JOURNAL OF GEOPHYSICAL RESEARCH

JANUARY 20, 1971

Comments on a Paper by A. J. Dyer, ‘Anisotropic Diffusion
Coefficients and the Global Spread of Volcanic Dust’

B. R. CLeMmESHA
Comissio Nacional de Atividades Espocints, 8. José dos Campos, Sén Paulo, Brazil

In a recent paper Dyer [1970] uses measure-
ments of the decrement in direct solar radia-
tion to trace the global spread of volcanic dust
from the 1963 Mt. Agung eruption, He ss-
sumes that this dust is carried from a tropieal
stratospheric reservoir to middle and high lati-
tudes by the stratospheric eirculation system.
The purpose of this letter is to point out that
there ig a large discrepancy hetween the map-
nitude of the extinetion reported by Dyer and
the aerosol seaitering cross sections measured
by the laser radar technique.

The index of attenuation that Dyer uses re-
duces to In (I’/I) for an overhead sun, where
I’ is the value for the direct solar heam at the
earth’s surface before the eruptjon and 7 is the
corresponding value im the presence of vol-
canic dust. This index reaches maximum values
of about 0.1 in the northern hemisphere and
0.3 in the southern hemisphere. Typical values
of about 0.05 are shown for the northern hemi-
sphere during 1964 and 1965.

Grams and Figcco [1967] have published
a large number of scattering profiles for the
stratospheric aerosol taken during 1964 and
1965 at g latitude of 42°N using the laser radar
technique. Profiles are also available from 18°N
[Clemesha et ol, 1966]. After making some
reasonable assumptions about the nature and
size distribution of the particles, we can at-
tempt to relate the extinction messurements
used by Dyer to the backseattering coefficients
obtained by laser radar.

To obtain the serosol extinetion coefficient
Zoxt for a given particle population, we inte-
grate the product of the extinction efficiency
Q. with the geometrical cross section of the
particle (assumed to be spherical) across the
particle size distribution, Thus we have
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By = f Que(@)ma’ dN(a) (1)

where Q.., {a) is the extindtion efficiency for
a particle of radius @ and d¥ (a) is the number
of particles of radius e per unit volume per
unit interval of radius.

Using a Junge type distribution of the form
dN(a)/da = Ca™, where (' is a constant, and
converting to the size parameter z = 2xa/h,
where A is the wavelength, we get

Zu =L [0 @

If the values of Q. (z) for particles of re-
fractive index 1.5 published by Van de Hulst
[1957] are used, the integral in equation 2
taken from zero to infinity can be evaluated
as approximately 1.8. For wavelengths in the
optical region the main eontribution ¢omes
from particles in the 0.1- to 1-p range of radius.
Thus we have Z... = 36+"C/\.

If we now assume that the aerosols exist in
a rectangular block layer of thickness Ah, we
have the atmospheric transmission T given by
T = exp —(Z..,Ah). T in terms of the index
used by Dyer is given by T = exp —In (I'/1),
typically having a value of 0.95. By substituting
Zor and h for 7 and using A = 055 yx and
Ah = 10 km, we get a value of 7.9 x 10™
for C.

We shall now determine the volume backseat-
tering coefficient presented by the particle
population derived above,

The volume backseattering eceflicient for Mie
seattering oy is given by

ey = (\/2m)° j ixu(a) dN(a) (3)

where iv(a) is the intensity function for Mie
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scattering through 180° for a particle of radius
@. Numerical integration between the limits of
001 and 10 x (again the main contribution
comes from the 0.1+ to 1-p region) and use of
the methods given by Van de Hulst [1957] to
compute the intensity function give a volume
back scattering eoceffictent of 15 X 107m™
ster™ for the 0.6943-p wavelength used in the
laser radar experiments. '

The aerosol scattering profiles published by
Grams and Fiocco [1967] and Clemesha et ol.
[1968] are given in terms of the ratio of the
aerosol scattering coefficient to the molecular
scattering coefficient. If we use a standard
atmosphere to convert these to absolute values
of the scattering coefficient, we find peak values
of about 7 x 107 m™ ster™, but reducing the
profiles to a 10-km block layer gives an average
scattering coefficient of only 2 X 10 0 3 X
10 m™ ster®, We can see, then, that, if the
values for the attenuation of solar radiation
used by Dyer refer to extinction caused by
stratospheric aerosols, the laser radar measure-
ments should show an aerosol return almost an
order of magnitude stronger than they actually
do. Such intense returns are not even oc-
casionally observed.

A possible explanation of this diserepancy
might’ lie in the particle size distribution, If
the volcanic dust contains a very large pro-
portion of particles smaller than about 0.1-x
radius, it would be more effective for extinction
than for backscattering; this would be par-
ticularly true if the particles were absorbent.
SBuch a particle distribution has been suggested
by Pilipowskyj et ol. [1968] to explain the
results of simultaneous infrared and laser radar
measurements of the stratosphere, It should
be pointed out, however, that the inverse
fourth-power distribution, which has been used
here, previously provided a weighting in favor
of small particles, which would not be aceepted
by many workers. Friend [1966], for example,
finds a size distribution with a virtual cutoff
at 0.3-p radius. The use of such a distribution
would result in an even greater discrepancy
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between the extinetion measurements and the
laser radar results.

With regard to a stratospheric reservoir of
dust in the tropical zone it is again difficult to
reconcile this idea with the laser results. To
explain the seasonal variation of the decrement
m golar radiation Dyer suggests that the dust
is carried preferentially toward the winter
hemisphere by the tropical Hadley cell. For
this process to continue over several years, a
considerable reservoir of dust in the tropical
stratosphere is required, but the backscattering
measurements for 18°N do not show any
greater particle concentration than those for
42°N.

In summary it seems unlikely that the at-
mospheric transmission measurements are in-
dicative of stratospheric dust content, and it
is suggested that the observed decrements in
solar radiation are due to tropospherie tur-
bidity. If this was so, the winter maximum
would not be connected with the stratospheric
circulation. A peneral increase in the tropo-
spheric aerosol content during recent years
might well be the result of increased man-
made pollution.
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