000thathave actuallybeenperformed,successfullyevaluated,anddeliveredto thedatabase,for
all individualstations.
Theperformanceis quitedifferentfor thestations,reflectingthe factsthat theexisting systemsdo
have differentoperationalproperties,thatskills for operationandevaluationof lidar measurements
aredifferent,andthatweatherconditionscanbequitedifferent. In additionit hasto beconsidered
that in particularfor Munich andHamburg therewasanextra work load for moving their systems
to theintercomparisonsites.Many systemsshow anexcellentperformanceright from thebeginning
of the project, only few hadserioustechnicalproblems. The overall performanceappearsto be
aboutasexpected,thenumberof missingmeasurementsdueto technicalor manpower problemsis
acceptable.

11
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Specificallyfor the Linköpingstationit shouldbe notedthat a numberof measurementshasbeen
performed,but thedatahavenotyetbeenprocessedbecauseof unexpectedmanpowerproblems.So
therewill beadditionalcontributionsto thedatabase.It shouldalsobenotedthatfor Jungfraujoch
aspecialschedulehasbeenadopted.Becauseof logisticalreasonsthestationis operatedonly every
otherweek,but with ahighdensityof measurementsduringthattime. Thisis consideredappropriate
for thatspecialhighaltitudestationthataddressesmainlystratosphericaerosol.

3.2.4 Plan for the next period

Theregularly scheduledmeasurementswill becontinuedasplanned.It is expectedthat theperfor-
manceof severalstationswill improve with thepersonnelbecomingbettertrainedandthesystems
becomingbetterequippedfor routineoperationandevaluation.Accordingto theexperienceayield
of morethanabout60%shouldbeattainablefor all stationsexceptmaybefor thosewith extremely
badweatherstatistics.For many stationsthis maybesubstantiallyexceeded.
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3.3 WP3, Quality assurance

by Christine Böckmannand Volker Matthias

For thepurposeof usingdatafrom differentstationsin joint studies,andfor thereliability of thedata
baseasa wholeit is importantthatthedataquality is checkedindependentlyfrom theefforts of the
individual groups.Dataquality dependson systemhardwareaswell asevaluationsoftware. Tests
havebeenperformedfor bothareasseparatelyandfor overallperformance.Thesewill bedescribed
in detail in thefollowing two sections.

3.3.1 Algorithm intercomparison

Objectives

A basicexerciseto assurethequality of network measurementsis thecomparisonof thealgorithms
usedto calculatethe optical parametersfrom the lidar signals. Especially, the determinationof
the particlebackscattercoefficient from a singleelasticbackscattersignalhasto be proven. The
generalproblemof the methodto determinea quantityfrom a signal,which is influencedby two
unknowns, may leadto differencesbetweensolutionsobtainedfrom differentalgorithms. There-
fore, an intercomparisonof algorithmsappliedby different lidar groupsfor retrieving the particle
backscatter-coefficient profile wasorganizedaspartof theEARLINET Network. Usingtheir indi-
vidualalgorithmsall participatinggroups(excepttwo groups)processedthreesetsof syntheticlidar
data.

Methodology

Syntheticlidar signalswereusedfor thealgorithmintercomparison.In this way, thenumericalcor-
rectnessandaccuracy of thealgorithmsaswell astheexperienceof thegroupsandthelimits of the
methoditself could be testedfor exampleswith differentdegreeof difficulty. The syntheticlidar
signalswerecalculatedby theIfT groupwith theIfT lidar simulationmodel.Thesimulationswere
performedby apersonwho wasnot involvedin theevaluationof thesedatafor theintercomparison
studyandtheinputdatawerenotknown to otherpersons.Thissoftwarepermitsoneto simulateand
to evaluateelasticallyand inelasticallybackscatteredlidar signalsof arbitrarywavelengthsin de-
pendenceon a varietyof systemparametersfor a variablemodelatmospherewith arbitraryaerosol
andcloud layers.Sky background,backgroundnoise,andsignalnoiseareconsideredaswell. At-
mosphericinputparametersareprofilesof temperatureandpressureto calculateRayleighscattering
andprofilesof extinctioncoefficientsandlidar ratiosfor thesimulationof aerosolandcloudlayers.
For the algorithmintercomparisonthreedifferentdatasetsof elasticbackscattersignalsat wave-
lengthsof 355,532,and1064nmweresimulated.A USstandardatmospherewith agroundpressure
of 1013hPaandagroundtemperatureof 0

�
C,atropopauseheightof 12.0km,andisothermalcondi-

tionsabovewereassumed.Threedifferentsetsof elasticbackscattersignalsfor realisticatmospheric
conditionswerecomputed.For thefirst example,theinputprofilesof extinctioncoefficientandlidar
ratio wereprovidedto theparticipantsto allow anexercisewith known solutions.Examples2 and
3 wereusedfor the intercomparison.In example2, a wavelength-dependentextinction-coefficient
profile wasassumedandthe lidar ratio wasdependenton wavelengthbut constantwith height. In
contrast,for example3 aheight-dependentbut wavelength-independentlidar ratio wasused.
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Most of the lidar inversionalgorithmsarebasedon theworksof Fernald(1984)andKlett (1985).
Becausetwo unknowns,particleextinctionandparticlebackscattering,influencethemeasuredelas-
tic backscattersignal,the algorithmconsidersa linear relationshipbetweenthe extinction andthe
backscattercoefficient, theextinction-to-backscatteror lidar ratio. This input quantityis unknown
in principle,becauseit dependson theactualphysicalandchemicalpropertiesof the atmospheric
particles.In addition,a referencevalueis neededfor theinversion,whichusuallyis setinto aheight
region,whereRayleighscatteringdominatesthemeasuredsignal.Rayleighscatteringis calculated
from temperatureandpressurevaluesof a radiosondeascentor astandardatmosphere.
Assuminga monochromaticlaserpulse

���
	���
at wavelength

�
, the lidar signal

��	�������
received

duringtheintegratingtime ��� from thescatteringof thelaserlight in theatmosphericlayerlocated
at altitude

�
is givenby��	������������	������� 	���"!#	�������%$�'& exp (*),+ -/.�10 	��2�435"6�327*� (3.1)

with thebackscattercoefficient !8	��2�9��:�;!�<>=@?*	��2���A�BC!2DFEHGI	��2���A
(3.2)

andtheextinctioncoefficient0 	��2���A�� 0KJ,LNM 	��2�9��2B 0 D>E�GO	�������:� 0�J,LNM=�PRQ 	�������2B 0 <>=@?Q�SR= 	��2�9���B 0 DFE�G=�PRQ 	�������2B 0 DFEHGQHSH= 	��2�9��UT (3.3)

Thesignaldependsonthebackscattercoefficientsof moleculesandaerosolparticles
! <>=@?

and
! D>E�G

,
respectively, andon attenuationdueto molecularscattering0 <V="?Q�SR= andabsorption0 J,LNM="PRQ andparticle
scattering0 DFE�GQ�SR= andabsorption0 D>E�G=�PRQ .

�
is thesystemconstant.

Thedeterminationof theaerosolbackscattercoefficient
! DFE�G 	�������

from theelasticbackscattersignal
of Eq. (3.1)requiresthesolutionof aBernoulli differentialequation.As theresultoneobtains

W DFE�GOXZY\[^] _ XZY\[�Y &
exp `�a .�bc .edgf DFE�G Xihj[5k f <>=@?ml W <>=@? Xihn[�o
h�pq5r .�b@st."ubvxw yiz r .�bNs|{ vO}I~N� r .�b@s�� a .�bc . f DFEHG Xihn[ _ Xihj[�h &

exp ` a .�bc��� f DFEHG Xi�A[�k f <V="?�� W <>=@? Xi�A[�o � p o hk W <V="?AXZY\[��
(3.4)

with thelidar ratiosof molecularandparticlescattering� <>=@? � 0 <>=@?! <>=@? ���\�� and
� D>E�G 	�������:� 0 DFEHG 	�������! DFEHG 	��2���A � (3.5)

respectively. Molecularabsorptionis neglectedhere.Molecularscatteringcanbecalculatedfrom

0 <V="?QHSR= 	��F���2���%�4������\��� 	R� &="�gG ) $  &� �n��� &� � B �\�
� )�� � � � ���� � � 	��A��	��� (3.6)

with therefractive index of theair
� =@�gG , thedepolarizationfactor

�
(
�

is 0.0301,0.0284and0.0273
for 350,550and1000nm,respectively), andthemolecularnumberdensity

� Q � + T��\  �%¡ $I¢V£H¤ cm¥V�
for standardatmosphericconditionsat groundlevel (� � =1013.25hPa,

���
=15¦ C, 0.03§ CO& ). Pro-

filesof temperature
��	���

andpressure� 	��� aretakenfrom actualradiosondemeasurementsor from
a standardatmospherewith actualgroundvaluesof temperatureandpressure.Two unknown quan-
tities, theparticlelidar ratio andtheparticlebackscattercoefficient

! D>E�G 	��O��
at a suitablereference
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height ¨O© , have to be estimatedin the determinationof the particlebackscatter-coefficient profile
afterEq. (3.4).
Thus,thenumericalschemesdiffer from eachotheronly in minor details.BeforeEq. (3.4) canbe
appliedto measuredlidar signals,thesignalsareaveragedoverthetimeintervalof interest,corrected
for background,and,if necessary, spatiallyaveraged(smoothed).For thesyntheticdatausedhere,
this procedurewasnotnecessary.

Scientificachievements

The procedureof the algorithmintercomparisonwasasfollows. First, the simulatedsignalswere
distributedto all groupswithout any informationon the input parameters,excepttheusedstandard
atmosphere.Thegroupscalculatedparticlebackscatter-coefficient profileswith their individual al-
gorithmsandsentthesolutionto UPIM. TheUPIM groupis not involvedin experimentallidar work
andactedastherefereeaswell astookover thecompleteanalysis.
Thisfirst stagewasthemostdifficult andmostrealisticone,becauselidar-ratioprofilesandreference
valueswereunknown. Therefore,notonly thecorrectnessandaccuracy of thealgorithmswasproven
but alsotheexperiencein estimatingthelidar ratioandchoosingthereferencevalue.
In thesecondstage,theinput lidar-ratio profilesweredistributedandthegroupshadto evaluatethe
signalsagain.In thethird andfinal stage,bothlidar-ratioprofilesandreferencevaluesweregivento
theparticipants.
Thus,thefinal stageprovesdefinitively thenumericalcorrectness,i.e., theaccuracy andstability of
thealgorithmsdependingonthenoiselevel andothercircumstancesasexplainedbelow. Theresults
of eachgroupfrom eachstepwerecomparedwith theinputdatain orderto determinethesystematic
errors.

Figure3.1:Backscattercoefficientsat532nmcalculatedby thegroupsA1–A16in comparisonto the
correctsolutionfor (a) simulationcase2, stage1, (b) simulationcase2, stage3, and(c) simulation
case3, stage3.

Figure3.1(a)shows thebackscatter-coefficient profilesat 532nm for simulationcase2 obtainedby
thedifferentgroupsin stage1. Thedeviationsfrom thecorrectsolutionwerebetween0%and100%.
In thesecondstagethelidar ratio wasknown, andin thethird stagebothinput valuesweregivento
theparticipants.Thus,thefinal stageprovesdefinitively thenumericalcorrectness,i.e., theaccuracy
andstability of the algorithms. The resultsof stage3 for simulationcases2 and3 areshown in
Fig.3.1(b)and(c), respectively.
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Discussionand conclusion

Thealgorithmintercomparisonshowedthat in generalthedataevaluationschemesof thedifferent
groupswork well. Dif ferencesin thesolutionscanmainlybeattributedto differencesin theestimate
of theinputparameters.If theinputparametersareknown, remainingerrorsareof theorderof afew
percent.Theunknownlidar ratiohadthelargestinfluenceonthesolutions,whichagaindemonstrates
theneedfor independentmeasurementsof theparticleextinction coefficient, e.g.,with theRaman
method. The unknown referencevaluewasof minor importancefor the examplespresentedhere,
becauseheightregionswith dominatingRayleighscatteringwerepresentin all cases.It shouldbe
mentioned,however, that this in not necessarilythecaseunderatmosphericconditions.Especially
at 1064nm, particlescatteringoftendominatesthesignalsin theentiremeasurementrange,which
maycauseadditionalerrorsthatwerenotdiscussedhere.Dif ferencesin thesolutionscanmainlybe
attributedto differencesin theestimateof theinput parameters.If theinput parametersareknown,
remainingerrorsareof theorderof a few percent.Theunknown lidar ratiohadthelargestinfluence
on thesolutions.

Plan and Objectivesfor the next period

To overcometheproblemof anunknown lidar ratio, independentmeasurementsof theparticleex-
tinctioncoefficientwith theRamanmethodareor will beperformedatmostof thenetwork stations.
Therefore,asecondalgorithmintercomparisonis in preparation.
Thesourcesof uncertaintiesin thedeterminationof theaerosolextinction coefficient from Raman
signalsarerepresentedby:

(a) thestatisticalerrordueto signaldetection(TheopoldandBösenberg, 1988);

(b) the systematicerror associatedwith the estimateof temperatureandpressureprofiles(Ans-
mannet al., 1992);

(c) thesystematicerrorassociatedwith theestimateof theozoneprofilesin theUV (Ansmannet
al., 1992);

(d) thesystematicerrorassociatedwith thewavelengthdependenceparameterk (Ansmannet al.,
1992;Whiteman,2000);

(e) thesystematicerrorassociatedwith themultiplescattering(Ansmannetal.,1992;Wandinger,
1998;Whiteman,2000);

(f) theerrorintroducedby operationalproceduressuchassignalaveragingduringvaryingatmo-
sphericextinctionandscatteringconditions(Ansmannetal., 1992;Bösenberg, 1998).

(g) For a correctapplication,it is necessaryto calculatethe derivative of the logarithmof the
ratio of two quantities,i.e. theatmosphericnumberdensity ª¬«�A® andtherange-correctedN ¯
Ramanlidar signal(  ¯:° «H�® ).
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Thederi± vativeis usuallyperformedthroughaleast-squarestechnique,by fitting theRamanlidar data
by meansof linearor quadraticfunctions.For a correctstatisticalapproachto theproblem,the ²2³
confidencetesthasto beusedto assessboththebestmodelandthemeasurementerror(Whiteman,
1999).Thecarefulapplicationof statisticalanalysistechniquesis requiredto accuratelyestimatethe
aerosolextinctionandtheaerosolextinctionerror.

TheIfT-groupalreadypreparedtwo files with simulatedRamansignals.Thesignalscorrespondto
the EARLINET training caseExample1. The simulatedRamansignalshave differentshotnoise
andaresimulatedwithoutbackground/backgroundnoise.

3.3.2 Instrument intercomparison

Thesecondpartof thequality assurancewithin theEARLINET projectaretheintercomparisonsof
thelidar systems.For this purpose,a varietyof simultaneousmeasurementsshouldbetakenat one
placeat differenttimesandunderdifferentmeteorologicalconditions. The calculatedbackscatter
profilesshouldbe comparedto eachotherto prove the performanceandalsothe reliability of the
systems.

Experiments

12 of thelidar groupsperformedtwo majorexperimentsduringSeptemberandOctober2000. The
mobile lidar systemof theLudwig-Maximilians-UniversiẗatMünchentravelledto Italy andGreece
in SeptemberandOctober2000andmadeintercomparisonswith the groupsfrom Athens,Thes-
saloniki, Lecce,Potenza,Napoli and L’Aqulia. The groupsfrom Barcelona,Hamburg, Lisbon,
NeuchatelandPalaiseaumetat theEcolePolytechniquein Palaiseaubetween11 Septemberand14
September.
Additional experimentshave beenperformedin October2000in Hamburg (intercomparisonwith
Linköping)andin Neuchatel(intercomparisonof themobilemicro lidar with thethreewavelengths
lidar). In January2001theMunich lidar performedintercomparisonswith Garmisch-Partenkirchen.
Consideringthat four of theGermanlidar groupsalreadydid suchintercomparisonexperimentsin
theframeof theGermanLidar Net in 1998,only threegroupshavenot yet comparedtheir systems.
TheEPFL-lidar, which is locatedon theJungfraujochwill do their intercomparisonsin March2001
andthelidar from Aberystwythwill becomparedto Hamburg in May 2001.
With respectto thesystemsin Minsk andBelskno possibilityhasbeenfoundup to now to perform
directsystemintercomparisons.This is mainly dueto customsandlogisticalreasons.Thebestpos-
sibility to assessdataquality is theuseof extensiveinternaltestsandrepeatedplausibilitychecksof
theresults.

First results

First resultsof the aerosolbackscattermeasurementsat 532 nm and1064nm have alreadybeen
comparedin Palaiseauto checkwhethersystematicerrorsoccuredandchangesin thesystemcon-
figuration would be necessary. The Hamburg aerosolRamanlidar comparedsuccessfullyto the
Neuchatelmicro lidar at 532nm andto theBarcelonabackscatterlidar at 1064nm. Severalexam-
plesfrom differentdaysareshown here(figures3.2to 3.3).
Theprofileshave beenevaluatedwith commonboundaryvaluesandlidar ratios,soerrorsdueto

lack of information(e.g. lidar ratio) or differentexperiencein estimatingcalibrationvalueshaveno
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Figure3.2: Intercomparisonof aerosolbackscatterat 532nm betweenMPI Hamburg andObserva-
tory Neuchatel.
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Figure3.3: Intercomparisonof aerosolbackscatterat 1064nm betweenMPI Hamburg andUPC
Barcelona.

influenceontheresults.Theusedalgorithmshavebeenproven(seethisworkpackage)soadditional
errorscausedby thealgorithmscanbeneglected.
The profilesgenerallyshow goodagreement.The daytimemeasurementsof the Neuchatelmicro
lidar arelimited in rangedueto the high backgroundlight, but the main aerosolstructurescanbe
measuredalthoughtheoutputenergy is very low.
Theprofilesderivedby theUPCBarcelonaat 1064nm show little highernoisein theupperpartof
theatmospherethantheMPI profilesdo,sincethey usea relatively smallreceiving mirror of ca.20
cm diameterandtheMPI usesamirror of 50cm diameterfor theupperrangemeasurements.
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Although´ theseintercomparisonsshow thehighqualitythatcanbeachievedwith aerosolbackscatter
measurementsby lidar, problemsoccuredwith the lidar systemsfrom Lisbon andPalaiseau.The
Lisbon systemsuffered from a hardware damageof the dataacquisitionthat occuredduring the
transportof the system. It took threedaysto fix this problemandafter that somemeasurements
couldbemade.Thedetectedsignalwasquitelow andit wasseenthatthereceiverfield of view was
muchtoo narrow to performmeasurementsin theboundarylayer. To geta wider field of view, the
200 µ m diameterglassfibre in the focusof the receiving telescopehasto be changedto a bigger
one,whichcouldnot bedoneduringtheexperiment.
The measurementsperformedwith the Palaiseaulidar systemshowed a misalignmentof the laser
beamrelative to thefield of view of the receiving telescope.Furthertestsshowedthat thesystem,
which is equippedwith a large receiving telescopeof 60 cm diameteris not suitablefor measure-
mentsin theboundarylayer. Thelowestaltitudewith full overlapbetweenlaserbeamandtelescope
field of view wasin ca. 3000m, so only uppertroposphericmeasurementscould be usedfor the
intercomparisons.Measurementsunderthis configurationhavebeendoneat only oneday.
Besidesthis experimentcoveringfive groups,the Munich mobileaerosollidar systemtravelled to
GreeceandItaly andperformedintercomparionswith thetwo groupsin Greeceandthefour groups
in Italy at their sites.Severalmeasurementshave beendonein eachcity underdifferentconditions,
howeversometimesbadweatherpreventedbiggerdatasets.
Generallygoodagreementcouldbeachievedin theupperpartof thetropospherebut problemsoc-
curedin thenearrangewith someof thesystems.Oneexamplecanbeseenin figure3.4,wherethe
Thessalonikilidar clearlyshowstoo low valuesin thenearrange.Theseproblemscouldbeassigned
to detectorsaturationsincethesystemworksin photoncountingmodeandtoohighcountrateslead
to saturationeffects.
Similar problemsoccuredwith the lidar from Athens. Goodresultshave beenachieved in heights
above1500m, below thatheightmainly detectorsaturationeffectspreventedbetterperformanceof
theNTUA lidar duringtheintercomparisons.
TheL’Aquila lidar workswith full overlapbetweenreceiverfield of view andlaserbeamin altitudes
of ca. 4 km. Aerosolbackscattercoefficientsbelow that heightcanonly be evaluatedusing the
Ramantechnique,wherethe overlapfunction cancelsout in the equations.However this restricts
measurementsto nighttime,when the Ramansignalscanonly be detectedandpreventsaccurate
intercomparisons.Using theRamantechnique,the heightdependentlidar ratio is implicitly given
andcannotbederivedfrom themeasurement.Sothemeasurementscanonly becomparedto aerosol
backscatterprofilesfrom theMunich lidar calculatedwith differentlidar ratios,not knowing which
thecorrectonewould be.Having theserestrictionsin mind thecomparisonswheresatisfyingdown
to low altitudeswithin thePBL.
Problemsin thenearrangeupto ca.1000m abovegroundwerealsopresentin Potenzaandin Lecce.
In Potenzatheproblemsweremainlyassignedto straylight in thereceiving channelswhile in Lecce
the slit width of the usedspectrometerdefinesthe field of view of the telescopeandthereforethe
lowestheightwith full overlap.
Goodresultsin theUV have beenachievedin Napoli, alsodown to ca. 300m aboveground.Up to
now only rangecorrectedsignalshave beencompared,but backscatterprofileswill probablyshow
only smalldeviations.They will becalculatedandcomparedfor themainreport.
Examplesof thesemeasurementscanbeseenin thefigures3.5- 3.9.

TheMPI Hamburg andtheFOA LinköpingcomparedtheirsystemsatUV wavelengthsin October
2000in Hamburg. Also in this case,goodagreementcouldbefoundin theupperpartof thetropo-
sphere,but in thenearrangeconsiderabledeviationshave beenfound. Most likely they werealso
dueto detectorproblemsof theLinköpinglidar, whichadditionallyoperateswith a too narrow field

20



Figure3.4: Intercomparisonof aerosolbackscatterat532nmbetweenMI MunichandAUTH Thes-
saloniki.

Figure3.5: Intercomparisonof Pr¶ betweenMI Münchenat 355nmandINFM Lecceat 351nm.
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Figure3.6: Intercomparisonof Pr· at 355nmbetweenMI MunichandLecce.

Figure3.7: Intercomparisonof aerosolbackscatterat 355nmbetweenMI MunichandLecce.
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Figure3.8: Intercomparisonof Pŗ at 355nmand532nmbetweenMI MunichandPotenza.

Figure3.9: Intercomparisonof Pŗ betweenMI Münchenat 355nm andINFM Napoli at351nm.
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Figure3.10: Intercomparisonof aerosolbackscatterat355nmand532nmbetweenMI Munichand
IFU Garmisch-Partenkirchen.

of view of thereceiving telescope.Thereforeit wasdecidedto changethecoaxialemitter/receiver
configurationto abiaxialandusea largerapertureasfield stop.This reconstructionwasplannedfor
thewinter in Linköpingto haveadditionalmeasurementsin earlysummer2001.
An intercomparisonsbetweenIFU GarmischPartenkirchenandMI Münchenhasbeendoneon 19
January2001. Although thedeviationsbetweenthe rangecorrectedsignalswerequite low at 355
nm and532nm, the intercomparisonwasonly partly successful.On thatday, thevery low aerosol
contentin theatmospheremadecomparisonsof theaerosolbackscatterverydiffcult.

Consequences

Deviationsbetweenthemeasuredaerosolbackscatterprofileshavebeendetectedmainly in thenear
rangefor someof the comparedsystems.In all casesthe reasonsfor thesedeviationshave been
foundandmostgroupshavealreadytakenmeasuresto avoid theseproblemsaftertheintercompari-
sonmeasurements.
In L’Aquila main reconstructionswould be necessaryto achieve full overlapwell below 1000m.
However, sincetheaerosolbackscatterprofile canbedetermineddown to groundusingtheRaman
technique,theconfigurationwill notbechangedimmediately.
TheLMD Palaiseauinstalledin themeantimeanadditionallidar for theboundarylayeroperatingat
532nm. Thesystemusedfor theintercomparisonsremainsfor theupperpartof thetroposphereand
will beequippedwith asecondsmallreceiving telescopeto getthelowestmeasurementrangedown
to 300m. Additionally, they startedinvestigationsontheexperimentallyderivedoverlapfunctionof
theuppertropospherelidar to correctfor the incompleteoverlapof thealreadytaken routinemea-
surements.
For the IST Lisbon it wasdecidedto do the necessaryreconstructionin Lisbon andrepeatthe in-
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tercomparisonexperimentafterwards. Thesuggestionwasthat theLisbonsystemshouldtravel to
Barcelonain spring2001.Almost thesameproceedingis plannedfor theintercomparisonsbetween
FOA LinköpingandMPI Hamburg. TheSwedishsystemwill cometo Hamburg in spring2001after
thenecessarychangesin theconfigurationhavebeenmade.
The problemsthat occuredin GreeceandItaly arebelieved to be minor onesandsolvableby the
groupsthemselves,without theneedfor furthersystemintercomparisons.Heremainlydataacquisi-
tion anddataprocessingwill beimproved.
For thelidar at Garmisch-Partenkirchenadditionalintercomparisonsareplannedto have morethan
onesinglecaseandto cover a broaderrangeof aerosoldistributions. Thesystemis very compact
andeasyto move, so further measurementsof the Garmischsystemin Munich canbe donewith
acceptableeffort.

Conclusions

Most of the lidar systemsoperatedin theEARLINET have alreadyperformedintercomparisonex-
periments.Generallygoodresultscanbefoundin altitudesabove 1.5km, howeveralsoin thenear
rangereliablemeasurementsarenecessaryto achieve thegoalsof EARLINET. Measureshave al-
readybeentakenat severalstations,namelyAthens,ThessalonikiandPotenzato getbetterresults
in the boundarylayer. No additionalmeasurementsto comparethe lidars in Italy andGreeceare
necessary.
Thesituationwasdifferentfor thelidarsfrom PalaiseauandLisbon.Herenosatisfyingresultscould
be achieved andmain changesin the systemconfigurationwereregardedto be necessary. These
systemswill doadditionalmeasurementsin springor earlysummer2001to provetheir dataquality
after the reconstructionshave beendone. The sameholds for Linköping (measurementsin early
summerin Hamburg) andGarmisch-Partenkirchen.
Besidestherepetitionof someof theintercomparisons,thefirst intercomparisonof theUniversityof
Aberystwythlidar systemis alreadyscheduledfor thebeginningof May 2001. TheMPI Hamburg
will travel to Walesandperformmeasurementsduringoneweek.
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3.4 WP4, Compilation of trajectory data

by Ina Mattis

Atmosphericbacktrajectoriesprovide informationabouttheorigin of observedaerosols.Thusthey
area very usefull tool for the interpretationof measuredlidar profilesof opticalaerosolproperties
for specialeventslike long-rangeaerosoltransports[Bösenberg, 2001, Chapter8.5], stablehigh-
pressuresituations[Bösenberg, 2001, Chapter8.1] or cold front passages[Bösenberg, 2001,Chap-
ter 8.2]. Furtheranalyticaltrajectoriescanbeusednot only for theinterpretationof specialevents,
but alsoto performclimatologicalstudiessinceatmospherictrajectoriesreflectthesynopticpatterns
correspondingto themeasurements[Bösenberg, 2001, Chapters6,7.3,and7.2]. Prognosticbacktra-
jectoriesarea usefull tool to organizecoordinatedintensivemeasurementperiodsor measurements
of specialevents. Suchprognostictrajectoriesarehelpful in particularfor theworkpackagesWP7
andWP9.

3.4.1 Atmospheric trajectories for the EARLINET project

Theatmospherictrajectories,which areusedfor theEARLINET project,arecalculatedby theGer-
manWeatherServicefor all EARLINET lidar sitesfor two arrival timeseachday, whichcorrespond
approximatelyto the times of the routine lidar observationsat noon and at sunset. The analyti-
cal aswell as the prognostictrajectoriesare4-daybackward trajectoriesandarecalculatedfrom
the wind fields of the global numericalweatherpredictionmodelof the GermanWeatherService
[KottmeierandFay, 1998]. They areavailablesinceMay 2000for all EARLINET participants.The
trajectoriesarecalculatedon a 3-dimensionalgrid. This calculationmethodleadsto lower uncer-
taintiesin comparisonto thoseof othermethods,e.g. isentropiccalculation. The accuracy of the
calculatedtrajectoriesdependson thesynopticconditions.Thehigherthewind speedthelower the
uncertaintyof the trajectories. Usually the deviation betweenthe calculatedand the actualtrack
of an air parcelis about10%to 20%of the trajectorylengthfor the trajectoriesusedin this study
[Stohl,1998].Thecharacteristicpropertiesof thetrajectoriesaresummarizedin table3.3.
Thetrajectoriesarestoredin adatabaseat theIfT Leipzig . All EARLINET partnershaveaccessto
that trajectoryarchive via an interactive web page(http://earlinet.tropos.de:8084).A visualization
softwarefor trajectories,which wasdevelopedat theIfT is aswell available.Figure3.11shows an
exampleof a completedatasetof analyticaltrajectories.This exampleclearly demonstrates,that
trajectoriesprovide moreinformationabouttheorigin of observedair massesthanonly profilesof
thewind directionat themeasurementsite. The500-hPa trajectoryoriginatesin theMediterranian
region but reachesthe measurementsite from the north. This examplefurther illustrates,that the
observedaerosolsat differentheightlevelsmayhave completelydifferentsources.Theboundary-
layer aerosolmeasuredon this day wasadvectedfrom easternEurope(seetrajectoriesarriving at
975and850hPa). But therewerealsoaerosollayersin thefreetroposphere,which camefrom the
Mediterranianregionandfrom theAfrican continent(seetrajectoriesat 770and500hPa).

3.4.2 Statistical analysisof trajectories

Becausethequantityof availabletrajectorydatasets(two perday)is muchlargerthanthenumberof
measuredaerosolprofiles(usuallynot morethanthreeperweek),we suggestto applyany method
of statisticalanalysisprimarily to the trajectoriesandnot directly to the lidar profiles. Sincethe
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trajectorymodel
Globalnumericalweatherpredictionmodeldatabase
of theGermanWeatherService

spatialresolution ¹Aº�»½¼F¾x¿
time resolution 6 hr
trajectorylength 4 days

availabletrajectorydataset
analyticaltrajectories prognostictrajectories
13UTC 13UTC subsequentdayarrival times
19UTC 13UTC 2 dayslater
975hPa
850hPa 850hPa
700hPa 700hPaarrival pressurelevels
500hPa
300hPa
200hPa

Table3.3: Characteristicalpropertiesof thetrajectoriescalculatedby theGermanWeatherService
for 20 EARLINET lidar sites.

analyticaltrajectoriesprovide informationon the synopticpatternscorrespondingto the measure-
ments,they shouldbe usedto classifyprofilesof optical aerosolpropertiesderivedby the routine
observationsin dependenceon the large-scaleweatherregimeasdescribedin [Mattis et al., 2001].
For thatpurpose,thetrajectorieswill bedividedinto distinctclustersby meansof clusteranalysis.
Theneachlidar profile canbeassignedto theclusterof its correspondingtrajectory. Becausea tra-
jectoryclusterrepresentsonelarge-scaleatmospherictransportpattern,eachof theprofileswithin
the correspondingclassof optical aerosolpropertieswasobtainedfrom a lidar observation under
similar large-scalesynopticconditions.Investigationsof thepropertiesof theseaerosolclasseswill
show thedependenceof opticalaerosolpropertieson thecorrespondingweatherregime.
Clusteranalysisprovides algorithmsto separatea large numberof datasets(in our casesetsof
trajectories)into groups,the so-calledclusters. The separationof the datasetshasto be donein
sucha way thatsimilar trajectoriesaremergedwithin oneclusteranddissimilaronesbelongto dif-
ferentclusters. In this study, a clusteringalgorithmfor atmospherictrajectoriesrecommendedby
[Dorling et al., 1992] wasused.Modificationsconcerningthestartingconditionsprovideadditional
informationon theuncertaintyof thederivedresults.As anadvantageof theusedclusteringalgo-
rithm, the optimumnumberof clustersfollows from the algorithmitself anddoesnot have to be
assumed.
Thealgorithmstartswith thegenerationof about30seedtrajectories.Modifying Dorlingsalgorithm
syntheticalratherthan real trajectorieswereused. Then eachtrajectoryis assignedto that seed,
which is closestin termsof theusedmeasureof distanceandtheaveragetrajectoryof eachgroup
is calculatedfrom all group members. Thesemeantrajectoriesare the so-calledcentroids. The
next stepis an iteration,which checkswhethereachreal trajectoryis in the right clusterin terms
of its distanceto the clusterscentroid. The iterationreorganizesthe trajectoriesif necessaryand
recalculatesthecentroidsuntil all trajectoriesarecorrectlyassigned.
To obtaintheoptimumclusternumberthealgorithmiteratesdecreasinglyoverthenumberof clustersÀ

. Within eachstep,
À

is reducedby merging thosetwo clusters,for which the centroidsare
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Figure3.11: 4-daybacktrajectoriesarriving at Leipzig asexamplefor thedatasets,which arecal-
culatedby theGermanWeatherServicefor 20EARLINET lidar sites.

closest.Thenthe trajectoriesareiteratively assignedto theclustersasdescribedbefore.TheRoot
MeanSquareDeviation ( 46587:9 ) of eachtrajectoryfrom its centroidis calculated.The sumof
these46587:9<; givesthe total 46587:9 . Thereductionof = leadsin generalto a weakincreasein46587:9?>@=BA . A steepincreasein 46587:9?>C=DA is observedwhensignificantlydifferenttrajectories
formerly locatedin distinct clustersaremerged into onecluster. So the the optimum numberof
clustersis the = beforethesteepincreasein 46587:9?>@=BA .
To get an estimationon the uncertaintiesof this clusteringprocedure,Dorlings algorithmwasex-
tendedtowardarepetitionof theinitializationanditerationover = with slightly variedseedtrajecto-
ries.Theresultsof theclusteringalgorithmfor thedifferentinitial conditionsconvergefor acertain= ( =FEHGJIKA . For =D; largerthan =FEHGJI , no stableclusterscanbefoundandany peaksin thepercentage
changeof 46587:9 for morethan =LEHGJI clustersshouldbe neglectedin thesearchfor the optimum
numberof clusters.

3.4.3 First resultsof cluster analysisof trajectories

The clusteranalysisdescribedabove wasappliedto the trajectoriesof threeyears,which endat
850hPa for the 5 GermanEARLINET lidar sites[Bösenberg, 2001, Chapter6]. Trajectoriesare
availablefor thesearrival sitessince1998in contrastto the otherEARLINET stations,for which
trajectorydatawerecalculatedonly sinceMay 2000. The 850-hPa trajectoriesarebelieved to be
mostrepresentative for themain air transportin theupperpartof theatmosphericboundarylayer.
The trajectoriesarriving at 975hPa are more influencedby the earthsurfaceand thereforetheir
uncertaintyis larger. Nevertheless,the clusteranalysiswasalsoappliedto trajectoriesarriving at
Leipzigat975hPasimplyto giveanexampleandanideaabouttheconditionsin thelowerboundary
layer.
Theoptimumnumberof clusterswasfoundto befivefor almostall of thecases.Theclusterpatterns
arevery similar for the five locationsandalso for the two differentpressurelevels. Figure3.12
illustrateshow thetrajectoriesof 1998,1999,and2000areassignedto thefiveclustersidentifiedby
theclusteringalgorithmfor thestationLeipzig andbothpressurelevels. Thefive clustersrepresent
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Figure3.12:All trajectoriesof 1998,1999,and2000arriving atLeipzigat975hPa(top)and850hPa
(bottom)in thefive clustersidentifiedby theclusteringalgorithm.Thecharactersin thelowestrow
identify theclusters.

weatherregimeswith differentwinddirectionsandspeeds.Clustera)containsall trajectoriescoming
to Germany from easterlydirectionswith low speeds.Air parcelswhich weretransportedto central
Europefrom northwestwith higherwind speedsaremergedwithin clusterb). Clusterc) combines
trajectoriesfrom theMediterranianSeaandveryslow onesfrom westernEurope.Thosetrajectories,
whichhavetheirorigin overtheAtlantic oceanarecombinedin clustersd) ande)with thelatterone
characterizedby veryhighwind speeds.

3.4.4 Conclusions

In theprecedingsectionamethodwasintroduced,whichallowsto classifyprofilesof opticalaerosol
propertiesderivedby theroutineobservationsin dependenceonthelarge-scaleweatherregime.This
methodwasfirst appliedto trajectorydataset for the past3 yearsfor the Germanlider sites. As
soonasthequantityof availableEARLINET trajectoriesis largeenoughtheclustermethodwill be
appliedto theotherlidar sites,too.

Changingtheusedmeasureof distancein theclusteringalgorithmwill allow to examineotherques-
tionsthanonly thedependenceon large-scaleweatherregime. Increasingtheweightof thedistance
betweentwo trajectorieswith decreasingdistanceto their arrival site will causethe algorithmto
combinethosetrajectoriesinto onecluster, which have crossedthe sameaerosolsourcesnearthe
arrival siteevenif they originatedfrom differentregions.This tendency maybeamplifiedby insert-
ing any informationaboutthe surfacebelow the trajectories(for instanceemissionmaps)into the
measureof distance.
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3.5 WP5, Compilation of aerosolprofile data

by Holger Linn é

3.5.1 Objectives

Thegoalof this work packageis theestablishmentof a largedatabaseon aerosolprofilesin a way
thatallows for easyaccessandautomatedprocessingof theresultsfrom all differentstations.

3.5.2 Methodology

A statisticalanalysisof a largedatasetrequiresautomatedprocessingof filesoriginatingfrom many
differentstations.Thereforeit is a crucial requirementthata commonformatis usedby all parties.
Netcdfwaschosenasaplatform-independent,self-describingformatthatofferssufficientflexibility
for lateradditionsasthey becomenecessary.

3.5.3 Scientificachievements

Theintroductionof netcdfasacommondataformatwasquitesuccessfulaftersomeinitial problems.
All groupshave submittedtheir evaluatedprofiles in this format to the commondatabase. The
exchangeof datafiles usinga commonprotocolturnedout to bemoredifficult asexpected,mainly
becauseof interferencewith computersecuritymeasuresthatarehandledverydifferentlyatdifferent
computercentersandto somedegreearemutuallyexclusive. Throughintensivebilateraldiscussions
solutionshavebeenfoundfor mostgroups.Theresultis amix betweenadistributeddatabasewhich
is maintainedby theindividualcontributors,andacentraldatabaseat theMPI for thosegroupsthat
cannotprovide easyaccessfor all partnersto their data. All dataarestoredat the institution that
hasperformedthemeasurements.Many institutionscanprovidedirectinternetaccessto thedatafor
all EARLINET participants.For the otherinstitutionsthe MPI hasprovided an ftp-site wherethe
datacanbeput by theoriginatorandsubsequentlyaremadepublic to theEARLINET community.
For thefirst sevenmonthsthedatafrom both the regular andthe specialmeasurementshave been
collectedat theMPI andstoredon a CD-ROM which canbeprovideduponrequest.This dataset
consistsof roughly3000individual profilesof aerosolextinction or backscatter. This is by far the
mostextensive dataseton aerosolvertical distribution, worldwide. It is certainlya greatsuccess
that thecommondatasetis alreadyusedby otherwork packages( e.g. WP7,WP15)for scientific
analyses.

3.5.4 Plansfor the next period

Thecollectionof datawill continueasscheduled.No majorchangesin thedataformatareforseen,
exceptan additionfor continuousmeasurementsover extendedperiodsof time. Accesto the data
for all partnersandauthorisedexternaluserswill bemaintained.
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3.6 WP6, Temporal cycles

by JacquesPelon

3.6.1 Objectives

Theobjectiveof thework to beperformedin thisWPis to obtainasignificantsetof observationsof
theaerosolpropertiesin thelowertroposphereatdifferenttimescales.Two mainscalesareaimedat,
namelythedayto dayandtheseasonalvariation.This encompassesthediurnalandseasonalcycle
of the aerosolsin the boundarylayer linked to its developmentas inducedby solarandsynoptic
forcing.
Temporalvariationsdueto specialeventssuchasthetransportof aerosolslinkedto theoccurrence
of fronts, the seasonaltransportof desertdust or of particlesproducedby biomassburning and
productiondueto photochemicalpollution aresubjectof aseparatework package.

3.6.2 Methodologyand scientificachievements

All groupsbut oneareinvolvedin thiswork package.Themainfocusof thisWPis putontheaerosol
in theplanetaryboundarylayer(PBL).Theterminologyboundarylayermeanstheatmosphericlayer
directly coupledwith thesurfacein a dynamicalwayovera diurnalcycle. However, in our analysis
we also include the residuallayer observed above the boundarylayer during the day as a result
of growth cycles over the previous days. Aerosol propertiesare different in both layershelping
characterisingthedifferencebetweenthevariouslayers.
Periodsof observationsarerelatedto unperturbedweatherconditions,ideally in ahighpressuresys-
tem.Thisallowsto favoursimultaneousobservationsatdifferentstationsandquantifythebehaviour
of aerosolat theregionalscale.
Theaccumulationof theaerosolloadduringthedayis dependingontheaerosolsourceitself (natural
or man-made),surfacewind speed(dynamicforcing), andsolarflux (thermalforcing) leadingto
turbulencedevelopment. The vertical stability (linked to the potentialtemperaturegradient)and
synopticforcing arecritical to thedevelopmentof theboundarylayer, andmay leadto anincrease
of aerosolparticlesandpollutantswhenthegrowth of theboundarylayer is blocked. Thevariation
of theopticalpropertiesof theaerosolswhich is observedby lidar is furtherdependingonmoisture.
Thedevelopmentof theboundarylayercouldthusbeidenticalatdifferentplacesor for severaldays,
but theopticalpropertiesmaydiffer.
During themorning,thegrowing boundarylayeris erodingthestableandresiduallayersof thepre-
viousnight andday, respectively. In theevening,thedetrainmentof thePBL andthesedimentation
of largeparticlesoccursduring thestabilisationof the residuallayer. In both transitionphasesthe
profile of theextinction coefficient is not constantwith altitude. Morning transitionsareimportant
asparticlesandpollutantsformedduring daytimecanbe storedin the upperpart of the residual
boundarylayer andfurther transported(possiblyin the middle or uppertroposphere,this topic is
linkedwith WP12). During the formationof thestablenocturnallayer, this layermay includeless
particlesandpollutantsasnophotochemicalproductionwill occur. Theerosionof theresiduallayer
above it duringthefollowing cyclemayleadto apollution increasenearthesurface,astheresidual
layer is mixedwith thenew growing activeboundarylayer. Thestructuralandopticalpropertiesof
theseaerosollayersarethusimportantto be measuredespeciallyin the transitionphases.This is
madeeasierby the fact that this canbe achieved in night-timeperiods,whereRamanlidar canbe
operated.
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InstituteM Measurements Wavelength Dateandtime
IPSL 532,1064 02/06: 07.25- 17.33
Palaiseau 07/06: 07.45- 23.16
France 08/06: 09.00- 18.22

09/06: 07.42- 16.47
19/06: 06.29- 13.49
20/06: 06.16- 16.04
19/07: 07.24- 18.41
30/07: 08.20- 16.26
31/07: 07.15- 17.38
01/08: 06.12- 16.30
14/09: 07.20- 20.30

IFT, Leipzig 355,532,1064, ftp site
Germany 387,607,407
NTUA, Athens 532 29/05: 08:25- 09:33
Greece 29/05: 14:57- 18:15

355,532 16/11: 07:01- 15:16
355,387 16/11: 18:05- 19:55

UPC,Barcelona 1064 09/10/008:00- 18:00
Spain 16/10/007:30- 17:30
IMAAA, Potenza Dayandnightmeasurements ftp site
Italy sinceMay. Someduringall day.
INFM, Napoli May to Julyandtill September 1064,532,351,382 ftp site
Italy Someduringall day.
LPAS, Lausanne No PBL observations 355,532,1064,
Switzerland becauseof highaltitude 387
ON, Neuchatel Full overlapabovePBL top 532,355 21/07: 07.20- 24.00
Switzerland 22/07: 00.00- 22.20

31/07: 07.10- 22.20
MIM, Munich Regularmeasurementsonly. ftp site
Germany No alldaymeasurementsthis year.

Table3.4: Summaryof diurnalcycleobservations.

Additionalmeasurementsarerequiredfor theanalysis.Namely, radio-sondemeasurementsof pres-
sure,temperature,moistureandwind speedatleasttwiceaday(evolutionforecast),lidar andaerosol
optical thicknessdirect measurements(sun-photometers)for control. Measurementsof radiation
fluxesat thesurfaceandchemicalspeciesarealsoto beconsidered.
In thisfirst yearof theEARLINET programme,thefocushasbeenseton themethodsof acquisition
of known quality lidar datafrom all stations.As all the stationdid not have the sameexperience
in lidar, consolidationof systemoperationandanalysismethodswereprioritisedascomparedto
scientificanalysisto getqualitymeasurementsandcompareresults.Thisis necessaryto successfully
analysedata,andnotmisinterprettheobtainedresults.
Dif ferentgroupshave startedtemporalcycle observations(France,Germany, Greece,Italy, Spain,
Switzerland),mostly from time serieswith backscatterlidars and the datahave beensentto the
databaseat Max PlanckInstitute.Thetable3.4summarisestheobservations.
The strategy for the measurementsneededwithin theseWP hasbeendiscussedandconsolidated
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duringtheAthensworkshopin March2001.It wasagreedto characterisestructuralparametersand
opticalpropertiesof theboundarylayeroveraday.
Ideally, the objective is to make observationsduring the wholedaystartingbeforethesunriseand
endingaftersunsetto observe thetransitionbetweenthestablenight-timeandtheunstabledaytime
boundarylayer. As this representsa long observationperiod,andasprocessesinvolvedarediffer-
ently phased,it canbeseparatedin theacquisitionof severalsetsof observationsfor transitionsin
themorningandtheevening,andobservationof themaximumdevelopmentof thePBL. Backscat-
ter measurementsduring daytimewill be reinforcedby Ramanmeasurementsbeforeand/orafter
sunset,wheneverpossible.

3.6.3 Socio-Economicrelevanceand policy implication

Thedaytimeevolution of theboundarylayeris of importanceasit mayleadto reinforcedpollution
eventswhendynamicalforcing preventsits development.Theaccumulationof aerosolsandpollu-
tantsis thusincreased,andspecificactionsmaybenecessary, suchaslimiting cartraffic or industrial
activity to avoid healthdamageon population.
It is very importantto forecasttheseeventsdueto their impact.

3.6.4 Discussionand conclusion

Somedatasetshave up to now beenobtainedin the frameof at several stationsduring summer.
Meteorologicalconditionshave not beenfavourablein westernEuropethis autumn. In this first
phase,observationswereperformedindependentlyat differentstationsto checkdataquality and
procedures.

3.6.5 Plan and Objectivesfor the next period

Resultsandprocedureshave beendiscussedafter this first yearat the Athensworkshop. It is the
objective to moveto morecoordinatedobservationsat theEuropeanscaleduringfavourablemeteo-
rologicalsituations.Measurementswill beperformedin prevailing high pressureconditionstransi-
tionsto helpseveralstationsto observe transitionssimultaneously. However measurementswill be
decidedat thestationoperatorlevel.
Theobjectiveis to makethreemeasurementseries(aseriesis adiurnalcycleobservedduringaday)
per season(as for exampleduring the summerseasonJune-July-August)at all stationsinvolved.
Quasi-continuousmeasurementsare aimedat for the retrieval of the structuralparameters.The
time interval betweenprofilesshouldbe shorterthan during the regular measurements(typically
five minutes). However a few sequencesof twenty minutesincluding profilesevery minutesare
acceptable.Specificfiles will be made,and identified in a dedicatedlist in the ftp site. For the
retrieval of opticalparameters,measurementsof theextinction coefficient areto bemadeat sunrise
and/orsunsetusingRamanlidars. Backscattercoefficient is to be retrieved during daytimefrom
backscattermeasurements.
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3.7 WP7, Observation of specialevents

by AlexandrosPapayannis

3.7.1 Objectives

The main objectivesof WP7 are focusedon the implementationof a routinemonitoringscheme,
mainly in the South-Europeanregion for the observation of specificallyhigh aerosolloadsin the
lower troposphere,resulting from extremedust events (transportof Saharandust, breakof for-
est/industrialfires,intensephotochemicalsmogepisodes,etc.).

3.7.2 Methodology

To achieve the objectiveseight of the EARLINET lidar stationslocatedin the SouthernEurope
(Portugal,Spain,France,Italy and Greece)have beenselectedto perform extra lidar soundings
underconditionsof particularlyhigh aerosolloads.Themeasurementfrequency wasinitially setto
6-8 events/year, with 4-6 h measurementsperevent. Additional lidar stationswerealsoselectedin
CentralandNorthernEuropeansites(Switzerland,Germany, Poland,Belarus),to investigateon the
long-rangetransportof SaharandustaerosolsacrosstheEuropeancontinent.
Thecoordinationof thespeciallidar measurementswasperformedby theNTUA group,usingfore-
castedSaharandusteventsdataavailableon theWorld WideWeb:
http://forecast.uoa.gr
validationdatafrom satellitemeasurements
AerosolOpticalThicknessdata(NOAA/AVHRR):
http://psbsgi1.nesdis.noaa.gov:8080/PSB/EPS/Aerosol/data/aerday.html
AerosolIndex data:
http://jwocky.gsfc.nasa.gov/ from the TOMS instrument
Visible Imagesof Saharanduststormsfrom theSeaWIFSinstrument:
http://seawifs.gsfc.nasa.gov/SEAWIFS/IMAGES/IMAGES.html
MeteorologicalObservationsfrom METEOSAT satellite:
http://www.wetterzentrale.de
meteorologicalforecastdatafrom ECMWF/UK:
http://grads.iges.org/pix/euro.fcst.html
andhistoricmeteorologicalanalysisdatafrom Infomet,Spain:
http://www.infomet.fcr.es/arxiu .
Ancillary measurementsincludedroutineobservationsof theaerosolopticaldepthatseveralUV/VIS/IR
wavelengthsusingautomatedsun-trackingphotometersandspectralUV radiancemeasurements,at
selectedEARLINET sites(IPSL/France,INFM/Italy, AUTH/Greece).

3.7.3 Scientificachievements

Saharan dust events The NTUA group,right from the startof the lidar measurements,on May
1, 2000,wasin charge of the emissionof specialwarnings,forecastingthe time the Saharandust
eventswould overpasstherespective EARLINET lidar sites.TableWP7-1,presentsa summaryof
the Saharandusteventsoccurredduring the 1st reportingperiod. In total, morethan13 Saharan
dustepisodes(eachrangingfrom 1 to 5 days)weresuccessfullyforecastedby NTUA, andwere
subsequentlyidentified andobserved by the EARLINET stations,as will be detailedin the next
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date/station at ba be gp ju la lc mi na ne pl po th

08.–12.05.00 x x x x x x x
15. – 18.05.00 x x
24. – 25.05.00 x
27. – 29.05.00 x x x x
06.07.00 x
23. – 27.07.00 x x x x
21.08.00 x
28.08.– 01.09.00 x x x x x
11.–25.09.00 x x x x x x
01.–05.10.00 x x x x
12.–14.10.00 x x x x x x x x
31.10.00 x
13.11.00 x
16.11.00 x
30.01.–06.02.01 x x x x x

Table3.5: List of Saharandustepisodesin theMediterraneanRegion andCentralEuropewhithin
theperiod01.05.00– 31.01.01.Bold datescorespondto majorSaharandustevents(aerosolindex
a.i. N 1.8).

paragraph.Bold dates(5 cases)correspondto majorSaharandustevents(AerosolIndex ¿1.8in the
0.3-2.3scaleof theTOMS instrument).
Specialattentionshouldbepaidto thefollowing threespecialcases:

CASE I Thiswasacaselastingaslongasfivedays(08-12.05.00)whichwassuccessfullyfollowed
by 7 lidar stationsin South/Southeastern,CentralandWesternEurope(seeTableWP7-1). In this
successfulcasedistinctSaharandustlayerswereobservedin theheightregion from 2.5km up to 5
km ASL (overtheMediterraneanarea),while they reachedheightsbetween3-6km ASL, whenthey
overpassedCentralEurope.

CASE II This caseagainlastingas long asfive days(01-05.10.00),wassuccessfullyfollowed
by 3 lidar stationsin Southeasternand EasternEurope(seeTable WP7-1). In this casedistinct
Saharandust layerswereobserved in the heightregion from 2.5 km up to 5.5 km ASL (over the
Mediterraneanarea),while they reachedheightsbetween3-7km ASL whenthey overpassedEastern
Europe(Poland,Belarus).This is thefirst caseof aSaharandusteventto bedetectedby lidars,both
in theSoutheastern(Greece)andEastern(Poland,Belarus)Europe.

CASE III CaseIII lastedfor threedays(12-14.10.00)andwassuccessfullyfollowed by 7 lidar
stationsin South/Southeastern,CentralandWesternEurope(seeTableWP7-1). Several distinct
Saharandust layerswere observed in the height region from 2.5 km up to 5 km ASL (over the
Mediterraneanarea),while they reachedheightsbetween3.5-7 km ASL, when they overpassed
Central(Alps region)andWesternEurope(France).
FigureWP7-1presentssomeselectedaltitude-resolvedlidar profiles,wheredistinct layersof Saha-
randustareclearlyseen(casesI, II, III).
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In supportto thelidar observations,backwardair-masstrajectoryanalysiswasperformed(seeWP4)
by the GermanWeatherService(DWD), valid for eachlidar stationevery day at 13:00 UT and
19:00UT. In the caseof the detectedSaharandust layers,all backward trajectorydata(2-4 days
earlier)hadasorigin theSaharanregion (Fig. WP7-1).Additionally, theday-to-dayanalysisof the
availablemeteorologicalandsatelliteobservations(i.e. TOMSaerosolindex, NOAA aerosoloptical
thickness,SeaWifs images)verified the lidar observationsandconfirmedthe horizontalextent of
SaharandusteventsoverEurope(Fig. WP7-1).
Theseobservationsenabledtheestablishmentof thelargestdataseton simultaneouslidar observa-
tions,availablesofar, following thehorizontalandverticaldistributionof freetroposphericSaharan
dustlayersover Europe.As a conclusion,theprevailing synopticmeteorologicalconditions,from
springto autumn2000in theMediterraneanSea,wereprovedto beveryfavourablein thelong-range
transportof largeSaharandustquantitiesfrom Africa up to Western,CentralandEasternEurope.

Forest fir es In addition,during thesamereportingperiod,plumesfrom several forestfireswere
observedby thelidar systems,2 over thecity of Athenson 26.06.00and13.07.00(NTUA/Greece),
1 over the city of Barcelonaon 06-07.08.00(UPC/Spain)and1 over the city of Aberystwython
11.08.00(UABER/UK), throughlong-rangetransportfrom USA. In the caseof the plume over
Athensthelargestaerosolsconcentrationswereobservedover thetopof theAtmosphericBoundary
Layer (ABL) around2.2 km ASL, aswell asat higheraltitudesin the free troposphere(3-3.5km
ASL).

Photochemicalsmogepisodes Regardingphotochemicalsmogepisodes,5 importantcases(26.06,
06.07,27.07,28.08and on 13-22.09.00)were monitoredby the NTUA’s lidar group in Athens,
Greece.In all casestheaerosolbackscattercoefficientsobservedat 532nm, overpassedthemean
values(0.005-0.01km-1sr-1) valid for thecity of Athens,by a factorat least1.5 to 3. In all cases,
thehighestaerosolconcentrationswereobservedbetween1.5-2.0km ASL, around13:00-14:00UT,
while theABL heightreachedmaximumvaluesof 2.5-3km ASL (spring/summerseasons)and2-2.5
km ASL (autumnseason)around13:00UT.

3.7.4 Socio-economicrelevanceand policy implication

Themaindirectproductof WP7,duringits first yearof operation,is a dataseton thevertical,hori-
zontalandtemporaldistributionof aerosols,occuredduringspecialevents(Saharandustoutbreaks,
forest/industrialfires, photochemicalsmogepisodes)over Europe. This is the first dataset on a
continentalscale,thereforethereis significantinterestin thesciencecommunityto usethesedata,
for theimprovementof global/regionalatmosphericor of climatepredictionmodels.Scientificpub-
licationsandconferencepresentations,resultingfrom WP7,will give theopportunityto thescience
communityto addressthemechanismsof localaerosolformation,to studythetrans-boundarytrans-
port processesof air pollution over Europeandto studythe impactof aerosolloadsin the earth’s
radiationbudgetand their link to Global Change. Finally, the necessarymeasurescould be pro-
posedfor an air pollution abatementstrategy in Europe,in compliancewith the EU air pollution
abatement/ClimateChangepolicy.

3.7.5 Discussionand conclusion

Importantactivities,in full accordancewith thecontract,wereimplementedright from thestartof the
project.TheNTUA grouporganizedtheforecastprocedureregardingtheSaharandusteventsover

37



Europe.O In total, morethan13 Saharandustepisodesweresuccessfullyforecastedby NTUA, and
wereidentifiedandobservedbyvariouslidarstationsaroundEurope.Theseobservationsenabledthe
establishmentof the largestdataset,availablesofar, on simultaneouslidar observations,regarding
the horizontalandvertical (altitude-resolved)distribution of free troposphericSaharandust layers
overEurope.Theprevailing synopticmeteorologicalconditions,from springto autumn2000in the
MediterraneanSea,wereprovedto bevery favourablein the long-rangetransportof largeSaharan
dustquantitiesfrom Africa up to theCentral,Northandevenupto theEasternEurope.In supportto
thelidar observations,backwardair-masstrajectoryanalysis,aswell asmeteorologicalandsatellite
observationswereanalysedandstronglysupportedour observationsandour conclusions.In addi-
tion, during thesamereportingperiod,severalplumesfrom forestfireswereobservedby the lidar
systems,2 over thecity of Athens(NTUA/Greece),1 over thecity of Barcelona(UPC/Spain)and
1 over thecity of Aberystwyth(UABER/UK), throughlong-rangetransportfrom USA. Regarding
photochemicalsmogepisodes,5 importantepisodes(in spring/summer/autumn)weremonitoredby
NTUA’s lidar groupin Athens,Greece.

3.7.6 Plan and objectivesfor the next period

The detailedplan andobjectivesfor the year2001, include the sameforecastingandmonitoring
scheme,in view to maximize,not only thenumberof eventsobserved,but alsothemonitoringpe-
riod, to geta moredetailedfollow-up of thediurnal variationof the horizontalandvertical extent
of the aerosolsdistribution over Europe,during the occurenceof importantSaharandustevents.
Dataanalysisfrom routineobservationsof the aerosoloptical depthat several UV/VIS/IR wave-
lengths,usingautomatedsun-trackingphotometersandspectralUV radiancemeasurements,at se-
lectedEARLINET sites(IPSL/France,INFM/Italy, AUTH/Greece)will beperformedduring2001.
The scientificmaterialcollectedso far, for all threesubsets(Saharandustevents,photochemical
smogepisodes,forest/industrialfires),formsalreadya very solid basisfor relevantdetailedstudies
of the associatedmeteorologicalandphotochemicalprocessesover Europe. The output of WP7
couldbedirectly usedfor thequantificationof theSaharandusttransportedfrom Africa to theEu-
ropeancontinent.
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3.8 WP8, Impact on satellite retrievals

by Matthias Wiegner

Workpackage8 providesa link betweenactive remotesensingby lidars (EARLINET) andpassive
remotesensingby satellite-borneradiometers.In particularwith respectto aerosols,thepotentialof
radiometersis quite limited: while the monitoringof the aerosoloptical depthover oceansshows
someencouragingresults,the retrieval of aerosolpropertiesover land surfacesis – in principle –
difficult andstill in the stageof testing. As a consequence,datasetsfor validationaredesperately
required. Lidar measurementsfrom EARLINET arecertainlya naturalcandidatefor doing so, in
spiteof their limited spatialandtemporalcoverage.Thus,two approachesarepossible:first, the
provision of speciallidar measurementsto validateco-incidentand co-locatedsatellitemeasure-
ments,andsecond,theprovision of local climatologiesandannualcyclesthatcanbecomparedto
respectivequantititesderivedfrom satellites.
A secondtopic of this workpackageincludesthe modelingof the aerosolinfluenceon radiances
as measuredby satellites. Suchmodel calculations– with realistic aerosolprofiles gainedfrom
the EARLINET measurements– can help to assessthe radiative forcing of aerosols,corrections
for atmosphericmasking,the requiredsensitivity andaccuracy of satellite-borneinstruments,and
typical spatialandtemporalscalesadequatefor averaging.In particularthe lastpoint is of interest
becausethespatialresolutionfrom spaceis oftenquitepoor.
Thesetopicsare very ambitious. Therefore,it is necessaryto restrict ourselves to the investiga-
tion of few examples,andwe must rely on supportfrom the satellitecommunity. In accordance
to the milestoneplan, lidar measurementsareprovidedsinceMay 2000. First dedicatedmeasure-
mentssimultaneousto satelliteoverpassesarescheduledfor the secondhalf of 2001in the frame
of PROBA/CHRIS validationcampaigns,wherelidar measurementsnearMunich wereacceptedas
a coresite. The detailingof the measurementscenariowill startsoon. In addition,first contacts
to scientistsworking on the developmentof algorithmsfor aerosoldetectionover land have been
launched.At thepresentstage,thecontributionof bothsidesandtheexchangeof datais discussed.
As alreadystated,theprovisionof climatologicaldatasetscertainlywill alsobevaluablefor satellite
retrievals.Thisbenefitwill mainlybevisible at theendof theproject.
The modelcalculationactivities startedin Month 6 of EARLINET by reviewing the availablera-
diative transfercodes.Severalcalculationsof shortwave radiancesat thetop of theatmospherefor
differentaerosoltypesanddistributionshavemeanwhilebeenperformed.They confirmtheinherent
difficultiesof passiveremotesensingtechniquesfor aerosoldetection.
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3.9 WP9, Air massmodification processes

by Ulla Wandinger

The distribution of the lidar-network stationsin Europegivesthe opportunityto studythe anthro-
pogenicinfluenceon the aerosol.Clean(pristine)air arriving from maritimeandpolar regionsis
detectedby themostnortherlyandwesterlystations(Linköping,Aberystwyth,Hamburg). Travel-
ing acrossEurope,theseair massesaremodifiedaccordingto anthropogenicactivities, by which
precursorgasesandparticlesareemittedinto theatmosphere.Dependingontravel distanceandres-
idencetimeover thesourceregions,particlenumberconcentrations,thephysicalandchemicalstate
andthusthe optical propertiesof the aerosolchange.The comparisonof particlebackscatterand
extinctionprofilesmeasuredatthestationsin centralandeasternEuropewith thoseattheboundaries
of thenetwork will permitusto quantifytheanthropogenicimpact. Figure3.13illustratesthe idea
of thisstudy. Theinvestigationswill belimited to thenorthernpartof thenetwork,whereorographic
effectsonaerosolmodificationprocessesareof minor importance.

Figure3.13:Typicaladvectionschemesfor marineandpolarair massesoverEurope.

Two strategieshave beensuggestedfor theactivities of this workpackage.First, coordinatedmea-
surementsbasedon prognosticforward trajectoriesshouldbe performed.A detailedlook into the
modificationprocessesis possibleon thebasisof theresultingsampleof casestudies.However, the
typical travel timesof air parcelsfrom theremotestations(Aberystwyth,Linköping; cleanmarine
conditions)to centralandeasternEurope(Leipzig, Munich, Minsk; pollutedconditions)areof the
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orderof two to four days. The trajectorydatabasefor the first six monthsof experimentalwork
shows thatin many casestheprognostictrajectoriesdid not adequatelyforecasttheactualtransport
of air for suchlong travel timesanddistances.Thus,coordinatedactivities arehardto realizeand
will belimited to few examples.
Therefore,it wasdecidedto concentratetheactivitiesof this workpackageonastatisticalapproach.
Basedon theroutine,long-termmeasurementsat thedifferentstations(datafrom WP2)andanap-
propriateanalysisof analyticalbackward trajectories(datafrom WP4), the increaseof theaerosol
load in air massesthat crossEuropefrom west to eastor from north to southcanbe quantified.
For the remotestations,typical profiles for air massesreachingEuropefrom the Atlantic will be
determined,e.g., in dependenceon the season.Theseprofileswill be comparedwith thosetaken
in centralandeasternEuropeunderconditions,for which theair massestraveledfrom theAtlantic
acrosswell-definedEuropeanregionsto themeasurementsites.Trajectoryanalysiswill helpto clas-
sify themeasurements.A cluster-analysissoftwaredevelopedat IfT will beusedfor this purpose.
First investigationsfor theGermannetwork stationsbasedon a three-yeardatasetof backwardtra-
jectoriesshowedthatall of thesecentral-Europeansitesareinfluencedby similaradvectionschemes.
Threeof five trajectoryclassesindicateconditions,for which the air massescomeeitherfrom the
Atlantic acrosswesternEuropeor from theNorth SeaandScandinavia to Germany. Thestatistical
approachwill thusbebasedonavery largedatasetandwill deliverstatisticallysignificantdata.
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3.10 WP10,Orography and vertical transport

by ThomasTrickl

3.10.1 Objectives

Themainobjective is to studyair pollution export from theboundarylayerpromotedby mountains
undertheratherdifferentconditionsof the individual partnerstations.It is desirableto obtainma-
terial on theinteractionwith thesynopticwind andon how theboundary-layerair is injectedto the
freetroposphere.

3.10.2 Methods

The aerosolbackscattercoefficient, underconditionsof low to moderatehumidity, is an excellent
tracerfor air-massexchange.Thetransportprocessesarefollowedby diurnalseriesof lidar sound-
ings. Informationon thewind field is crucialfor aninterpretationof thedata.This informationmay
beprovidedby radio-sondeascentsor aircraftflights.

3.10.3 Scientific achievements

In 2000,threestations(Athens(AT), Barcelona(BA), Garmisch-Partenkirchen(GP)have beenac-
tive for WP10.Theresultsare,still, sparse.
An examplefor convective transportin themountainousareaof Athensis depictedin Fig. 3.10.3.
The aerosolis transportedto altitudesof 5 km a.s.l. anddrifts throughthe slant-pathlaserbeam
(directedovera 1.5km highmountain)in theorographicwind building up betweenthecoastalarea
andthesea.Thewind directionfrom thecity to theseaaloft wasverifiedby modelsandthe12 UT
radiosondefor thatday.
At IFU, just a limited numberof lidar measurementsweremadedue the ongoingreconstruction
mainly causedby problemswith the IR detectionelectronics.The measurementsarerestrictedto
532nm. No new interestingcasesfor theverticaltransportin thelocalorographicwind systemswere
detected.A field campaignincluding theultralight aeroplaneof the institutehadbeenplannedfor
August2000after installingandsuccessfullytestingwind sensorsonboardtheaircraft. Eventually,
thecampaignhadto becancelled.Thenext attemptwill bemadein spring2001.
Thecasesstudiedwithin theGermanLidar Network havebeenanalysedduringthereportingperiod.
It turnsout thata valley-wind–anti-valley-wind circulationmay form underconditionsof low syn-
optic wind speedaloft. A counterexamplewasfound in spring(April 7, 2000): In thepresenceof
strongnortherlywindstowardstheAlps no aerosolwasseenat all above theboundarylayerwhich
indicatesastronginterferenceby thewind.

3.10.4 Socio-economicrelevanceand policy implications

Theair-pollutionexport from theboundarylayerto thefreetroposphereis crucialfor thehemispher-
ical distributionof pollutants.Signicantamountsof tracegasessuchasozone,but alsosomeaerosol
aretransportedfrom continentto continent.This shouldhave severeimplicationsfor themostpro-
ductivesourceregionsfor air pollution suchasSouth-EastAsia,NorthAmericaandEurope.
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Figure 1: Evolution of the aerosol backscatter coefficient Baer at 355 nm over the city 
of Athens (161100). This is an example of intense photochemical smog in conjunction 
with increased relative humidity. Rising plumes due to thermal convection are clearly 
seen, while the sea-breeze circulation over Athens is observed around 9:00

P
-9:30 UT, 

where enhanced Baer values are observed due to the transport of polluted air masses 
over the lidar site, originating from downtown of the city of Athens. 
 

3.10.5 Discussionand conclusion

A full discussionis not yet possibleat this stageof theproject.

3.10.6 Plan and objectivesfor the next period

Intensifiedeffortswill bemadeat IFU. At leasttwo field campaignsincludingaircraftmeasurements
areplanned.At theotherstationsthecasestudieswill becontinued.
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3.11 WP11,Stratosphericaerosol

by Bertrand Calpini

Thefirst objectiveof WP11is to coordinatestratosphericaerosolobservationby lidar over Europe.
A subgroupof 6 partnersoperatingthe stationsat Aberystwyth,Leipzig, Kühlungsborn,Napoli,
L’Aquila, andJungfraujochis activein thisarea.Sincesomemonthsthelidar teamfrom theNational
Academyof Sciencesof Belarusin Minsk is alsoamemberof this community.
In this coordinationof WP11,EPFL is also in charge of the announcement(warning) for special
periodof observations. In particular, alertsfor volcanoeruptionwere followed on a day by day
basis,especiallyfor the caseof somerecenteruptionseventsat the Popocatepl.None of these
eruptionsdid ever reachthedifferentEarlinetsites,or at leastwerenotdetectedwithin thenetwork.
We have to point out herethat year2000wascharacterizedby very low aerosolactivity at high
altitudein the free troposphereor low stratosphere.Lidar observationsat high altitudewerealso
perturbedfor very long periodof time dueto importantcloudcoveringanda ratherpoormeteoro-
logical conditions,especiallyduringlate2000.
Thesecondtaskwithin WP11is thedetectionof smallscalefeaturein theaerosoldistributionin the
lower strtaosphere.Two specialeventswerereportedduringthis first reportingperiod,bothby the
Kühlungsborngroup: BetweenSeptember18 and25,2000anaerosollayerbetween14 and17 km
wasobservedandalsoreportedatL’Aquila, Kühlungsborn,andMinsk while theotherstationswere
again“cloud covered”.OnNovember22,2000anaerosollayeratanaltitudeof 37km wasobserved
measuredin Norwayat theALOMAR station(69N).While suchaltituderangeis generallyunlikely
to happen,this observation wasreportedfor a periodof time, with a ratherfine but well defined
structureandaverticalextensionof only 1 km. It reachedamaximumbackscatterratioof 1.4(1064
nm). Unfortunatelyat thesameperiod,all theotherEarlinetstratosphericstationswereunderdense
cloudsconditions.
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3.12 WP12,Differ encesrural-urban aerosols

by JacquesPelon

3.12.1 Objectives

The objective of the work to be performedin this WP is closeto the oneof WP6, asfocusingon
thedifferencebetweenurbanandruralaerosolswhichcanbeobservedduringtemporalcycles.The
diurnal and seasonalcycle of the aerosolsin the boundarylayer is different over urbanisedand
agriculturalsurfacesassolarforcing anddynamicalproductionwill be differentat the surface. A
heatisland is formed in urbanareas,which modifiescirculation,and transportof aerosolsat the
meso-scale.Furthermore,importantsourcesof pollution arepresentin or nearcities as traffic is
more importantaswell as industrial activity. This impactsthe optical parametersof the aerosol
layers,whicharedifferentin urbanandrural areas.

3.12.2 Methodologyand scientificachievements

Fivepairsof groupsareinvolvedin thiswork. Methodologyis similarto WP6andimpliesto observe
thetransitionbetweenthestablenighttimeandthemoreconvectivedaytimeboundarylayer, aiming
at the acquisitionof two setsonefor the morningandthe otherfor the eveningtransitions,asthe
behaviour of theurbanboundarylayeris differentthantheruralone.This is dueto bothanincrease
in roughnessat thesurfacedueto thebuildingselevation,andto theanthropicheatflux causedby
heataccumulationduringdaytimeandmanmadeproductionin urbanareas.Thedevelopmentof the
boundarylayer will thusbe different in town andoutsideandthe optical propertiesmay differ as
well.
Additionalmeasurementssimilar to WP6arealsorequiredfor theanalysis.
Thesameremarksasfor WP6applyto WP12for thedataacquisitionandanalysis.First caseshave
beenobserved,but priority wasgivento settingthenetwork andensuringdataquality.

45



3.13 WP13,UV-B and optical properties

by Dimitris Balis

3.13.1 Objectives

Themainobjectivesof WP13are:Q To performUV-B radiationmeasurementssimultaneouslywith thelidar measurementsQ To validatethe radiative transfermodelsagainstUV-B measurements,using additionalthe
lidar asinput to themodelcalculations.Q To estimatetheimpactof differentaerosolconditionson theUV-B radiationfield, usingboth
measurementsandmodelcalculations

3.13.2 Methodologyand scientificachievements

At theThessalonikistationtwo UV spectrophotometers(onesingleandonedoublemonochromator)
operatecontinuouslyandmonitor, with a 0.5nm spectralresolution,thewholeUV solarspectrum.
In additionmeasurementsof global total, UV-A andUV-B radiation,direct anddiffuseerythemal
irradiancearebeingperformed.In additionaprogramfor monitoringtheOR andSOS total columns
is in operation,which will be usedasinput to the model. At Athensmeasurementsof the global
UV erythemalirradianceareavailable. At Garmisch-PartenkirchenspectralUV measurementsare
performed.
Duringthefirst yearof EARLINET, theTroposphericUltravioletandVisible(TUV) Version4model
wastestedagainstspectralUV-B measurementsandits accuracy wasfound to bebetterthan10%
whenthe input parameterswerewell defined. The model is availablethroughanonymousftp, by
Dr. SashaMadronich(NationalCentreof AtmosphericResearch).In orderto solve the radiative
transferequation,weareusingthediscrete-ordinatesalgorithm(DISORT) developedby Stamneset
al. (1988),using16streams.Thisroutineis alsousedby otherstateof theartradiativetransfercodes
(e.g.UVSPEC).In TUV theatmosphereis dividedin 50 adjacentandhomogeneouslayers.In each
of themit is assumedthat scatteringandabsorbingpropertiesareconstant,but areallowed to be
differentfrom layer to layer. Thecomparisonsof modelresultsanddirect radiationmeasurements
show rathergoodagreement,clearlybetterthan10%with few exceptions(Figure3.14).

3.13.3 Discussionand conclusion

Fromthelidar measurementsperformedaturbansitesof ThessalonikiandAthenscertaincaseshave
beenidentifiedwith variableconditionsconcerningtheverticaldistributionof aerosolsandthetotal
ozoneamount. Thesecasesarelisted in Table3.6, alongwith the availableUV-B measurements.
The UV-B erythemalirradiancemeasurementsin Thessalonikiand Athenshave beencalibrated,
while thespectralUV-B measurementsarependingfinal calibration.UV-B measurementsfrom IFU
arestill underevaluation.
In figure3.15we presenta casestudywith thesametotal ozonecontentandvariableaerosolcon-
ditionsover Thessaloniki.As it obviousfrom this casetheratio of theUV erythemalirradianceis
attenuatedby almost10%from theSaharadustlayer, dependingonthesolarzenithangle,compared
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Figure3.14: Diurnal variationof the ratio betweencalculatedsolar irradiance,averagedover the
5nmregion centeredat 340nm,to thatmeasuredby thedoublemonochromator. Dif ferentvaluesof
the single-scatteringalbedo(ù) wereusedin the modelcalculations,andthe correspondingratios
arerepresentedby differentcolors.This suggeststhatdifferentvaluesof ù shouldbeusedfor each
spectrumto make theratio equalto unity.

Table3.6:

Date Location Ozone(D.U.) Aerosolremarks
21/06/2000 Athens 314 Saharadustepisode
06/07/2000 Athens 291 Saharadustepisode
27/07/2000 Athens 300 Saharadustepisode
28/08/2000 Athens 289 Saharadustepisode
14/08/2000 Thessaloniki 305 Cleanaerosolconditions
31/08/2000 Thessaloniki 305 Saharadustepisode
14/09/2000 Athens 302 Saharadustepisode
18/09/2000 Athens 305 Saharadustepisode
21/09/2000 Athens 274 Saharadustepisode
25/09/2000 Thessaloniki 288 Cleanaerosolconditions
02/10/2000 Thessaloniki 263 Saharadustepisode
12/10/2000 Thessaloniki 290 Saharadustepisode

to thecasewith no Saharadust.Theratio of theshortwave irradianceis alsoattenuatedby asmuch
as30%.

In figure3.16we presentthecorrespondingheightprofilesof theaerosolextinction coefficientsfor
thetwo days:
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Figure3.15: Ratioof UV-erythemalirradiancefor a Saharadustepisode(31-08)andfor a regular
aerosolsituation(14-08)(redline) andthecorrespondingratioof shortwaveirradiance(blue-dashed
line).

Figure3.16: Aerosolbackscattercoefficient (m TVU srTVU ) for the Saharadustepisodeandfor a day
with “normal” aerosolconditions.

3.13.4 Plan and objectivesfor the next period

Furtherimprovementsto modelcalculations,regardingtheaccuracy of theaerosolextinctionprofiles
derived by lidar measurements,areongoing. The first improvementis alreadydone,by the most
accuratecalculationof theextinction profilesfrom N2 Ramanlidar signals.Theothergreatsource
of uncertaintyin model calculationsis the estimationof the single-scatteringalbedo(ù) and the
asymmetryfactor(g). Bothù andg dependonwavelength,onthesizeandthechemicalcomposition
of the aerosols,aswell ason the relative humidity. For differenttypesof aerosols,typical for the
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atmosphericboundarylayer, ù andg in theUV areexpectedto vary respectively from 0.65to 0.99
andfrom 0.5 to 0.9 (vander Hulst, 1957;ShettleandFenn,1979). Sensitivity studies(Kylling et
al., 1998)have shown that,comparedto theasymmetryfactor, thesingle-scatteringalbedois more
effectivein modifyingtheUV irradiance,becauseit alterssignificantlyits diffusepart.Theaccuracy
of themodel’scalculationswill beimproved,by estimatingtheheightprofileof thelidar ratio. This
will beaccomplishedby thecalculationof particlebackscattercoefficient from thecombinationof
onelidar equationfor the elasticbackscattersignal (355 nm) andoneRamanlidar equation(387
nm). Routinemeasurementsaccordingto EARLINET’s schedulewill beperformed,measurements
duringspecialeventsandUV-B measurements.Themainobjective for thenext periodwill be the
comparisonof theTUV model’s calculationswith theUV measurements(spectralandbroadband)
for the casesthat the model inputsarewell defined. Thesecomparisonswill help to quantify the
influenceof differentaerosoltypesandvariableaerosolloadontheUV-spectrum.Thisanalysiswill
bepresentedat theEAC in Leipzig,2001,anda journalpaperwill beprepared.

3.14 WP14,Statistical analysis

by JensBösenberg

In accordancewith the statementof work the activities regardingthis work packagehave not yet
beenstarted.
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3.15 WP15,Lidar ratio data base

by GelsominaPappalardo

3.15.1 Objectives

Themainobjective of WP15is thecompilationof a statisticallysignificantdatasetconcerningthe
ratioof aerosolextinction to backscatter(lidar ratio)startingfrom bothregularandspecialmeasure-
ments.Thesemeasurementswill covera broadrangeof meteorologicalconditions,andin conjunc-
tionwith informationontheairmasscharacteristicscangiveinformationonmicrophysicalproperties
of theaerosols.

3.15.2 Methodologyand scientificachievements

To achieve the objectives of this WP, all the EARLINET lidar stationsproviding simultaneous
aerosolextinction andbackscattermeasurementshave beenselected.Nine lidar stationshave the
capabilityof measuringnitrogenRamanscatteringin theUV simultaneouslyto theelasticbackscat-
ter; amongtheselidar stationstwo have thecapabilityto measurenitrogenRamanscatteringalsoin
thevisible (KühlungsbornandLeipzig). Seven lidar stationshave a scanningcapabilityandhence
their datacanbeusedto retrieve theaerosolextinction profile. Within theEARLINET community
a big effort hasbeendevotedto upgradetheRamancapabilityandanincreasingnumberof stations
is going to be equippedwith Ramanchannels.A working groupaboutdeterminationof aerosol
extinction profilesfrom Ramanmeasurementshasbeeninstalled. This groupsuppliedguidelines
for theevaluationof Ramansignalsto theEARLINET community. A trainingcasewith simulated
Ramansignals,with known solution,wasmadeavailablefor all groupsto testtheirown algorithms.

3.15.3 Socio-economicrelevanceand policy implication

The main directproductof WP15,during its first yearof operation,is a dataseton the lidar ratio
valuesobtainedin asignificantnumberof stationsin Europe.Thisis thefirst datasetonacontinental
scale,thereforetherewill besignificantinterestin thescientificcommunityto usethesedatafor the
improvementof both global/regionalatmosphericandclimatepredictionmodels.Moreover, these
datawill beimportantfor aerosolsstudiesperformedby futurespacebasedlidar (PICASSO-CENA,
ELISE,ERM).

3.15.4 Discussionand conclusion

Dataprovidedby thegroupsperformingsimultaneousaerosolextinction andbackscattermeasure-
mentshave beencollectedin order to start the compilationof a statisticallysignificantdataset
concerningthe ratio of aerosolextinction to backscatter(lidar ratio). Datahave beendivided into
regularandspecialmeasurements.Regularmeasurementscanprovide a significantdatasetof lidar
ratiovaluesobtainedoverabroadrangeof meteorologicalconditionsonacontinentalscale.Special
measurementscanprovide a datasetof valuesof thelidar ratio duringspecialevents(Saharandust
outbreaks,forest/industrialfires,photochemicalsmogepisodes)over Europe.Both thesedatasets
areimportantfor investigatingtheaerosolsimpactonclimate.
Theaerosolextinctioncoefficientcanbedeterminedfrom theN W (or OW ) Ramanbackscatteringsig-
nalsthroughtheapplicationof thederivativeof thelogarithmof theratioof theatmosphericnumber
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densityandtherangecorrectedlidar-receivedpower. This typeof calculationis not straightforward
sinceboth aerosolextinction coefficient andits error canbe miscalculatedif dataacquisitionand
analysisarenot correctlyaccomplished.For this reason,big careis necessaryin handlingdatain
orderto retrieve theextinction coefficient profile startingfrom Ramansignals.Theworking group
on theextinction retrieval supplieda documentto thewholeEARLINET communityproviding the
guidelinesfor theevaluationof theaerosolextinctioncoefficientfromRamanmeasurements.In such
adocument,a list of rulesandsuggestionsto befollowed,togetherwith someusefulreferences,has
beengiven.

3.15.5 Plan and objectivesfor the next period

A statisticalanalysison the lidar ratio datasetobtainedduring the first yearof theprojectwill be
performed.Whenpossible,thewavelengthdependencewill bestudiedbothfor regularandspecial
measurements.Resultswill be combinedwith information on the airmasscharacteristics.Data
providedby thegroupsperformingsimultaneousaerosolextinction andbackscattermeasurements
will be collectedcontinuouslyin order to increasethe datasetconcerningthe lidar ratio. To this
purpose,itis importantto notethat an increasingnumberof stationsis going to be equippedwith
Ramanchannels,sothatmoredatawill becomeavailablein thenext future. Resultsobtainedfrom
the training casefor the retrieval of the aerosolextinction coefficient startingfrom Ramansignals
will becollected.It is expectedthatall groupscomeupwith similar performancealthoughthismay
requiresubsequentlyadjustmentsfor somegroups.
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3.16 WP16,Analysisof sourceregions

by ThomasTrickl

3.16.1 Objectives

Basedon the aerosolsoundingswithin the lidar network the importanceof different long-range
transportpathways will be determined. Focusis on extra-Europeanaerosolsourcessuchas the
Saharadesert,the U.S.A. andwild fires in North America, in particularin the borealregions of
Canada.Sincestatisticsfor theSaharandusteventswill begatheredin WP7mosteffort will beon
intercontinentaltransport.

3.16.2 Methods

Aerosolsignaturesin thefreetroposphereareanexcellenttracerfor boundary-layerair. Theimpor-
tanceof long-rangetransportfrom differentsourceregionsmaybeestimatedfrom relatingthecases
with aerosolin the free troposphereto the total numberof routinemeasurements.A morerefined
analysiswill bebasedondistinguishingvariousclassesof backwardtrajectories.Thedetermination
of relativefluxescanbeattempted,but maybestronglybiaseddueto eliminationby processessuch
aswashoutin fronts.

3.16.3 Scientific achievements

Contributionsto WP16have beenreceived from Athens,BarcelonaandGarmisch-Partenkirchen.
The analysisof the casessubmittedis in progress.A statisticalanalysisbasedon trajectoriesis
expectedfrom eachof thecontributinggroups.
In 2000,a three-yearstatisticalanalysis(Sept. 1997to Nov. 2000)of the free-troposphericdata
obtainedat Garmisch-Partenkirchenwasmade.Only datafrom layersclearlydistinguishablefrom
the aerosol-loadedlowermosttropospherehave beenused(thus,Saharandusteventsarelikely to
be excludedfrom this study). A ratherhigh fraction of caseswith aerosolsignatureswasfound,
approximately40%.A pronouncedaerosolmaximumexistsin spring.More than60%of thespring
profilesshoweddistinguishablestructuresin thefreetroposphere.No trajectoryanalysishassofar
beenmade,but will bedonewith thequickly growing datasetandalsowith historicaldata.
In addition,aerosolfrom theMontanawild fireswereobservedin August1998. Theair masswas
tracedbackto thesourcewith ten-daytrajetoriesandTOMS satelliteimages.
TheSaharan-dustcasesarereportedwithin theSectionof WP7.

3.16.4 Socio-economicrelevanceand policy implications

Theimportanceof intercontinentaltransporthaslongbeenoverlooked.Significantamountsof trace
gasessuchasozone,but alsosomeaerosolaretransportedfrom continentto continent.This should
havesevereimplicationsfor themostproductivesourceregionsfor air pollutionsuchasSouth-East
Asia,North AmericaandEurope.

3.16.5 Discussionand conclusion

A full discussionis not yetpossibleat this stageof theproject.
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3.16.6 Plan and objectivesfor the next period

Thework at someof thestationsis underway. Weexpectsomemoreinput from otherstationswith
lidar systemswith sufficiently highsensitivity in thefreetropospere.
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3.17 WP17,Micr ophysical retrieval algorithms

by Christine Böckmann

3.17.1 Objectives

Several instrumentsof theEARLINET lidar network deliver informationon particleextinction and
backscattercoefficientsat multiple wavelengths.This informationcanbe usedto invert physical
particlepropertiessuchasparticlesize,number, surface-area,andvolumeconcentration,aswell
ascomplex refractive index. However, the inversionproblemin a mathematicalsenseis non-linear
and ill-posed and its solution requiresthe applicationof appropriatemathematicalregularization
methods.Therefore,onepart of the project is to develop, to improve andto investigateinversion
algorithmsfor opticaldatasets,which areobtainedwith differentlidar systemsof thenetwork.
The setof backscattercoefficientsat 355, 532, and1064nm andof extinction coefficientsat 355
and532nm is thestandardoutputof anadvancedaerosolRamanlidar basedon a singleNd:YAG
laser. Thestationarysystemsat IAP KühlungsbornandIfT Leipzig make useof this configuration
in EARLINET andsomeothergroupsplananupgradeof their instrumentsto this standardoutput.
TheIfT Leipzigsystemhasthepossibilityto deliver threebackscattercoefficients,additionally.
TheIBNANB Minsk is ableto getbetweentwo- andfour-frequency soundingresults.
The main objectivesof WP17arefocusedon the developmentof suitableretrieval algorithmsfor
varioussystemsandon theoreticalmathematicalinvestigationsconcerningthe complex refractive
index, theshapeof theaerosolparticlesandnew regularizationtechniques.

3.17.2 Methodology

The mathematicalmodel,which relatesthe optical and the physicalparticleparameters,consists
of a Fredholmsystemof two integral equationsof the first kind for thebackscatterandextinction
coefficients XZY\[C] and ^_Y\[C] :

X Y`[@]&aCbdc eKfhg i ]kj]Jlnmpo aHq%c	bdc�r?c	s%fZt:aHq%c euf_vuq6g i ]kj]Jlxw qzy:{ o aHq%c	bdc�r|fZt:aHq%c euf_vuq%c (3.7)

^ Y`[C])aJb}c euf~g i ]kj]Clnm [C� � aHqzc bdc�r?c szfdt:aHqzc�euf_vuqLg i ]�j]Clxw qzy:{ [C� � aHqzc bdc�r|fdt:aHqzc�euf_vuq%c (3.8)

whereq denotestheparticleradius,r is thecomplex refractive index, s is theshapeof theparticles,q)� andq�� representsuitablelowerandupperlimits, respectively, of realisticradii, b is thewavelength,e is theheight, t is theparticlesizedistribution we arelooking for, m�o is thebackscatterand m [C� �
is the extinction kernel. The kernel functionsreflectshape,size,andmaterialcompositionof the
particles.
Thefollowing formulashold for extinctionandbackscatterefficienciesof homogeneousspheres:

{ o g �� y q y����� �&� � aC��t�� � f�ak� � f
�
aC� � ��� � f � y)c:{ [C� � g �� y q y��� �&� � aJ�zt�� � fk���KaC� � ��� � f�c (3.9)

where
�

is thewave numberdefinedby
� g�� wZ� b and � � and � � arethecoefficientswhich onecan

get from theboundaryconditionsfor the tangentialcomponentsof thewaves. Now Eqs.(3.7) and
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(3.8)areformulatedinto a morespecificandmoresolid form:�}�\�C�% C¡d¢�£u¤~¥�¦ ��§�J¨x©Dª«&¬ �@ ®  @¯%¢	¡}¢�°|¤d±² H¯%¢ £u¤_³u¯6¥�¦ �k§�J¨ ´µ ¯�¶ «&¬ �@ ®  @¯%¢	¡}¢�°|¤Z±· H¯z¢�£u¤_³u¯%¢
(3.10)

wherethe
±² H¯%¢ £u¤

termis thevolumeconcentrationdistributionwearefinally lookingfor.
� �\�C�

stands
for ¸ �`�@�

and/or ¹ �`�@�
, respectively, dependingon the measurementdata. The determinationof the

particlevolumedistribution
±

from asmallnumberof backscatterandextinctionmeasurementsis an
inverseill-posedproblemandbecausetherefractive index

°
in thekernels© ª«)¬ �C ® is anunknown,

too, the problemis a highly nonlinearone, i.e., solutionsare non-uniqueand highly oscillating
without theintroductionof appropriatemathematicaltoolssuchasdiscretizationandregularization.

3.17.3 Scientificachievements

Algorithm I (UPIM): Basedon mathematicalknowledge,a specialhybrid regularizationtech-
niquewasdeveloped.This hybrid regularizationtechniqueis designedto work with differentkind
andnumberof opticaldata,i.e.,experimentaldataobtainedwith differentsystemsat variouswave-
lengthscanbe evaluated.The algorithmdoesneitherrequireany a priori informationon theana-
lytical shapeof the investigateddistribution function nor an initial guessof it. Even bimodaland
multimodaldistributionscanberetrievedwithoutany knowledgeof thenumberof modesin advance.
Thefirst regularizationstepin this methodis performedvia discretization,in which theinvestigated
distribution function is approximatedwith variableB-spline functions. The projectiondimension
(numberof basisfunctions)andtheorderof theusedB splinesserve asregularizationparameters.
In thesecondstep,regularizationis controlledby the level of truncatedsingular-valuedecomposi-
tion performedduringthesolutionprocessof theresultinglinearequationsystem.In orderto reduce
thecomputertime, a collocationprojectionis used.Thehighly nonlinearproblemof thecomplex
refractive index asa secondunknown is handledby introducinga grid of a wavelength-andsize-
independentmeancomplex refractiveindex andby enclosingtheareaof possiblereal/imaginary-part
combinationsthroughinversionandback-calculationof opticaldata. Inversionresultsaregivenin
termsof volumedistributions,effective particleradius,volume,surface-area,andnumberconcen-
trations.In addition,theunknown refractive index canbecaptured.

Algorithm II (IfT): TheIfT schemeusesa Tikhonov regularizationwith constraintsto invert the
eightopticaldatameasuredwith theIfT multiwavelengthlidar. Thestrengthof regularization,which
determinesthe degreeof smoothnessof the solution, is found from generalizedcross-validation.
Theinvestigatedvolumeconcentrationdistribution is approximatedwith adiscretesetof eightbasis
functions,which have the shapeof B splinesof the secondorder, i.e., linear polynomials. Fifty
inversionwindows of variablewidth aredefinedthroughvariationof the lower andupperlimits of
the basis-functionrangefrom 0.01 to 0.2 andfrom 1 to 10 º m, respectively. The basisfunctions
aredistributedlogarithmicallyequidistantwithin thewindows. Theinversionis performedfor every
window andfor refractive indicesthatvary from 1.33to 1.8 in realandfrom 0 to 0.7 in imaginary
part.
Fromtheinversionsolutionsonly thoseareselected,for whichtheback-calculatedopticaldataagree
with theoriginal datawithin thelimits of themeasurementerror. Meanandintegralparticleparam-
eters,i.e., effective radius,volume,surface-area,andnumberconcentrations,arecalculatedfrom
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theselected» solutions,andtheirmeanvaluesandstandarddeviationsarepresentedasfinal inversion
results.Furthermore,thesingle-scatteringalbedois calculatedfrom thevolumeconcentrationdis-
tributionandthecomplex refractive index asin theUPIM algorithm,too.

Algorithm III (IBNANB): Firstly, we have designedaniterationalgorithmto solve thesocalled
lidar ( or sounding)equationandcreateda respective computercode. The algorithmaccountsfor
featuresin themeasurementprocedureby lidar stationsat Minsk andBelsk,namelythe lidar cali-
brationprocedureby a screen.Moreover, we aremakingobservationsin thestratosphere.Thus,we
havereferencepointsat thebeginningof asoundedpathandathighaltitudesaswell asthetwo sets
of the pointssimultaneously. The processingcoderetrievesprofileswith accountingfor specified
errorsin theprofile at the referencepoints. While processingthesoundingdataalongshortpaths,
thecalibrationby a screenhasthecrucial importance.At thesametime, it is usefulasanindicator
of non-linearityandnoiseeffectsof themeasuringchannelwhile processingextendedpaths.By us-
ing awavelength-andheight-dependendlidar ratio,onecanusethedesignedcodeto independently
processsounding.
Secondly, weassumeto usemulti-dimensionalregressionrelationsasconstraintswith takingasmall
numberof input parametersinto account.Theproblemis to determinetheoptimal regressionsfor
differentexperimentalconditions.Weusethemulti-dimensionallinearregressionof theform¼Z½`¾C¿&ÀJÁÃÂÅÄ ÆKÇÉÈ ÊuËÍÌ Ë ÂÎÀCÁVÂ�ÇkÏd½`¾@¿&ÀCÁ Ë Ä ÆuÇ	Ð (3.11)

The absoluteterm in Eq.(5) is assumedto be zero to provide this relation being independentof
aerosolconcentration. A statisticalensembleof distribution functions Ñ ÀHÒzÄ�ÆuÇ characterizingthe
probabilisticspreadof aerosolsizesduringmeasurementsis preliminaryconstructedto find coeffi-
cientsÌ Ë Â�ÀJÁÃÂHÇ . Coefficients Ì Ë ÂÎÀCÁVÂ�Ç aredeterminedfrom theconditionfor thefunctionalminimumÓ�È ÔÕ¼ ½\¾C¿ ÀJÁÃÂHÇDÖ ÊuË Ì Ë ÂÅÀJÁÃÂHÇkÏ ½\¾C¿ ÀJÁ Ë ÇÎ×ÙØÚÈ min Ä (3.12)

wherethebardenotestheaveragingby somestatisticalensembleof functions Ñ À@Ò%Ä ÆuÇ . A key issue
to find coefficientsis theselectionof thestatisticalensembleof functionsthatcharacterizesthesize
spread.A priori informationon scatterersandindependentmeasurementsareusedto restrictpossi-
blevariationsin Ñ À@Ò%Ä ÆuÇ and Û . Considercasesoundingof stratosphericaerosolsatwavelengths532
and1064nm asa first example.We obtainedtwo-dimensionalmatrix Ì Â Ë of Eq.(5)for a situation,
wheretwo fractionsof stratosphericaerosolswereassumed.The designedprocedurewasusedto
processdataon stratosphericsoundingduringthetransformationsof thestratosphericaerosollayer
afterthePinatuboeruption.By ourestimations,theerrorin Eq.(5)was15to 30%atdifferentstages
of thetransformations.Thirdly, weuseresultsof numericalexperimentsto estimateerrorsin Eq.(5).

Micr ophysical particle properties fr om 3-wavelength aerosol Raman lidar (UPIM and IfT):
Theperformancecharacteristicsof two algorithms,which weredevelopedfor theseretrievalsat the
Instituteof Mathematicsof the Universityof Potsdam(IMP) andat the Institutefor Tropospheric
Research(IfT) wereextensively studied(Böckmann,2001andMüller et al., 1999).
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Until now thestudiesfocussedontheprocessingof thedatasetsfrom the6-wavelengthaerosollidar
of theIfT. Thesystemprovidesprofilesof theparticlebackscattercoefficientsat355,400,532,710,
800,and1064nm,andof theparticleextinction coefficientsat 355and532nm. Simulationstudies
areintendedto show to whichextentphysicalparameterscanberetrievedfrom thereduceddataset
of 3 backscatterand2 extinctioncoefficients.First resultsaregivenin Table1.
Also shown are resultsfor an experimentaldataset obtainedwith the 6-wavelengthlidar during
theLindenberg AerosolCharacterizationExperimentLACE 98 (Lindenberg/Germany, July/August
1998). A biomass-burning aerosollayer wasobserved in the free tropospherefrom 9-10 August
1998. The findingsarepresentedin Wandingeret al. (2001). It canbe shown that for this spe-
cific measurementcasetheparticlebackscatterspectrumcanwell berepresentedby thebackscatter
coefficientsat 355,532,and1064nm. Thusthis measurementofferedtheopportunityto compare
the resultsfor the physicalparticleparametersfrom the inversionof the completedataset (6+2)
andof thereduceddataset(3+2). In additionairbornein-situ measurementsduringthelidar obser-
vationsofferedthe uniquepossibility for a validationof the inversionresults. With respectto theÜJÝuÞ@ß ; à 0.1;1.4 0.1;1.6 0.1;1.8 0.3;1.6 LACE 98 LACE98áãâ�äJå�æ�ç 1.6+0.5i 1.5+0.01i 1.7+0.05i 1.4+0.005i case3+2 case6+2Ü â�è 0.13(3.1;9.2) 0.17(2.5;2.4) 0.24(2.9;14.5) 0.51(1.4;2.5) 0.26 é 0.03 0.24é 0.01êÎë 0.007(2;0.6) 0.011(0.2;2.2) 0.02(2;7.6) 0.304(0.5;0.8) 12é 2 11é 1ìíë 0.158(1.2;9.4) 0.195(2.9;4.5) 0.251(3.1;8.2) 1.758(0.9;1.8) 141é 5 134é 2î ë 1.0(143;577) 1.0(47;7.8) 1.0(45;128) 1.0(13;29) 361é 57áãï âðå�ñ 1.59é 0.03 1.51é 0.01 1.7é 0.01 1.39é 0.02 1.62é 0.06 1.61é 0.04áãò Ý å�ó 0.51é 0.02 0.012é 0.003 0.057é 0.005 0.005é 0.0006 0.088é 0.011Ü â�è [0.15;0.16é 0.01] [0.17;0.16é 0.1] [0.25;ô�õ ö�é 0.09] [0.54;ô�õ ÷�øCé 0.13] 0.27é 0.04 0.27é 0.04êÎë [0.0099;0.0092é 0.0008] [0.012;0.012é 0.002] [0.02;0.027é 0.009] [0.31;0.38é 0.099] 13é 2 13é 3ì ë [0.18;0.17é 0.01] [0.21;0.22é 0.01] [0.25;0.26é 0.01] [1.74;1.86é 0.09] 145é 8 142é 7î ë [1.17;1.09é 0.095] [1.15;1.34é 0.11] [0.79;0.66é 0.28] [0.84;0.96é 0.35] 305é 120 286é 72á ï âðå�ñ 1.67é 0.09 1.53é 0.06 1.58é 0.13 1.42é 0.08 1.63é 0.09 1.62é 0.09áãò Ý å�ó 0.4é 0.08 0.015é 0.0098 0.03é 0.02 0.13é 0.014 0.05é 0.02 0.05é 0.02Ü ÝuÞ@ß ( ù m)–moderadius,Ü â�è ( ù m)–effective radius,êÅë ( ù mú cmû)ú )–totalvolumeconcentration,ìíë ( ù m ü cmû&ú )–totalsurface-areaconcentration,î ë (cmû)ú )–totalnumberconcentration:exactvalue(errorwith known refractive index (%); errorwith unknown refractive index (%)), or [calculated

valuewith known refractive index; calculatedvaluewith unknown refractive index], respectively, á ï âýå�ñ –realpartof refractive index,á ò Ý å�ó –imaginarypartof refractive index.

Table3.7: Resultsof the IMP (top) andIfT (bottom)algorithms:differentsimulationsfor the3+2
casein thefirst four columnsandphysicalparticleparametersof lidar datafor theheightrangefrom
3600–4100m a.s.l.on 9 August1998,2200–2400UTC in thelasttwo columns.

experimentaldataexcellentagreementof theresultsfrom the3+2 with thosefrom the6+2 dataset
andalsowith theairbornein-situ measurementsof particleswith þDÿ���� nm ( þ���� =0.25� 0.07 	 m,

�� =8� 5 	 mö cm ö , � � =95� 55 	 m� cm ö , � � =271� 74 cm ö ) wasobtained.Theseresultsindicate
thatthe3+2 informationis sufficient for asuccessfulinversionin this case.
With respectto theIMP algorithmit wasfoundthat inversionerrorsincreasewith thereductionof
measurementdataandthat a higheraccuracy of the reduceddataset is requiredfor a successful
inversion.Simulationsshowedthat for noiselessdataandknown refractive index themeanandin-
tegral parametersof theparticlesizedistribution,exceptthenumberconcentration,which is always
difficult to derive, canbe limited to 3% error in the6+2 caseandto 5% error in the3+2 case.For
theunknown refractive index casethis errorincreasesto approximately10%.

Böckmann,C. (2001).Hybrid regularizationmethodfor theill-posedinversionof multiwavelength
lidar datato retrieveaerosolsizedistribution. Appl. Opt., 40, pp. 1329-1342.
Müller , D. , U. Wandingerand A. Ansmann. (1999). Microphysicalparticle parametersfrom
extinctionandbackscatterlidar databy inversionwith regularization:Theory. Appl. Opt., 38, 2346–
2357.
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Wandinger� , U., D. Müller, C. Böckmann,D. Althausen,V. Matthias,J. Bösenberg, V. Weiß, M.
Fiebig,M. Wendischet al. (2001). Opticalandmicrophysicalcharacterizationof biomass-burning
andindustrial-pollutionaerosolsfrom multiwavelengthlidar andaircraftmeasurements.J. Geophys.
Res. to appear.

Investigationsto the shapeof the particles (UPIM): TheUPIM algorithmwasextendedto other
shapesthanspheres.Weexaminedtheinfluenceof variousspheroidswith differentaspectratioson
theretrieval processof thevolumendistribution. Theinfluenceof spheroidalparticleson theinver-
sionprocessvia sphericalparticlesis not critical for monomodaldistributionswith small effective
radii or for small spheroid’s aspectratios. In othercaseswe observed large differences,i.e. large
errors.Therefore,depolarizationmeasurementsarenecessaryto classifytheparticles.On theother
handthehybrid regularizationmethodof UPIM wasimprovedto handlethespheroid’saspectratio,
if it is known, andpresentsexcellentreconstructionresults(Böckmann,Wauer2000).

C. Böckmann,J.Wauer, Theinfluenceof spheroidsontheinversionin theretrieval of microphysical
particleparametersfrom lidar data, Proc.SPIEIntern.Soc.Opt. Eng.4015,Sendai,Japan,October
2000.

3.17.4 Socio-Economicrelevanceand policy implication

Microphysicalpropertiesof aerosolsdescribetheparticle’s influenceontheearth’sradiationbudget,
on cloudsandon precipitation,aswell astheir role in chemicalprocessesof the troposphereand
stratosphere.Warningsof climatechangedueto ozonedepletionin the atmospherehave worried
us for a numberof years. Onereasonfor the ozonedepletionis the chlorine(Cl) in CFCsin the
stratosphere.On theotherside,polarstratosphericclouds(PSCs)arebelievedto play anactive role
in precursorstagesof ozonedepletionin thewinter-cold stratosphereby catalyzingheterogeneous
chemicalreactionson their surfaceandby redistributing HNO� throughsedimentation.Knowledge
abouttheaerosolsurfaceaeraconcentrationis necessaryto modelprocessesinvolving ozonechem-
istry. Thesizedistribution of thesecloudparticlesis an importantparameterfor quantifyingthese
mechanisms,becauseit relatesthetotal surfaceto thetotalmass.
The investigationsto the determinationof microphysicalparametersfrom a 3-wavelengthaerosol
Ramanlidar (couldbea standardlidar in future)areto our knowledgethefirst ones,thereforethere
will besignificantinterestin thesciencecommunityto usethesemethods,for the improvementof
global/regionalatmosphericor of climatepredictionmodels.Scientificpublicationsandconference
presentations,resultingfrom WP17,will give theopportunityto thesciencecommunityto address
the mechanismsof local aerosolformation, to studythe trans-boundarytransportprocessesof air
pollution over Europeandto studythe impactof aerosolloadsin the earth’s radiationbudgetand
their link to GlobalChange.Finally, theinvestigationscouldbeproposedfor anair pollution abate-
mentstrategy in Europe,in compliancewith theEU air pollutionabatement/ClimateChangepolicy.

3.17.5 Discussionand conclusion

In general,it wasfound that inversionerrorsincreasewith the reductionof measurementdataand
that a higheraccuracy of the reduceddataset is requiredfor a successfulinversion. Simulations
with theUPIM algorithmshowedthat for noiselessdataandknown refractive index themeanand
integralparametersof theparticlesizedistribution,exceptthenumberconcentration,canbelimited
to 3% error in the6+2 case.For thereduceddatasetthis error increasesto 5%. Errorsin the input
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dataof theorderof 10%leadto errorsin thephysicalparticleparametersof 7%for the6+2caseand
of approximatelyestimatedto 15%in the3+2case.

3.17.6 Plan and Objectivesfor the next period

Importantactivities, in full accordancewith thecontract,wereimplementedright from thestartof
theproject.
For the next period the groupsUPIM and IfT will continuethe investigationswith respectto a
minimum dataset. This is planedespeciallyby examinationswith differentnoisy data. Further
investigationsare necessaryconcerningthe determinationof the imaginarypart of the refractive
index which is verysensitive in theinversionprocess.
Secondly, thecompletionof thedevelopmentof the1-dimensionalinversionalgorithmwith a user-
friendly editing(UPIM) of thesoftwareis planed.
Thirdly, further investigationswill be donein the next time to continuethe influenceof spheroids
andadditionallyto examinetheinfluenceof inhomogeneousparticleson theinversionprocess.
Finally, during the next period, the IPNANB groupassumeto computethe matrix of coefficients
����� for two- to four-frequency soundingof rural aerosolsandto studyopportunitiesof estimating
moments������� and ������� . In addition,they will designan algorithmto computethe matrix
����� with taking possibleadditionalinformation from independentmeasurementsinto accountand
believe to implementthis procedureby introducingadditionaltermsin functional(6). First of all,
they will investigateopportunitiesprovidedby observingspectralatmosphericattenuationwith the
aidof aSunphotometer. Resultsof thesemeasurementswill beavailablefor themfrom observations
at BelskandMinsk in thenearestfuture.
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3.18 Generalproject assessment

3.18.1 Objectives

Theobjectivesof theprojectin thereportingperiodwere

1. to bring thelidar systemsat all stationsto a statusthatreliable,quantitativemeasurementson
a regularschedulearepossible,

2. to establishcommonretrieval procedures,

3. to performregularmeasurements,

4. to establishacommondatabasefor themeasurementsandtheassociatedtrajectories,

5. to performcomprehensive measuresfor quality assurance,for both instrumentsandretrieval
algorithms,

6. to establishthenecessaryorganisationfor theperformanceof specialmeasurements.

3.18.2 Scientific achievements

All of the objectivesfor this periodhave benachieved to a very large extent. The main result is
the mostcomprehensive andsystematicallycollecteddatabaseof the aerosolvertical distribution
on a continentalscalethat is presentlyavailable.This databaseis now steadilygrowing duringthe
courseof theproject. A very importantsubsetof thedatacontainsmaterialfor studiesof medium
to long rangetransportof Saharandust to Europein generalandthe Mediterraneanin particular.
The developmentof the methodologyfor analysisof the data,both with respectto microphysical
propertiesandfor statisticalstudieshasalsomadegoodprogress.

3.18.3 Socio-economicrelevanceand policy implications

As a first resultthe formationandoperationof a realnetwork on theEuropeanscale,including20
groupsfrom 11 countries,is a majorstepforwardtowardsa truly cooperative scientificcommunity
in theareaof advancedremotesensingandexperimentalenvironmentalstudies.It is anticipatedthat
this cooperationwill beextendedto thejoint analysisof data,addressingissuesthatarerelevanton
aEuropeanratherthanonanationalscale.
Thedatabasethathasbeenestablishedandthatisnow growingcontinuouslyisof veryhighscientific
interest,becauseit is by far themostcomprehensivequantitativedataseton theverticaldistribution
of aerosolson a continentalscale.With growing statisticalsignificanceit will becomeanexcellent
tool for checkingandimproving modelsthatexplain andpredicttheaerosolloadandits effectson
theradiationbudget,thewatercycle,andhumanlife.

3.18.4 Plan for the next period

Themostimportanttaskfor thenext periodis to continuetheregularmeasurementsasscheduledto
increasethestatisticalsignificanceof thedataset.In additionanumberof specialmeasurementsfor
variousstudiesof aerosol-relatedproblemsis planned.
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Dataanalysiswill bedevotedto specialcasestudies,but alsothestatisticalanalysishasto bestarted,
includingthedevelopmentof appropriatetools.Consideringtheprogressmadeupto now it appears
likely thatthegoalscanbereached.
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