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Early regular measurements of the stratospheric
aerosol layer started in 1970’s
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Fig. 1. History (1970-2007) of SA from two tropical lidar sites (Sdo José dos Campos, Brazil and Mauna Loa, Hawaii, USA), two mid latitude lidar sites (Hampton,
Virginia, USA, and Garmisch, Germany)and one set of mid latitude in situ measurements. The lidar measurements are presented as integrated SA backscatter above
the tropopause at each site. The in situ data are presented as integral columns of number between 15-20 and 20-25 km at two sizes. The time of volcanic eruptions
for VEI=4 (open triangle) and VEI=5 (closed triangle) and for latitudes <30° and >30° are shown in the bottom of the top and bottom panels. A complete
description of each of these instruments is provided by Deshler et al. (2006). Recent data from S3o José dos Campos were provided by Dale Simonich and Barclay
Clemesha, from Mauna Loa by John Barnes, and from Garmisch by Thomas Trickl. The Hampton measurements have been discontinued.



Lidar Equation

Sig(z) = Const * exp(-Up) * exp(-Down) * (Molecular + Aerosol)
22

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
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Comparison of NOAA/MLO lidar
with NASA/CALIOP Space Lidar
Vernier et. al, In preparation
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NOAA/MLO sources for molecular density profile
Hilo, HI Radiosondes for 0 to 35 km
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Measurement of stratospheric aerosols with lidar

- 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

« Considerations
« Normalization of profile very important during background times

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




NDACC lidar working group

LIDAR Aerosol
Last update: September 16, 2011

Results are in the publlc archxve@

Instrument was operational)€

Filename | Wavelength 1991 1992 1993 1994
|Eureka, Canada (80.1@N, 86.4@W) euae®.ntl | 532/1064 nm
[Eureka, Canada (80.1©N, 86.4©W) | evae*.cal [ 3530m
|Ny ©lesund, Spitsbergen (78.9€N, 11.9QE) | nyae*.nel | 353/532 nm |
Thule, Greenland (76.5°N, 68.7°W) thae*fil | s22om [ [ T NI NNIEAL NEOIEREEEED BB
Garmisch, Germany (47.5°N,€ 11.1°E) gaae*jal | 532nm
|Ob5ervatoire Haute Provence, France (43.5@N, 5.7QE) I ohae®.dal I 532 nm
[Toronto, Canada (43.66@N, 79.40©W) | toae*pal | 532nm
[Boulder, CO, USA (40.0°N, 105.3°'W) | bdae*.sbl [ 532nm
|Table Mountain, CA, USA (34.4@N, 117.79W) | tma3*.mdi | 353 nm
[Mauna Loa, Hawaii (19.5@N, 155.6@W) | mlae*.6bl | 694 nm
[Mauna Loa, Hawaii (19.5€N, 155.6€W) | mlae*.sbl | 532nm
[Mauna Loa, Hawaii (19.5€N, 155.6€W) | miaz*.mdl | 353 nm
|Lauder, New Zealand (45.0€)S, 169.7€)€) | laae*.uct |  532nm
|Dumont d€@Urville, Antarctica (66.7°S, 140.0°E) I duae®.dal ] 532 nm
[McMurdo Station, Antarctica (77.9°S, 166.6°E) | muae*.adl | 532nm

19 September 2016
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AEROSOL EXTICTION vs. Atituce
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Journal of Quantitative Spectroscopy & Radiative Transfer 184 (2016) 180-192

Contents lists available at ScienceDirect = -
Journal of Quantitative Spectroscopy & pecmopy &
Radiative Transfer ranser

journal homepage: www.elsevier.com/locate/jgsrt

Multistatic aerosol-cloud lidar in space: A theoretical @Cmsm
perspective

Michael I. Mishchenko **, Mikhail D. Alexandrov *°, Brian Cairns 2,
Larry D. Travis

* NASA Goddard Institute for Space Studies, 2880 Broadway, New York, NY 10025, USA
® Department of Applied Physics and Applied Mathematics, Columbia University, 2880 Broadway, New York, NY 10025, USA




Science
objectives Retrieval requirements

Aerosol refrievals
* Spectral optical thickness 5

(x0.02 or+7%)
« Effective radius (£10%)
« Effective variance (£40%) For two
> components

Cloud retrievals

» Opfical thickness (+8%)

» Effective radius (+10%)

» Effective variance (+50%)

+ Cloud phase/particle shape

« Spectral behavior of the aerosol
refractive index (£0.02)

* Particle shape

+ Single-scattering albedo (+0.03)

Fig 1. (a) Aerosol and cloud retrieval requirements follow from the overarching sdence objectives. (b) Orbital multistatic lidar system. The primary
satellite is equipped with a nadir-pointing backscattering lidar, while one or more secondary platforms carry additional receivers of scattered laser light.
The scattering angle @ # 180° characterizes the bistatic configuration formed by the transmitted laser beam and the receiver on a secondary platform.



Imaging Polar Nephelometer

Measures Aerosol Phase Function P(0)

Beam Dump
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Ground/Aircraft Based Polar Nephelometer

Lasers
CCD Camera
Beam Dum :
P And Fisheye ix/[lilrgrlz)?;ent
Lens

st v W = il
il i 2 30 30 Dlan 42 450 a5 40 a7

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 Ibs



Example: Scattered light from mist generator

5to 175 degrees measured
Absolutely Calibrated to Molecular Scatter

Asymmetry parameter and Lidar Ratio directly measured

Lidar Ratio
47t [ P(180)

T
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Mie calculated phase functions
R,,=1 micron, sigma=2for532 nm

Index =(1.4,-0.01)
\ ====|ndex =(1.4,-0.05)
-\ Index =(1.7,-0.01)
====|ndex=(1.7,-0.05)

0 30 60 90 120 150 180

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.

The plot
tracks the top
and bottom
altitudes (left
axis),

and total
backscatter
(right axis)
while the layer
could be
distinguished
from the
background.

Altitude (km)

. 4
o
4 o*%e G009
— I BN .
20 ¢ Layer Top RPN ¢
B Layer Bottom
’ <* - - pm gu*=
|
15 _| ® Peak Beta St o = =
"L |
10 b
«
%o * o
* * o
S 5 .
4
o) ¢
. * 2

25

2

15 W

1 2
E
0

0.5

0

2009.25 2009.5 2009.75 2010 2010.25



1.E-04

| (INWL
5.E-05 » mn WAL h

0.E+00
2002 2003 2004 2005 2006 2007 2008 2009 2010




Published Annual
Cycle
winter/summer ~ 2.0

Reanalyzed Annual
Cycle

winter/summer~1.2
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Lidar (Extinction/backscatter) Ratio from XXX
Eruption



Increase in Stratospheric Aerosol

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.
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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.




Mauna Loa Observatory
Nd:YAG LIDAR

| Nd:YAG* LIDARs (532 & 1064
| nm) are used to detect the
stratospheric aerosol layer at
Mauna Loa Observatory in
Hawaii and Boulder, Colorado.

Since the eruption of the volcano
Pinatubo in June 1991, there
have been no major eruptions

capable of perturbing the global
stratosphere above 20 km. This
has provided an unprecedented
opportunity to study the
background aerosol, free of
volcanic effects.

~ *Nd:YAG = neodymium-doped yttrium

aluminum garnet: Nd:Y,Al.O,, emits at

1064 nm, doubled freq. gives 532 nm
5
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assPhoto by Joe Shaw, Montana St. Univ.




NOAA Stratospheric Aerosols (Particulates)

Total Aerosol Backscatter (sr)
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