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Introduction!

•  In situ measurements of stratospheric aerosol have 
been made from Laramie Wyoming, since 1971 

•  There have been both personnel and instrument 
changes made over the past 45 years 

•  The current instrumentation and PI are nearing 
retirement 

•  Proposed project to design new instrumentation 
and move measurements to Boulder, Colorado, 1o 
South of Laramie Wyoming 

•  New instrumentation allow the continuation of the 
measurement and new opportunities. 
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Measurement Heritage!
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Instrument Time Radius 
(µm)  

Channels Flow Rate 
(l/m) 

Sample Rate 
Hz 

Light  
Source 

Scattering 
Angle 

Dust 1971-1992 0.15 – 
0.25/0.30 

2-4 1 0.1 White Light 25 

WPC 1989- 2010 0.15 – 2/10 8-12 10 0.1 White Light 40 

PMI-UW 2008 – 2016 0.075 – 4/15 8 10/30 0.5 He-Ne Laser 90 

LPC 2016-? 0.15 – 12.5 8 - ? 30 1 Diode Laser 35 



Research Highlight!

Figure: Deshler et al., 2006 
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of clean air, nor are there any significant changes in the
variance of the SAGE II extinction measurements. Thus
there are no simple explanations for this observation of
surprisingly low concentrations at 0.25 mm between 20 and
25 km.
[31] Histories for integrated backscatter from the low and

midlatitude lidars are shown in Figure 3. The extremely low
São José measurements prior to 1975 have been compared
to northern hemisphere measurements in the same time
period [Clemesha and Simonich, 1978]. The São José
20 km aerosol backscatter, ba, was about half that measured
in the northern hemisphere in 1973 using an airborne lidar
operating at nearly the same wavelength [Fernald and
Schuster, 1977]. Only the Hampton, Virginia, lidar measure-
ments extend into 1974, and these are in general quantita-
tive agreement with the upper range of the early São José
measurements. The suggestion from the São José measure-
ments, of the lowest aerosol loading in the record prior to
1975, is not corroborated by similarly low in situ measure-
ments in the northern hemisphere, Figure 2. Clemesha and
Simonich [1978] suggest the Fuego aerosol did not appear
in the southern hemisphere until April 1975 due to the
inhibition of eddy transport in 1974 by the meridional
circulation in northern winter. There is an aerosol increase
in late 1973, following the early 1973 Fuego eruption, and
again in early 1975, following the late 1974 Fuego eruption,
which appears to be the largest of the three eruptions.

[32] The São José measurements in the early 1980s, prior
to El Chichón, are in agreement with the Mauna Loa
measurements. São José measurements are slightly elevated
in the background period prior to Pinatubo compared to
Mauna Loa measurements and to São José measurements in
the period following Pinatubo. The similarity of the fluctu-
ations between São José and Mauna Loa in the 1998–2002
period is striking. From the Mauna Loa lidar, the pre- and
post-Pinatubo periods are similar, although the variation of
the signal in the pre-Pinatubo period is much less than post
Pinatubo variability. For the São José measurements the pre-
and post-Pinatubo periods are both characterized by signif-
icant fluctuations.
[33] The midlatitude lidars are in quite good agreement

throughout the record. The peak integrated backscatter
following Pinatubo and El Chichón are similar as are the
decay rates. The relaxation of the stratosphere following El
Chichón is delayed by several minor eruptions. This feature
is also apparent in the in situ measurements particularly in
the 15–20 km column. Considering the background peri-
ods, both lidars agree suggesting that the pre-El Chichón
and post-Pinatubo periods are similar, whereas the pre-
Pinatubo period is elevated. This again is similar to the in
situ measurements for 0.25 mm particles between 15 and
20 km. This correspondence between in situ 0.25 mm mea-
surements and integrated lidar backscatter has been noted
before [Jäger and Hofmann, 1991; Hofmann et al., 2003].

Figure 2. History of column integrals of aerosol number for particles with radii >0.15 and >0.25 mm
from in situ measurements above Laramie, Wyoming, United States, (a) 20–25 km, (b) 15–20 km. The
measurements represent about 340 individual aerosol profiles. The error bars on the occasional
measurement represent the counting error of the measurement and rarely exceed the size of the data
symbol. The dashed lines are horizontal and are meant only to aid the reader. The times of the most
significant volcanic eruptions during the period are indicated with triangles in Figure 2a, separated into
those eruptions at latitudes less (upper symbol) and greater (lower symbol) than 30!. Eruptions with VEI
of 5 (large solid symbol) and 4 (small open symbol) are shown. Names of the eruptions are listed in
Table 1. Global emissions of SO2 (Gg of S) are shown in Figure 2b for 1970–1990 [van Aardenne et al.,
2001]. The scale for aerosol column also applies for Gg of sulfur. The 2000 estimate is based on a 20%
decrease since 1990 [Hicks et al., 2002]. The regions bounded by boxes in the bottom of Figure 2b
represent investigator determined background periods.
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Next Generation Optical Particle Counter!
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Condensation Nuclei Counter!

Image: AZOM 
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Saturation Region 
Walls Coated with 
Ethylene Glycol 
Heated to 35°C 

Condensation 
Region 

Walls chilled to 0°C 

CN Counter: 
Grows all particles 
with r > 0.006 µm 

up to particles with 
r > 0.25 µm which 
can be counted 

with a single 
channel OPC. 

 



Measurement Challenges!

Left: Eidhammer et al 2008, Right: Deshler et al 2003 
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in units of W is expressed with the triple integral [Pinnick,
1972; Deshler et al., 2003a]:
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Here x = 2pa/l is the size parameter (a is particle radius),
and m is the complex index of refraction. The scattering
efficiency terms i1 and i2, I0 and QE are all dependent on the
wavelength of light. Since the TAOPC uses white light, the
counter response must be integrated over the wavelength
sensitivity range of the PMT (0.3 to 0.7 mm). Planck’s
function for a blackbody is used to calculate I0, where the
temperature is 3300 K. Example counter response curves
are shown in Figure 2a for particles with different real

indices of refraction (1.35 to 1.60 in steps of 0.05) at 40!
and 74! angles. The imaginary index of refraction is zero.
Measurements at 40! are used for size determination since
the counter response is relatively monotonic with size at this
angle. For determining index of refraction, the 74! angle is
chosen because at this angle the counter response is
discriminatory with index of refraction for a given size,
and the signal is strong enough. A larger angle decreases the
signal, and a smaller angle decreases the separation of the
index of refraction-dependent counter response curves.
[20] By measuring scattering at two angles, two unknown

particle properties, for example size and real index of
refraction, can be determined if the particles are assumed to
be spherical and nonabsorbing (imaginary index of refrac-
tion = 0). This can be achieved by using counter response
ratio (CR40/CR74) and sum (CR40 + CR74) [Baumgardner et
al., 1996]. In general, coordinate pairs of values of these
parameters uniquely define particle size and refractive

Figure 2. (a) Counter response (arbitrary units) at 40! and at 74! as a function of size for particles with
indices of refraction ranging from 1.35 to 1.60. (b) Counter response ratio and sum (running average) for
the same indices of refraction. Thin vertical lines are counter response ratio and sum for particles of 0.2,
0.25, 0.3, 0.7, 1.0, 1.5, 2.0, and 3.0 mm in radius. Also shown is the standard deviation for four sizes (1.7,
2.4, 3.0, and 3.62 mm) for indices of refraction of 1.40, 1.50, and 1.60. The standard deviation is
determined from measurements described in section 3.2.

Figure 1. Optical geometry of the TAOPC.
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CN concentration, is obtained when the lower integration
limit is set to some low value, say 0.01 mm. N(>0.01 mm) =
N1 + N2 = the CN concentration, which is measured.
[23] The fitting method consists of minimizing the root

mean square error = !i log
2 [Nm(>ri)/N(>ri)]. The summa-

tion is over all measured sizes, ri. Nm(>ri) is the measured
concentration of all particles with r > ri, N(>ri) is defined by
(2). The method consists of trying all combinations of
measured concentrations to find the set of discrete sizes
plus CN giving size distribution parameters which minimize
the root mean square error when all measurements are
included. To obtain bimodal distributions requires at a
minimum five independent measurements of number con-
centration. If necessary, the sixth measurement is obtained
by setting the concentration, at the first size in which there
are no counts, to a value well below the detection limit of the
instrument,!10"5 cm"3 for an OPC40. If there are less than

five independent concentration measurements, then a unim-
odal distribution is applied. This is the case for all OPC25
measurements unless they were supplemented with the 50 L
min"1 counter mentioned earlier. Unimodal distribution
parameters are found in the same way. Example size
distributions for measurements at 20 km above Laramie
during high aerosol loading following Pinatubo and during
the present volcanically quiescent period are shown in
Figure 5. The fitted size distributions are not forced to be
bimodal. If a unimodal distribution provides a better fit, then
that is used instead of a bimodal fit, but this is rarely the case
when there are more than four independent measurements.
[24] Lognormal size distributions are used for several

reasons. First, these size distributions represent the data
well in most cases: see Figure 5. Second, they are easy to
use: six parameters specify the complete size distribution,
and there are analytical expressions for the distribution
moments. Third, there is some experimental basis to expect
aerosol populations to evolve into lognormal size distribu-
tions [Granqvist and Buhrman, 1976]. In most cases, strato-
spheric aerosol can be classified as aged aerosol. For the
time when only the OPC25 and CN counter were flown,
serious questions can be raised concerning how well a
unimodal lognormal distribution fit to these data represents
the true atmospheric aerosol. This is particularly true in
periods when large particles are present. Initial attempts to
address this problem led to the development of the 50 L
min"1 counter to provide measurements at radii >1.0 mm,
providing 5 size-resolved measurements plus CN [Hofmann
and Rosen, 1982]. Rosen and Hofmann [1986] tested a
number of different size distribution models to represent
these data, constraining models to provide distribution
moments in agreement with independently measured aero-

Figure 4. Ratio of aerosol concentrations at 0.15 and 0.25
mm measured with an OPC25 and an OPC40, for
measurements in 1994 and 1999. In the stratosphere
concentration ratio averages for 0.15 (0.25) mm particles
are 1.03 ± 0.07 (1.08 ± 0.12) in 1994 and 1.00 ± 0.10 (0.98
± 0.17) in 1999.

Figure 5. Bimodal lognormal size distributions fit to
optical particle counter measurements for (a) a 1993
measurement in volcanic aerosol and (b) a 1999 measure-
ment in background aerosol. The error bars on the
measurements (data points) represent the counting uncer-
tainty of the measurement The differential lognormal
distributions for each mode are the dashed lines, and the
cumulative concentration, from summing the integrals of
the differential distributions, is the solid line. The
parameters of the size distributions and the inferred surface
areas and volumes are shown. The root mean square error of
the fit is shown at the bottom.
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Instrument Calibration!

Figures: Terry Deshler / Lars Kalnajs 
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Instrument Advances!

•  Reduce instrument weight from ~12 Kg to ~3Kg 
•  Reduce balloon volume from 4000m3 plastic 

balloon to 1000m3 rubber balloon 
•  Lifting gas requirements decrease by factor of 4  
•  Launch cost decreases by factor of 10 
•  Digital pulse by pulse height analysis – possibility to 

digitize and record every aerosol particle 
•  Customizable number of size bins 
•  Instrument can be (re)calibrated after the fact 
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Light-Weight Instrumentation!

Photos: U.Wyoming / NOAA ESRL 
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Rapid Deployment Capability!

•  Use Iridium Satellite  SMS messages for telemetry 
– no ground station or tracking required 

•  Cost of payload < $10K / each. 
•  ‘Suitcase’ launches with no telemetry and no 

recovery  
•  Dynamic range suitable for background and 

volcanic measurements.  
•  Suitable for long duration measurements – will be 

deployed on long duration lower stratospheric 
balloon campaign – Stratéole 2.  
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