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Introduction

What can you get with the
ARM Raman lidar (RL)?

e Water vapor and temperature

(Turner et al., 2002; Newsom et al., 2010)

ey st AL | R

\\r‘**—* '*

__-@OLI AMF3 Ny

.SGP
TWP
.Darwin




Introduction

What can you get with the
ARM Raman lidar (RL)?

e Water vapor and temperature
(Turner et al., 2002; Newsom et al., 2010)
e Elastic channels
(at the laser wavelength of 355 nm)
¢ Nitrogen channels

(Raman backscatter due to nitrogen)

__-@OLI AMF3

.SGP

— L

'\\f‘

1

J!
;\

TWP
Darwin




Introduction

What can you get with the
ARM Raman lidar (RL)?

Water vapor and temperature

(Turner et al., 2002; Newsom et al., 2010)

Elastic channels
(at the laser wavelength of 355 nm)

Nitrogen channels

(Raman backscatter due to nitrogen)

Compared to simpler single-channel

elastic lidars: ' o o
__-@OLI AMF3 T~

e Can directly-measure
cloud/aerosol extinction and o°CP
backscatter

TWP
Darwin




Introduction X Feature detection Extinction

What can you get with the
ARM Raman lidar (RL)? TWP Darwin
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Current ARM RL products (ASR, DEP, EXT)

Full potential of the current ARM RL isn't realized yet

e Instrument (and algorithms) originally designed
for water vapor and aerosols
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Current ARM RL products (ASR, DEP, EXT)
TWP Darwin

Full potential of the current ARM RL isn't realized yet 16}

e Instrument (and algorithms) originally designed lar

for water vapor and aerosols
DEP (current product) |
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o Identify clouds using arbitrary thresholds, many FEX (this work)
go undetected 81
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e No attempt to retrieved cloud extinction
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e Legacy code, ... ,
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Objective: A new automated algorithm for Feature detection (cloud+aerosol) and
EXtinction retrieval (FEX).

(Thorsen et al. 2015; Thorsen and Fu 2015)
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Feature detection

Examine multiple quantities for features:




Feature detection

Feature detection

Examine multiple quantities for features:

total (particulates+molecules) scattering
molecular scatter

e 3 ways (0,0,8) to calculate the scattering ratio =
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3, 24-Dec-2010: SR, clastic and N2 channe! § .
tWpC3, 24-Dec-2010: SR, elastic and N2 channels twpC3, 24-Dec-2010: SR, low elastic and N2 channels 1wpC3, 24-Dec-2010: SR, elastic channel
20 1

215 18 21 00 03 06 09 12 15 18 21
Hour [UTC] Hour [UTC)

00 03 06 09

1215 18 21
Hour [UTC]




Feature detection

Feature detection

Examine multiple quantities for features:

total (particulates+molecules) scattering
molecular scatter

e 3 ways (0,0,8) to calculate the scattering ratio =

e scattering ratio > 1 — feature
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Feature detection Extinction

Introduction

Feature detection

Examine multiple quantities for features:

total (particulates+molecules) scattering
molecular scatter

e 3 ways (0,0,8) to calculate the scattering ratio =

e scattering ratio > 1 — feature

¢ Volume depolarization ratio (@)

e Calculate range-dependent and context sensitive thresholds for each ratio —
combine into a single mask
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Retrieve: extinction / backscatter / lidar ratio (= jtinction )

" backscatter




Retrieve: extinction / backscatter / lidar ratio (= jxtinction

~ backscatter

® Raman method

N . . 20 .
e Extinction: slope of the nitrogen signal Nitrogen
e Backscatter: ratio of elastic to nitrogen signal 18
e Done in current products, but for aerosol-only 16 |
e Accurate, but lots of random error b
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Retrieve: extinction / backscatter / lidar ratio (= tinction.

" backscatter

® Raman method

20
e Extinction: slope of the nitrogen signal \\ \\ Nitrogen
e Backscatter: ratio of elastic to nitrogen signal 18 \ Elastic 1
e Done in current products, but for aerosol-only 16 f
e Accurate, but lots of random error 14t
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® Transmission-loss method g2
—
e |ayer-averaged lidar ratio from an analytical solution for E 10 1
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e Not vertically-resolved / only applicable to some layers, = 6l
but better than nothing
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Retrieve: extinction / backscatter / lidar ratio (= tinction.

" backscatter

® Raman method

20
e Extinction: slope of the nitrogen signal \\ \\ Nitrogen
e Backscatter: ratio of elastic to nitrogen signal 18 \ Elastic 1
e Done in current products, but for aerosol-only 16
e Accurate, but lots of random error 14t
v
® Transmission-loss method g2r
-
e |ayer-averaged lidar ratio from an analytical solution for E 10 1
backscatter 2 gt
e Not vertically-resolved / only applicable to some layers, = 6l
but better than nothing
4 -
© Elastic channel )l
e Assume lidar-ratio profile; analytical solution for backscatter 0

e Constraints from @ and ®
e Large biases possible, but small random error

Combine the 3 methods to create a extinction best-estimate for all features



Particulate backscatter
twpC3, 25-Dec-2012: log(3), best-estimate
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Feature detection Extinction

Summary

® New automated algorithm for the ARM RL developed
e Multiple quantities used to identify features

o All quantities together better than any one
o Depolarization makes identifying cirrus easier

e Extinction retrieved in multiple ways to create a best-estimate

e Adaptive amounts of smoothing used for Raman method
e Multiple scattering explicitly modeled

e Feature classification




Introduction X Feature detection Extinction

Summary

® New automated algorithm for the ARM RL developed
e Multiple quantities used to identify features

o All quantities together better than any one
o Depolarization makes identifying cirrus easier

e Extinction retrieved in multiple ways to create a best-estimate

e Adaptive amounts of smoothing used for Raman method
e Multiple scattering explicitly modeled

e Feature classification

o Directly-retrieved extinction
o Lidar ratio ~ microphysical properties of the particle
e Critical input for an elastic lidar (e.g. CALIPSO, MPL)
e Unprecedented look at ice extinction/lidar ratio (vertical, seasonal, diurnal, regional

dependence?)

Aerosol and cloud microphysical/process-level insight from combining observations made
by the RL: extinction, backscatter, depolarization, temperature, water vapor, relative
humidity all in the same volume.
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Lidar ratio: Raman method

e Obtain a smoothed lidar ratio (= {Z¥ncton)

(easier; quasi-high resolution extinction)
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Lidar ratio: Raman method

e Obtain a smoothed lidar ratio (= {Z¥ncton)

(easier; quasi-high resolution extinction)

® | ower height bins ignored (overlap)




Summary

. [ twpC3, 25-Dec-2012: SR, elastic channel
Lidar ratio: Raman method 20 reviar it 10
o 18
e Obtain a smoothed lidar ratio (= {Z¥ncton) 16
(easier; quasi-high resolution extinction) 1
® |ower height bins ignored (overlap) €12
® Retrieved at multiple effective resolutions %10
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Summary

Lidar ratio: Raman method

e Obtain a smoothed lidar ratio (= {Z¥ncton)

(easier; quasi-high resolution extinction)
® | ower height bins ignored (overlap)
® Retrieved at multiple effective resolutions

® Smoothing: 2D Gaussian
(linear = easy to propagate uncertainty)
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Introduction

Lidar ratio: Raman method o e e @
e Obtain a smoothed lidar ratio (= 2inction ) 12 50
(easier; quasi-high resolution extinction) 14 ©
® Lower height bins ignored (overlap) 12
® Retrieved at multiple effective resolutions %10 30
® Smoothing: 2D Gaussian 2
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(linear = easy to propagate uncertainty)
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Lidar ratio: Raman method

® Obtain a smoothed lidar ratio (=

(easier; quasi-high resolution extinction)

® | ower height bins ignored (overlap)

® Retrieved at multiple effective resolutions

® Smoothing: 2D Gaussian
(linear = easy to propagate uncertainty)
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Introduction Feature detection Extinction
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Introduction ature detection

Lidar ratio: Raman method 20

e Obtain a smoothed lidar ratio (= 2inction ) 12

(easier; quasi-high resolution extinction) 14

® Lower height bins ignored (overlap) 12

® Retrieved at multiple effective resolutions %10
® Smoothing: 2D Gaussian 2

(linear = easy to propagate uncertainty)
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Raman method lidar ratio [sr], level 6
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® Obtain a smoothed lidar ratio (=

Introduction

Lidar ratio: Raman method

(easier; quasi-high resolution extinction)

Lower height bins ignored (overlap)

Retrieved at multiple effective resolutions

Smoothing: 2D Gaussian

(linear = easy to propagate uncertainty)
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Best-estimate lidar ratio [sr

Lidar ratio: Best-estimate 2

Directly-retrieved:

® High channel Raman method
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Lidar ratio: Best-estimate

Directly-retrieved:
® High channel Raman method
® Low channel Raman method
® Interpolation

® Layer-averaged constrained by
transmission-loss and @ — ©
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Lidar ratio: Best-estimate 2

Directly-retrieved:
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® High channel Raman method

® Low channel Raman method
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Lidar ratio: Best-estimate

Directly-retrieved:
® High channel Raman method
® Low channel Raman method
® Interpolation

® Layer-averaged constrained by
transmission-loss and @ — ©
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Extinction

Particulate backscatter best-estimate

twpC3, 25-Dec-2012: log(3), best-estimate ) twpC3, 25-Dec-2012: ﬁ BE flalg
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Depending on the nitrogen channels SNRs:
@ Derived from low elastic+nitrogen channels
@ Derived from high elastic+nitrogen channels

© Derived from high elastic channel: analytical solution using the best-estimate lidar
ratio profile
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