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ABSTRACT

The University of WisconsinArctic High SpectralReso-
lution Lidar hasprovidednearlycontinuousiatasinceits
August2005deploymentat Eureka,Canadg80N, 85W).
A prior deploymentto Barrow, Alaska(71N,156W) pro-
videddatabetweerAugust24 andNovemberl7 of 2004.
Cloudpropertiederivedfrom thesedataarepresented.

1. INTRODUCTION

The University of WisconsinArctic High SpectralRes-

olution Lidar (HSRL) operatesas a minimally-tended
Internetappliance. An expandedtransmittedbeamand

low pulseenegy make the outputbeameye safe. Using

molecularscatteringasa calibrationreferencethe HSRL

provides absolutely calibrated pro les of backscatter
crosssection,opticaldepthanddepolarizatiori2; 6; 7].

BetweenAugust24 andNovemberl7, 2004 the HSRL
was deployed to Barrow, Alaska (71N, 156W) as part
of the US Departmentof Enegy Mixed-PhaseArctic
Cloud Experiment(MPACE). SinceAugust 1, 2005the
HSRL hasoperatedn the high Arctic at Eureka,Canada
(80N, 85W) aspartof the US NationalOceanicand At-
mosphericAdministration(NOAA) SEARCH program.
SEARCH seekgo provide continuousmeasurementsf
Arctic surfaceradiation,clouds,aerosolsand chemistry
sufcient for detailedevaluation of interactize climate
changeprocessed the lower atmosphere.The NOAA
35 GHzcloudradar[3] andthe Universityof IdahoPolar
AtmosphericEmitted Radiancelnterferometer(PAERI)
[1] arelocatedwith the HSRL (Fig. 1).

During the MPACE and SEARCH deployments the
HSRL hasbeenprogrammedo provide pro les with 7.5
m vertical and 2.5 secondtemporalresolution. Usable
databegins at 150 m above the surface and extendsto
30 km. Lidar andradardataarepostedon our web site:
http://lidarssec.wisc.eduLidar datafrom altitudesbe-
low 15 km are postedin real time while the higher al-
titude datais transferedat approximatelymonthly inter-

vals. Radardatais recordedwith 30 m verticaland 10
secondtemporalresolution. Radardatais available ap-
proximatelyoneday afterit is recorded.Quick-lookim-

agesshaw all lidar and radardatafrom one month on
a single web page. Imagesand netcdf download les

Figure 1. Two seatainersre joined togetheras shelter
for the lidar, radar and PAREI instruments. The radar
antennas on the nearcornerof the shelterandthe lidar
window is in thewhite box behindtheradarantenna.

with userspeci ed averaging,altitude rangesand time
intervals can be generatedvia the web site. Lidar and
radar data are presentedvith commongrids allowing
easyinter-comparison.Lidar dataincludes: depolariza-
tion, backscattercrosssection,scatteringcrosssection,
and optical depth along with systemhouseleepingin-
formation. Radardataincludes: re ectivity, backscat-
ter crosssection,Doppler velocity, and spectralwidth.
Cloud particle effective diameter numberdensity and
liquid water contentare computedusinga combination
of thelidar andradardata. Theseare computedfollow-
ing Donovanet at[4]. However, Donovan's iterative so-
lution is notrequiredbecauséISRL datais correctedor
extinction, robustly calibrated,and the HSRL hasa 45
micro-radianeld-of-vie w thatlimits multiple scattering.

2. OPERATIONAL EXPERIENCE

The HSRL hasprovided nearly continuousdata. Prob-
lems have included: 1) Sheltertemperatureexcursions
of C causedthe main cavity of the laserto lose
lock with the seedaser The severity of this problemhas
beenreducedoy restricting o w throughthe shelterven-
tilation fan. 2) The Eurekastationexperiencedrequent
shortinterruptionsof electrical power. Eachtime this
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Figure 2. Cloud fractionasfunction of altitudefor Au-
gust, 2005in Eureka. Curvesshaw the fraction of the
time that the atmospherés clearup to a given altitude.
Separateurvesshov the effect of changingthe optical
depththresholdhatde nesacloud.

occurredseveral hoursof down time occurreduntil we
wereableto contactEurekaandthey wereableto restart
the laser The durationof theseinterruptionshasbeen
reducedby installing a time-delayrelay which automati-
cally restartshe laserafter a power interruption. 3) The
optical alignmentof the laserslowly degrades.This de-
gradegheoutputpower andtheseedingef ciency of the
laser Maintenancevisits at approximately3-monthin-
tenalshave beenrequiredto realignthelaser 4) Optical
damagéehasoccurredon the Brillouin frequeny locking
ber andon the laserfrequeng doubling crystal. The
Brillouin ber hasbeenrepairedwhenthe laserwasre-
aligned.Thedoublingcrystalwill needto bereplacedon
our next visit. The doublingcrystalhaslastedfor more
than 25,000hoursof operation.5) The laserappeargo
exhibit small changesn the spatial/anguladistribution
of transmittedenepgy. This produceschangesf

in the optical depthmeasuredy the lidar. It doesnot
affect scatteringcrosssectionor depolarizatiormeasure-
ments.6) Thelaserseedings someavhaterratic;attimes,
shortperiodsof low seedingpercentageeducetheuseful
outputpower anddisturbthe frequeng lock of the laser
to the iodine blocking lter. This problemis controlled
by slightly changinghetemperaturef lidar enclosureor
thelasercoolingwater Temperaturehangesreaccom-
plishedvia thelnternet.

3. CLOUD OBSERVATIONS

Considerableuncertaintyexists in current satellite de-
rived Arctic cloud climatologies. Visible wavelength
satellitedatais absentduring the long winter andit pro-
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Figure 3. Monthly meanparticulatebackscattercross
sectionvs altitudefor water(black)andice (grey) andthe
percentagef lidar datapointsabovethenoise oor(black

line). Datais from Augustof 2005in Eureka.

videslittle contrastbetweenthe ice coveredportionsof
the oceanand clouds during the summer Infrared re-
trievals are hamperedby intenselow level temperature
inversionswhich malke it dif cult to assignaltitudesand
openleadsin the ice which make it dif cult to specify
the surfacecontribution to the obsenedradiance.Cloud
fraction datafrom the HSRL in Eurekawill provide an
importantsourceof validationfor satelliteclimatologies.

Cloudclimatologiesoftendescribedtloudcoverin terms
of cloud fractionwithout specifyingthe thresholdwhich
distinguishesetweencloudy and clear conditions. Fig-
ure 2 shaws that cloud fractionis strongfunction of this
threshold.Herewe plot the fraction of the lidar pro les

encounteringa cloud asfunction of altitudeabove the li-

darfor the monthof September2005at Eureka. A pro-
le is de ned ascloudywhenathresholdopticaldepthis
reached Separateurvesareplottedfor differentthresh-
olds. At 12 km, which is above all signi cant cloudsat
this location, the cloud fraction increasesrom 32% to
52% whenthe cloud thresholdis decreasedrom optical
depth?2 to opticaldepth0.1.

Figure3 shavstheverticalvariationin themonthlymean
backscattecrosssectionfor August2005at Eureka.No-
tice that low altitude water clouds and water fogs pro-
vide mostof the optical depthwith relatively small con-
tributions from ice crystals. Higher altitudesare often
obscuredy low clouds.

Figure4 shaws the cloud fractionvs altitudeandoptical
depththresholdor March2006in Eureka.Thefractional
cloudinesss muchsmallerthanfor August. The mean
backscattedatafor March(Fig. 5) shavsadramaticshift
in cloudtyperelative to the August. With Marchsurface
temperaturesftennear C mostof the scatterings
duetoice crystalsandoftenoccursin theform of ice fog.
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Figure 4. Cloud fraction as a function of altitude for
March 2006in Eureka. Curvesshaw the fraction of the
time that the atmospherés clearup to a given altitude.
Separateurvesshov the effect of changingthe optical
depththresholdhatde nesacloud.

Figure6 shavsthedistribution of backscattephasgunc-
tion valuesobsened in ice cloudsand ice precipitation
during March of 2006in Eureka. Ice crystalswere se-
lectedby consideringonly thosepoints wherethe lidar
depolarizationwas greaterthan . In orderto reject
points which were contaminatedby noise, only points
with a lidar signal-to-noiseratio of at least5 and with
a backscattercrosssectiongreaterthan m sr
were included. Data points belov 1 km were also ex-
cluded to minimize errorsin the measuredscattering
crosssectioncausedy uncertaintiesn thelidar overlap
correction. This resultfrom the Arctic, shawving a distri-
bution thatis sharplypealedat a value of

is nearlyidenticalto the distribution measureaver
Madison,WI [8; 9]. This informationwill be usefulin
analyzingdatafrom satellitebornelidars.

The utility of combiningradarand lidar datais illus-
tratedin Figure 7. Radarmeasuredoppler velocities
areshovn asa function of the lidar-radarderived effec-
tive diameter Datahasbeencombinedinto 60 meteral-
titude and 180 secondiime averagedor August2005at
Eureka.All pointsmeetinga signal-noise-thresholdith
a backscattercrosssectiongreaterthan m sr

were usedto createthis contourplot. This lidar-radar
sizeretrieval assumedolidice spheresndagammadis-
tribution of particle sizes. The concentratiorof points
centeredon zero Doppler velocity with diametersless
than 30 micronsis readily identi ed with water clouds
whenthe gure is re-plottedexcluding pointswith depo-
larization . A 20% depolarizatiorthresholdalso
eliminatespointsin the region of 100 micron effective
diameterand1 m/secfall velocitiesalongwith the small
peakevidentnear250 micronsand1.1 m/sec.Theseare
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Figure 5. Monthly meanbackscattercrosssectionfor
March 2006in Eureka. Water contribution (black bars)
andice contribution (grey bars)with the blackline shaw-
ing the percentagef pointsabore the noise oor.

associateavith regionsof high radarbackscatteandare
easilyidenti ed with periodsof rain anddrizzle thatoc-
curredon betweerAug 19 and23 . Variationsin ice
crystal shapeposea dif cult problemfor nearly all at-
temptsto remotelycharacterizace clouds. Further in-
vestigationof particle fall velocity as a function of re-
trieved particle size may provide helpful constraintson
the effectsof particleshape.

Measuremenbf precipitationtotals in the Arctic win-
ter is dif cult. Liquid waterequivalentsare small (
cm/monthat Eureka). The precipitationfalls as snaw,
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Figure6. Backscattephasefunction distribution for ice

crystalsduringMarch,2006.Dataselectedvith depolar

ization ,altitude  km, backscattecrosssection
m sr andasignalto noiseratio of
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Figure7. Fall velocity asa function of particleeffective
diameterfor August2005. Contoursshaw the numberof
cloudydatapoints. Datapointswith signal-to-noisdess
than?2 arenot plottedanda cloudy pointsarede ned by
backscattecrosssectionthreshold m sr

Individual snav eventsmay contritute only millimeters
of accumulation.Wind affectsthe collection ef ciency
of snav gauges. Blowing snaw is hard to distinguish
from precipitation.Furthermoredrifting, smallaccumu-
lations, cold anddarknessmake transectsamplingdif -
cult. The combinationof lidar andradaroffers another
methodof precipitationmeasurement.Figure 8 showvs
the productof thelidar-radarderivedliquid watercontent
and the radar Doppler velocity (lower line). The inte-
gral of this product(upperline) is the water equivalent
total precipitation.Stationrecordsshav thewaterequi-
alent precipitationprovided by the snowfall on the 4
and5 of Janto be3.3mm,onthe7 0.2mm, 2.8
mmonthe9 and0.2mmonthel8 (whichwasin-
correctlyreportedasrain). All otherdaysarelisted as
providing a traceof precipitationeventhoughthe radar
andlidar shav conclusvely thatmary of thesedayspro-
videdno precipitation.Thelidar-radarretrieval shavs 20
mm comparedo a 6.5 mm of waterequialentprecipi-
tation reportedby the Eurekaweatherstation. It is not
surprisingthatthe lidar-radarvalueis largerthanthe sta-
tion valuebecauséhe Dopplervelocity usedis the radar
weightedfall velocitywhichis biasedowardsthefall ve-
locity of thelargestparticles.Thus,this precipitationesti-
mateassumethatall of thewatermassds falling with the
speedof the largestparticles.Correctingfor this biasre-
quiresassumptionsbouttheice crystalhabit. However,
in view of the corventionalmeasuremendif culties, it
appearsisefulto re ne thisapproachn anattempto im-
provedArctic precipitationmeasurements.
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Figure8. January2006precipitationrecordderivedfrom
lidar-radarliquid watermeasuremerandradarfall veloc-
ity measured®50 metersabove the surface. The lower
line shaws the productof liquid water equivalent and
Dopplervelocity in gr m sec . This shows positive
and negative excurssionsglueto atmospheridurbulence.
Theupperine shovstheintegral of this product thetotal
precipitation,in millimetersof water
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