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Abstract: This webinar outlines a simple, low-cost method to rapidly quantify aerosol and molecular 
absorption and scattering effects at any laser wavelength using only measurements of temperature, pressure, 
humidity, and aerosol number concentration.

Webinar Objectives

1. Describe how absorption due to molecules and aerosols can cause laser thermal blooming
• Off-axis laser scattering affected by aerosol absorption
• Thermal blooming may be an on-axis method to quantify aerosol absorption

2. Describe AFIT CDE’s initial testing of NOAA’s Continuous Light Absorption Photometer (CLAP) as it 
prepares to join the NOAA Federated Aerosol Network (NFAN)
• Comparisons to Magee Scientific Black Carbon Aethalometer
• Importance of quantifying aerosol scattering in aerosol absorption measurement

3. Demonstrate that calculations from total aerosol number concentration assuming a single mode 
lognormal size distribution can provide reasonable aerosol absorption estimates of CLAP measurements

4. Describe the need to better characterize aerosol absorption for climate change assessments

Overview



Laser Images

• Image of the upper portion 
of the beam. Pixel index 
and location are plotted to 
show the increase in 
brightness values along the 
length of the beam. 

• This shows an increase in 
scattered irradiance at 
larger phase angles.
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Aerosol Absorption from Off-Axis Backscattering 
Rayleigh Beacon Laser Pulses

TARDIS, John Bryan Observatory 
Yellow Springs, Ohio

PC: Dan LeMaster

Grossnickle, J. C., "Determining Bulk Aerosol Absorption from Off Axis Backscattering using Rayleigh Beacon Laser Pulses" (2020). Theses and Dissertations. 3597. https://scholar.afit.edu/etd/3597



• Multiple LEEDR-derived predicted phase function profiles. The black solid line represents molecular (Rayleigh) 
scattering, while the blue and green lines are the different aerosol scattering (Mie) phase functions resulting from 
various imaginary index values

• To capture full spectrum of common imaginary index values seen in local aerosol components the following values 
are used: 0.001i, 0.006i (GADS), 0.010i, 0.050i, 0.100i, 0.400i (soot).
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• Varying absorption properties (CIR) changes 
the shape of the phase function, notably at 
backward phase angles.

• Backscattered portion of scattering phase 
function offers the most information about 
aerosol absorption properties for off-axis laser 
energy analysis

• Laser images show additional brightness 
as approach 170-180 scattering angles

• Backscattered imagery suggests bulk 
aerosol absorption values no greater than 
0.05 at 527 nm

Phase Function: 
varying imaginary 
component of CIR

Aerosol Absorption from Off-Axis Backscattering 
Rayleigh Beacon Laser Pulses

Grossnickle, J. C., "Determining Bulk Aerosol Absorption from Off Axis Backscattering using Rayleigh Beacon Laser Pulses" (2020). Theses and Dissertations. 3597. https://scholar.afit.edu/etd/3597



Absorption & Thermal Blooming

Thermal blooming produces an

intensity pattern with a crescent

shape, turned into the wind direction.

Thermal Blooming: The effect that
characterizes an intense laser beam
that is passed through an absorbing
medium, causing the absorbed
energy to produce density changes
that can alter the intensity distribution
of the beam and shift it away from the
intended direction of propagation.
Thermal blooming is an effect
associated with heating the
atmosphere.

Perram, G.P., S.J. Cusumano, R.L. Hengehold, and S.T. Fiorino, 2010: An Introduction to Laser Weapon Systems. Directed Energy Professional Society. 463 pp.



Absorption & Thermal Blooming

(z)= absorption coefficient

Vwind = effective wind speed

P = laser power

z = propagation distance

k = 2/

D(z) = beam diameter

D = primary aperture diameter

ρo = 1.2 kg m-3

Cp = 1005 J kg-1 K-1

T(z) = transmission at range z

nT (z) = thermal refractive gradient

R = total slant range
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Thermal Blooming Distortion Number, ND

Thermal 

Blooming is a 

significant 

problem when 

ND > 25

Thermal Blooming due to smoke

Courtesy
Wick & Lloyd



Current Research– Aerosol Absorption
via Off-Axis Measurements and Thermal Blooming 
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Laser energy measurements using a side telescope and 
ultrafast laser to separate absorption from scattering (off-
axis measurements)

 John Bryan Observatory is the laboratory

 Phase function shapes elucidate bulk aerosol absorption 
properties 

 Implication: thermal blooming impacts on HEL spot 
displacement and distortion

Deducing the amount of absorption from thermal 
blooming distortion and displacement

 AFIT 2.5 kW HEL Laboratory

 The amount of thermal blooming displacement and 
distortion is directly tied to absorption along the path 

 Modeling allows quantification of molecular absorption 
component, remainder is aerosol absorption

Neither method requires the production and/or control of the aerosol distribution.  
All that is required is the aerosol distribution be measured at the time of the test.

10-06-17, 10:06:13 10-06-17, 10:06:15

Aerosol Scaled 

26.5km Vis

18.4km Vis

Pwr:  8.9kW

BQ = 2

HELEEOS Analysis of UK 10 kW Trial DataHELEEOS Analysis of UK Trial Data

TARDIS, John Bryan Observatory 
Yellow Springs, Ohio



AFIT Aerosol Measurement Campaign
NOAA’s Federal Aerosol Network (FAN)     

AFIT – Pending Member

Aerosol stack for main aerosol 
inlet (representative FAN config)

Flashing shaped to form a cap 
over the ingest tube which is 

sitting under the cap.  

Particle 
counts at 

Mauna Loa

Andrews, E., P.J. Sheridan, J. , et al., 2019:  “Overview of the 
NOAA/ESRL Federated Aerosol Network,” Bull. Amer. Meteor. 
Soc., 100, 123-135, https://doi.org/10.1175/BAMS-D-17-
0175.1.
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Experimental Particle Extinction, 0305 Local (1/km)

Experimental Particle Extinction, 0820 Local (1/km)

Experimental Particle Extinction, 1345 Local (1/km)

LEEDR Aerosol Scattering (1/km)

LEEDR Total Extinction (1/km)

LEEDR Molecular Scattering (1/km)

LEEDR Aerosol Absorption (1/km)

LEEDR Molecular Absorption (1/km)

V&V’d Atmospheric 

Effects and Radiative 

Transfer Code for HEL

Creates physically realizable horizontal / 

vertical profiles of meteorological and weather 

event data and associated radiative effects 

(e.g. optical extinction, path radiance):

•Aerosol and surface observation (i.e. T, P, RH) 

climatology at 573 ExPERT and 1° x 1°

oceanic grid locations

•Numerical weather forecast, re-analysis data

•Profiles optical turbulence (i.e. Cn
2)

•Accounts for light-refraction and single/multi-

scatter 

• Includes sun-moon calculator

LEEDR and observed (LIDAR) 

extinction profiles 

Stray laser light

*
Intended Path

LWIR Path 

Radiance

Boundary Layer  - Aerosol Extinction Increasing with Height

Red: 7 Nov 

2012 at 1125Z

Green: 27 June 

2013 at 1132Z

Blue: 27 June 

2013 at 1731Z 

Light Refraction:   Path Bending

UV/VIS/NIR 

Path 

Radiance

with 

Multiple 

Scattering
Near Zenith

Near Horizon

Worldwide climatology for diffuse cloud transmission 

A tool for Applied Physics, Nuclear Physics, Atmospheric Physics, Remote Sensing, & DE

LEEDR
Laser Environmental Effects Definition and Reference

573 ExPERT (land) locations represented in LEEDR

Burley, J.L., S.T. Fiorino, B. Elmore, and J. Schmidt, 2017: “A Fast Calculating Two-Stream-Like Multiple Scattering Algorithm that Captures Azimuthal and Elevation Variations” J. Appl. Meteor. Climatol. 56:11, pp. 3049-3063. DOI:10.1175/JAMC-D-17-0044.1.

Fiorino, S.T., R. M. Randall, M. F. Via, and J. L. Burley, 2014: Validation of a UV-to-RF high-spectral-resolution atmospheric boundary layer characterization tool. J. Appl. Meteor. Climatol., 53, 136–156.



LEEDR’s Exceptionally Complete Aerosol Optical Properties Database
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Köpke, P., M. Hess, I. Schult, and E. P. Shettle, 1997: Global aerosol data set. MPI Meteorologie Rep. 243, 44 pp.



Initial FAN:  In-situ 3-color Aerosol Absorption 
CLAP + Aerosol Size Spectroscopy     

Ogren, J.A., J. Wendell, E. Andrews, and P.J. Sheridan, 2017:  “Continuous light absorption photometer for long-term studies,” Atm Meas.Tech.



In-situ 3-color Aerosol Absorption Measurement:
CLAP with filter and aerosol scatter corrections

CLAP (Raw Absorption)

Time of Day (UTC)

Time of Day (UTC)

CLAP-Derived Aerosol Absorption
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Size Sampled:  9.7nm – 453nm

Size Sampled:  15nm – 898nm

1. Aerosol scatter

2. Filter loading correction 

3. Filter multiple scattering 
correction

TSI Scanning Mobility Particle Sizer 
Spectrometer



LEEDR Outputs, 22 C, 50% RH, 1.5 m height, 983 hPa, 2000 particles cm-3, WPAFB GADS aerosols

Improving Aerosol & Molecular Absorption Data in LEEDR:
Implementing NOAA’s Continuous Light Absorption Photometer (CLAP) Measurements 



Methodology to compare CLAP Aerosol Absorption
to LEEDR calculations with number concentration
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LEEDR
Assumption

• Aerosol Measurements
– MAGIC200 Condensation Particle Counter 

– Scanning Mobility Particle Sizer

– Continuous Light Absorption Photometer (CLAP)

• LEEDR + Micro-met surface obs (aerosol number 
concentrations, temperature, dew point, and pressure)
– GADS constituent defined as (NH4)2SO4 + absorber with 

constant index of refraction = 1.53 – 0.010i

– Varied local aerosol mix (relative proportion of Water Soluble, 
Soot, etc)

0.46

GADS Aerosol Concentration
Local Aerosol Surface Obs

LEEDR
Aerosol Scaling

Bottom line:  Use a laser transmissometer to get 

accurate transmission at a single wavelength.  Use a 

weather station (T, P, H) and LEEDR + CPC to get 

extinction (scattering + absorption) at any λ.



Initial FAN:  In-situ 3-color Aerosol Absorption 
CLAP + Aerosol Size Spectroscopy     

Aerosol absorption as inferred by corrected CLAP extinction measurement, TSI SMPS, and LEEDR.  The LEEDR profiles were calculated using the 

SMPS-measured, aggregate aerosol number concentration to scale a.) a single component, GADS water soluble aerosol with optical properties of 1.53-

0.01i; or b.) a local GADS aerosol mix with bulk optical properties modulated by ambient relative humidity.  While the ambient relative humidity is profiled 

in the lower portion of the figure, the diurnal surface pressure and temperature are shown in the top portion of the figure.



Integration of new aerosol instrumentation



A Comparison of NOAA CLAP and 
Magee Scientific Black Carbon Aethalometer Absorption Coefficients

Jack Bajcz1,2,3, Dr. Kevin J. Keefer1,2, Dr. Steven T. Fiorino1

1AFIT -Center for Directed Energy, 2Applied Research Solutions (ARS), 3Michigan State University



A Comparison of NOAA CLAP and 
Magee Scientific Black Carbon Aethalometer Absorption Coefficients



A Comparison of NOAA CLAP and 
Magee Scientific Black Carbon Aethalometer Absorption Coefficients



A Comparison of NOAA CLAP and 
Magee Scientific Black Carbon Aethalometer Absorption Coefficients

Jack Bajcz1,2,3, Dr. Kevin J. Keefer1,2, Dr. Steven T. Fiorino1

1AFIT -Center for Directed Energy, 2Applied Research Solutions (ARS), 3Michigan State University



A Comparison of NOAA CLAP and 
Magee Scientific Black Carbon Aethalometer Absorption Coefficients

LEEDR Extinction Assessments at various particle loadings at 1.07µm

Aerosol Absorption higher than Continuum Absorption 



Large Particles or Small?
A full size spectrum is need for visibility assessment 

Aerosol Devices
MAGIC 210

CPC = 5nm – 2.5um

0.46



Large Particles or Small?
A full size spectrum is needed for visibility assessment 



Atmospheric Extinction – Quantifiable with or without Haze

Example LEEDR plot using a BL height of
1250 m at WPAFB ExPERT site, GADS
summer aerosols, visibility of 60 km, and
surface conditions for WPAFB for 25 Jul 13 at
1400L (T = 23ºC, Td = 13 ºC) vs. measurements
from the roof of Bldg 640 conducted with a
lidar operating at 355 nm
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Sky and visibility conditions as seen from AFIT were collected in conjunction with surface aerosol concentrations,
LIDAR, and AERONET (Dayton OH site) data over at five-day period. An increase in haze from 13 April to 18 April
2017 is evident in the visible imagery. A peak in LIDAR particle extinction is noted at 750m and 2000m on 13 and
18 April, respectively. Scaling surface aerosol loading within LEEDR using CPC measurements resulted in a very
realistic, height resolved aerosol extinction profile, which closely matched the LIDAR measurement. These
height-resolved aerosol extinction profiles are not retrievable using AERONET data.

Atmospheric Extinction / Haze



•AFIT’s NASA AERONET sun-lunar photometer NASA-certified on 1 Oct 2019

Aerosol Absorption from AERONET?



Notes:
1. AERONET Data based on adjusted AERONET absorbing AOD measurements at 440nm and 675nm

Derived Surface Aerosol Absorption:
CLAP and CPC + LEEDR and Sun Photometer
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Zenith Atmospheric Transmission With H2O, 

Aerosol & Seasonal Effects at WPAFB

Takeaways:  Water vapor closes the atmospheric window; the CO2 changes are radiatively masked; aerosols are important UV-

NIR, not much in LWIR; winter RH is higher than summer, but more H2O in summer. Aerosol absorption uncertain in the LWIR.

Winter, Lower Temps, Less Humidity Summer, Higher Temps, More Humidity

Atmospheric

Window CO2 Absorption

Atmospheric

Window

Where’s the

CO2 Absorption?

Aerosol Extinction is spectrally modulated by RH and Water Vapor



IPCC (2007)
Forcing Summary

IPCC (2021, Draft)
Forcing Summary

Aerosol Extinction a Big Uncertainty for Climate Change



IPCC (2021, Draft) Temperature Change Summary

Aerosol Extinction a Big Uncertainty for Climate Change
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Abstract: This webinar outlines a simple, low-cost method to rapidly quantify aerosol and molecular 
absorption and scattering effects at any laser wavelength using only measurements of temperature, pressure, 
humidity, and aerosol number concentration.

Webinar Objectives

1. Describe how absorption due to molecules and aerosols can cause laser thermal blooming
• Off-axis laser scattering affected by aerosol absorption
• Thermal blooming may be an on-axis method to quantify aerosol absorption

2. Describe AFIT CDE’s initial testing of NOAA’s Continuous Light Absorption Photometer (CLAP) as it 
prepares to join the NOAA Federated Aerosol Network (NFAN)
• Comparisons to Magee Scientific Black Carbon Aethalometer
• Importance of quantifying aerosol scattering in aerosol absorption measurement

3. Demonstrate that calculations from total aerosol number concentration assuming a single mode 
lognormal size distribution can provide reasonable aerosol absorption estimates of CLAP measurements

4. Describe the need to better characterize aerosol absorption for climate change assessments

Summary


