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The Vertical Distribution of Dust to 30 Kilometers 

JAMES M. ROSEN 

School o/Physics, University o• Minnesota, Minneapolis 

Abstract. The atmospheric aerosol concentration and size distribution is continuously 
measured from 0- to 30-km altitude by means of a balloon-borne photoelectric particle counter. 
The results show a sharp drop in concentration above the exchange layer, a relative maximum 
in concentration near the tropopause, and a roughly constant mixing ratio in the stratosphere. 
The stratospheric dust is suggested to be of extraterrestrial origin with a yearly mass flux on 
the earth of about 4 X 10 • metric tons for particle diameters between 0.5 and 2 microns. 

Introduction. Previous quantitative meas- 
urements of the aerosol concentration in the 

atmosphere have, in general, dealt with the non- 
volatile component of the particulate matter. 
Since the spacial distribution of an aerosol is 
determined in part by the actual size distribu- 
tion in the atmosphere, a measurement of the 
total aerosol concentration (volatile plus non- 
volatile components) is necessary for a com- 
plete understanding of the problem. 

Method of observation. The interest in aero- 
sols during the last fifteen years has precipitated 
the development of several new field instru- 
ments for aerosol sampling. One of the more 
notable instruments is the photoelectric parti- 
cle counter of the type developed by Gucker 
and O'Konski [1949]. A comparable particle 
counter suitable for balloon-borne measure- 

ments was used throughout this program. 
The counter, diagrammed in Figures I and 2, 

is essentially a dark field microscope with a 
sensitive photomultiplier used as the detector. 
Air being sampled is directed in a well-defined 
stream through the focal point of the condenser 
lens, where individual dust particles scatter 
light into the microscope and photomultiplier. 
If the particle is of suf•cient size, the photo- 
multiplier will respond with an electrical pulse. 
The pulse height will be a function of the par- 
ticle size and its index of refraction. The output 
of the photomultiplier is fed into a two-channel 
pulse height discriminator. Thus, a rough in- 
dication of the size distribution is obtained. For 

measurements in the laboratory, a more elab- 
orate pulse height analyzer can be used. 

The aerosol sampler was tested under bal- 
loon flight conditions by placing the entire in- 
strument in a vacuum chamber containing a 
nonvolatile test aerosol. The observed counting 
rate in both channels was proportional to the 
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Fig. 1. Optical system of the counter. 
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pressure from 1000 to 10 millibars, as would be 
expected if the instrument was functioning 
properly. An additional test over the same pres- 
sure range showed that no particle can escape 
from the stream of air being sampled and pol- 
lute the scattering chamber. 

Results. Figures 3 and 4 contain the data of 
two balloon flights. The flights originated 20 
miles north of Minneapolis at about sunrise. 
During one flight the sky appeared hazy but 
otherwise free of clouds. 

The statistical error involved in each point 
of the aerosol concentration profile on flight 667 
is about 8/(N v2) per cent, where N is the num- 
ber of particles per cubic centimeter. On flight 
695 the statistical error is about 5% or less for 

all points. The dust concentration measured on 
the descent of flight 667 (not shown) agrees 
favorably with the ascent data. 

Discussion. The distribution of aerosols in 

the atmosphere has been theoretically treated 
elsewhere [Junge et al., 1961; Lettau, 1951]; 
however, the results are worthy of emphasis 
here. In a quiescent atmosphere, the steady- 
state flux of particulate matter from a constant 
source far above the earth is given by 

where 

F,= particle flux toward the earth. 
N = aerosol concentration at a given altitude. 
V, = settling velocity of the particles. 
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Fig. 3. Dust concentration on ascent of flight 667. 
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Fig. 4. Dust concentration on ascent of flight 695. Channel I counts all particles greater 
than 0.55-micron diameter, and channel II counts all particles greater than 0.75-micron 
diameter. 

With the restriction of particle diameters to 
less than 5 microns and altitudes to above the 

tropopause, the product VBp• is approximately 
independent of altitude (p• -- ambient air den- 
sity). Therefore 

This result shows that the aerosol concentra- 

tion N is proportional to the pressure above the 
tropopause. The mixing ratio, defied as the 

ratio of aerosol concentration to air molecule 

concentration, is therefore a constant. 
In actuality, the atmosphere is in motion 

and transports aerosol particles with speeds 
greater than Vs. However, since the turbulent 
action of the atmosphere also tends to produce 
a constant mixing ratio, the above expression 
for N is still valid. 

For the case of an aerosol source at the 

tropopause or below, the mixing ratio in the 
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Fig. 5. Comparison of dust concentration measurements made by a number of observers. 
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stratosphere decreases with altitude. This result 
is a consequence of the aerosol particles having 
a greater tendency to settle out at higher alti- 
tudes. 

The foregoing discussion can be summarized 
as follows: If the aerosol source is above the 

atmosphere, the mixing ratio and size distribu- 
tion will be independent of altitude in the 
stratosphere. On the other hand, if the aerosol 
source is in the lower part of the atmosphere, 
the mixing ratio and size distribution will be 
altitude-dependent in the stratosphere. 

The results so far obtained clearly show the 
so-called aerosol layer at about 20 km. The 
profile may be somewhat perturbed from its 
normal state by the Bali dust injected into the 
atmosphere in March 1963. The limited data 
indicate a roughly constant mixing ratio and 
size distribution above the tropopause. In addi- 
tion, rocket soundings of the high altitude dust 
concentration shown in Figure 5 [Hemenway 
and Soberman, 1962] imply a constant mixing 
ratio to an altitude of 85 km. On the basis of 

the theoretical arguments then, the source of 
stratospheric aerosols must be at least above 
85 km. From this viewpoint, the possibility of 
the dust originating from the earth seems re- 
mote. 

The particle flux inferred from the photoelec- 
tric counter measurements is about 3.6 X 10 -2 
cm-" sec -• for diameters between 0.5 and 2 

microns. The inferred mass flux is about 4 X 

10•pp metric tons over the earth per year for 
the same size particles (p• -- average density 
of the dust particles)._ 

The aerosol concentration near the ground 
can be understood in terms of the mechanics of 

the exchange layer. Sagalyn and Faucher [1959] 
have studied the large ion content of the lower 
atmosphere on days of a well developed ex- 
change layer and found a vertical distribution 
very similar to that observed with the photo- 
electric counter. Other investigators [Rossman, 
1950; Siedentop•, 1950; Penndor[, 1959] have 
also studied the concentration of dust near the 

ground; however, the large altitude interval be- 
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tween their successive data points does not al- 
low a meaningful comparison with the results 
of the photoelectric counter. 

Conclusion. Analysis of the photoelectric 
counter measurements and high altitude rocket 
data suggests the origin of stratospheric dust to 
be at least above 85 km. If this dust is of extra- 

terrestrial origin, the yearly mass influx on the 
earth is about 4 X 106pp metric tons for parti- 
cle diameters between 0.5 and 2 microns. 
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