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ABSTRACT

The University of WisconsinArctic High SpectralReso-
lution Lidar hasacquiredover 6000hoursof dataduring
shaledawvn testing. Examplesof this dataare presented
to illustrateHSRL measuremendapabilities.

1. INTRODUCTION

Climate modelssuggestthat the Arctic climate is par
ticularly sensitve to perturbatiorby increasingevels of
greenhous@ases. This sensitvity seemso be veri ed
by measurementshich show thatthe Arctic is warming
fasterthanary otherpart of the globe. However, com-
parisonof mary climate modelsshov wide variationsin
predictionsfor future warming. Studiesof thesediffer-
encesshow thatthe greatessourceof uncertaintyrelates
to the modelingof clouds. The modelsusedifferentpa-
rameterizationso describecloudsresultingin very dif-
ferentcloud predictions.Unfortunately very little obser
vational datais available for veri cation. Arctic cloud
obsenationshave beenlimited by severalfactorsinclud-
ing: 1) the lack of obserers,2) the dif culty of seeing
cloudsduring the long Arctic night, 3) a lack of visual
and temperaturecontrastbetweencloudsand the snav
surface,which impedessatellitecloud retrievals, and 4)
theinconsistenteportingof diamonddustprecipitation.

Modelers require information on cloud optical depth,
cloudaltitudesandcloud phase Operationof the NOAA
DABUL lidar onanice brealerfrozeninto the Arctic ice
packduring the SHEBA experimentillustratedthe util-
ity of lidar datain Arctic cloud studies[]l. DABUL ob-
senedincredibly complex mixed-phaseloud structures
with intermixed pockets of pure waterandice. While
DABUL provided much useful information dataanaly-
siswashamperedy limitations commonto all corven-
tional backscattelidars. Theinability to correctsignals
for attenuatiorwithout a priori assumptionsnakesit im-
possibleto derive reliable optical depth, or backscatter
crosssectionpro les. This ambiguityalsoforceslabori-
oushandanalysisof the data.

The University of Wisconsin has constructeda High
SpectralResolutionLidar (HSRL) for long-termArctic
cloud studies.This systemwhich is designedo operate
asa minimally-tendednternetappliance providesabso-
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Figurel. The r-squaredenegy, and overlap corrected
lidar signal measuredin the combined channel(upper
panel)and the HSRL derived backscattecrosssection
(lower panel). Datawasacquiredbetweert:30and7:00
UTCon14Januan2004.Thisuppermanelimageis iden-
tical to thatobtainedfrom awell calibratedcorventional
backscattefidar. In the corventionalimagethe lower
cloud shadavs the cirrus abore, while the HSRL mea-
surementareunafecteduntil the signalsaretotal extin-
guished.
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Figure2. The aerosolbackscattecrosssection(right
curve with peakat 3 km), the attenuatedanolecularcross
section(left) andthe Rayleighbackscattecrosssection
computedrom aRadiosondéemperaturgro le (slowly
decreasingentercurve). Pro les arean averageof data
measuredetween6:20 and 7:00 UTC on 14 January
2004.

lutely calibratedpro les of backscattecrosssection,op-
tical depthanddepolarization[}3] [4]. It requiresonly
electricalpower, aninternetconnectionanda zenithfac-
ing window for operation.All controlanddatatransferis
accomplishedria the Internet. No routine on site atten-
tionis requiredotherthancleaningof thewindow. Useof
a 4 kHz repetitionrate laserand expansionof the trans-
mittedbeamthrougha40cmtelescopeeduceghetrans-
mitted enegy densityto eye-safdevels,makingit possi-
ble to look directly into the outputbeamwithout hazard.
A rad. angular eld-of-view coupledwith a 8 GHz
bandwidthetalon Iter reducedackgroundhoiseto very
low levels. A high-dynamicrangephotoncountingdata
systenprovidespro les with 7.5m rangeresolutionupto
amaximumaltitudeof 30 km. Detectorgainchangesre
notrequiredin responséo changingweather;conditions
rangingfrom the clearatmospheré¢o densedow-altitude
watercloudscanbeaccommodatedr his paperdescribes
measurementderivedwith thenew HSRL duringshale-
down testingin our Madison,WI laboratory

2. HSRL DATA

The new HSRL is currently installed under a zenith-
facingwindow on the top of our laboratory The sys-
temoperatef4-hours/dayndmorethan6000hourshas
beenacquiredduringtesting.Datais automaticallytrans-
feredin realtime from the lidar to our archive computer
via a fault-tolerantclient-sener applicationwhereit is
storedas netcdf les on a 1-terabyteraid disk system.
All datacan be accessedhrougha publicly accessible
web site: 'lidar.ssec.wisc.edu'Realtime accesss pro-
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Figure3. Opticaldepthpro le computedrom dataac-
quiredbetweert:20and7:00UTC on 14 January2004.

vided by awebtool which computesmagesandpro les
on demandusing: 1) the raw data, 2) weatherservice
Radiosondeéemperaturero les, and3) systemcalibra-
tion data. The time andaltitudeinterval for the datacan
be speci ed. Datamay alsobe searchedria web pages
which provide a completemonth of 12-hourthumbnail
imagesof the backscattecrosssectionbetweerthe sur
faceand 15 km. Clicking on animage providesa full
screenversionof the backscattecrosssectionand the
depolarizationmage. An online systemlog book pro-
vides information about systemmaintenanceand soft-
ware modi cations. A web tool is provided to display
systemhouseleepingdataaswell. We arealsopreparing
web routinesto procesdataon demandanddeliver the
outputto usersin netcdfformat.

Figurel shonvsimagesacquiredon 14-January2004be-
tween5:30and7:00UTC. Thesemagescomparea stan-
dardlidar imageof the attenuatedackscattecrosssec-
tion with abackscattecrosssectionmagederivedfor the
sameperiod. In the corventionalimage (upperpanel),
cirrus cloud measurementare corruptedby attenuation.
Distinct shadavs appearin the image and the attenu-
atedbackscattecrosssectionvaluesdependon the pres-
enceor absencef underlyingwaterclouds. The HSRL
measuredackscattecrosssection(lower panel)elimi-
natesthis dependenceAlthoughattenuatiorin thelower
cloud reducesthe maximumaltitude which can be ob-
sened,theattenuatiordoesnotaffectthebackscatteval-
ueswheresignalis presentBecausehe HSRL scattering
crosssectionmeasurementare computedrom therela-
tive intensityof the molecularbackscatteandparticulate
backscatteateachaltitude thevaluesareindependenof
attenuatiorat lower levels. This providesanotheradvan-
tage; calibrationis insensitve to dirt, wateror snawv on
the outputwindow.

Figure 2 shavs backscattecrosssectionpro les repre-
sentinganaverageovertheperiodbetweer6:20and7:00
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Figure4. Opticaldepthprole computedfrom a one-
minute averageobsened between6:40 and6:41 UT on
14 January2004.

UTC. The Rayleighbackscattecrosssectioncomputed
from a Radiosondegemperaturepro le is shavn along
with the derived particulatescatteringcrosssectionand
the measuredattenuated-moleculacatteringcrosssec-
tion. Whereasgduring this period,the 12.5-secondver

agingusedo preparegure 1 doesnotshav cloudsabore

7.5km, the 40-minuteaveragepro le extendsto thetop

of thecirruscloud.

Usefulpro les begin exceptionallycloseto thelidar; de-
tectorsquickly recover from aninitial transientanddata
is valid above 75 m. Thisiillustrateseffective isolationof
thedetectordrom scatteredaserlight. Detectoroverload
is oftena problemin lidarswhich usethe sametelescope
to receve andtransmit. The molecularchanneldetector
is exposedo approximatelyl0 photonswhich have been
scatteredrom opticsasthe laserpulseexits the system.
Thecombined-channgihotomultiplier whichis not pro-
tectedby the iodine absorptionlter, is exposedto ap-
proximately200,000photonswhich, aftertakinginto ac-
countthe 5% quantumef ciency of the photomultiplier
produceapproximatelyl0,000photoelectons.

Low-attitude obsenations are particularly importantin
theArctic wherepersistenstratudayerswith cloudbases
belov 1 km are frequently obsened. The backscatter
crosssectionmeasuremenis computedfrom the ratio
of the molecularand combinedchannelsignalsso that
it is independenbf ary range-dependergfeometriccor-
rections. However, this is not true for the attenuated-
molecularcrosssectionpro le. Theangulareld-of-view
of the lidar is only rad and the raw HSRL signals
departstronglyfrom thestandard ~ dependencat al-
titudesbelow 5 km. This effect is measureds part of
the systemcalibrationandremoved during dataprocess-
ing. Thesegeometriccorrectionshave provento bevery
stable,re ecting the advantageof usinga commontele-
scopeo transmitandreceve. We hadplannedo measure
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Figure5. The aerosolbackscattecrosssection(noisy
cune), the attenuatedmolecular cross section (center
curnve) andthe Rayleighbackscattecrosssectioncom-

putedfrom a Radiosondéemperaturegro le(smoothon

right). Pro les arean averageof datameasuredetween
5:45and5:50UTC on 14 January2004.

the geometriccorrectionby scanningthe telescopefo-
cuswhile recordingdata. Thelidar includesa computer
actuatedfocus control which can provide micron-level
adjustmentdn the position of the telescopesecondary
mirror. A comparisonof the molecularchannel,near
range signalwith thesystenfocusedat nearrangeto the
samesignalwith thelidar atits operatingocuswasgoing
to beusedto provide the geometriccorrection.However,
it hasprovenadequatéo computethe geometriccorrec-
tion factor from a comparisonof the molecularsignal
measuredluring very clearweatherwith the molecular
lidar returnpredictedfrom a measuredemperaturgro-
le.

Figure 3 shaws the optical depthmeasuredsa function
of altitude above a referencepoint at 75 meters. This is
computedrom theratio of thecomputednolecularcross
sectionandthe obsenedattenuatedanolecularcrosssec-
tion showvn in gure 2. Notice the correspondencbe-
tweenattenuatiorof themoleculareturnshovnin gure
2 and the optical depthcurve. The attenuationcaused
by the 3-km watercloudandthe 5 to 9 km cirrus clouds
aredirectly re ected in the optical depthcune. In this
casethetotal optical depthof the atmospherés approxi-
mately3.2. For shortaveragingtimes,the maximumop-
tical depthwhich canbe measuredvith the lidar is de-
terminedby photonstatistics;the penetrationdepthin-
creasewith averagingtime. For long averagingtimes,
the maximum optical depthis currently limited to val-
ueslessthan 4 by detectorafterpulse contributionsto
the molecularsignal. Figure 4 shavs an optical depth
measuremerderivedfrom a one-minuteaverage.In this
case the curve becomesnoisy for optical depthsgreater
than2.5.
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Figure6. Opticaldepthpro le obsenedbetween5:45
and5:500n 14 January2004.

Figure 5 provides an exampleof backscattecrosssec-
tion pro les from a muchcleaneratmosphereThis ve-
minuteaveragehasbeencomputedisingdatafrom gure
1 between5:45and5:50 UTC. It extendsto an altitude
of 25 km. Sufcient signalis obsenedto provide good
signal-to-noiseaatiosin the attenuatednolecularpro le
upto approximatel\20 km. Thisis veri ed in theoptical
depthpro le, which is presentedn gure 6. An optical
depthof 0.2is measuredh thethin cirruscloud between
7 and10km. Fluctuationsn the opticaldepthpro le be-
low the cloud re ect errorsin the geometriccorrection
andthetemperaturgro le usedto computethe molecu-
lar backscattecrosssection. Thetemperaturgro le was
obtainedrom aRadiosonddéaunchedapproximatelyl 50
km from our laboratory
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