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Observing Snow with CloudSatObserving Snow with CloudSat

�� ActiveActive sensorsensor (W(W--band)band)
�� ExcellentExcellent sensitivitysensitivity ((--3030 dBZ)dBZ)

�� NearNear--globalglobal coveragecoverage ((±±8282°°))
�� HighHigh spatialspatial resolutionresolution (~(~11..55 km)km)
�� CoincidentCoincident measurementsmeasurements fromfrom otherother AA--TrainTrain sensorssensors (eg(eg.. PMW)PMW)

StrengthsStrengths::

�� Rain/snowRain/snow discriminationdiscrimination (single(single--wavelength/pol,wavelength/pol, nono Doppler)Doppler)

�� ComplexComplex relationshiprelationship betweenbetween reflectivityreflectivity andand snowfallsnowfall rate/IWCrate/IWC

�� SamplingSampling (nadir(nadir--only)only)

�� GroundGround ClutterClutter (~(~750750 m)m)

ChallengesChallenges::



Identifying SnowfallIdentifying Snowfall
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Globally, an ECMWF 2 m air temperature of +2ºC corresponds to a 
50% probability of observing snow at the surface. 



Snowflake Shape, Size, DensitySnowflake Shape, Size, Density
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Summit Observatory – Greenland Shupe et al. (2012)

Vermont – Bentley (ca. 1902)



Modeling NonModeling Non--spherical Particlesspherical Particles

�� In the last 5 In the last 5 
years significant years significant 
progress has progress has 
been made in been made in 
modeling nonmodeling non--
spherical ice spherical ice 
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spherical ice spherical ice 
optical propertiesoptical properties

�� Numerous Numerous 
models are now models are now 
availableavailable

�� How can this How can this 
information be information be 
best used?best used?



Influence of MicrophysicsInfluence of Microphysics
VariabilityVariability inin snowsnow particleparticle mass,mass, shape,shape, sizesize distributiondistribution →→
uncertaintyuncertainty inin thethe observedobserved relationrelation betweenbetween ZZee andand SS
(green(green points)points)..

Broad distribution
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m(D) = aDb

Narrow 
distribution



Role of In Situ ObservationsRole of In Situ Observations

�� DevelopDevelop aa prioripriori constraintsconstraints onon particleparticle mass,mass, crosscross--
sectionalsectional area,area, andand sizesize distributiondistribution..

�� EliminateEliminate unrealisticunrealistic scatteringscattering modelsmodels (e(e..gg.. spheres)spheres)..

�� ConstrainConstrain solutionssolutions toto bebe radiativelyradiatively consistentconsistent overover aa
widewide rangerange ofof frequenciesfrequencies bothboth activeactive andand passivepassivewidewide rangerange ofof frequenciesfrequencies bothboth activeactive andand passivepassive
channelschannels

�� DocumentDocument andand provideprovide toto usersusers resultingresulting rangerange ofof
uncertaintyuncertainty

�� EvaluateEvaluate resultsresults:: longlong--termterm accumulationsaccumulations andand fieldfield
campaignscampaigns



CloudSat’s ApproachCloudSat’s Approach
�� UtilizeUtilize groundground validationvalidation datadata toto establishestablish aa

prioripriori informationinformation aboutabout snowsnow microphysicalmicrophysical
propertiesproperties andand sizesize distributionsdistributions..

�� OEOE algorithmalgorithm derivesderives massmass andand projectedprojected areaarea
relationshipsrelationships fromfrom XX--bandband radar,radar, 22DVD,DVD, andand
PluvioPluvio snowfallsnowfall raterate measurementsmeasurements..

m(D) = αDβ Ap(D) = γDσ

Values of α, β, γ, σ are then
used to constrain discrete
dipole models for radar
scattering properties.
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CloudSat Snowfall RetrievalsCloudSat Snowfall Retrievals
ProfilesProfiles ofof IWCIWC andand surfacesurface snowfallsnowfall ratesrates overover landland andand
oceanocean withwith rigorousrigorous uncertaintyuncertainty estimatesestimates..

Retrieval-derived Ze-S (black) and
uncertainties (gray) capture variability in
observed Ze-S (earlier slide)
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Orange: Matrosov (2007)
Red: Liu (2008)
Blues: Kulie and Bennartz (2009)



EvaluationEvaluation
Accumulations from ground-based
W-band and CloudSat retrievals are
consistent with gauge observations.

Above surface, size distribution
parameters agree well with aircraft
observations.
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Mapping Arctic Snowfall IntensityMapping Arctic Snowfall Intensity

Mean Snowfall Rate (DJF 2006-07)
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Accumulations vs. Surface ObservationsAccumulations vs. Surface Observations
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ConclusionsConclusions

�� SpaceSpace--borneborne WW--bandband radarsradars provideprovide valuablevaluable
informationinformation aboutabout highhigh--latitudelatitude precipitationprecipitation..

�� SnowflakeSnowflake size,size, shape,shape, density,density, andand projectedprojected areaarea mustmust
bebe constrainedconstrained usingusing groundground--basedbased observationsobservations andand
remainingremaining uncertaintiesuncertainties shouldshould bebe accountedaccounted forfor andandremainingremaining uncertaintiesuncertainties shouldshould bebe accountedaccounted forfor andand
reportedreported..

�� CloudSatCloudSat operationaloperational snowfallsnowfall productproduct 22CC--SNOWSNOW--
PROFILEPROFILE willwill bebe availableavailable soonsoon..

�� ExcitingExciting advancesadvances onon thethe wayway ......

January 16, 2013January 16, 2013 1313ERAD 2012ERAD 2012



Global Precipitation Measurement (GPM)Global Precipitation Measurement (GPM)

ActiveActive:: DualDual--
frequencyfrequency (Ka/Ku)(Ka/Ku)
PrecipitationPrecipitation RadarRadar
(DPR)(DPR) 1212//1717 dBZdBZ
MDSMDS

&
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PassivePassive:: MultiMulti--
frequencyfrequency GPMGPM
MicrowaveMicrowave ImagerImager
(GMI)(GMI):: 1313 channelschannels
((1010--183183 GHz)GHz)

GPM - Courtesy of NASA GSFC

&
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Complementary InformationComplementary Information

DD
A

Spheres yield 
poor 

agreement

Non-spherical 
produces 

consistency



EarthCAREEarthCARE

FOUR INSTRUMENTS:

DOPPLER CLOUD RADAR
HIGH SPECTRAL RESOLUTION LIDAR
MULTI SPECTRAL IMAGER
BROAD BAND RADIOMETER
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Backup SlidesBackup Slides



Global Snowfall OccurrenceGlobal Snowfall Occurrence

(< 1 mm h-1)

Uncertainty in 
rain/snow 
separation

Sep. 2006 -
Aug. 2007

(< 1 mm h-1)

COADS 40 Year Climatology



Zonal AccumulationsZonal Accumulations
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Hiley et al. (2011)



CloudSat Data ProductsCloudSat Data Products
ProductProduct ResolutionResolution AccuracyAccuracy DescriptionDescription

Standard ProductsStandard Products

Cloud MaskCloud Mask 240 m240 m N/AN/A Cloud geometric distributionCloud geometric distribution

Cloud ClassificationCloud Classification N/AN/A N/AN/A Cloud type identificationCloud type identification

Cloud IWCCloud IWC 240 m240 m 3030--50 %50 % Vertical profile of cloud IWCVertical profile of cloud IWC

Cloud LWCCloud LWC 240 m240 m 3030--50 %50 % Vertical profile of cloud LWCVertical profile of cloud LWC

Radiative FluxesRadiative Fluxes 240 m240 m 10 Wm10 Wm--22 Broadband radiative fluxesBroadband radiative fluxes

Heating RatesHeating Rates 240 m240 m 1 K d1 K d--11 Broadband heating ratesBroadband heating rates
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Heating RatesHeating Rates 240 m240 m 1 K d1 K d--11 Broadband heating ratesBroadband heating rates

Experimental ProductsExperimental Products

Precipitation Precipitation 
OccurrenceOccurrence

SurfaceSurface N/AN/A
Identification of liquid and Identification of liquid and 

solid precipitation occurrencesolid precipitation occurrence

PathPath--integrated integrated 
AttenuationAttenuation

ColumnColumn TBDTBD
Surface returnSurface return--based estimate based estimate 

of radar attenuationof radar attenuation

RadarRadar--lidar lidar 
Combined ProductsCombined Products

240 m240 m TBDTBD CPR+CALIOP+MODIS versions CPR+CALIOP+MODIS versions 
of all standard productsof all standard products

Rainfall RateRainfall Rate 240 m240 m TBDTBD Rainrate in light precipitationRainrate in light precipitation

Snowfall RateSnowfall Rate 240 m240 m TBDTBD Rate of falling snowRate of falling snow



C3VP Scientific GoalsC3VP Scientific Goals
�� FundedFunded byby CSA,CSA, thisthis projectproject willwill undertakeundertake aa thoroughthorough andand carefulcareful

evaluationevaluation ofof thethe CloudSatCloudSat productsproducts
�� TheirTheir applicabilityapplicability toto thethe CanadianCanadian climateclimate willwill bebe emphasizedemphasized..
�� TheThe programprogram willwill focusfocus onon stratiformstratiform coldcold--seasonseason cloudcloud systemssystems..

TheseThese areare frequentlyfrequently mixedmixed phasephase inin naturenature andand occuroccur throughoutthroughout
CanadaCanada muchmuch ofof thethe yearyear.. TheThe widespreadwidespread andand slowlyslowly changingchanging
naturenature ofof thesethese systemssystems areare particularlyparticularly wellwell suitedsuited toto validationvalidation
studiesstudies..

Ottawa
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C.A.R.E.

King Radar

350km

Ottawa



C3VP InstrumentationC3VP Instrumentation
�� GroundGround--based:based:

�� Alaska WAlaska W--band polarimetric radarband polarimetric radar

�� XX--band radarband radar

�� Wind profilerWind profiler

�� Precipitation Occurrence Sensor Precipitation Occurrence Sensor 
System (POSS)System (POSS)

�� Hot platesHot plates

�� ALIAS lidarALIAS lidar

�� Microwave radiometerMicrowave radiometer

�� McGill University video disdrometerMcGill University video disdrometer

�� CeilometerCeilometer

�� Visibility meterVisibility meter

�� Meteorological measurementsMeteorological measurements

�� Radiation flux measurementsRadiation flux measurements
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�� Penn. State SpectrometerPenn. State Spectrometer

�� Aircraft (NRC ConvairAircraft (NRC Convair--580):580):
�� AERIAL cloud lidarAERIAL cloud lidar

�� PMS LWC probePMS LWC probe

�� Nevzorov LWC/TWC hotNevzorov LWC/TWC hot--wirewire

�� Counterflow Virtual Impactor for Counterflow Virtual Impactor for 
TWC/IWCTWC/IWC

�� CSU Ice nucleus counterCSU Ice nucleus counter

�� Small ice detectorSmall ice detector

�� W/XW/X--band radarband radar

�� 2 PMS FSSP probes (22 PMS FSSP probes (2--47 47 µµm)m)

�� PMS 2D2PMS 2D2--C probe (25C probe (25--800 800 µµm)m)

�� PMS 2DCPMS 2DC--grey probe (15grey probe (15--960 960 µµm)m)

�� PMS 2DPMS 2D--P probe (200P probe (200--6400 6400 µµm)m)

�� SPEC 2DSPEC 2D--S (10S (10--1280 1280 µµm)m)

�� PMS PCASP aerosol spectrum probePMS PCASP aerosol spectrum probe

�� Nevzorov extinction probeNevzorov extinction probe

�� Rosemount Ice detectorRosemount Ice detector

�� LICOR water vapour measurement systemLICOR water vapour measurement system

Possible
Additions



From Z to SFrom Z to S
�� Needed for relating Z to S:Needed for relating Z to S:

�� mass, shape, size distribution, mass, shape, size distribution, 
orientation(?), terminal velocityorientation(?), terminal velocity

�� e.g. e.g. ad hoc ad hoc (for now):(for now):
�� six idealized shapes (Liu, 2004)six idealized shapes (Liu, 2004)

�� size distributions from field obs.size distributions from field obs.

�� Lo and Passarelli, 1982Lo and Passarelli, 1982

�� Braham, 1990Braham, 1990�� Braham, 1990Braham, 1990

�� random orientationrandom orientation

�� DDA simulationsDDA simulations
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Impacts of Crystal Habit


