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Early regular measurements of the stratospheric 

aerosol layer started in 1970’s

Lidar – Brazil, São José dos Campos

Lidar – Germany, Garmisch-Partenkirchen

Lidar – NASA/Langley

Lidar – NOAA/Mauna Loa Observatory

Balloon – University of Wyoming

Deshler, Atmospheric Research 90 (2008) 223–232



Lidar Equation

Sig(z) = Const * exp(-Up) * exp(-Down) * (Molecular + Aerosol)

z2

Basic lidar quantity is backscatter (per km per steradian) with ~5% error

exp(-Up) and exp(-Down): Corrections for molecular extinction (well 

known) and aerosol extinction

Aerosol extinction depends on “Lidar Ratio” = Ext/Backscatter (?)

And Aerosol(z) which you are trying to measure 

Stratospheric extinction is small during background conditions, small effect

Multiplying backscatter by Lidar Ratio to get extinction can introduce large 

error

e. g. CALIPSO/CALIOP Troposphere Lidar Ratio is 20 – 70 steradian

e. g. Lidar Ratio for stratosphere at 532 nm is 45 – 50 steradian



Signal Induced Noise:  

Detector recovery from 

strong pulse 

Saturation Correction:  

Losing counts at high count 

rates

Use two 

detectors:

high and

low altitude 

ranges



Example of 

lidar -

normalization 

of signal to 

clean air (pure 

molecular) 



Comparison of NOAA/MLO lidar

with NASA/CALIOP Space Lidar

Vernier et. al, in preparation



NOAA/MLO sources for molecular density profile

Hilo, HI Radiosondes for 0 to 35 km

MSIS model above 35 km



Comparison of 

NOAA/MLO lidar

with 

NASA/CALIOP 

Space Lidar

Winter, 2006-2007

Soufrie`re Hills 

eruption in Monserrat 

Island



• Advantages

• Relatively cheap aerosol profiles 

• Continuous measurements (many per night/day)

• High time and altitude resolution

• Multiple wavelengths and polarization

• Disadvantages

• Measures aerosol/mol ratio of backscattered light,     not extinction

• Conversion to extinction introduces major error

• Lidars have a bias towards clear conditions

• Use of multiple wavelengths to constrain particle properties limited

Measurement of stratospheric aerosols with lidar

• Considerations

• Normalization of profile very important during background times

• Saturation correction and signal-induced-noise must be handled 
appropriately



Network for the Detection of Atmospheric 

Composition Change (NDACC)

• NDSC Intercomparison of Stratospheric Aerosol 

Processing Algorithms, Steinbrecht, et. al., 18th  

ILRC Proceedings, 1996.

• Traveling Lidars for Intercomparison, Tom 

McGee, NASA Goddard, Ozone, Temperature, 

Aerosols, Water Vapor



Clidar (Camera Lidar) 

measurement of aerosol 

properties



View of MLO Looking West

7 degree slope 

190 m

10 m

38 m 
Tower

CLidar 
Camera







Imaging Polar Nephelometer

Measures Aerosol Phase Function P(q)



Lasers
CCD Camera
And Fisheye
Lens

Outlet

Inlet

Alignment
Mirrors

Beam Dump

Ground/Aircraft Based Polar Nephelometer

Flying Polar Neph (Lightweight Balloon Version)

Calibrated on ground

Estimates indicate reasonable accuracy at 30 km with 

50 mWatt laser for 5 minute integration

Camera, lens, computer, laser, batteries < 6 lbs



Lidar Ratio

4p / P(180)

Example: Scattered light from mist generator

5 to 175 degrees measured

Absolutely Calibrated to Molecular Scatter

Asymmetry parameter and Lidar Ratio directly measured



Best fit of Mie calculations 

for:

Particle size distribution, 

Index of refraction





The 2009 Sarychev Eruption (48 deg N) on 6/12 was first observed 

at Mauna Loa (20 deg N) on 7/1.
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The plot 

tracks the top 

and bottom 

altitudes (left 

axis),

and total 

backscatter 

(right axis) 

while the layer 

could be 

distinguished 

from the 

background.



Corrected NOAA/MLO Analysis
Increase in Stratospheric Aerosol, ~2002  to  ~ 2007

Kuhl, Kulkarni, Ramachandran, Kumar, Rao, Krishnaiah, JGR, 2008

Hofmann, Barnes, O’Neill, Trudeau, Neely, GRL, 2009

Nagai, Liley, Sakai, Shibata, Uchino, SOLA, 2010

Vernier, Thomason, Pommereau, Bourassa, Pelon, Garnier, 

Hauchecorne, Blanot, Trepte, Degenstein, F. Vargas, GRL, 2011



Published Annual 

Cycle

winter/summer ~ 2.0

Reanalyzed Annual 

Cycle

winter/summer~1.2



Lidar (Extinction/backscatter) Ratio from XXX 

Eruption



Increase in Stratospheric Aerosol 
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Between 2000 and 2007 a 

significant increase 

(~5%/yr) in stratospheric 

aerosol was observed 

both in total and in 

altitude layers (top 3 

plots - left axis).

Hofmann, Barnes et al. 

(GRL, 2009) suggested 

increased coal burning 

could be the cause.

The trend has not 

continued since 2007.

Recent work suggests a 

few small eruptions 

during the period can 

also explain the increase.



NDACC NOAA/Mauna Loa Observatory lidar, 

• Observations of 
stratospheric aerosol 
have been made since 
1972 beginning with a 
Ruby (694 nm) laser  

• The Nd:YAG (532 nm)
based lidar currently 
measures 
stratospheric aerosol 
and temperature, and 
tropospheric aerosol, 
and water vapor.





NOAA Stratospheric Aerosols (Particulates)

Nd:YAG Lidar 

started, 1994


