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Chapter 1

Managementreport
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Chapter 2

Executive summary

Objectives

The mainobjectvesof EARLINET arethe establishmendf a comprehensie andquantitatve sta-
tistical databaseof the horizontalandvertical distribution of aerosolson the Europearscaleusing
anetwork of advancedaserremotesensingstations andthe useof thesedatafor studiesrelatedto
theimpactof aerosol®navarietyof ernvironmentalproblems.Themainobjectvesfor thereporting
periodwereto getthe network operationstarted to establishcommonmethodologyandto assure
dataquality.

Scientificachievements

Thefirstimportantstepin the setupof the network wasthe preparatiorof the differentlidar stations
for the intendedmode of operation. This was a major effort becauseonly existing instruments
areusedwhich hadbeendesignedor differentpurposes.The taskwassuccessfullyjcompletedon
schedulaatalmostall stationswith theonly exceptiondor stationswheresubstantiateconstruction
or upgradeworkswerenecessary

Greatemphasigvasput ontheassurancef dataquality. A comprehensie algorithmintercompari-
sonwascompletedsuccessfullyafteradjustmenbf someof thealgorithms.It wasdecidedo launch
anotherintercomparisorior the extinction retrievals, which is presentlybeingperformed.A rather
big effort wasmadeto comparethe lidar systemsdirectly in a seriesof experiments. Although a
numberof technicalproblemsweredetectedor severalsystemsthe campaignvasvery successful
becausehe problemscouldbeidentifiedandeithersolvedimmediatelyor in the nearfuture. Some
intercomparisonareto berepeatedbut the quality assessmentill be completedon schedule.

The routine measurementfor the establishmenof a climatologicaldatasethave beenconducted
very well at moststations. For the first period of seven monthsa large datasetof roughly 3000
individual profileshasbeencompiledandis availableon CD-ROM. Thisis by farthelargestdataset
ontheverticaldistribution of aerosoworldwide. The secondong-termtask,the compilationof tra-
jectory data,wasalsostartedandcontinuedon schedule The datasetof analyticalbacktrajectories
for all stationswill be usedto identify sourceregionsandimportantmodificationprocesses.

In additionto theroutinemeasuremen@nextendedspecialprogramhasbeenperformedaddressing
the obsenation of Saharandust episodesmainly in the Mediterranean. It is considereda great
succesghat a large datasethasbeencollectedon the vertical distribution of Saharardustclouds,
coveringl3 episodesAgainthisis thelargestexisting dataseton thatsubject.lt formsa solid basis
for theinvestigationof associate@tmospheriprocesses.
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Socio-economic elevanceand policy implications

The main overall achiazementof the first yearis the formationandoperationof a real network of
20 individual groupshaving very differentstartingpositions.It is a major stepforwardthatregular
measurementwith similar methodsare performedat 20 stationson a truly continentalscale,that
equialentretrieval methodsareused,andthata growing databases compiledwhichis usedjointly
by all partners.This is relevantwith respecto the formationof a cooperatre Europearscientific
communityin the areaof advancedremotesensingand experimentalenvironmentalstudies. Al-
thoughthe datasetresultingfrom the projectis still ratherlimited, it clearly is the bestavailable
instrumentfor studyingissueselatedto the vertical distribution of aerosol.Worldwide thereis no
similar network, Europehasbecomethe leaderin this areaof researctandapplicationof advanced
measurementiechniques.The studieson Saharardusttransportin the Mediterranearare of high
importancefor the assessmertf therelative contributionsfrom naturalandanthropogenisources
to theoverallaerosoloadthatcanbevery high particularlyin theseareas.

Conclusions

The EuropearAerosolResearch.idar Network is establishedvith goodsuccessThe methodghat
wereselectedr developedor thestudiesappeato beappropriate Theplanfor thecomingperiodis

mainly to continuethe regularandspecialmeasurementndto startwith statisticalanalyse$ased
onthegrowing dataset.

2.1 List of publications

2.1.1 Peerreviewedarticles:

Bosenbay, J.,AnsmannA., BaldasanaJ.,Balis,D., BockmannC., Calpini, B., Chaikovsky, A., FlamantpP,,

Hagard A., Mitev, V., PapayannisA., Pelon,J.,Resended)., SchneiderJ., Spinelli,N., VaughanT. T. G.,
Visconti,G.,andWiegner M. (2000). EARLINET: A EuropearAerosolResearcliidar Network. In Dabas,
A. andPelon,J., editors,Laser Remote Sensing of the Atmosphere. Selected Papers of the 20 International

Laser Radar Conference. Edition EcolePolytechniquePalaiseauin press.

2.1.2 Nonrefereedliteratur e:

Schneiderd., AnsmannA., Baldasano,., Balis, D., BockmannC., Bosenbay, J., Calpini, B., Chaikovsky,
A., FlamantP, Hagard A., Mitev, V., PapayannisA., Pelon,J.,Resended)., Spinelli,N., VaughanT. T. G.,
Visconti,G., andWiegnet M. (2000). A EuropearAerosolResearcliidar Network to Establishan Aerosol
Climatology: EARLINET. J. Aerosol Science, 31:592-593.

Bockmann,C. andWauer J. (2000). Theinfluenceof spheroidson the inversionin the retrieval of micro-
physicalparticleparameterérom lidar data. In Proc. SPIE Intern. Soc. Opt. Eng. 4015, Sendai, Japan.
Bosenbay, J. (ed.) (2000). EARLINET: Handbookof Instrumentsnternetpublicationon projectpage

2.1.3 Others:
CD-ROM with aerosodata

CD-ROM with trajectorydata



Chapter 3

Progressof Work

Intr oduction

This chapteris organisedstrictly accordingto the structureof work packagessdefinedin the state-
mentof work. No individual groupreportsareincluded. It is emphasizedhat all work package
reportshave beencompiledusingthe input of alarge numberof individualsincludingall groups.lIt
is consideredh greatadvantageof this projectthatthe work is performedin very closecooperation
betweenmary groups,with mutualbenefitsfrom the work of otherpartners.The disadwantageof
coursdsthatnotalwayspropercreditcanbegivento theindividualsthathave contributed. However,
all thesecontributionsareexplicitly acknavledgedhere.

3.1 WP1, Hardware setup

by JensBosenben

3.1.1 Objective

Themaingoalof thiswork packagevasto preparehelidar systemsatall sitesfor properoperation
within the network. The projectis almostcompletelyrelying on existing hardware which is sup-
plied by theindividual partnerinstitutions,only very few upgradesveresupportedhroughproject
mong. The main challengeis the requestfor operationon a regular schedulewhich is different
from previous operationfor mostof the participantsbut alsothe requestfor extendedadditional
coordinatedneasurement€onsideringhecompleity of alidar systenthetime for preparatiorof
theinstrumentsvasextremelyshort.But in view of the maingoal of the project,the compilationof
acomprehensk climatologicaldatabasef the aerosolerticaldistribution, it wasnecessaryo get
startedasearlyaspossible gvenif atsomestationsfurtherimprovementswverestill in progress.

3.1.2 Achievements

At almostall stationghelidar systemsverereadyfor operatiorasscheduledThedetailsof theused
instrumentsare describedn the handbookof instrumentsvhich hasbeenpublishedin September
2000andwhich is available at http://lidarb.dkrz.de/earlinet. Table 3.1 providesan overview over
the presenandplannedstatusof the hardwareat theindividual stations.
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As aresultof the quality assurancexercisesafew caveatshave to be added:the stationsat Lisbon
and Palaiseauhad seriousproblemswith the hardware setup. Only very few measurementgom
thesestationscan be usedfor the purposeof this project. At Palaiseauheseproblemshave been
solved meanwhile at Lisbonthe upgrades still in progress Othersystemshoved sometechnical
problemsaswell which mainlyreducedheusefulrangeof themeasurement§ hiswill bediscussed
in moredetailin WP3.

At thefirst EARLINET workshoptherewasgenerabgreementhatthe projectwould greatlybenefit
from the additionof a Ramanchannelfor all systemswherethis wasconsideregossible.A joint
actionwas organisedto purchasehe necessaryilters andthus achieve betterperformanceanda
substantiateductionin price. This actionwasvery successfula numberof systemdhasmeanwhile
beenupgraded.

Thanksto theefforts of thegroupin Minsk it wasalsopossibleto bring anothelrstationinto operation
whichis locatedin Belsk,Poland.Thedataareprocessedndanalysedy thegroupin Minsk. From
October2000this stationprovided additionalmeasurementthat are consideredypical for a rural
or backgrouncernvironmentwith no directinfluenceof industrialpollution. Thiswill bevery useful
for theassessmermf naturalversusanthropogenisourcesf aerosolover Europe.

3.1.3 Plansfor the next period

Thework packages considereccompletedwith very goodsuccessThe Lisbonstationis expected
to startregular measuementaroundMay 2001. At somestationssystemupgradeswill continue
andthusimprove the performance In additionit hasto be consideredhattheintensve useof the
systemswill inevitably causesomefailures. So far only few breakdevns occurred. Fortunately
the institutionsmanagedo organisea repairon their own expensen rathershorttime, sothatthe
generalbtatusds still considereaxcellent.We areconfidentthatthis will betruefor thefuture,too.

10



3.2 WP2, Regular measurements

by JensBosenbep

3.2.1 Objective

The goal of this work packagas the establishmenodf a comprehensie climatologicaldatabasef
theverticaldistribution of aerosolover all stationsof the network.

3.2.2 Methodology

For the datasetto becomecomprehensie and statisticallysignificantin a climatologicalsenset
is necessaryo performthe measurementat a ratherlarge numberof stationsundera broadrange
of atmosphericonditions. One of the importantadvantage<f lidar over passve remotesensing
methodsis thatit canyield reliable resultsevenin caseof the presenceof complex cloud fields
thatarevariablein heightandhorizontalextension.In orderto avoid ary biasin theresultsdueto
selectionof specificconditionsfor the measurementshe climatologicaldatasetis collectedon a
regular scheduleon preselectediates,regardlessof weatherconditions. If weatherconditionsdo
not permitlidar operationduring the schedulederiod,e.g. dueto rain or fog, this factis notedin
the datarecord,thusproviding a statisticsof occasionsvhenaerosolslo not play a major role for
mostatmospheriprocessesBasedon the experiencewith the Germanaerosolidar network it was
resohedto schedule3 measurementserweekon 2 differentdaysasa goodcompromisebetween
requirement$or goodcoverageandlimitationsof resources.

Specifically measurementare maderoutinely on Mondaysaround13:00UT andaroundsunset,
andon Thursdaysaroundsunset.Thesetimeswereselectedo have onedaytimemeasuremenwith
awell developedboundarylayer, andtwo measurementsith low backgroundight to benefitfrom
the mostadwancedlidar methodsthat are bestoperatedn the dark, andto make measurementsf
thedustlayerthathasdevelopedduringthe day.

3.2.3 Scientific Achievements

As statedbefore,almostall groupsstartedregularmeasurement@sschedulegndsenttheir reports
to the coordinator Table 3.2 shavs the numberof measurement®r the monthsMay to November
2000that have actuallybeenperformed successfullyevaluated,anddeliveredto the database for
all individual stations.

The performancas quite differentfor the stations reflectingthe factsthat the existing systemsdo
have differentoperationalpropertiesthat skills for operationandevaluationof lidar measurements
aredifferent,andthatweatherconditionscanbe quite different. In additionit hasto be considered
thatin particularfor Munich andHamlurg therewasan extra work load for moving their systems
to theintercomparisomsites.Many systemshav anexcellentperformanceight from thebeginning
of the project, only few had serioustechnicalproblems. The overall performanceappeardo be
aboutasexpectedthe numberof missingmeasurementdueto technicalor manpaver problemsis
acceptable.
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Specificallyfor the Link®ping stationit shouldbe notedthat a numberof measurementsasbeen
performedput thedatahave notyetbeenprocessethecaus®f unexpectedmanpaver problems.So

therewill be additionalcontributionsto the database.It shouldalsobe notedthatfor Jungfraujoch
aspecialschedulehasbeenadopted Becausef logisticalreasonghe stationis operatednly every

otherweek,but with ahigh densityof measurementuringthattime. Thisis consideredppropriate
for thatspecialhigh altitudestationthataddressemainly stratospheri@erosol.

3.2.4 Planfor the next period

Theregularly scheduledneasurementwill be continuedasplanned.lt is expectedthatthe perfor
manceof several stationswill improve with the personnebecomingbettertrainedandthe systems
becomingbetterequippedor routineoperationandevaluation.Accordingto the experienceayield
of morethanabout60% shouldbe attainablefor all stationsexceptmaybefor thosewith extremely
badweatherstatistics.For mary stationghis maybe substantiallyexceeded.

13



3.3 WP3, Quality assurance

by Christine Bockmann and Volker Matthias

For the purposeof usingdatafrom differentstationgn joint studiesandfor thereliability of thedata
baseasawholeit is importantthatthe dataquality is checledindependentlfrom the efforts of the

individual groups. Dataquality dependn systemhardwareaswell asevaluationsoftware. Tests
have beenperformedor bothareasseparatelandfor overall performanceThesewill bedescribed
in detailin thefollowing two sections.

3.3.1 Algorithm intercomparison
Objectives

A basicexerciseto assurghe quality of network measurements the comparisorof the algorithms
usedto calculatethe optical parametergrom the lidar signals. Especially the determinationof

the particle backscattercoeficient from a single elasticbackscattesignal hasto be proven. The
generalproblemof the methodto determinea quantity from a signal, which is influencedby two

unknonvns, may leadto differencesetweensolutionsobtainedfrom differentalgorithms. There-
fore, anintercomparisorof algorithmsappliedby differentlidar groupsfor retrieving the particle
backscattecoeficient profile wasorganizedaspartof the EARLINET Network. Usingtheir indi-

vidual algorithmsall participatinggroups(excepttwo groups)processethreesetsof syntheticlidar

data.

Methodology

Syntheticlidar signalswereusedfor the algorithmintercomparisonin this way, the numericalcor-
rectnes@ndaccurag of thealgorithmsaswell asthe experienceof the groupsandthelimits of the
methoditself could be testedfor exampleswith differentdegreeof difficulty. The syntheticlidar
signalswerecalculatedoy the IfT groupwith thelfT lidar simulationmodel. The simulationswere
performedby a persorwho wasnotinvolvedin the evaluationof thesedatafor theintercomparison
studyandtheinputdatawerenotknown to otherpersonsThis softwarepermitsoneto simulateand
to evaluateelasticallyandinelasticallybackscatteretidar signalsof arbitrary wavelengthsin de-
pendencen a variety of systemparametersor a variablemodelatmospheravith arbitraryaerosol
andcloudlayers. Sky backgroundpackgrounchoise,andsignalnoiseareconsideredaswell. At-
mospherianput parametersareprofilesof temperatur@ndpressureo calculateRayleighscattering
andprofilesof extinction coeficientsandlidar ratiosfor the simulationof aerosolndcloudlayers.
For the algorithmintercomparisorthreedifferentdatasetsof elasticbackscattesignalsat wave-
lengthsof 355,532,and1064nmweresimulated A US standarcatmosphergvith agroundpressure
of 1013hPaandagroundtemperaturef 0 °C, atropopausdeightof 12.0km, andisothermakondi-
tionsabove wereassumedT hreedifferentsetsof elasticbackscattesignalsfor realisticatmospheric
conditionswerecomputed For thefirst example theinput profilesof extinction coeficientandlidar
ratio wereprovidedto the participantgo allow an exercisewith known solutions.Examples2 and
3 wereusedfor the intercomparisonln example2, a wavelength-dependemktinction-coeficient
profile wasassumedndthe lidar ratio wasdependenbn wavelengthbut constantwith height. In
contrastfor example3 a height-dependeriut wavelength-independetitiar ratio wasused.

14



Most of the lidar inversionalgorithmsare basedon the works of Fernald(1984)andKlett (1985).
Becausawo unknawvns,particleextinction andparticlebackscatteringnfluencethe measureelas-
tic backscattesignal, the algorithmconsidersa linear relationshipbetweenthe extinction andthe
backscattecoeficient, the extinction-to-backscatteor lidar ratio. This input quantityis unknovn
in principle, becauset dependson the actualphysicalandchemicalpropertiesof the atmospheric
particles.In addition,areferencevalueis neededor theinversion,which usuallyis setinto a height
region, whereRayleighscatteringdominateshe measureaignal. Rayleighscatterings calculated
from temperatur@ndpressurevaluesof aradiosondescenbr a standarcatmosphere.
Assuminga monochromatidaserpulse Py()) at wavelength), the lidar signal P(), z) receved
duringtheintegratingtime At from the scatteringof the laserlight in theatmospheridayerlocated
ataltitudez is givenby

1 Z
P(\2) = CORMBO.2) el -2 [ a(\u)du} (3.1)
0
with the backscattecoeficient
B(A,2) = BRY(N, 2) + BT (A, 2) (3.2)
andtheextinction coeficient

a(X, 2) = oMU\, 2) + (N, 2) = oMU, 2) + aBY(\, 2) + adT(N, 2) +atr (), 2) . (3.3)

abs sca abs sca

Thesignaldepend®n thebackscattecoeficientsof moleculesandaerosobparticless?® andg4er,
respectiely, andon attenuatiordueto molecularscatteringn %% andabsorptionn /¢ andparticle
scatteringni¢" andabsorptiom:A¢r. C' is the systemconstant.

Thedeterminatiorof theaerosobackscattecoeficient 34¢7(\, ) from theelastichackscattesignal
of Eq. (3.1)requiresthesolutionof a Bernoullidifferentialequation.As theresultoneobtains

P(2)2 exp {2 T [§4er (u) — STav] ghav (y) du}
prr(z) = -

9 20 20
ﬂA”(Z()T)ﬂ?“y(Zo) + 2‘! SAeT(u)P(u)u2 eXp{21{ [SAeT (’U) _ SRay] IBRay (’U) d’l)} du

pRY(z) (3.4)
with thelidar ratiosof molecularandparticlescattering

Ray Aer
O BT ondgAer(y, ) = Lo A2

GRay _ = ' 7
ﬂRay 3 /BAer (/\’ Z) ’

(3.5)

respectrely. Molecularabsorptions neglectedhere.Molecularscatteringcanbe calculatedrom

8m3(m2, —1)26+ 3y . Ty p(2)
Ray NPT = air
e (45 P, T) SMNZ  6-T7 SpoT(2)

sca

(3.6)

with therefractve index of theair m,;,., thedepolarizatiorfactory (y is 0.0301,0.0284and0.0273
for 350,550and1000nm, respectiely), andthe moleculamumberdensity N, = 2.547 x 10*cm3
for standarcatmosphericonditionsat groundlevel (p,=1013.25hPa, 7,=15°C, 0.03% CO,). Pro-
files of temperaturd’(z) andpressure(z) aretakenfrom actualradiosondaneasurementsr from
a standardatmospherevith actualgroundvaluesof temperatur@ndpressure Two unknonvn quan-
tities, the particlelidar ratio andthe particlebackscattecoeficient 34¢"(z,) ata suitablereference
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height zy, have to be estimatedn the determinationof the particle backscattecoeficient profile

afterEq. (3.4).

Thus,the numericalschemedliffer from eachotheronly in minor details. BeforeEq. (3.4) canbe

appliedto measuredidar signalsthesignalsareaveragedverthetimeinterval of interestcorrected
for backgroundand,if necessaryspatiallyaveraged'smoothed).For the syntheticdatausedhere,
this procedurevasnot necessary

Scientificachievements

The procedureof the algorithmintercomparisorwasasfollows. First, the simulatedsignalswere
distributedto all groupswithout arny informationon the input parametersexceptthe usedstandard
atmosphereThe groupscalculatedparticle backscattecoeficient profileswith their individual al-
gorithmsandsentthe solutionto UPIM. The UPIM groupis notinvolvedin experimentalidar work
andactedastherefereeaswell astook overthe completeanalysis.

Thisfirst stagewasthemostdifficult andmostrealisticone ,becausédar-ratio profilesandreference
valueswereunknown. Thereforenotonly thecorrectnesandaccurag of thealgorithmswasproven
but alsothe experiencen estimatingthelidar ratio andchoosingthereferencevalue.

In the secondstage theinput lidar-ratio profilesweredistributedandthe groupshadto evaluatethe
signalsagain.In thethird andfinal stage pothlidar-ratio profilesandreferencesaluesweregivento
theparticipants.

Thus,thefinal stageprovesdefinitively the numericalcorrectness,e., theaccurag andstability of
thealgorithmsdependingnthenoiselevel andothercircumstanceasexplainedbelown. Theresults
of eachgroupfrom eachstepwerecomparedvith theinputdatain orderto determinghesystematic
errors.

4 4 \
(b) 31 Example 3, Stage 3: (C) E

34 34 i Wavelength 532 nm
— = ’TE" ! —s—Aexact—>—AB -+ A12
€ E ~ ——A1 —e—A7 --— A13
£2 i o2 =21 ——A2 A8 - Al4 ]
%l 247 % ——A3 —+—A9 —a—A15
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2 / Wavelength 532nm = Wavelength 532 nm =1 ——A5  ----AT1
=M ; 1 <" <

0 T ;— ” T T 0 T T A T T O T {w / T

0.000 0.002 0.004 0.006 0.008 0.000 0.002 0.004 0.006 0.008 0.000 0.005 0.010 0.015 0.020
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Figure3.1: Backscattecoeficientsat532nm calculatedy thegroupsA1—-A16in comparisorno the
correctsolutionfor (a) simulationcase2, stagel, (b) simulationcase2, stage3, and(c) simulation
case3, stages.

Figure3.1(a)shavsthebackscattecoeficient profilesat 532 nm for simulationcase2 obtainedoy
thedifferentgroupsin stagel. Thedeviationsfrom thecorrectsolutionwerebetweer0% and100%.
In the secondstagethelidar ratio wasknown, andin thethird stagebothinput valuesweregivento
theparticipants.Thus,thefinal stageprovesdefinitively thenumericalcorrectness,e., theaccurag
and stability of the algorithms. The resultsof stage3 for simulationcases2 and 3 areshavn in
Fig.3.1(b)and(c), respectiely.
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Discussionand conclusion

Thealgorithmintercomparisorshovedthatin generalthe dataevaluationscheme®f the different
groupswork well. Differencesn thesolutionscanmainly beattributedto differencesn theestimate
of theinputparameterslf theinputparameterareknown, remainingerrorsareof theorderof afew
percent.Theunknavn lidar ratiohadthelargestinfluenceonthesolutionswhichagaindemonstrates
the needfor independentmeasurementsf the particleextinction coeficient, e.g.,with the Raman
method. The unknavn referencevaluewasof minor importancefor the examplespresentedere,
becausdeightregionswith dominatingRayleighscatteringwerepresenin all cases.Ilt shouldbe
mentioned however, thatthis in not necessarilyhe caseunderatmosphericonditions. Especially
at 1064nm, particlescatteringoften dominateghe signalsin the entiremeasurememntange,which
may causeadditionalerrorsthatwerenot discussedhere.Differencesn the solutionscanmainly be
attributedto differencesn the estimateof the input parameterslf theinput parametersreknown,
remainingerrorsareof the orderof afew percent.Theunknown lidar ratio hadthelargestinfluence
onthesolutions.

Plan and Objectivesfor the next period

To overcomethe problemof anunknawn lidar ratio, independentneasurementsf the particle ex-
tinction coeficientwith the Ramanmethodareor will beperformedat mostof the network stations.
Thereforea secondalgorithmintercomparisoris in preparation.

The sourcesof uncertaintiesn the determinatiorof the aerosolextinction coeficient from Raman
signalsarerepresentedy:

(a) thestatisticalerrordueto signaldetection(TheopoldandBosenbay, 1988);

(b) the systematicerror associatedavith the estimateof temperatureand pressureprofiles (Ans-
mannetal., 1992);

(c) thesystematierrorassociateavith the estimateof the ozoneprofilesin the UV (Ansmannret
al., 1992);

(d) thesystematierrorassociateavith thewavelengthdependencparametek (Ansmannretal.,
1992;Whiteman,2000);

(e) thesystemati@errorassociateavith themultiple scattering Ansmanretal., 1992;Wandinger
1998;Whiteman,2000);

(H theerrorintroducedby operationaproceduresuchassignalaveragingduring varying atmo-
sphericextinction andscatteringconditions(Ansmannretal., 1992;Bodsenbey, 1998).

(g) For a correctapplication,it is necessaryo calculatethe derivative of the logarithm of the
ratio of two quantitiesj.e. theatmospherieumberdensity N (z) andtherange-correctedil,
Ramanlidar signal(z? P(z)).
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Thederiativeis usuallyperformedhroughaleast-squareechniqueby fitting theRamanidar data
by meansof linear or quadraticfunctions. For a correctstatisticalapproactto the problem,the 2
confidencdesthasto be usedto assesdoththe bestmodelandthe measuremergrror (Whiteman,
1999).Thecarefulapplicationof statisticalanalysigechniquess requiredto accuratelyestimatehe
aerosokextinction andthe aerosolkextinction error.

ThelfT-groupalreadypreparedwo files with simulatedRamansignals. The sighalscorrespondo
the EARLINET training caseExamplel. The simulatedRamansignalshave differentshotnoise
andaresimulatedwithout background/backgrounubise.

3.3.2 Instrument intercomparison

The secondpartof the quality assurancevithin the EARLINET projectaretheintercomparisonsf
thelidar systems For this purposea variety of simultaneousneasurementshouldbe takenatone
placeat differenttimes and underdifferentmeteorologicakonditions. The calculatedbackscatter
profilesshouldbe comparedo eachotherto prove the performanceandalsothe reliability of the
systems.

Experiments

12 of thelidar groupsperformediwo major experimentsduring Septembeand October2000. The
mobilelidar systemof the Ludwig-Maximilians-Unversitt Miunchentravelledto Italy andGreece
in Septemberand October2000 and madeintercomparisonsvith the groupsfrom Athens, Thes-
saloniki, Lecce, Potenza,Napoli and L'Aqulia. The groupsfrom Barcelona,Hamlurg, Lisbon,
NeuchatebndPalaiseaumetatthe EcolePolytechniquen Palaisealbetweenll Septembeand14
September

Additional experimentshave beenperformedin October2000in Hamhurg (intercomparisorwith
Linkoping)andin Neuchatelintercomparisomof the mobile micro lidar with thethreewavelengths
lidar). In January2001the Munich lidar performedntercomparisonsith Garmisch-Rrtenkirchen.
Consideringhatfour of the Germanlidar groupsalreadydid suchintercomparisorexperimentsn
theframeof the GermanLidar Netin 1998,only threegroupshave notyet comparedheir systems.
The EPFL-lidar whichis locatedon the Jungfraujoctwill dotheirintercomparisonsy March2001
andthelidar from Aberystwythwill be comparedo Hamhurg in May 2001.

With respecto the systemsn Minsk andBelskno possibility hasbeenfound up to now to perform
directsystemintercomparisonsThis is mainly dueto customsandlogisticalreasonsThe bestpos-
sibility to assesslataquality is the useof extensveinternaltestsandrepeateglausibility checksof
theresults.

First results

First resultsof the aerosolbackscattemeasurementat 532 nm and 1064 nm have alreadybeen
comparedn Palaiseauo checkwhethersystematicerrorsoccuredandchangesn the systemcon-
figurationwould be necessary The Hamhurg aerosolRamanlidar comparedsuccessfullyto the
Neuchatemicro lidar at 532 nm andto the Barcelonabackscattelidar at 1064nm. Severalexam-
plesfrom differentdaysareshavn here(figures3.2to 3.3).

The profileshave beenevaluatedwith commonboundaryvaluesandlidar ratios,so errorsdueto
lack of information(e.qg. lidar ratio) or differentexperiencean estimatingcalibrationvalueshave no
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Figure 3.3: Intercomparisorof aerosolbackscatteat 1064 nm betweenMPIl Hamlurg and UPC

Barcelona.

influenceontheresults.Theusedalgorithmshave beenproven (seethis workpackageyoadditional

errorscausedy thealgorithmscanbe neglected.

The profilesgenerallyshav good agreement.The daytimemeasurementsf the Neuchateimicro
lidar arelimited in rangedueto the high backgroundight, but the main aerosolstructurescanbe
measure@lthoughthe outputenegy is very low.
The profilesderived by the UPC Barcelonaat 1064nm show little highernoisein the upperpartof
theatmospheréhanthe MPI profilesdo, sincethey usearelatively smallreceving mirror of ca. 20
cmdiameterandthe MPI usesa mirror of 50 cm diameterfor the upperrangemeasurements.
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Althoughthesantercomparisonshaw thehigh quality thatcanbeachievedwith aerosobackscatter
measurementy lidar, problemsoccuredwith the lidar systemdrom Lisbon and Palaiseau.The
Lisbon systemsuffered from a hardware damageof the dataacquisitionthat occuredduring the
transportof the system. It took threedaysto fix this problemand after that somemeasurements
couldbemade.Thedetectedsignalwasquitelow andit wasseernthatthereceverfield of view was
muchtoo narrawv to performmeasurements the boundarylayer. To geta wider field of view, the
200 pm diameterglassfibre in the focusof the receving telescopenasto be changedo a bigger
one,which couldnot bedoneduringthe experiment.

The measurementgerformedwith the Palaiseaudidar systemshoved a misalignmentof the laser
beamrelative to the field of view of the receving telescope Furthertestsshaved thatthe system,
which is equippedwith a large receving telescopeof 60 cm diameteris not suitablefor measure-
mentsin theboundarylayer. Thelowestaltitudewith full overlapbetweerlaserbeamandtelescope
field of view wasin ca. 3000m, so only uppertropospherianeasurementsould be usedfor the
intercomparisonsdMeasurementanderthis configuratiorhave beendoneat only oneday.
Besidesthis experimentcovering five groups,the Munich mobile aerosollidar systemtravelled to
Greeceaandltaly andperformedntercomparionsvith thetwo groupsin Greeceandthe four groups
in Italy attheir sites. Severalmeasurementsave beendonein eachcity underdifferentconditions,
however sometimedadweathempreventedbiggerdatasets.

Generallygoodagreementould be achievedin the upperpartof the tropospherdut problemsoc-
curedin the nearrangewith someof the systemsOneexamplecanbe seenin figure 3.4, wherethe
Thessaloniklidar clearlyshonstoo low valuesin thenearrange. Theseproblemscouldbeassigned
to detectorsaturatiorsincethe systemworksin photoncountingmodeandtoo high countrateslead
to saturatioreffects.

Similar problemsoccuredwith the lidar from Athens. Goodresultshave beenachievedin heights
above 1500m, below thatheightmainly detectorsaturatioreffects preventedbetterperformanceof
the NTUA lidar duringtheintercomparisons.

TheL’Aquila lidar workswith full overlapbetweerreceverfield of view andlaserbeamin altitudes
of ca. 4 km. Aerosolbackscattecoeficients below that heightcanonly be evaluatedusing the
Ramantechnique wherethe overlapfunction cancelsout in the equations.However this restricts
measurement® nighttime, whenthe Ramansignalscanonly be detectedand preventsaccurate
intercomparisonsUsing the Ramantechnique the heightdependentidar ratio is implicitly given
andcannotbederivedfrom themeasuremenSothe measurementsanonly becomparedo aerosol
backscatteprofilesfrom the Munich lidar calculatedwith differentlidar ratios,not knowing which
the correctonewould be. Having theserestrictionsin mind the comparisonsvheresatisfyingdown
to low altitudeswithin the PBL.

Problemsn thenearrangeupto ca. 1000m above groundwerealsopresentn Potenzandin Lecce.
In Potenzahe problemswveremainly assignedo straylight in thereceving channelsvhile in Lecce
the slit width of the usedspectrometedefinesthe field of view of the telescopeandthereforethe
lowestheightwith full overlap.

Goodresultsin theUV have beenachievedin Napoli, alsodown to ca. 300m above ground.Up to
now only rangecorrectedsignalshave beencomparedput backscatteprofileswill probablyshowv
only smalldeviations. They will becalculatedandcomparedor the mainreport.

Examplesf thesemeasurementsanbe seenin thefigures3.5- 3.9.

TheMPI Hamlurg andthe FOA Linkdpingcomparedheir systemsat UV wavelengthsn October
2000in Hamhurg. Also in this case goodagreementould be foundin theupperpartof the tropo-
sphereput in the nearrangeconsiderablaleviationshave beenfound. Most likely they werealso
dueto detectomproblemsof the Linkdpinglidar, which additionallyoperatesvith atoo narraw field
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Figure3.4: Intercomparisof aerosobackscatteat 532nm betweerM| MunichandAUTH Thes-
saloniki.

Figure3.5: Intercomparisomf Pr betweerMI Mincherat 355nm andINFM Lecceat351nm.
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Figure3.6: Intercomparisomf Pr at355nm betweernMI Munich andLecce.

Figure3.7: Intercomparisomf aerosobackscatteat 355nm betweerM|l Munich andLecce.
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Figure3.10: Intercomparisomf aerosobackscatteat 355nm and532nm betweerMI Munichand
IFU Garmisch-Rrtenkirchen.

of view of thereceving telescope.Thereforeit wasdecidedto changethe coaxialemitter/receier
configurationto abiaxialandusea largerapertureasfield stop. This reconstructiorwasplannedor

thewinterin Linkdpingto have additionalmeasurements earlysummer2001.

An intercomparisonetweenFU GarmischPartenkircherandMI Minchenhasbeendoneon 19

January2001. Although the deviations betweernthe rangecorrectedsignalswere quite low at 355
nm and532 nm, the intercomparisomwasonly partly successfulOn thatday, the very low aerosol
contentin theatmospherenadecomparison®f theaerosobackscattevery diffcult.

Consequences

Deviationshetweerthe measureéerosobackscatteprofileshave beendetectednainly in thenear
rangefor someof the comparedsystems.In all caseshe reasondor thesedeviations have been
foundandmostgroupshave alreadytakenmeasure$o avoid theseproblemsaftertheintercompari-
sonmeasurements.

In L’Aquila mainreconstructionsvould be necessaryo achieve full overlapwell belov 1000 m.

However, sincethe aerosobackscatteprofile canbe determineddown to groundusingthe Raman
techniquethe configurationwill notbechangedmmediately

TheLMD Palaiseaunstalledin themeantimeanadditionallidar for theboundarylayeroperatingat
532nm. Thesystemusedfor theintercomparisonsemaingor theupperpartof thetropospherand
will beequippedvith asecondsmallreceving telescopéo getthelowestmeasurementangedown

to 300m. Additionally, they startednvestigation®n the experimentallyderivedoverlapfunctionof

the uppertropospherdidar to correctfor the incompleteoverlapof the alreadytaken routine mea-
surements.

For the IST Lisbon it wasdecidedto do the necessaryeconstructionn Lisbonandrepeatthe in-
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tercomparisorexperimentafterwards. The suggestiorwasthat the Lisbon systemshouldtravel to
Barcelonan spring2001. Aimostthe sameproceedings plannedor theintercomparisonbetween
FOA LinkdpingandMPI Hamhurg. The Swedishsystemwill cometo Hamhurg in spring2001after
thenecessarghangesn the configuratiorhave beenmade.

The problemsthat occuredin Greeceand lItaly arebelieved to be minor onesandsolvable by the
groupsthemseles,withoutthe needfor furthersystemintercomparisongderemainly dataacquisi-
tion anddataprocessingvill beimproved.

For thelidar at Garmisch-Rrtenkircheradditionalintercomparisonareplannedto have morethan
onesingle caseandto cover a broademrangeof aerosoldistributions. The systemis very compact
and easyto move, so further measurementsf the Garmischsystemin Munich canbe donewith
acceptableffort.

Conclusions

Most of thelidar systemsoperatedn the EARLINET have alreadyperformedintercomparisorex-

periments.Generallygoodresultscanbe foundin altitudesabove 1.5 km, however alsoin the near
rangereliable measurementare necessaryo achiese the goalsof EARLINET. Measuresave al-

readybeentaken at several stations,namelyAthens, Thessalonikiand Potenzao getbetterresults
in the boundarylayer No additionalmeasurement® comparethe lidarsin Italy and Greeceare
necessary

Thesituationwasdifferentfor thelidarsfrom PalaiseawandLisbon. Hereno satisfyingresultscould

be achieved and main changesn the systemconfigurationwere regardedto be necessary These
systemswill do additionalmeasuremenis springor earlysummer2001to prove their dataquality

after the reconstructiondhiave beendone. The sameholdsfor Linkdping (measurements early
summetin Hamhurg) andGarmisch-Rrtenkirchen.

Besidegherepetitionof someof theintercomparisonghefirst intercomparisomf the University of

Aberystwythlidar systemis alreadyscheduledor the beginning of May 2001. The MPI Hamhurg

will travel to Walesandperformmeasuremeniduringoneweek.
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3.4 WP4, Compilation of trajectory data

by Ina Mattis

Atmospherichacktrajectorieprovide informationaboutthe origin of obseredaerosols.Thusthey
area very usefulltool for the interpretationof measuredidar profilesof opticalaerosolproperties
for specialeventslik e long-rangeaerosoltransportdBosenbey, 2001, Chapter8.5], stablehigh-
pressuresituationg[Bosenbey, 2001, Chapter8.1] or cold front passagefBosenbey, 2001,Chap-
ter 8.2]. Furtheranalyticaltrajectoriescanbe usednot only for the interpretationof specialevents,
but alsoto performclimatologicalstudiessinceatmospheridrajectoriegeflectthe synopticpatterns
correspondingo themeasuremen{8osenbey, 2001, Chapters$, 7.3,and7.2]. Prognostidacktra-
jectoriesarea usefulltool to organizecoordinatedntensve measuremeryeriodsor measurements
of specialevents. Suchprognostictrajectoriesare helpful in particularfor the workpackageSvVP7
andWPpP9.

3.4.1 Atmospheric trajectories for the EARLINET project

Theatmospheridrajectorieswhich areusedfor the EARLINET project,arecalculatedoy the Ger
manWeatheiServicefor all EARLINET lidar sitesfor two arrival timeseachday, which correspond
approximatelyto the times of the routine lidar obsenationsat noon and at sunset. The analyti-
cal aswell asthe prognostictrajectoriesare 4-day backward trajectoriesand are calculatedfrom
the wind fields of the global numericalweatherpredictionmodel of the GermanWeatherService
[KottmeierandFay, 1998. They areavailablesinceMay 2000for all EARLINET participants.The
trajectoriesare calculatedon a 3-dimensionagrid. This calculationmethodleadsto lower uncer
taintiesin comparisorto thoseof othermethodse.g. isentropiccalculation. The accurag of the
calculatedrajectoriesddepend®n the synopticconditions.The higherthewind speedhelower the
uncertaintyof the trajectories. Usually the deviation betweenthe calculatedand the actualtrack
of anair parcelis about10%to 20% of the trajectorylengthfor the trajectoriesusedin this study
[Stohl, 1998]. The characteristipropertiesof thetrajectoriesaresummarizedn table3.3.
Thetrajectoriesarestoredin adatabaseatthelfT Leipzig. All EARLINET partnershave accesso
thattrajectoryarchie via an interactve web page(http://earlinet.tropos.de:8084A visualization
softwarefor trajectorieswhich wasdevelopedattheIfT is aswell available. Figure3.11shovsan
exampleof a completedatasetof analyticaltrajectories. This exampleclearly demonstrateghat
trajectoriesprovide moreinformationaboutthe origin of obsered air masseghanonly profilesof
thewind directionat the measuremergite. The 500-hR trajectoryoriginatesin the Mediterranian
region but reacheghe measuremengite from the north. This examplefurther illustrates,thatthe
obsened aerosolsat differentheightlevels may have completelydifferentsources.The boundary-
layer aerosolmeasuredn this day was adwectedfrom easternEurope(seetrajectoriesarriving at
975and850hPa). But therewerealsoaerosollayersin the free tropospherewhich camefrom the
Mediterraniarregion andfrom the African continent(seetrajectoriesat 770and500hPa).

3.4.2 Statistical analysisof trajectories

Becausehequantityof availabletrajectorydatasets(two perday)is muchlargerthanthenumberof
measureaerosolprofiles (usuallynot morethanthreeperweek), we suggesto apply any method
of statisticalanalysisprimarily to the trajectoriesand not directly to the lidar profiles. Sincethe
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trajectorymodel
Globalnumericalweathempredictionmodel
of the GermanwWeatherService

database

spatialresolution
time resolution 6 hr
trajectorylength 4 days

availabletrajectorydataset

analyticaltrajectories| prognostidrajectories
e 13UTC 13UTC subsequentay
It
arrvatiimes 19UTC 13UTC 2 dayslater
975hPa
850hPa 850hPa
. 700hPa 700hPa
arrival pressurdevels 500hPa
300hPa
200hPa

Table 3.3: Characteristicapropertiesof the trajectoriescalculatedby the GermanWeatherService
for 20 EARLINET lidar sites.

analyticaltrajectoriesprovide information on the synopticpatternscorrespondingo the measure-
ments,they shouldbe usedto classify profiles of optical aerosolpropertiesderived by the routine
obsenationsin dependencen the large-scaleveatheregime asdescribedn [Mattis etal., 2001].
For that purposethetrajectorieswill be dividedinto distinctclustersby meansof clusteranalysis.
Theneachlidar profile canbe assignedo the clusterof its correspondindrajectory Becausetra-
jectory clusterrepresent®nelarge-scaleatmospheridransportpattern,eachof the profileswithin
the correspondingclassof optical aerosolpropertieswas obtainedfrom a lidar obsenation under
similar large-scalesynopticconditions.Investigationf the propertiesof theseaerosoklassewill
shav thedependencef opticalaerosobropertieson the correspondingveatherregime.
Clusteranalysisprovides algorithmsto separatea large numberof datasets(in our casesetsof
trajectories)into groups,the so-calledclusters. The separatiorof the datasetshasto be donein
suchaway thatsimilar trajectoriesaremeigedwithin oneclusteranddissimilaronesbelongto dif-
ferentclusters. In this study a clusteringalgorithmfor atmospheridrajectoriesrecommendedby
[Dorling etal., 1993 wasused.Modificationsconcerninghe startingconditionsprovide additional
informationon the uncertaintyof the derivedresults. As an advantageof the usedclusteringalgo-
rithm, the optimum numberof clustersfollows from the algorithmitself and doesnot have to be
assumed.
Thealgorithmstartswith thegeneratiorof about30 seedrajectoriesModifying Dorlingsalgorithm
syntheticalratherthan real trajectorieswere used. Then eachtrajectoryis assignedo that seed,
which is closestin termsof the usedmeasureof distanceandthe averagetrajectoryof 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 iterationreoiganizesthe trajectoriesif necessanand
recalculateshe centroidsuntil all trajectoriesarecorrectlyassigned.
To obtaintheoptimumclustemumberthealgorithmiteratesdecreasinglpverthenumberof clusters
. Within eachstep, is reducedby meiging thosetwo clusters,for which the centroidsare
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Figure3.11: 4-daybacktrajectoriesrriving at Leipzig asexamplefor the datasets,which arecal-
culatedby the GermanwWeatherServicefor 20 EARLINET lidar sites.

closest.Thenthetrajectoriesareiteratively assignedo the clustersasdescribedefore. The Root

Mean SquareDeviation ( ) of eachtrajectoryfrom its centroidis calculated. The sum of
these givesthetotal . Thereductionof leadsin generalto a weakincreasdn
. A steepincreaséan is obsened whensignificantly differenttrajectories

formerly locatedin distinct clustersare meigedinto one cluster So the the optimum numberof
clusterssthe beforethesteepncreasen

To getan estimationon the uncertaintief this clusterlngprocedureDorllngs algorithmwas ex-
tendedowardarepetitionof theinitializationanditerationover  with slightly variedseedrajecto-
ries. Theresultsof the clusteringalgorithmfor thedifferentinitial conditionscorvergefor acertain

( . For  largerthan , no stableclusterscanbefoundandary peaksin the percentage

changeof for morethan clustersshouldbe neglectedin the searchfor the optimum
numberof clusters.

3.4.3 First resultsof cluster analysisof trajectories

The clusteranalysisdescribedabove was appliedto the trajectoriesof threeyears,which end at
850hPa for the 5 GermanEARLINET lidar sites[Bosenbey, 2001, Chapter6]. Trajectoriesare
availablefor thesearrival sitessince1998in contrastto the other EARLINET stations,for which
trajectorydatawere calculatedonly sinceMay 2000. The 850-hRa trajectoriesare believedto be
mostrepresentatie for the main air transportin the upperpart of the atmospheridoundarylayer.
The trajectoriesarriving at 975hPa are more influencedby the earth surface and thereforetheir
uncertaintyis larger Neverthelessthe clusteranalysiswasalsoappliedto trajectoriesarriving at
Leipzigat975hPasimplyto give anexampleandanideaabouttheconditionsin thelowerboundary
layer.

Theoptimumnumberof clustersvasfoundto befivefor almostall of the casesTheclusterpatterns
arevery similar for the five locationsand alsofor the two different pressurdevels. Figure 3.12
illustrateshow thetrajectoriesof 1998,1999,and2000areassignedo thefive clustersdentifiedby
the clusteringalgorithmfor the stationLeipzig andboth pressurdevels. Thefive clustersrepresent
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Figure3.12: All trajectoriesof 1998,1999,and2000arriving atLeipzigat975hPa(top)and850hPa
(bottom)in thefive clustersdentifiedby the clusteringalgorithm. The charactersn thelowestrow
identify the clusters.

weatheregimeswith differentwind directionsandspeedsClustera) containsall trajectoriescoming
to Germaly from easterlydirectionswith low speedsAir parcelswvhich weretransportedo central
Europefrom northwestwith higherwind speedsaremeigedwithin clusterb). Clusterc) combines
trajectoriedrom the MediterraniarSeaandvery slow onesfrom westernEurope.Thosetrajectories,
which have their origin overthe Atlantic oceanarecombinedn clustersd) ande) with thelatterone
characterizedby very highwind speeds.

3.4.4 Conclusions

In the precedingsectionamethodwasintroducedwhich allowsto classifyprofilesof opticalaerosol
propertiederivedby theroutineobsenationsin dependencenthelarge-scaleveatheregime. This

methodwasfirst appliedto trajectorydatasetfor the past3 yearsfor the Germanlider sites. As

soonasthe quantityof availableEARLINET trajectoriedss large enoughthe clustermethodwill be

appliedto theotherlidar sites,too.

Changingheusedmeasuref distancan theclusteringalgorithmwill allow to examineotherques-
tionsthanonly thedependencen large-scaleveatherregime. Increasinghe weightof the distance
betweentwo trajectorieswith decreasinglistanceto their arrival site will causethe algorithmto

combinethosetrajectoriesinto one cluster which have crossedhe sameaerosolsourcesearthe
arrival siteevenif they originatedfrom differentregions. Thistendeng maybeamplifiedby insert-
ing ary informationaboutthe surfacebelow the trajectories(for instanceemissionmaps)into the
measuref distance.
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3.5 WP5, Compilation of aerosolprofile data

by Holger Linné

3.5.1 Objectives

The goalof thiswork packages the establishmenof a large databaseon aerosolprofilesin away
thatallows for easyaccesandautomategrocessingf theresultsfrom all differentstations.

3.5.2 Methodology

A statisticalanalysisof alargedatasetrequiresautomategrocessingf files originatingfrom mary
differentstations.Thereforeit is a crucialrequirementhata commonformatis usedby all parties.
Netcdfwaschosemasa platform-independenself-describingormatthatoffers sufficientflexibility
for lateradditionsasthey becomenecessary

3.5.3 Scientificachievements

Theintroductionof netcdfasa commondataformatwasquitesuccessfudftersomeinitial problems.
All groupshave submittedtheir evaluatedprofilesin this format to the commondatabase. The
exchangeof datafiles usinga commonprotocolturnedout to be moredifficult asexpected mainly
becausef interferencevith computeisecuritymeasurethatarehandledvery differentlyatdifferent
computercentersandto somedegreearemutuallyexclusive. Throughintensie bilateraldiscussions
solutionshave beenfoundfor mostgroups.Theresultis amix betweeradistributeddatabasewhich
is maintainedoy theindividual contributors,anda centraldatabaseat the MPI for thosegroupsthat
cannotprovide easyaccesdor all partnersto their data. All dataare storedat the institution that
hasperformedhemeasurementdany institutionscanprovide directinternetaccesso thedatafor
all EARLINET participants.For the otherinstitutionsthe MPI hasprovided an ftp-site wherethe
datacanbe put by the originatorandsubsequentlaremadepublic to the EARLINET community
For the first seren monthsthe datafrom both the regular andthe specialmeasurementsave been
collectedat the MPI andstoredon a CD-ROM which canbe provided uponrequest.This dataset
consistsof roughly 3000individual profilesof aerosolextinction or backscatterThis is by far the
mostextensve dataseton aerosolvertical distribution, worldwide. It is certainlya greatsuccess
thatthe commondatasetis alreadyusedby otherwork packageg e.g. WP7,WP15)for scientific
analyses.

3.5.4 Plansfor the next period

Thecollectionof datawill continueasscheduledNo majorchangesn the dataformatareforseen,
exceptan additionfor continuousmeasurementsver extendedperiodsof time. Accesto the data
for all partnersandauthorisedexternaluserswill be maintained.
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3.6 WP6, Temporal cycles

by JacquesPelon

3.6.1 Objectives

Theobjectve of thework to be performedn this WP is to obtaina significantsetof obserationsof
theaerosopropertiesn thelowertropospheratdifferenttime scalesTwo mainscalesareaimedat,
namelythe dayto day andthe seasonabariation. This encompassethe diurnalandseasonatycle
of the aerosoldn the boundarylayer linked to its developmentasinducedby solarand synoptic
forcing.

Temporalvariationsdueto specialeventssuchasthetransportof aerosoldinkedto the occurrence
of fronts, the seasonatransportof desertdustor of particlesproducedby biomassburning and
productiondueto photochemicapollution aresubjectof a separatevork package.

3.6.2 Methodology and scientific achievements

All groupsbut oneareinvolvedin thiswork package Themainfocusof thisWPis putontheaerosol
in theplanetaryboundarylayer(PBL). Theterminologyboundaryiayermeangheatmospheritayer
directly coupledwith the surfacein adynamicalway over a diurnalcycle. However, in our analysis
we alsoinclude the residuallayer obsened above the boundarylayer during the day as a result
of growth cyclesover the previous days. Aerosol propertiesare differentin both layershelping
characterisinghe differencebetweerthevariouslayers.

Periodsof obsenationsarerelatedto unperturbedveatherconditions,deally in ahigh pressuresys-
tem. Thisallowsto favour simultaneousbsenationsat differentstationsandquantifythebehaiour
of aerosolttheregionalscale.

Theaccumulatiorof theaerosoloadduringthedayis dependingntheaerosokourcdtself (natural
or man-made)surfacewind speed(dynamicforcing), and solarflux (thermalforcing) leadingto
turbulencedevelopment. The vertical stability (linked to the potentialtemperaturegradient)and
synopticforcing arecritical to the developmentof the boundarylayer, andmayleadto anincrease
of aerosolparticlesandpollutantswhenthe growth of the boundarylayeris blocked. The variation
of theoptical propertiesof theaerosolswvhich is obsenedby lidar is furtherdependingon moisture.
Thedevelopmenbf theboundaryayercouldthusbeidenticalatdifferentplacesor for severaldays,
but the optical propertiesmay differ.

During themorning,the growing boundarylayeris erodingthe stableandresiduallayersof the pre-
viousnightandday, respectrely. In the evening,the detrainmenbdf the PBL andthe sedimentation
of large particlesoccursduring the stabilisationof the residuallayer. In bothtransitionphasegshe
profile of the extinction coeficient is not constantwith altitude. Morning transitionsareimportant
as particlesand pollutantsformed during daytime can be storedin the upperpart of the residual
boundarylayer andfurther transportedpossiblyin the middle or uppertropospherethis topic is
linkedwith WP12). During the formationof the stablenocturnallayer, this layer mayincludeless
particlesandpollutantsasno photochemicaproductionwill occur Theerosionof theresidualayer
aboveit duringthefollowing cycle mayleadto a pollution increasenearthe surface,astheresidual
layeris mixedwith the new growing active boundarylayer. The structuralandoptical propertiesof
theseaerosollayersarethusimportantto be measuredespeciallyin the transitionphases.This is
madeeasierby the factthat this canbe achieved in night-time periods,whereRamanlidar canbe
operated.
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Institute 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

Germary 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 July andtill September 1064,532351,382 | ftp site

Italy Someduringall day.

LPAS, Lausanne | No PBL obsenations 355,532,1064,

Switzerland becausef high altitude 387

ON, Neuchatel | Full overlapabove PBL top 532,355 21/07: 07.20- 24.00

Switzerland 22/07: 00.00- 22.20
31/07: 07.10- 22.20

MIM, Munich Regularmeasurementsnly. ftp site

Germary No alldaymeasurementhis year

Table3.4: Summaryof diurnal cycle obsenations.

Additional measurementarerequiredfor theanalysis.Namely radio-sondeaneasurementsf pres-
suretemperaturemoistureandwind speedhtleasttwice aday(evolutionforecast))idar andaerosol
optical thicknessdirect measurementésun-photometersior control. Measurementsf radiation
fluxesatthe surfaceandchemicalspeciesarealsoto be considered.

In thisfirst yearof the EARLINET programmethefocushasbeenseton the methodsof acquisition
of known quality lidar datafrom all stations. As all the stationdid not have the sameexperience
in lidar, consolidationof systemoperationand analysismethodswere prioritised as comparedo
scientificanalysigo getquality measurementndcompareaesults.Thisis necessaryo successfully
analysedata,andnot misinterprethe obtainedresults.

Differentgroupshave startedtemporalcycle obsenations(France Germairy, Greece Jtaly, Spain,
Switzerland),mostly from time serieswith backscattetidars and the datahave beensentto the
databasat Max Planckinstitute. Thetable3.4 summarisethe obsenations.

The stratgy for the measurementseededwithin theseWP hasbeendiscussednd consolidated

32



duringthe Athensworkshopin March2001. It wasagreedo characterisstructuralparameterand
opticalpropertiesof the boundarylayeroveraday.

Ideally, the objective is to make obsenationsduring the whole day startingbeforethe sunriseand
endingaftersunseto obsene the transitionbetweerthe stablenight-timeandthe unstabledaytime
boundarylayer. As this represents long obsenation period,andasprocessesvolved are differ-
ently phasedjt canbe separatedh the acquisitionof several setsof obsenationsfor transitionsin
the morningandthe evening,andobsenation of the maximumdevelopmentof the PBL. Backscat-
ter measurementduring daytimewill be reinforcedby Ramanmeasurementseforeand/orafter
sunsetwheneer possible.

3.6.3 Socio-Economiaelevanceand policy implication

Thedaytimeevolution of the boundarylayeris of importanceasit mayleadto reinforcedpollution
eventswhendynamicalforcing preventsits development.The accumulatiorof aerosolsandpollu-
tantsis thusincreasedandspecificactionsmaybenecessarysuchaslimiting cartraffic orindustrial
actiity to avoid healthdamageon population.

It is very importantto forecastheseeventsdueto theirimpact.

3.6.4 Discussionand conclusion

Somedatasetshave up to now beenobtainedin the frame of at several stationsduring summer
Meteorologicalconditionshave not beenfavourablein westernEuropethis autumn. In this first
phase,obsenationswere performedindependentlyat different stationsto checkdataquality and
procedures.

3.6.5 Plan and Objectivesfor the next period

Resultsand procedurehave beendiscussedifter this first yearat the Athensworkshop. It is the
objective to move to morecoordinatedbbsenationsat the Europearscaleduring favourablemeteo-
rologicalsituations.Measurementwill be performedn prevailing high pressureconditionstransi-
tionsto help several stationsto obsene transitionssimultaneouslyHowever measurementwill be
decidedat the stationoperatorevel.

Theobjectiveis to make threemeasuremerderieqa serieds adiurnalcycle obsenedduringa day)
per seasonasfor exampleduring the summerseasonJune-July-Augustat all stationsinvolved.
Quasi-continuousneasurementare aimed at for the retrieval of the structuralparameters.The
time interval betweenprofiles shouldbe shorterthan during the regular measurementgypically

five minutes). However a few sequencesf twenty minutesincluding profiles every minutesare
acceptable.Specificfiles will be made,andidentifiedin a dedicatedist in the ftp site. For the
retrieval of optical parametersneasurementsf the extinction coeficient areto be madeat sunrise
and/orsunsetusing Ramanlidars. Backscatteicoeficient is to be retrieved during daytimefrom

backscattemeasurements.
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3.7 WP7,Observation of specialevents

by AlexandrosPapayannis

3.7.1 Objectives

The main objectves of WP7 are focusedon the implementationof a routine monitoring scheme,
mainly in the South-Europeamegion for the obsenation of specificallyhigh aerosolloadsin the
lower troposphereyesulting from extreme dust events (transportof Saharandust, break of for-
est/industriafires,intensephotochemicasmogepisodesetc.).

3.7.2 Methodology

To achieve the objectves eight of the EARLINET lidar stationslocatedin the SouthernEurope
(Portugal, Spain, France,ltaly and Greece)have beenselectedto perform extra lidar soundings
underconditionsof particularlyhigh aerosoloads. The measuremerftequeng wasinitially setto
6-8 events/yearwith 4-6 h measurementger event. Additional lidar stationswerealsoselectedn
CentralandNorthernEuropearsites(Switzerland Germaiy, Poland,Belarus) to investigateon the
long-rangeransporiof Saharardustaerosolsacrosshe Europearcontinent.

The coordinationof the speciallidar measurementsasperformedoy the NTUA group,usingfore-
castedSaharardusteventsdataavailableon the World Wide Web:

http://forecast.uoa.gr

validationdatafrom satellitemeasurements

AerosolOptical Thicknessdata(NOAA/AVHRR):

http: //psbsgi1.nesdis.noaa.gov: 8080/PSB/EPS Aerosol /data/aerday.htm

Aerosolindex data:

http://jwocky.gsfc.nasa.gov/ from the TOMSinstrument

Visible Imagesof Sahararduststormsfrom the SeaWIFSnstrument:

http: //seawifs.gsfc.nasa.gov/SEAWM FSIMAGESIMAGES . html

MeteorologicalObsenationsfrom METEOSAT satellite:

http: /imww.wetter zentrale.de

meteorologicaforecasidatafrom ECMWF/UK:

http://grads.iges.org/pix/euro.fcst.html

andhistoricmeteorologicalnalysisdatafrom Infomet, Spain:

http: //mmw.infomet.fcr.es/arxiu .

Ancillary measuremeniacludedroutineobsenationsof theaerosobpticaldepthatseveralUV/VIS/IR
wavelengthausingautomatedun-trackingphotometerandspectralUV radiancemeasurementsit
selectecEARLINET sites(IPSL/France|NFM/Italy, AUTH/Greece).

3.7.3 Scientificachievements

Saharandust events The NTUA group,right from the startof the lidar measurementgn May
1, 2000,wasin chage of the emissionof specialwarnings,forecastingthe time the Saharardust
eventswould overpasgherespectie EARLINET lidar sites. Table WP7-1,presenta summaryof
the Saharardusteventsoccurredduring the 1streportingperiod. In total, morethan 13 Saharan
dustepisodeqgeachrangingfrom 1 to 5 days)were successfullyforecastecoy NTUA, andwere
subsequentlydentified and obsened by the EARLINET stations,aswill be detailedin the next
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| date/station |at| ba|be|[gp|ju|lallc|mi|nalne]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
21.08.00 X
28.08.—01.09.00
11.-25.09.00

01.-05.10.00

12.-14.10.00

31.10.00 X
13.11.00
16.11.00 X
30.01.-06.02.01 | x X | X X X

o

x
x
x
x

X[ X[ X | X

x

Table3.5: List of Saharardustepisodesn the MediterranearRegion and CentralEuropewhithin
the period01.05.00- 31.01.01.Bold datescorespondo major Saharardustevents(aerosolindex
a.i. 1.8).

paragraphBold dateg(5 casesforrespondo major Saharardustevents(Aerosolindex ¢ 1.8in the
0.3-2.3scaleof the TOMS instrument).
Specialattentionshouldbe paidto the following threespecialcases:

CASE| Thiswasacasdastingaslongasfivedays(08-12.05.00yvhichwassuccessfullyollowed
by 7 lidar stationsin South/Southeaster@entraland WesternEurope(seeTable WP7-1). In this
successfutasedistinct Saharardustlayerswereobseredin the heightregion from 2.5kmupto 5
km ASL (overthe Mediterranearmrea) while they reachedeightsbetweer3-6 km ASL, whenthey
overpasseentralEurope.

CASE Il This caseagainlastingaslong asfive days(01-05.10.00)was successfullyfollowed
by 3 lidar stationsin Southeasterand EasternEurope(seeTable WP7-1). In this casedistinct
Saharardustlayerswere obseredin the heightregion from 2.5 km up to 5.5 km ASL (over the
Mediterraneamrea)while they reachedeightsbetweer8-7km ASL whenthey overpasseéastern
Europe(Poland Belarus).This s thefirst caseof a Saharamusteventto be detectedy lidars,both
in the Southeaster(GreeceandEasternPoland Belarus)Europe.

CASE lll  Caselll lastedfor threedays(12-14.10.00andwas successfullyfollowed by 7 lidar
stationsin South/SoutheasteriGentraland WesternEurope(seeTable WP7-1). Several distinct
Saharardust layerswere obsened in the heightregion from 2.5 km up to 5 km ASL (over the
Mediterraneararea),while they reachedheightsbetween3.5-7 km ASL, whenthey overpassed
Central(Alps region) andWesternEurope(France).
FigureWP7-1presentsomeselectedltitude-resoledlidar profiles,wheredistinctlayersof Saha-
randustareclearlyseen(cased, I, IlI).
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Figure WP7-1: Three days (12-14/10/00) Saharan dust episode: 1A: Dust event forecast from
University of Athens (14/10/00, 12:00 UT), 1B: TOMS Aecrosol Index data (14/10/00). 1C:
Meteorological analysis from University of Barcelona (14/10/00, 12:00 UT). 1D,1F: Aerosol
Backscatter lidar data obtained over Garmisch., Germany (13/10/00) and over Potenza, Italy
(14/10/00), respectively, with respective (1E, 1G) backward air-mass trajectories.
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In supportto thelidar obsenations,backwardair-masdrajectoryanalysisvasperformedseeWP4)
by the GermanWeatherService(DWD), valid for eachlidar stationevery day at 13:00UT and
19:00UT. In the caseof the detectedSaharardustlayers,all backward trajectorydata(2-4 days
earlier)hadasorigin the Saharamegion (Fig. WP7-1). Additionally, the day-to-dayanalysisof the
availablemeteorologicahndsatelliteobsenations(i.e. TOMS aerosoindex, NOAA aerosobptical
thickness,SeaWfs images)verified the lidar obsenationsand confirmedthe horizontalextent of
Saharardusteventsover Europe(Fig. WP7-1).

Theseobsenationsenabledhe establishmenof the largestdataseton simultaneoudidar obsena-
tions,availablesofar, following the horizontalandverticaldistribution of freetroposphericSaharan
dustlayersover Europe. As a conclusionthe prevailing synopticmeteorologicatonditions,from
springto autumn2000in theMediterraneatseawereprovedto beveryfavourablein thelong-range
transporbof large Saharardustquantitiesfrom Africa up to Western CentralandEasterrEurope.

Forestfires In addition,during the samereportingperiod, plumesfrom several forestfires were
obseredby thelidar systems2 over the city of Athenson 26.06.00and13.07.00(NTUA/Greece),
1 over the city of Barcelonaon 06-07.08.00UPC/Spain)and 1 over the city of Aberystwython
11.08.00(UABER/UK), throughlong-rangetransportfrom USA. In the caseof the plume over
Athensthelargestaerosolsoncentrationsvereobsenedover thetop of the AtmospheridBoundary
Layer (ABL) around2.2 km ASL, aswell asat higheraltitudesin the free tropospherg3-3.5km
ASL).

Photochemicalsmogepisodes Regardingphotochemicatmogepisodes importantcase$26.06,
06.07,27.07,28.08 and on 13-22.09.00)were monitoredby the NTUA's lidar groupin Athens,
Greece.In all caseghe aerosolbackscattecoeficientsobsened at 532 nm, overpassedhe mean
values(0.005-0.01km-1sk1) valid for the city of Athens,by afactoratleastl.5to 3. In all cases,
thehighestaerosokoncentrationsvereobsenedbetweerl.5-2.0km ASL, around13:00-14:00JT,
while the ABL heightreachednaximumvaluesof 2.5-3km ASL (spring/summeseasonsand2-2.5
km ASL (autumnseasonaroundl13:00UT.

3.7.4 Socio-economia elevanceand policy implication

Themaindirectproductof WP7,duringits first yearof operationjs a dataseton the vertical, hori-

zontalandtemporaldistribution of aerosolspccuredduringspecialevents(Saharardustoutbreaks,
forest/industrialfires, photochemicasmogepisodes)ver Europe. This is the first dataseton a

continentalscale thereforethereis significantinterestin the sciencecommunityto usethesedata,
for theimprovementof global/regionalatmospherior of climatepredictionmodels.Scientificpub-

licationsandconferenceresentationgesultingfrom WP7,will give the opportunityto thescience
communityto addresshemechanismsf local aerosoformation,to studythetrans-boundaryrans-
port processesf air pollution over Europeandto studythe impactof aerosolloadsin the earths

radiationbudgetandtheir link to Global Change. Finally, the necessaryneasuresould be pro-

posedfor an air pollution abatemenstratey in Europe,in compliancewith the EU air pollution

abatement/Climat€hangepolicy.

3.7.5 Discussionand conclusion

Importantactiities, in full accordancavith thecontractwereimplementedight from thestartof the
project. The NTUA grouporganizedthe forecastprocedureegardingthe Saharardusteventsover
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Europe. In total, morethan13 Saharardustepisodesvere successfullyforecastedby NTUA, and
wereidentifiedandobsenedby variouslidar stationsaroundEurope. Theseobsenationsenabledhe
establishmenof the largestdataset,availablesofar, on simultaneougidar obsenations,regarding
the horizontaland vertical (altitude-resoled) distribution of free troposphericSaharardustlayers
over Europe.The prevailing synopticmeteorologicatonditions from springto autumn2000in the
MediterranearSea,wereprovedto bevery favourablein the long-rangetransportof large Saharan
dustquantitiesfrom Africa up to the Central North andevenupto the EasterrEurope.ln supportto
thelidar obsenations,backward air-massrajectoryanalysis aswell asmeteorologicahndsatellite
obsenationswereanalysedandstrongly supportecbur obsenationsandour conclusions.In addi-
tion, during the samereportingperiod, several plumesfrom forestfires wereobsened by the lidar
systems2 over the city of Athens(NTUA/Greece),1 over the city of BarcelonalUPC/Spain)and
1 over thecity of Aberystwyth(UABER/UK), throughlong-rangetransportfrom USA. Regarding
photochemicasmogepisodesb importantepisodegin spring/summer/autummnyeremonitoredby
NTUA’slidar groupin Athens,Greece.

3.7.6 Plan and objectivesfor the next period

The detailedplan and objectvesfor the year 2001, include the sameforecastingand monitoring

schemejn view to maximize,not only the numberof eventsobsened, but alsothe monitoringpe-

riod, to geta moredetailedfollow-up of the diurnal variationof the horizontaland vertical extent

of the aerosoldistribution over Europe,during the occurenceof importantSaharardust events.

Dataanalysisfrom routine obsenationsof the aerosoloptical depthat several UV/VIS/IR wave-

lengths,usingautomatedun-trackingphotometerandspectralUV radiancemeasurementst se-

lectedEARLINET sites(IPSL/France|NFM/Italy, AUTH/Greecewill be performedduring2001.

The scientific material collectedso far, for all three subsetgSaharardust events, photochemical
smogepisodesforest/industriafires), forms alreadya very solid basisfor relevantdetailedstudies
of the associatedneteorologicaland photochemicaprocessesver Europe. The outputof WP7

could bedirectly usedfor the quantificationof the Saharardusttransportedrom Africa to the Eu-

ropeancontinent.
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3.8 WP8, Impact on satelliteretrievals

by Matthias Wiegner

WorkpackageB providesa link betweenactive remotesensingoy lidars (EARLINET) andpassve
remotesensingoy satellite-borneadiometersin particularwith respecto aerosolsthe potentialof
radiometerss quite limited: while the monitoring of the aerosoloptical depthover oceansshavs
someencouragingesults,the retrieval of aerosolpropertiesover land surfacesis — in principle —
difficult andstill in the stageof testing. As a consequenceajatasetdor validationare desperately
required. Lidar measurementBom EARLINET arecertainlya naturalcandidatefor doing so, in
spite of their limited spatialandtemporalcoverage. Thus,two approachesre possible:first, the
provision of speciallidar measurement® validate co-incidentand co-locatedsatellite measure-
ments,andsecondthe provision of local climatologiesandannualcyclesthatcanbe comparedo
respectre quantititesdervedfrom satellites.

A secondtopic of this workpackagéancludesthe modelingof the aerosolinfluenceon radiances
as measuredy satellites. Suchmodel calculations— with realistic aerosolprofiles gainedfrom
the EARLINET measurements can help to assesghe radiatve forcing of aerosolscorrections
for atmospherianasking,the requiredsensitvity andaccurag of satellite-bornanstrumentsand
typical spatialandtemporalscalesadequatdor averaging.In particularthe lastpointis of interest
becauséehe spatialresolutionfrom spacds oftenquite poor.

Thesetopics are very ambitious. Therefore,it is necessaryo restrictoursehesto the investiga-
tion of few examples,andwe mustrely on supportfrom the satellitecommunity In accordance
to the milestoneplan, lidar measurementare provided sinceMay 2000. First dedicatedneasure-
mentssimultaneougo satelliteoverpassesre scheduledor the secondhalf of 2001in the frame
of PROBA/CHRIS validationcampaignswherelidar measurementsearMunich wereaccepteds
a core site. The detailing of the measuremengcenariowill startsoon. In addition,first contacts
to scientistsworking on the developmentof algorithmsfor aerosoldetectionover land have been
launched At the presentstage the contribution of both sidesandthe exchangeof datais discussed.
As alreadystatedtheprovision of climatologicaldatasetgertainlywill alsobevaluablefor satellite
retrievals. This benefitwill mainly bevisible atthe endof the project.

The model calculationactuities startedin Month 6 of EARLINET by reviewing the available ra-
diative transfercodes.Several calculationsof shortwave radiancesat the top of the atmospherédor
differentaerosotypesanddistributionshave meanwhilebeenperformed.They confirmtheinherent
difficultiesof passve remotesensingechniquegor aerosoldetection.
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3.9 WP9, Air massmaodification processes

by Ulla Wandinger

The distribution of the lidar-network stationsin Europegivesthe opportunityto studythe anthro-
pogenicinfluenceon the aerosol. Clean(pristine) air arriving from maritime and polar regionsis
detectedby the mostnortherlyandwesterlystations(Link©ping, Aberystwyth,Hamlurg). Travel-
ing acrossEurope,theseair massesare modified accordingto anthropogeni@ctuities, by which
precursolgasesandparticlesareemittedinto theatmosphereDependingon travel distanceandres-
idencetime overthesourceregions,particlenumberconcentrationghe physicalandchemicalstate
andthusthe optical propertiesof the aerosolchange. The comparisorof particle backscatteand
extinction profilesmeasureatthestationsn centralandeasterrEuropewith thoseattheboundaries
of the network will permitusto quantifythe anthropogeniempact. Figure3.13illustratestheidea
of thisstudy Theinvestigationgvill belimited to thenorthernpartof the network, whereorographic
effectson aerosomodificationprocesseareof minorimportance.

Figure3.13: Typical adwectionschemedor marineandpolarair masse®ver Europe.

Two stratgieshave beensuggestedor the actwities of this workpackage First, coordinatednea-
surement$asedon prognosticforward trajectoriesshouldbe performed. A detailedlook into the
modificationprocessess possibleon the basisof theresultingsampleof casestudies However, the
typical travel timesof air parcelsfrom the remotestations(Aberystwyth,Linkdping; cleanmarine
conditions)to centralandeasterrEurope(Leipzig, Munich, Minsk; polluted conditions)areof the
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orderof two to four days. The trajectorydatabasefor the first six monthsof experimentalwork
shaows thatin mary caseghe prognostidrajectoriesdid not adequatelyorecasthe actualtransport
of air for suchlong travel timesanddistances.Thus,coordinatedactwvities arehardto realizeand
will belimited to few examples.

Thereforejt wasdecidedtio concentratéhe actiities of this workpackageon a statisticalapproach.
Basedon theroutine,long-termmeasurementat the differentstations(datafrom WP2) andan ap-
propriateanalysisof analyticalbackward trajectoriedatafrom WP4), the increaseof the aerosol
load in air masseghat crossEuropefrom westto eastor from north to southcan be quantified.
For the remotestations,typical profilesfor air masseseachingEuropefrom the Atlantic will be
determinedg.g.,in dependencen the season.Theseprofileswill be comparedwith thosetaken
in centralandeasterrEuropeunderconditions,for which the air massesraveledfrom the Atlantic
acrossvell-definedEuropeanegionsto themeasuremersites. Trajectoryanalysiswill helpto clas-
sify the measurementsA clusteranalysissoftware developedat IfT will be usedfor this purpose.
Firstinvestigationgor the Germannetwork stationsbasedon a three-yeadatasetof backwardtra-
jectoriesshavedthatall of thesecentral-Europeasitesareinfluencedy similaradwectionschemes.
Threeof five trajectoryclassesndicateconditions,for which the air massesomeeitherfrom the
Atlantic acrosswesternEuropeor from the North SeaandScandinaia to Germaly. The statistical
approactwill thusbebasednaverylargedatasetandwill deliver statisticallysignificantdata.
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3.10 WP10,Orography and vertical transport

by ThomasTrickl

3.10.1 Obijectives

Themainobjectveis to studyair pollution export from the boundarylayer promotedoy mountains
underthe ratherdifferentconditionsof the individual partnerstations.lIt is desirableto obtainma-
terial on theinteractionwith the synopticwind andon how the boundary-layeair is injectedto the
freetroposphere.

3.10.2 Methods

The aerosolbackscattecoeficient, underconditionsof low to moderatehumidity, is an excellent
tracerfor air-massexchange.Thetransporfprocessearefollowedby diurnal seriesof lidar sound-
ings. Informationon thewind field is crucialfor aninterpretatiorof the data. This informationmay
be providedby radio-sondescentr aircraftflights.

3.10.3 Scientificachievements

In 2000, threestations(Athens(AT), BarcelonaBA), Garmisch-Rrtenkirchen(GP) have beenac-
tivefor WP10.Theresultsare,still, sparse.

An examplefor corvective transportin the mountainousreaof Athensis depictedin Fig. 3.10.3.
The aerosolis transportedo altitudesof 5 km a.s.l. anddrifts throughthe slant-pathlaserbeam
(directedovera 1.5 km high mountain)in the orographiowind building up betweerthe coastalarea
andthe sea.Thewind directionfrom the city to the seaaloft wasverifiedby modelsandthe 12 UT
radiosonddor thatday.

At IFU, just a limited numberof lidar measurement&ere madedue the ongoingreconstruction
mainly causedby problemswith the IR detectionelectronics. The measurementarerestrictedto
532nm. No new interestingcasedgor theverticaltransporin thelocal orographiovind systemsvere
detected.A field campaignincluding the ultralight aeroplaneof the institute had beenplannedfor
August2000afterinstallingandsuccessfullyestingwind sensor®nboardthe aircraft. Eventually
the campaigrhadto be cancelled The next attemptwill bemadein spring2001.
Thecasestudiedwithin the GermarLidar Network have beenanalysediuringthereportingperiod.
It turnsout thata valley-wind—anti-\alley-wind circulationmay form underconditionsof low syn-
optic wind speedaloft. A counterexamplewasfoundin spring(April 7, 2000): In the presencef
strongnortherlywindstowardsthe Alps no aerosolwasseenat all above the boundarylayerwhich
indicatesa stronginterferenceby thewind.

3.10.4 Socio-economiaelevanceand policy implications

Theair-pollution exportfrom theboundarylayerto thefreetropospherés crucialfor thehemispher
ical distribution of pollutants.Signicantamountf tracegasesuchasozone put alsosomeaerosol
aretransportedrom continentto continent. This shouldhave severeimplicationsfor the mostpro-
ductive sourceregionsfor air pollution suchasSouth-EasAsia, North AmericaandEurope.
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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 convectionearty cl

seen, while the sdareeze circulation over Athens is observed around-®@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 discussions notyet possibleat this stageof the project.

3.10.6 Planand objectivesfor the next period

Intensifiedefforts will bemadeat IFU. At leasttwo field campaignsncludingaircraftmeasurements
areplanned At the otherstationsthe casestudieswill be continued.
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3.11 WHP11, Stratospheric aerosol

by Bertrand Calpini

Thefirst objective of WP11is to coordinatestratospheri@erosolobsenationby lidar over Europe.
A subgroupof 6 partnersoperatingthe stationsat Aberystwyth, Leipzig, KilhlungsbornNapoli,

L’Aquila, andJungfraujochs activein thisarea.Sincesomemonthsthelidar teamfrom theNational
Academyof Science®f Belarusin Minsk is alsoa memberof this community

In this coordinationof WP11,EPFL is alsoin chage of the announcementwarning) for special
period of obsenations. In particulay alertsfor volcanoeruptionwere followed on a day by day
basis,especiallyfor the caseof somerecenteruptionseventsat the Popocatepl. None of these
eruptiongdid everreachthe differentEarlinetsites,or atleastwerenot detectedvithin the network.

We have to point out herethat year 2000 was characterizedy very low aerosolactvity at high

altitudein the free troposphereor low stratospherelLidar obsenationsat high altitude were also
perturbedor very long periodof time dueto importantcloud coveringanda ratherpoor meteoro-
logical conditions,especiallyduringlate 2000.

Thesecondaskwithin WP11is thedetectiorof smallscalefeaturein theaerosobistributionin the

lower strtaosphereTwo specialeventswerereportedduringthis first reportingperiod,both by the

Kuhlungsborrgroup: BetweenSeptembefll8 and25,2000anaerosolayerbetweenl4 and17 km

wasobsenedandalsoreportedat L’Aquila, KiihlungsbornandMinsk while the otherstationswvere
again“cloud covered”. OnNovember22,2000anaerosolayeratanaltitudeof 37 km wasobsened

measuredn Norway atthe ALOMAR station(69N). While suchaltituderangeis generallyunlikely

to happen this obsenation wasreportedfor a periodof time, with a ratherfine but well defined
structureanda verticalextensionof only 1 km. It reachedch maximumbackscatteratio of 1.4 (1064
nm). Unfortunatelyatthe sameperiod,all the otherEarlinetstratospheristationsvereunderdense
cloudsconditions.
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3.12 WP12,Differencesural-urban aerosols

by JacquesPelon

3.12.1 Obijectives

The objective of the work to be performedin this WP is closeto the one of WP6, asfocusingon

thedifferencebetweerurbanandrural aerosolsvhich canbe obseredduringtemporalcycles. The
diurnal and seasonatycle of the aerosolsin the boundarylayer is different over urbanisedand
agriculturalsurfacesas solarforcing and dynamicalproductionwill be differentat the surface. A

heatislandis formedin urbanareaswhich modifiescirculation, and transportof aerosolsat the
meso-scale.Furthermorejmportantsourcesof pollution are presentin or nearcities astraffic is

more importantas well asindustrialactivity. This impactsthe optical parameter®of the aerosol
layers,which aredifferentin urbanandrural areas.

3.12.2 Methodology and scientific achievements

Five pairsof groupsareinvolvedin thiswork. Methodologyis similarto WP6andimpliesto obsene
thetransitionbetweerthe stablenighttimeandthe morecorvective daytimeboundarylayer, aiming
at the acquisitionof two setsonefor the morningandthe otherfor the eveningtransitions,asthe
behaiour of theurbanboundarylayeris differentthantheruralone. Thisis dueto bothanincrease
in roughnesst the surfacedueto the buildings elevation, andto the anthropicheatflux causedy
heataccumulatiorduringdaytimeandmanmaderoductionin urbanareas.Thedevelopmenbf the
boundarylayerwill thusbe differentin town andoutsideandthe optical propertiesmay differ as
well.

Additional measurementsmilarto WP6 arealsorequiredfor the analysis.

The sameremarksasfor WP6 applyto WP12for the dataacquisitionandanalysis.First caseshave
beenobsenred,but priority wasgivento settingthe network andensuringdataquality.
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3.13 WP13,UV-B and optical properties

by Dimitris Balis

3.13.1 Obijectives

Themainobjectvesof WP13are:
To performUV-B radiationmeasurementsimultaneouslyvith thelidar measurements

To validatethe radiatve transfermodelsagainstUV-B measurementsjsing additionalthe
lidar asinputto themodelcalculations.

To estimatehe impactof differentaerosolconditionson the UV-B radiationfield, usingboth
measuremen@ndmodelcalculations

3.13.2 Methodology and scientific achievements

At the Thessalonikstationtwo UV spectrophotometef(snesingleandonedoublemonochromator)
operatecontinuouslyandmonitor, with a 0.5 nm spectralresolution the whole UV solarspectrum.
In additionmeasurementsf globaltotal, UV-A andUV-B radiation,direct anddiffuse erythemal
irradiancearebeingperformed.ln additiona programfor monitoringtheO andSO total columns
is in operation,which will be usedasinputto the model. At Athensmeasurementsf the global
UV erythemalirradianceareavailable. At Garmisch-RrtenkircherspectralUV measurementare
performed.

Duringthefirstyearof EARLINET, theTropospheridJltravioletandVisible (TUV) Versiond model
wastestedagainstspectralUV-B measurementandits accurag wasfoundto be betterthan10%
whenthe input parametersvere well defined. The modelis availablethroughanorymousftp, by
Dr. SashaMadronich(National Centreof AtmosphericResearch).In orderto solve the radiatve
transferequationwe areusingthediscrete-ordinateslgorithm(DISORT) developedby Stamnest
al. (1988),using16 streamsThisroutineis alsousedby otherstateof theartradiatve transfercodes
(e.g.UVSPEC).In TUV theatmospherés dividedin 50 adjacenandhomogeneoukayers.In each
of themit is assumedhat scatteringand absorbingpropertiesare constantbut are allowed to be
differentfrom layerto layer The comparison®f modelresultsanddirectradiationmeasurements
show rathergoodagreementglearly betterthan10% with few exceptiongFigure3.14).

3.13.3 Discussionand conclusion

Fromthelidar measuremeniserformedat urbansitesof ThessalonikandAthenscertaincasedave
beenidentifiedwith variableconditionsconcerninghe verticaldistribution of aerosolsandthetotal
ozoneamount. Thesecasesarelistedin Table 3.6, alongwith the available UV-B measurements.
The UV-B erythemalirradiancemeasurements Thessalonikiand Athens have beencalibrated,
while thespectralJV-B measurement@rependingfinal calibration.UV-B measurementsom IFU
arestill underevaluation.

In figure 3.15we presenta casestudywith the sametotal ozonecontentandvariableaerosolcon-
ditions over Thessaloniki.As it obvious from this casetheratio of the UV erythemalirradianceis
attenuatedby almost10%from the Saharalustlayer, dependingnthesolarzenithangle,compared
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Figure 3.14: Diurnal variation of the ratio betweencalculatedsolarirradiance,averagedover the
5nmregion centeredat 340nm,to thatmeasuredby the doublemonochromatorDifferentvaluesof
the single-scatteringbedo(u) were usedin the model calculations,andthe correspondingatios
arerepresentetby differentcolors. This suggestshatdifferentvaluesof U shouldbe usedfor each
spectrunto make theratio equalto unity.

Table3.6:

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

to the casewith no Saharadust. Theratio of the shortwave irradiances alsoattenuatedby asmuch
as30%.

In figure 3.16we presenthe correspondindneightprofilesof the aerosolextinction coeficientsfor
thetwo days:
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Figure 3.15: Ratio of UV-erythemalirradiancefor a Saharadustepisode(31-08)andfor aregular
aerosokituation(14-08)(redline) andthecorrespondingatio of shortwave irradiance(blue-dashed
line).
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Figure 3.16: Aerosolbackscattecoeficient (m sr ) for the Saharadustepisodeandfor a day
with “normal” aerosokonditions.

3.13.4 Plan and objectivesfor the next period

Furthenmprovementgo modelcalculationsregardingtheaccurag of theaerosokxtinction profiles
derived by lidar measurementsgre ongoing. The first improvementis alreadydone,by the most
accuratecalculationof the extinction profilesfrom N2 Ramanlidar signals. The othergreatsource
of uncertaintyin model calculationsis the estimationof the single-scatteringalbedo(u) andthe
asymmetryfactor(g). Both u andg dependnwavelength onthesizeandthechemicalcomposition
of the aerosolsaswell ason the relatve humidity. For differenttypesof aerosolstypical for the
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atmospheriboundarylayer, u andg in the UV areexpectedto vary respectiely from 0.65to 0.99
andfrom 0.5to 0.9 (vander Hulst, 1957; Shettleand Fenn,1979). Sensitvity studies(Kylling et
al., 1998)have shovn that, comparedo the asymmetryfactor, the single-scatteringlbedois more
effectivein modifyingtheUV irradiancepecausd alterssignificantlyits diffusepart. Theaccurag
of themodels calculationswill beimproved,by estimatingthe heightprofile of thelidar ratio. This
will beaccomplishedby the calculationof particlebackscattecoeficient from the combinationof
onelidar equationfor the elasticbackscattesignal (355 nm) and one Ramanlidar equation(387
nm). Routinemeasuremenisccordingto EARLINET’s schedulewill be performedmeasurements
during specialeventsand UV-B measurementsThe main objective for the next periodwill bethe
comparisorof the TUV model’s calculationswith the UV measurement&pectralandbroadband)
for the casedhat the modelinputsarewell defined. Thesecomparisonsill help to quantify the
influenceof differentaerosotypesandvariableaerosoloadonthe UV-spectrum.This analysiswill
bepresentecdttheEAC in Leipzig,2001,anda journal paperwill beprepared.

3.14 WP14, Statistical analysis

by JensBosenben

In accordancevith the statemenbf work the actwvities regardingthis work packagehave not yet
beenstarted.
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3.15 WHP15,Lidar ratio data base

by GelsominaPappalardo

3.15.1 Obijectives

The mainobjective of WP15is the compilationof a statisticallysignificantdatasetconcerninghe
ratio of aerosokxtinctionto backscatteflidar ratio) startingfrom bothregularandspeciaimeasure-
ments.Thesemeasurementsill cover abroadrangeof meteorologicatonditions,andin conjunc-
tion with informationontheairmassharacteristiceangiveinformationon microphysicaproperties
of theaerosols.

3.15.2 Methodology and scientific achievements

To achiese the objecties of this WP, all the EARLINET lidar stationsproviding simultaneous
aerosolextinction and backscattemeasurementsave beenselected.Nine lidar stationshave the

capabilityof measuringuitrogenRamanscatteringn the UV simultaneouslyo theelasticbackscat-
ter; amongthesdidar stationswo have the capabilityto measuranitrogenRamanscatteringalsoin

thevisible (KuihlungsborrandLeipzig). Sevenlidar stationshave a scanningcapabilityandhence
their datacanbe usedto retrieve the aerosolextinction profile. Within the EARLINET community
a big effort hasbeendevotedto upgradethe Ramancapabilityandanincreasingiumberof stations
is going to be equippedwith Ramanchannels. A working group aboutdeterminationof aerosol
extinction profilesfrom Ramanmeasurementsasbeeninstalled. This group suppliedguidelines
for the evaluationof Ramansignalsto the EARLINET community A training casewith simulated
Ramarsignals with known solution,wasmadeavailablefor all groupsto testtheir own algorithms.

3.15.3 Socio-economiaelevanceand policy implication

The maindirect productof WP15,during its first yearof operation,is a dataseton the lidar ratio
valuesobtainedn asignificantnumberof stationdn Europe.Thisis thefirst datasetonacontinental
scale thereforetherewill besignificantinterestin the scientificcommunityto usethesedatafor the
improvementof both global/regional atmospheri@andclimate predictionmodels. Moreover, these
datawill beimportantfor aerosolstudiesperformedoy futurespacebasedidar (PICASSO-CEM,,
ELISE,ERM).

3.15.4 Discussionand conclusion

Dataprovided by the groupsperformingsimultaneouserosolextinction andbackscattemeasure-
mentshave beencollectedin orderto startthe compilation of a statistically significantdata set
concerningthe ratio of aerosolextinction to backscatte(lidar ratio). Datahave beendividedinto
regularandspecialmeasurementfeyularmeasurementsanprovide a significantdatasetof lidar
ratio valuesobtainedover a broadrangeof meteorologicatonditionson a continentakcale.Special
measurementsanprovide a datasetof valuesof thelidar ratio during specialevents(Saharardust
outbreaksforest/industriafires, photochemicasmogepisodespver Europe. Both thesedatasets
areimportantfor investigatingghe aerosolsmpacton climate.

Theaerosokxtinction coeficientcanbe determinedrom theN (or O ) Ramanbackscatteringig-
nalsthroughtheapplicationof thederivative of thelogarithmof theratio of theatmospherieumber
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densityandtherangecorrectedidar-receved power. Thistype of calculationis not straightforvard
sinceboth aerosolextinction coeficient andits error canbe miscalculatedf dataacquisitionand
analysisare not correctlyaccomplished For this reason big careis necessaryn handlingdatain
orderto retrieve the extinction coeficient profile startingfrom Ramansignals. The working group
on the extinction retrieval supplieda documento the whole EARLINET communityproviding the
guidelinedor theevaluationof theaerosokxtinction coeficientfrom Ramarmeasurementsn such
adocumentalist of rulesandsuggestionso befollowed,togethemwith someusefulreferenceshas
beengiven.

3.15.5 Planand objectivesfor the next period

A statisticalanalysison the lidar ratio datasetobtainedduring the first yearof the projectwill be
performed.Whenpossible the wavelengthdependencwiill be studiedbothfor regularandspecial
measurementsResultswill be combinedwith information on the airmasscharacteristics.Data
provided by the groupsperformingsimultaneouserosolextinction andbackscattemeasurements
will be collectedcontinuouslyin orderto increasethe datasetconcerningthe lidar ratio. To this
purpose,tis importantto note that an increasingnumberof stationsis going to be equippedwith
Ramanchannelssothatmoredatawill becomeavailablein the next future. Resultsobtainedfrom
the training casefor the retrieval of the aerosolextinction coeficient startingfrom Ramansignals
will becollected.lt is expectedhatall groupscomeup with similar performancelthoughthis may
requiresubsequenthadjustment$or somegroups.
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3.16 WP16, Analysis of sourceregions

by ThomasTrickl

3.16.1 Objectives

Basedon the aerosolsoundingswithin the lidar network the importanceof differentlong-range
transportpathways will be determined. Focusis on extra-Europearaerosolsourcessuchasthe
Saharadesert,the U.S.A. andwild firesin North America, in particularin the borealregions of
CanadaSincestatisticsfor the Saharardusteventswill be gatheredn WP7 mosteffort will beon
intercontinentatransport.

3.16.2 Methods

Aerosolsignaturesn thefreetropospherareanexcellenttracerfor boundary-layeasir. Theimpor-
tanceof long-rangeransportfrom differentsourceregionsmay be estimatedrom relatingthecases
with aerosolin the free tropospherdo the total numberof routine measurementsA morerefined
analysiswill bebasedn distinguishingvariousclasse®f backwardtrajectories.Thedetermination
of relative fluxescanbe attemptedbut maybe stronglybiaseddueto eliminationby processesuch
aswashouin fronts.

3.16.3 Scientificachievements

Contributionsto WP16 have beenreceved from Athens,Barcelonaand Garmisch-Rrtenkirchen.
The analysisof the casessubmittedis in progress. A statisticalanalysisbasedon trajectoriesis

expectedrrom eachof the contributing groups.

In 2000, a three-yearstatisticalanalysis(Sept. 1997to Nov. 2000) of the free-troposphericlata
obtainedat Garmisch-Rrtenkircherwasmade.Only datafrom layersclearly distinguishabldrom

the aerosol-loadedbwermosttropospheréhave beenused(thus, Saharardusteventsarelikely to

be excludedfrom this study). A ratherhigh fraction of caseswith aerosolsignaturesvasfound,

approximately10%. A pronouncederosoimaximumexistsin spring.More than60% of the spring
profilesshaveddistinguishablestructuresn the freetroposphereNo trajectoryanalysishassofar

beenmade but will bedonewith the quickly growing datasetandalsowith historicaldata.

In addition,aerosolfrom the Montanawild fireswereobsenedin August1998. The air masswas
tracedbackto the sourcewith ten-daytrajetoriesand TOMS satelliteimages.

The Saharan-dustasesarereportedwithin the Sectionof WP7.

3.16.4 Socio-economiaelevanceand policy implications

Theimportanceof intercontinentatransportaslong beenoverlooked. Significantamountsof trace
gasesuchasozone but alsosomeaerosolretransportedrom continentto continent.This should
have severeimplicationsfor the mostproductve sourceregionsfor air pollution suchasSouth-East
Asia, North AmericaandEurope.

3.16.5 Discussionand conclusion

A full discussions notyet possibleat this stageof the project.
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3.16.6 Planand objectivesfor the next period

Thework at someof the stationgs underway. We expectsomemoreinput from otherstationswith
lidar systemswith sufficiently high sensitvity in thefreetropospere.
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3.17 WP17,Micr ophysicalretrieval algorithms

by Christine Bockmann

3.17.1 Obijectives

Severalinstrumentf the EARLINET lidar network deliver informationon particleextinction and
backscattecoeficients at multiple wavelengths. This information can be usedto invert physical
particle propertiessuchas particle size, number surface-areaand volume concentrationas well
ascomple refractve index. However, theinversionproblemin a mathematicatensds non-linear
and ill-posed and its solutionrequiresthe applicationof appropriatemathematicalegularization
methods. Therefore,one part of the projectis to develop, to improve andto investigateinversion
algorithmsfor opticaldatasets which areobtainedwith differentlidar systemsof the network.

The setof backscattecoeficientsat 355,532, and 1064 nm and of extinction coeficientsat 355
and532 nm s the standardutputof an advancedaerosolRamanlidar basedon a singleNd:YAG
laser The stationarysystemsat IAP KiuihlungsborrandIfT Leipzig make useof this configuration
in EARLINET andsomeothergroupsplananupgradeof their instrumentgo this standardbutput.
ThelfT Leipzigsystemhasthepossibilityto deliverthreebackscattecoeficients,additionally
TheIBNANB Minsk is ableto getbetweenwo- andfour-frequeng soundingresults.

The main objectvesof WP17 arefocusedon the developmentof suitableretrieval algorithmsfor
varioussystemsand on theoreticalmathematicalnvestigationsconcerningthe complex refractve
index, theshapeof the aerosobarticlesandnew regularizationtechniques.

3.17.2 Methodology

The mathematicamodel, which relatesthe optical and the physical particle parametersgonsists
of a Fredholmsystemof two integral equationsof the first kind for the backscatteand extinction
coeficients and

(3.7)

(3.8)

where denotesheparticleradius, isthecomples refractveindex, istheshapeof theparticles,
and represensuitabldowerandupperimits, respectiely, of realisticradii, isthewavelength,

is the height, is the particlesizedistribution we arelooking for, is the backscatteand
is the extinction kernel. The kernelfunctionsreflectshape size,and materialcompositionof the
particles.

Thefollowing formulashold for extinction andbackscatteefficienciesof homogeneouspheres:
— — (3.9

where is thewave numberdefinedby and and arethecoeficientswhich onecan
getfrom the boundaryconditionsfor the tangentialcomponent®f the waves. Now Eqgs.(3.7) and
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(3.8) areformulatedinto a morespecificandmoresolid form:

— (3.10)

wherethe termis thevolumeconcentratiomistributionwe arefinally looking for. stands
for and/or , respectrely, dependingon the measuremendata. The determinatiorof the
particlevolumedistribution from asmallnumberof backscatteandextinction measuremenis an
inverseill-posedproblemandbecauseherefractve index  in the kernels is anunknawn,
too, the problemis a highly nonlinearone, i.e., solutionsare non-uniqueand highly oscillating
without theintroductionof appropriatanathematicatlools suchasdiscretizatiorandregularization.

3.17.3 Scientificachievements

Algorithm | (UPIM): Basedon mathematicaknowledge,a specialhybrid regularizationtech-
niguewasdeveloped. This hybrid regularizationtechniqueis designedo work with differentkind
andnumberof opticaldata,i.e., experimentaldataobtainedwith differentsystemsat variouswave-
lengthscanbe evaluated. The algorithmdoesneitherrequireary a priori informationon the ana-
lytical shapeof the investigateddistribution function nor aninitial guessof it. Even bimodaland
multimodaldistributionscanberetrievedwithoutany knowledgeof thenumberof modesn advance.
Thefirst regularizationstepin this methodis performedvia discretizationjn which theinvestigated
distribution function is approximatedvith variable B-spline functions. The projectiondimension
(numberof basisfunctions)andthe orderof the usedB splinessene asregularizationparameters.
In the secondstep,regularizationis controlledby the level of truncatedsingularvaluedecomposi-
tion performedduringthesolutionproces®f theresultinglinearequatiorsystem.n orderto reduce
the computertime, a collocationprojectionis used. The highly nonlinearproblemof the complex
refractive index asa secondunknown is handledby introducinga grid of a wavelength-andsize-
independenteancomple refractveindex andby enclosingheareaof possiblereal/imaginary-part
combinationghroughinversionandback-calculatiorof optical data. Inversionresultsaregivenin
termsof volumedistributions, effective particleradius,volume, surface-areaand numberconcen-
trations.In addition,the unknown refractve index canbe captured.

Algorithm II (IfT):  ThelfT schemeusesa Tikhonov regularizationwith constraintgo invertthe
eightopticaldatameasuredvith thelfT multiwavelengthlidar. Thestrengthof regularizationwhich

determineghe degreeof smoothnes®f the solution, is found from generalizeccross-alidation.
Theinvestigated/olumeconcentratioristribution is approximatedvith a discretesetof 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-functiorrangefrom 0.01to 0.2 andfrom 1 to 10 m, respectiely. The basisfunctions
aredistributedlogarithmicallyequidistanwithin thewindows. Theinversionis performedor every
window andfor refractive indicesthatvary from 1.33to 1.8in realandfrom O to 0.7 in imaginary
part.

Fromtheinversionsolutionsonly thoseareselectedfor whichtheback-calculatedpticaldataagree
with the original datawithin thelimits of the measuremergrror Meanandintegral particleparam-
eters,i.e., effective radius,volume, surface-areaand numberconcentrationsare calculatedfrom
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theselectedsolutions andtheirmeanvaluesandstandardieviationsarepresented@sfinal inversion
results. Furthermorethe single-scatteringlbedois calculatedirom the volume concentratiordis-
tribution andthe comple refractive index asin the UPIM algorithm,too.

Algorithm Il (IBNANB): Firstly, we have designedaniterationalgorithmto solve the socalled
lidar ( or sounding)equationand createda respectre computercode. The algorithmaccountdor
featuresn the measurementrocedureby lidar stationsat Minsk and Belsk, namelythe lidar cali-
brationprocedureby a screen Moreover, we aremakingobsenationsin the stratosphereThus,we
have referenceointsat the beginningof a soundedathandat high altitudesaswell asthetwo sets
of the pointssimultaneously The processingcoderetrieves profileswith accountingfor specified
errorsin the profile at the referencepoints. While processinghe soundingdataalongshortpaths,
the calibrationby a screerhasthe crucialimportance. At the sametime, it is usefulasanindicator
of non-linearityandnoiseeffectsof the measuringchannelwhile processingxtendedpaths.By us-
ing awavelength-andheight-dependeniitar ratio, onecanusethe designedcodeto independently
processounding.

Secondlywe assumeo usemulti-dimensionafegressiorrelationsasconstraintsvith takingasmall
numberof input parametersto account. The problemis to determinethe optimal regressiondor
differentexperimentalconditions.We usethe multi-dimensionalinearregressiorof theform

(3.11)

The absoluteterm in Eq.(5) is assumedo be zeroto provide this relation beingindependenbf
aerosolconcentration. A statisticalensembleof distribution functions characterizinghe
probabilisticspreadof aerosolsizesduring measurements preliminaryconstructedo find coefi-
cients . Coeficients aredeterminedrom the conditionfor the functionalminimum

min (3.12)

wherethe bar denoteghe averagingby somestatisticalensembleof functions . A key issue
to find coeficientsis the selectionof the statisticalensemblef functionsthatcharacterizethe size
spread A priori informationon scattererandindependenmeasurementare usedto restrictpossi-
ble variationsin and . Considercasesoundingof stratospheri@aerosolsatwavelengths$32
and1064nm asa first example. We obtainedtwo-dimensionamatrix ~ of Eq.(5)for a situation,
wheretwo fractionsof stratospheri@erosolsvere assumed.The designedorocedurevasusedto
procesgslataon stratosphericoundingduring the transformation®f the stratospheri@aerosolayer
afterthe Pinatubceruption.By our estimationstheerrorin Eq.(5)was15to 30%atdifferentstages
of thetransformationsThirdly, we useresultsof numericalexperimentdo estimatesrrorsin Eq.(5).

Micr ophysical particle properties from 3-wavelength aerosol Raman lidar (UPIM and IfT):
The performancecharacteristicef two algorithms which weredevelopedfor theseretrievalsat the
Institute of Mathematicsof the University of Potsdam(IMP) andat the Institute for Tropospheric
ResearchflfT) wereextensvely studied(Bockmann200landMuller et al., 1999).
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Until now thestudiedocussedntheprocessingf thedatasetsfrom the 6-wavelengthaerosolidar
of thelfT. Thesystemprovidesprofilesof the particlebackscattecoeficientsat 355,400,532,710,
800,and1064nm, andof the particleextinction coeficientsat 355and532 nm. Simulationstudies
areintendedo show to which extentphysicalparametersanberetrievedfrom thereducedlataset
of 3 backscatteand2 extinction coeficients.Firstresultsaregivenin Tablel.

Also shawvn areresultsfor an experimentaldataset obtainedwith the 6-wavelengthlidar during
theLindenbeg AerosolCharacterizatiofeExperimentLACE 98 (Lindenbeg/German, July/August
1998). A biomass-hrning aerosollayer was obsered in the free tropospherdrom 9-10 August
1998. The findings are presentedn Wandingeret al. (2001). It canbe shavn that for this spe-
cific measuremertasethe particlebackscattespectrunmcanwell berepresentetdy the backscatter
coeficientsat 355,532,and1064nm. Thusthis measurementfferedthe opportunityto compare
the resultsfor the physicalparticle parametergrom the inversionof the completedataset (6+2)
andof thereduceddataset(3+2). In additionairbornein-situ measurementsuringthe lidar obser
vationsofferedthe uniquepossibility for a validationof the inversionresults. With respecto the

0.1,1.4 0.1,16 0.1,1.8 03,16 LACE98 LACE 98
1.6+0.5i 1.5+0.01i 1.7+0.05i 1.4+0.005i case3+2 case6+2
0.13(3.1,9.2) 0.17(2.5.2.4) 0.24(2.9,14.5) 051(1.4,25) 0.26 0.03 024 001
0.007(2;0.6) 0.011(0.2;2.2) 0.02(2;7.6) 0.304(0.5;0.8) 12 2 1 1
0.158(1.2;9.4) 0.195(2.9;4.5) 0.251(3.1;8.2) 1.758(0.9;1.8) 141 5 134 2
1.0(143;577) 1.0(47;7.8) 1.0(45;128) 1.0(13;29) 361 57
159 0.03 151 0.01 1.7 0.01 1.39 0.02 162 006 1.61 0.04
0.51 0.02 0.012 0.003 0.057 0.005 0.005 0.0006 0.088 0.011
[0.15,0.16 0.01] [0.17,0.16 0.1] [0.25; 0.09]  [0.54; 0.13] 027 0.04 027 0.04
[0.0099;0.0092 0.0008]  [0.012;0.012 0.002] [0.02;0.027 0.009] [0.31;0.38 0.099] 13 2 13 3
[0.18;0.17 0.01] [0.21;0.22 0.01] [0.25;0.26 0.01]  [1.74;1.86 0.09] 145 8 142 7
[1.17;1.09 0.095] [1.15;1.34 0.11] [0.79;0.66 0.28]  [0.84;0.96 0.35] 305 120 286 72
1.67 0.09 153 0.06 158 0.13 1.42 0.08 163 0.09 1.62 0.09
0.4 0.08 0.015 0.0098 0.03 0.02 0.13 0.014 0.05 0.02  0.05 0.02

( m)-moderadius, ( m)-efectiveradius, ( m cm )-totalvolumeconcentration, ( m cm )-totalsurface-are@oncentration,
(cm )—totalnumberconcentrationexactvalue(errorwith known refractve index (%); errorwith unknawn refractive index (%)), or [calculated
valuewith known refractve index; calculatedvaluewith unknavn refractve index], respectiely, —realpartof refractive index,
—imaginarypartof refractve index.
Table3.7: Resultsof the IMP (top) andIfT (bottom)algorithms:differentsimulationsfor the 3+2
casen thefirst four columnsandphysicalparticleparametersf lidar datafor the heightrangefrom
3600—4100m a.s.l.on 9 August1998,2200—-2400JTC in thelasttwo columns.

experimentaldataexcellentagreemenof the resultsfrom the 3+2 with thosefrom the 6+2 dataset
andalsowith the airbornein-situ measurementsf particleswith nm( =0.25 0.07 m,
=8 5 mcm , =95 55 mcm , =271 74cm ) wasobtained. Theseresultsindicate
thatthe 3+2 informationis sufficient for a successfuinversionin this case.
With respecto the IMP algorithmit wasfound thatinversionerrorsincreasewith the reductionof
measurementlataandthat a higheraccurag of the reduceddatasetis requiredfor a successful
inversion. Simulationsshavedthatfor noiselesslataandknown refractive index the meanandin-
tegral parametersf the particlesizedistribution, exceptthe numberconcentrationywhich is always
difficult to derive, canbe limited to 3% errorin the 6+2 caseandto 5% errorin the 3+2 case.For
theunknown refractve index casethis errorincreaseso approximatelyl0%.

BockmannC. (2001). Hybrid regularizationmethodfor theill-posedinversionof multiwavelength
lidar datato retrieve aerosokizedistribution. Appl. Opt., 40, pp. 1329-1342.

Muller , D. , U. Wandingerand A. Ansmann. (1999). Microphysicalparticle parametergrom
extinctionandbackscattelidar databy inversionwith regularization:Theory Appl. Opt., 38, 2346—
2357.
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Wandinger U., D. Miller, C. Bockmann,D. Althausen,V. Matthias,J. Bosenbey, V. Weil3, M.
Fiebig,M. Wendischet al. (2001). Opticalandmicrophysicalcharacterizatioof biomass-brning
andindustrial-pollutionaerosolgrom multiwavelengthlidar andaircraftmeasurements. Geophys.
Res. to appear

Investigationsto the shapeof the particles (UPIM):  TheUPIM algorithmwasextendedo other
shapeghanspheresWe examinedthe influenceof variousspheroidsvith differentaspectatioson
theretrieval procesof the volumendistribution. Theinfluenceof spheroidaparticleson theinver
sion processvia sphericalparticlesis not critical for monomodaldistributionswith small effective
radii or for small spheroids aspectatios. In othercaseswe obsered large differencesj.e. large
errors. Therefore depolarizatiormeasurement@renecessaryo classifythe particles.On the other
handthe hybrid regularizationmethodof UPIM wasimprovedto handlethe spheroids aspectatio,
if it is known, andpresent®xcellentreconstructiomesults(Bockmann Wauer2000).

C. Bockmann,J.Wauer Theinfluenceof spheroidontheinversionin theretrieval of microphysical
particleparameterfrom lidar data, Proc. SPIEIntern. Soc.Opt. Eng.4015,SendaiJapanOctober
2000.

3.17.4 Socio-Economiaelevanceand policy implication

Microphysicalpropertief aerosolslescribaheparticlesinfluenceontheearths radiationbudget,
on cloudsandon precipitation,aswell astheir role in chemicalprocesse®sf the troposphereand
stratosphereWarningsof climate changedueto ozonedepletionin the atmospheréave worried
usfor a numberof years. Onereasonfor the ozonedepletionis the chlorine (Cl) in CFCsin the
stratosphereOn the otherside,polar stratosphericlouds(PSCs)arebelievedto play anactive role
in precursorstagesof ozonedepletionin the winter-cold stratospherdy catalyzingheterogeneous
chemicalreactionson their surfaceandby redistributing HNO throughsedimentationKnowledge
aboutthe aerosokurfaceaeraconcentrations necessaryo modelprocessesvolving ozonechem-
istry. The sizedistribution of thesecloud particlesis animportantparametefor quantifyingthese
mechanismdyecausédt relateshetotal surfaceto thetotal mass.

The investigationgo the determinationof microphysicalparametersrom a 3-wavelengthaerosol
Ramanlidar (couldbea standardidar in future)areto our knowledgethefirst onesthereforethere
will be significantinterestin the sciencecommunityto usethesemethodsfor the improvementof
global/regionalatmospherior of climatepredictionmodels.Scientificpublicationsandconference
presentationgiesultingfrom WP17,will give the opportunityto the sciencecommunityto address
the mechanism®f local aerosolformation, to studythe trans-boundaryransportprocessesf air
pollution over Europeandto studythe impactof aerosolloadsin the earths radiationbudgetand
theirlink to GlobalChange Finally, theinvestigationsouldbe proposedor anair pollution abate-
mentstratey in Europe,in compliancewith the EU air pollution abatement/Climat€hangepolicy.

3.17.5 Discussionand conclusion

In general,it wasfound thatinversionerrorsincreasewith the reductionof measuremendataand
that a higheraccurag of the reduceddatasetis requiredfor a successfulnversion. Simulations
with the UPIM algorithmshowved thatfor noiselesslataandknown refractive index the meanand
integral parametersf the particlesizedistribution, exceptthe numberconcentrationgcanbe limited

to 3% errorin the 6+2 case.For thereduceddatasetthis errorincreaseso 5%. Errorsin theinput
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dataof theorderof 10%leadto errorsin the physicalparticleparametersf 7% for the 6+2 caseand
of approximatelyestimatedo 15%in the 3+2 case.

3.17.6 Planand Objectivesfor the next period

Importantactuities, in full accordancevith the contract,wereimplementedight from the startof
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 imaginary part of the refractve
index whichis very sensitve in theinversionprocess.
Secondlythe completionof the developmentof the 1-dimensionalnversionalgorithmwith a user
friendly editing (UPIM) of the softwareis planed.
Thirdly, further investigationswill be donein the next time to continuethe influenceof spheroids
andadditionallyto examinetheinfluenceof inhomogeneouparticleson theinversionprocess.
Finally, during the next period,the IPNANB groupassumeo computethe matrix of coeficients
for two- to four-frequeng soundingof rural aerosolsandto study opportunitiesof estimating
moments and . In addition, they will designan algorithmto computethe matrix
with taking possibleadditionalinformationfrom independentmeasurementsto accountand
believe to implementthis procedureby introducingadditionaltermsin functional (6). First of all,
they will investigateopportunitiegprovided by observingspectralatmospheriattenuatiorwith the
aid of aSunphotometerResultof thesemeasurementsill beavailablefor themfrom obsenations
atBelskandMinsk in thenearestuture.
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3.18 Generalproject assessment

3.18.1 Obijectives

Theobjectvesof the projectin thereportingperiodwere

1. to bring thelidar systemsat all stationsto a statusthatreliable,quantitatve measurementsn
aregularschedulearepossible,

2. to establishcommonretrieval procedures,
3. to performregularmeasurements,
4. to establishacommondatabasefor the measurement@ndthe associatedrajectories,

5. to performcomprehensie measuregor quality assurancefor bothinstrumentsandretrieval
algorithms,

6. to establisithe necessarprganisatiorfor the performancef specialmeasurements.

3.18.2 Scientificachievements

All of the objectvesfor this period have benachiered to a very large extent. The mainresultis

the mostcomprehensie and systematicallycollecteddatabaseof the aerosolvertical distribution

on a continentalscalethatis presentlyavailable. This databaseis now steadilygrowing duringthe
courseof the project. A very importantsubsetf the datacontainsmaterialfor studiesof medium
to long rangetransportof Saharardustto Europein generalandthe Mediterraneann particular

The developmentof the methodologyfor analysisof the data,both with respectto microphysical
propertiesandfor statisticalstudieshasalsomadegoodprogress.

3.18.3 Socio-economiaelevanceand policy implications

As afirst resultthe formationandoperationof a real network on the Europearscale,including 20
groupsfrom 11 countries,js a major stepforwardtowardsatruly cooperatre scientificcommunity
in theareaof advancedemotesensingandexperimentaknvironmentalstudies.lt is anticipatedhat
this cooperatiornwill be extendedto thejoint analysisof data,addressingssueghatarerelevanton
a Europearratherthanon a nationalscale.

Thedatabasehathasbeenestablishe@ndthatis now growing continuouslyis of very high scientific
interestbecausdt is by far the mostcomprehensie quantitatve dataseton the verticaldistribution
of aerosolon a continentalscale.With growing statisticalsignificancet will becomeanexcellent
tool for checkingandimproving modelsthatexplain andpredictthe aerosolload andits effectson
theradiationbudget,thewatercycle,andhumanlife.

3.18.4 Plan for the next period

Themostimportanttaskfor thenext periodis to continuethe regularmeasurementasscheduledo
increasehestatisticalsignificanceof thedataset. In additiona numberof specialmeasurement®er
variousstudiesof aerosol-relategroblemss planned.
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Dataanalysiswill bedevotedto specialcasestudiesput alsothestatisticalanalysishasto bestarted,
includingthedevelopmeniof appropriatdools. Consideringhe progressnadeup to now it appears
likely thatthe goalscanbereached.
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