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ABSTRACT

Measurementtom theNOAA SEARCHobsenatoryat

EurekaCanadd80N,85W) provideuniqueArctic cloud

obsenations. The University of WisconsinArctic High

SpectralResolutionLidar andthe NOAA 8.6 mm wave-

length Doppler radar have provided nearly continuous
datasincetheir August 2005 deployment. A prior de-

ploymentto Barrow, Alaska(71N,156W) provided data
betweenAugust24 and Novemberl7 of 2004. Particle

sizeandopticaldepthmeasurementrepresented.

1. INTRODUCTION

SinceAugust1, 2005the University of WisconsinHigh
SpectraResolutiorLidar(HSRL)andtheNOAA 8.6mm
wavelengthcloud radar (MMCR) have operatedin the
high Arctic at Eureka,Canadg80N, 85W). In March of
2006 the University of Idaho Polar AtmosphericEmit-
ted Radiancdnterferomete(PAERI) wasinstalledatthe
samelocation. Theseinstrumentsare operatingas part
of the US National Oceanicand AtmosphericAdminis-
tration (NOAA) SEARCH program. SEARCH seeksto
provide continuousmeasurementef Arctic surfacera-
diation, clouds,aerosolsandchemistrysufcient for de-
tailed evaluationof interactve climatechangeprocesses
in thelower atmosphere.

The University of WisconsinArctic High SpectralReso-
lution Lidar (HSRL) operatesasa minimally-tendedin-

ternetappliance An expandedransmittecbeamandlow

pulseenegy make the outputbeameye safe. The HSRL
usesmolecularscatteringas a calibration referenceto

provide absolutelycalibratedopro les of backscattecross
section,optical depthand depolarization2; 6; 7]. The
MMCR provides calibratedmeasurementsf radar re-
ectivity, Doppler velocity, and Doppler spectra[3],

while the PAERI providescalibrated high resolutionin-

fraredspectra[l

During the MPACE and SEARCH deplogyments 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 andradardataare postedon our web site:
http://lidarssec.wisc.edulidar datafrom altitudesbe-

Figure 1. Two seatainersre joined togetheras shelter
for thelidar, radar andPAREI instrumentsThe 35 GHz
radarantennas seemnthenearcornerof theshelterand
thezenithfacinglidar window is locatedin thewhite box
directly behindtheradarantenna.

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
with userspeci ed averaging,altitude rangesand time
intervals can be generatedsia 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 computedusing a combination
of thelidar andradardata. Theseare computedfollow-
ing Donovanet at[4]. However, Donovan's iterative so-
lution is notrequiredbecaus¢iSRL datais correctedor
extinction, robustly calibrated,andthe HSRL hasa 45
micro-radianeld-of-vie w thatlimits multiple scattering.
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Figure 2. Monthly plot of cloudinessat Eurekafor Au-
gust8, 2005to May 1, 2006. Optical depthsmeasured
between150 m and 12 km have beensortedinto three
cloud cateyories. Moderatecloud cover in late summer
( 60%) decreasedhroughthe winter leadingto a very
clear April with atotal cloud cover of 26% anddense
cloudsonly 11%of thetime.

2. CLOUD OBSERVATIONS

Considerableuncertaintyexists in current satellite de-
rived Arctic cloud climatologies. Visible wavelength
satellitedatais absenduring the long winter andit pro-
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.

Figure2 shows cloud cover obseredat Eurekabetween
August8, 2005and May 1, 2006. The HSRL operated
nearly continuously Datacollectedat 2.5 secondinter-
vals was averagedinto 3-minutepro les. Eachpro le
was classi ed accordingto the optical depth measured
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Figure3. Monthly plot of cloud phaseat Eurekafor Au-
gust8, 2005to May 1, 2006. This shavs the percentage
of the optical depthgeneratedy water, ice and mixed
phasecloudelementsPhaseénasbeenidenti ed from the
depolarizatiorof thelidar return.

betweenaltitudesof 150 m and 12 km. Pro les were
divided into three optical depthclasses:lessthan 0.25
(cloudfree), greaterthan 2 (denseclouds),andbetween
0.25and2 (thin clouds).Eurekais remarkablycloudfree
in thewinter andearly spring. Total cloud coverin April
2006 was only 26% with denseclouds occurringonly
11%of thetime.
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Figure4. Cloudfractionasa functionof altitudefor Au-

gust2005in Eureka.Curvesshow thefractionof thetime

thatthe atmospherés clearup to a givenaltitude. Sepa-
ratecurvesshow the effect of changingthe optical depth
thresholdwhich de nesacloud.

Figure3 shavs a monthly plot of cloud phasefor the pe-
riod shavn in gure 2. Cloudswerede ned asregions
with a backscattercross section of greaterthan

m sr The plot shows integratedbackscattercross
sectiongdivided by the meanbackscattephasefunction
to provideanestimateof theopticaldepthencounterely

thelaserbeam.This hasbeensortedinto threecategories
dependingnthedepolarizatiorof thelidar return.Depo-
larizationsof lessthan3% indicatethe presencef spher

ical waterdroplets. Depolarization®f greaterthan23%
indicateirregular ice particles. Identi cation of clouds
with depolarizationbetween3% and 23% are less cer

tain. Thesecanbe mixedphasecloudsconsistingof both
ice andwater, rain shoverswith largedroplets,or certain
ice crystaltypesthat producestrongspeculare ections
from crystal faces. Very little rain falls in Eurekadur-

ing this period,thusrainis notamajorcontrikbutor. Also,

thelidar points4 degreesfrom the zenithto avoid strong
specularre ection from orientedice crystals. This plot
will underestimatehe optical depth contribution from

densecloudswhichcompletelyextinguishthelidar beam.
In Eureka,this typically occurswith low altitude water
cloudswherethe HSRL returnis lost beforethe optical
depthreaches

Figure2 shows thatthe cloudsbecomdessfrequentand
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Figure5. Monthly meanbackscattecrosssectionvs al-
titude for water (black bars)andice (grey bars)andthe
percentagef lidar datapointsabovethenoise oor(black
line). Datais for Eurekaduring Augustof 2005.

optically thinnerduring the winter. Figure 3 shows that
the cloudschangefrom predominatelywaterin the late
summerto predominatelyice during the winter. This is
not surprisingconsideringthat a typical wintertime sur
facetemperaturés -30to -40 C with aninversiontem-
peratureof around-20 C.

Cloudclimatologiesoftendescribedtloudcoverin terms
of cloudfractionwithout specifyingthe thresholdwhich
distinguishedetweencloudy and clear conditions. Fig-
ure 4 shaws thatcloud fractionis strongfunction of this
threshold.Herewe plot the fraction of the lidar pro les
encounteringa cloud asfunction of altitudeabove the i-
dar for the month of August, 2005 at 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.

Figure5 shavstheverticalvariationin themonthlymean
backscattecrosssectionfor August2005at Eureka.No-
tice that low altitude water cloudsand water fogs pro-
vide mostof the optical depthwith relatively smallcon-
tributions from ice crystals. Higher altitudesare often
obscuredy low clouds.

Figure6 shows the cloudfractionvs altitudeandoptical
depththresholdor March2006in Eureka.Thefractional
cloudinesss much smallerthanfor August. The mean
backscattedatafor March(Fig. 7) shovsadramaticshift
in cloudtyperelative to the August. With March surface
temperaturesftennear C mostof the scatterings
dueto ice crystalsandoftenoccursin theform of ice fog
or diamonddustprecipitation.
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Figure 6. Cloud fraction as a function of altitude for
March 2006in Eureka. Curvesshaw the fraction of the
time that the atmospheres clearup to a given altitude.
Separateurvesshov the effect of changingthe optical
depththresholdwhich de nesacloud.

Figure8 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 combiningradar and lidar datais illus-
tratedin Figure 9. Radarmeasuredoppler velocities
areshaovn 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 assumedolid ice spheresandagammadis-
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 7. Monthly meanbackscattercrosssectionfor
March 2006in Eureka. Water contribution (black bars)
andice contribution (grey bars)with the blackline shaw-
ing the percentagef pointsabove the noise oor.

associateavith regionsof high radarbackscatteandare
easilyidenti ed with periodsof rain anddrizzle thatoc-
curredon betweenAug 19 and23 . Variationsin ice
crystal shapeposea dif cult problemfor nearlyall at-
temptsto remotelycharacterizéce clouds. Further in-
vestigationof particle fall velocity as a function of re-
trieved particle size may provide helpful constraintson
the effectsof particleshape.
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Figure8. Backscattephasefunction distribution for ice
crystals measuredduring march, 2006. Data selected
with depolarization , altitude km, backscatter
crosssection m sr andalidar signalto noise
ratio of
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Figure9. Fall velocity asa function of particle effective
diameterfor August2005. Contourshowv the numberof
cloudy datapointswhereeachpoint is a averageover 3
minutesand60 m of altitude. Datapointswith a signal-
to-noise-ratidessthan2 arenot plottedandabackscatter
crosssectionthresholdof m sr is usedto
selectcloudy datapoints.
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