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Integrated Aerosol Backscatter (10 sr™)
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Research Questions

Stratospheric Aerosols:
Seasonal cycles? Sources Long-term trends?
Effects on Climate?

Clouds over the Greenland Icecap:
Effects of Crystal Orientation on Radiation Budget?
Arctic Cloud Microphysics

How Will | Answer These?

Observations Modeling
Lidar < —\WVACCM/CARMA

Boulder Lidar (R. Neely IIl) P'eia‘:ﬁf :S‘jg‘;fﬁ’E“;)P”ter




Current GMD Lidar
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Why did we put this lidar at Summit? £

® Integrated Characterization of Energy, Clouds, Atmospheric state, and
Precipitation at Summit (ICECAPS)

® Clouds affect the Mass and Energy Budget of the Greenland Ice Sheet
® How do clouds impact the Greenland Ice Sheet?
® Source: Precipitation => Mass Budget

® Sink: Radiation => Energy Budget

® Significant sea level rise is predicted from a melting Greenland Ice Sheet




CAPABL
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Quantifying Particle
Orientation
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with their large face
nearly horizontal.

act the sun's

2e only those that
wards our eyes.
rystals that, to us,
ore from the sun
‘same alttude. Their
ctive glints form the sundogs.

_ Rays are deviated by 22°
or more. Red is deviated
least, giving the 'dog’ a
red inner edge.

sSundog rays pass throug
crystal faces inclined 60°
to each other.

Adapted from: http://www.atoptics.co.uk/
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® CAPABL produces:
® TJotal Linear Polarization Ratio

® Better cloud phase
measurement by not
assuming random
orientation
( less than 2% error)

® Particle Orientation

® Backscatter

® Extends GMD'’s
Stratospheric Lidar
Network.

® 98% Data Collection Time
Over the last 1 | months




Boulder
Lidar

® Finish Automation

® |Improve Backscatter Retrieval
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® Automate

® |ncorporate backscatter record
into current trend analysis




Summary

e 2011 Research Goals

e Summit
e Publish instrument Paper on new techniques

e Boulder
e Finish Automation

e Samoa
e Automate
e Increase Data collection to at least twice weekly
profiles

Updated Lidar Database
e Accessible to Public
e NetCDF format

Updated Backscatter Retrieval Algorithm

¢ Finish and Publish Trend Analysis
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Ability to measure oriented ice
is dependent on pointing angle
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Preliminary Results: April 23, 2011
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Seeder-Feeder
Clear Alr November 15, 2010 CIO d

( Total Linear Depolarization Ratio
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How Do I Measure That?




Answer: Polarization LIDAR ‘@J

Raw Profile

Number of Photons

Lidar Equation







Particles

Transmit Highly
Polarized Light
From LIDAR




Light Scatters
back to LIDAR
off of Particles

. . /
3 What is the lights Rotating
polarization now? | Polarizing Optics

Parallel 45 Perpendicular




Summary
Laser : Transmitter

Detector Bcalio]

\ 45

, Perpendicular

Rotating Telescope
Polarizing Optics :

Receiver




CAPABL work?
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Why Polarization?

Depolarization =
How much has my transmitted

polarized light been screwed up?

Perpendicular

Depolarization=
Parallel

Depolarization ranges from O to 1

s Perpendicular
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Why Measure 3 Polarizations? . |

Diattenuation =
Do the particles prefer

one polarization over the other?

Diattenuation = e 5 o

Perpendicular + Parallel

Does Perpendicular + Parallel = 2 x 457




Diattenuation and
Oriented Particles

The 45 Polarization should be a linear
combination of the parallel and perpendicular
polarizations.

g

If this is not frue something funny is going on




Oriented Particles
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Data form Last Week

High Channel Diattenuation 28-Apr-2011
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Why Have 1
Been Tilting CAPABL?
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Ability to measure oriented ice crystals
IS dependent on pointing angle of lidar.
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We measure 3 planes of polarization to
improve cloud property retrievals.

e CAPABL is a triple linear polarization lidar described by the stokes vector lidar equation:
. A . . . . .
N = OMgx KG(R)—AR) Totm(ks, R)F(k;, ks, R)T g (ki, R)MrxSrx + SB]

R2
) N N, . |
Where N = | N, | are our observablesand ) — —— is the total linear
N, N)|  depolarization ratio

¢ \When scatters may be assumed to be randomly oriented the depolarization ratio is derive

as: o
I 0 0
L1 — X2 0] » 0 0 |. :
) = where F(m) =5 | 557 " 191 |is the randomly oriented
Tr1 + X9 o o folm backscatter matrix.

e When scatters are not randomly oriented the depolarization ratio is derived as:
T1 — T ry fyif 0 O
) = ! 2 where v(ry =g |1 *2 © U | isthe oriented

U 0 23 [y '
T + To + le 0 0 o backscatter matrix.




How Do We Determine Orientation of Scatterers
in CAPABL Polarization Measurements®?

e By measuring Nss, we qualitatively determine if the scatters exhibit orientation

through a quantity known as diattenuation:

2Nys5

From the oriented backscatter

D — 1 U1 matrix: [ Frl 0 0
q T o Yy To 0 0
N|| —|_NJ_ 1 F(r)=0 | o T
0 0 |y Ty |
When particles are not oriented: y; = 0 and ro, = —x3

¢ Diattenuation allows us to unambiguously infer the form of the scattering matrix.

r N1

N

Dq< N
_ N

_ =/:O, 5_ NH

X1 — L2

5131—|—I2

L1 — X9
1+ To + 21




