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Quantification of Sources of Error 

Size  

Aerosol index of refraction and shape [< 10%] 

Uniformity of illumination [< few %] 

PMT response – pulse width broadening 

  [30% (r <~ 0.7 m)  to (10% (r > 1.0 m)]  

Number concentration 

Flow rate (3% at 30 hPa to 10% at 5 hPa) 

Coincidence (negligible, N(r) < 30 cm-3) 

Reproducibility from two identical instruments (10%) 

Poisson counting uncertainty  

 (80 to 8% for N(r) of 0.001, 0.01, 0.1 cm-3  
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History of sizes measured by balloon-borne in situ optical 

particle counters at Laramie Wyoming: 

 

                 Aerosol radii (m) 

Oct 71 - Jun 82  0.15 0.25 

Jun 82 - Dec 87  0.15 0.25 0.95 1.20 1.80 

Jan 88 - Apr 89  0.15 0.25 

May 89 - Nov 89  0.15 0.25 0.5 1.0 2.0 3.0 5.0 10.0 

Dec 89 - Feb 90  0.15 0.25 

Mar 90 - Aug 90  0.15 0.25 0.5 1.0 2.0 3.0 5.0 10.0 

Sep 90 - Mar 91  0.15 0.25 

Mar 91 - Apr 92  0.15 0.25 0.5 1.0 2.0 3.0 5.0 10.0 

May 92 - Nov 93  0.15 0.25 0.5 0.75 1.0 1.08 1.45 2.0 

Nov 93 - Present 0.15 0.19 0.25 0.30 0.38 0.49 0.62 0.78 

                 1.08 1.25 1.58 2.00 

Jul 07 – Present 0.075 0.15 0.25 0.35 0.5 1.0 2.0 4.0 
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Laramie, Wyoming, 41°N 
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Aerosol Size distributions 

Evolution Pinatubo Aerosol 
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Monte Carlo simulations using  

Poisson counting uncertainty 

and pulse width broadening 

lead to uncertainties of 20% 

for distribution width, 30% for 

median radii and 40% for 

surface area and volume. 
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Deshler et al., 2006, Chapter 5 of the SPARC Assessment of  Stratospheric Aerosol Properties  



Deshler et al., 1993, JGR 
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Non-volcanic profile- size distribution parameters comparison 



Volcanic profile- size distribution parameters comparison 
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Conclusions 
• The measurements at Laramie (41oN) provide a measure of the evolution 

of stratospheric aerosol over the past 40 years illustrating the 
stratospheric impact of a number of volcanoes in particular: Fuego 
(1974), El Chichon (1982), Pinatubo (1991), and recent low level activity. 

 

• The capability is somewhat portable, but the instruments are large 
enough to require clearance through air traffic control.  

 

• Measurements have been made from: Antarctica, Sweden, New Zealand, 
Brazil, Niger, Australia. 

 

• In situ errors are dominated by pulse width broadening and Poisson 
counting statistics leading to errors of ~ 30-40% on any distribution 
moment. 

 

• New instruments seek to expand the size range and provide replacement 
to the current instruments. 

 

• Differences between Wyoming in situ estimates of extinction, and SAGE 
II measured extinctions are close to being resolved, but will lead to larger 
discrepancies between in situ and remote surface area estimates under 
low aerosol loading conditions. 


