Combined High Spectral Resolution Lidar and Millimeter Wavelength Radar
Measurement of Ice Crystal Precipitation from Mixed-Phase Arctic Clouds

Ed Eloranta University of WisconSin http://lidar.ssec.wisc.edu



Cloud liquid water path, Case: b1
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Models have great difficulty predicting the lifetime of Arctic clouds
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Particulate Backscatter Cross Section, 11-May-09,

'; i '”"[1 .\.

Mgy

'WMU w ! *Hn‘tll»'ih" "MM\WWII IWM' 0 ll M “Ml\h'll" i

al

I ‘ §

—1e-5

1.6

|
1.31 |
E | 1 |
V‘I .1 ................. N . - l.. - THN ..................... d || ............
o) | ' ; il | B
E 0 g L} | l : 1 e | 19_6
= I () i
<L |
0.7
I i I : :
0.4 HEE s L s “' _____ L -ty | _____________________________ 0T ______________________

il |
AL
| |1e7
|
|
1e-8

i w‘ P i ”2; i
0.0 mm ....... M(mm ......................... ........... o Mmmu ..... h,_ | I.IJ'

20:10 20:20 20:30 20:40 20:50 1/(m sr)
Time (UT)




Particulate circular depolarization ratio 11-May-2009
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Altitude (km)

Radar reflectivity 11-May-2009
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Lidar-Radar Measurement of Effective Diame

Radar scattering cross section ~ <Mass 2> ~ p <Volume 2>~ D ©

Lidar scattering cross section ~ <Area> ~ D?
4
D <Radar scattering cross section>
eﬁ—p”me <Lidar scattering cross section>

Notice that this differs for the usual definition:

<Particle volume>

Deff <Particle area>



Altitude (km)

Effective diameter prime, 11-May-09
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Problem:
Ice crystals are not spherical

Photos by Kenneth Libbrecht




Altitude (km)

Water content assuming bullet rosettes, 11-May-09
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Spheroid model to represent measureable properties of a snowflake

f
h h = a D¢ (Auerand Veal)
l mass = n/6 D2h

Side view

D projected area = n/4 D?

_ We assume a modified Gamma distribution
Top view N(D) ~ D*exp(-bD")

Radar backscatter ~ particle concentration <mass?>
Lidar extinction ~ particle concentration <projected area>
Fall Velocity ~ F(mass, projected area)



The size distribution and the spheroid model are used to compute the
observable quanities:

Integrating over the size distribution N(D) to derive D’

4 [ @ DDEN(D)ID * 27 e

4 o<V2> :\/ PRZ_P.

D= T<A>

J D2N(D)dD
Radar reflectivity weighted fall velocity:

J V; D*D2N(D)dD
J D4D2¢ N(D)dD

<Vf> =

Fall velocity is parameterized in terms of X, the Best # :

Vi =(n/(pair D){(d?,/4)[(1+C, XV2) 12—, X0}

X=(2 mass p,, g D?)/(area n?)



Using the gamma size distribution model, the Best # based fall velocity model,
and spheroid representation of particles we can generate the following plot.

Zeta—-ice, a=1, y=1
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Altitude (km)

Altitude (km)

Farticulate circular depolarization ratio 13-Jun-Z2006H
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Doppler velocity vs. D¢ ime D€lOW melting layer

Fadar weighted fall velocity {m/fs)

Zeta—water, dt= 600 5, z= 200 m, e= 1,4= 1, 19-jun-06 12:30--= 15:00
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Fadar weighted fall velocity (m/s)

Doppler velocity vs. D

eff prime 1N SNOW layer

Leta—-ice, di= BO0 s, z= 500 m, e= 1, v= 1, 13-jun-Ub 1£:30--= 12:00
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Particulate Backscatter Cross Section, 11-May-09,
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11-May-09 20:00-->21:00 UT, 0.8-->1.5 km
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Particle number density
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LWC
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Precipitation rate 11-May-2009

100 R T

_____________ 'iiw

I|I|kl | \h

| m" i

: |I| ||

HH.. ." ...............

20:20 20:30

Time (UT)

20:40

A SR VLT g ________ m
%" |”|> I/ ﬁ m ”’[\ |||| | | ll; ||I‘ |‘Ih

I1e—1

~1e-2

—1e-3

—1e-4
I
||W |“ |1}
_________________ ,I 1e-5
M NMI,
1e-6
20:50 mm/hour



Frecipitation (mm)

Cumulative precipitation, Eureka, Jan 200k
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Aerosol backscatter cross section U3-Jan-2006
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Fadar weighted fall velocity {m/fs)

Zeta—-ice, di= 1200 5, z= 200 m, a= 1, v= 1, 9-jan-06 10:00--= 14:00
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Doppler velocity (m/#s)
— o

Radar reflectivity 11-May-2009
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Velocity spectra at z = 1300m, 11-May-2009
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W air at z=1300m, <W>=0.1 m/s, 11-May-2009
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Doppler velocity (m/s)
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11-May-09 20:00-->21:00 UT, 0.8-->1.5 km
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Error due to turbulence broadening of velocity spectra
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velocity (cmis)

-40

Error due to the absence of small particles detected by radar

60

Small particles may not be present

or their returns may be below the noise
floor of the radar. Larger, faster falling
particles may be detected generating
spectra displayed from zero without any
vertical motion of the air.

When the low velocity edge of the
spectra is assumed to be generated
By particles with negligible fall velocity,
the particles appear to fall too slowly
In a downward moving air mass.
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and better algorithms
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