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Klett solution	for	backscatter	and	extinction	cross	section

Lidar:	Range-Resolved	Optical	Remote
Sensing	of	the	Atmosphere,	Weitkamp,
Springer,	1999	(Typical	values	range	20	à 60)







Traditional aerosol lidar can not distinguish between changes in 
target reflectivity and attenuation between the lidar and the target
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Attenuation and geometric terms are the same

Power received from molecules:

Power received from particulates:
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Backscatter
ratio

Dividing the particulate return by the aerosol return:



Molecular
Bandwidth~3 GHz

Aerosol
Bandwidth ~ 10 MHz

Freq ~ 6 x 1014 Hz













Backscatter	cross	section:
UW	HSRL	(red)
Langley	HSRL	(black)

August	14,	2013	17:47	UT
Huntsville,	Alabama

17:47	UT

*	10-6 m-1



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																																												7.5	m
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DOE	MAGIC	IOP	– 6-months	on	the	Horizon	Spirit



DOE	ARM	site	at	Barrow,	AK		March	2011à



DOE	AWARE	Campaign,	McMurdo	Antarctica





KORUS	–AQ			Seoul	National	University,	Seoul	Korea	
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Ratio	of	1064	to	532	backscatter	cross-sections
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Differential	attenuation	1064nm	/532nm
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The	extinction	cross	section,	be	,	can	be	derived	from	the	molecular	
return	by	taking	the	logarithm	and	then	differentiating	with	respect	
to	range,	r:

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

Taking	the	logarithm	and	differentiating	with	respect	to	range
Provides	the	extinction	cross	section	in	terms	of	Sm and	bm :
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Expanding	this	equation	for	extinction	cross	section	yields
an	expression	that	can	be	used	to	examine	the	effects	of	uncertainties
in	the	variables:

Geometric	
correction

Molecular	
scattering
cross	section

The	measured
molecular	signal



The Geometry Correction, g(r)

Telescope objective
At long ranges the telescope focal point 
is close to the field stop and all of the 
collected photons pass through.

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

Field stop





�e(r) =
1
2⌘

d⌘
dr + 1

2�m

d�m

dr � 1
r + 1

Sm

dSm
dr

Geometric	correction

At	300m,	be correction ~		10	-3	,	for	10%	at	10-5 need	0.1%	measurement
At	1.3km,	be correction ~		10	-4	,	for	10%	at	10-5 need	1%	measurement





Variations	in	overlap	function	produce	artifacts	in	aerosol	extinction











(current	WFOV_MOL/MOL	)	/	(WFOV/MOL	when	geo	correction	was	determined)







OD	STD	=	0.029





Extinction	cross-section	(1/m) Backscatter	phase	function	(1/sr)
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Looking for future where
High Spectral Resolution 
Lidars can be widely deployed


