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Particle backscatter coefficient

Baer(R) H Bmol(R) |= (1)
exp {_2 ff{;o [Izaer(T'] - /811101(?") d?"}
T~ 2/ [ (T[S0 exp )| dr}dr
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Particl% extinction Coeﬁiﬁient

)i (12)

Input:

(1) reference bagk&catter coefficient (calibration)

7

(2) particle lidar ratio Lidar: Range-Resolved Optical Remote
(Typical values range 20 = 60) ensing ot the Atmosphere, Weitkamp,

Springer, 1999

Klett solution for backscatter and extinction cross section
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p(r) ~

LIDAR

P(18O T) 68( ) ,—2 Jo Be(r)dr

LIDAR
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Cloud

Traditional aerosol lidar can not distinguish between changes in
target reflectivity and attenuation between the lidar and the target



Attenuation and geometric terms are the same

Power received from molecules:
pm(r) NEQ(’I“) . %2} 8%
°6m (T) °[€_2 fOr(Bm(’r)_l_ﬂea(T))dT‘}

Power received from particulates:

pa(r) ™~ @(T) - fri?} P(lﬁ:),r) C.

°ﬁsa (T) ’ {6_2 Jo (Bm(r)+Bea (T))dr}
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Transmitted power 250 mW
Wavelength 532 nm

Pulse repetition rate 4 kHz

Common transmit-receive telescope 40 cm diameter
Safe for direct viewing of output beam

Receiver field-of-view 100 micro-radian
Sky noise filter bandwidth 8 GHz

Range resolution 7.5m
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Eurecka Weather Station
Ellesmere Island, Nunavut




/
¢

Singapore . -

X
-
B




—— --_..._.____-_
f=1 =

HORIZON LINES

DOE MAGIC IOP — 6-months on the Horizon Spirit



DOE ARM site at Barrow, AK March 2011->




DOE AWARE Campaign, McMurdo Antarctica




Seoul, Korea (AHSRL: Mar 2016 - present)
AHSRL-IR Backscatt Full Month View

AHSRL-IR Backscatt s May s 2016 * Update
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Ratio of 1064 to 532 backscatter cross-sections
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The extinction cross section, 3., can be derived from the molecular
return by taking the logarithm and then differentiating with respect
to range, r:

Salr) o 1) & Bale) 72 O

Taking the logarithm and differentiating with respect to range
Provides the extinction cross section in terms of S, and 3, :

Be(r) = 3 - 2 [log( L=

Unfortunately, the geometric correction, n(r), does not cancel out:




Be(r) = § - ak[log(Sg=tn))

Expanding this equation for extinction cross section yields
an expression that can be used to examine the effects of uncertainties
in the variables:

_ldyp | 1 dfm 1 | 1 dSp
ﬂe(ﬂ_ 2ndr ' 2B, dr r TS, dr

Geometric Molecular The measured
correction scattering molecular signal
Cross section




The Geometry Correction, g(r)

At long ranges the telescope focal point
1s close to the field stop and all of the
collected photons pass through.

Telescope objective

Field stop

At close range the telescope focal point
[s farther behind the field stop and only
those photons hitting near the center of
the objective pass through the field stop.
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Geometric correction

d
Be(r) = %d_?,z
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Derivative of overlap correction
At 300m, 3, correction ~ 10 -3, for 10% at 10> need 0.1% measurement

At 1.3km, B, correction ~ 10 4, for 10% at 10> need 1% measurement
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Ssri extinction——Savitsky Golay, dz=630.0,dt=600 16-May-
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Optical depth
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ahsrl Optlcal depth vs tlme 16-May --> 19 May-2016
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ahsrl extinction--Savitsky Golay, dz=630.0,dt=600 16—May—2016
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Optical depth
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HSRL vs AERONET optical depth 16-May-2016 00:00 --> 19-May 23:5(
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AOD at mol ref alt
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