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MOTIVATION

Determination of the moments of an aerosol size
distribution from measurements of light
transmittance and scattering at various angles and
wavelengths may provide a robust means to
obtain information about the distribution.

This information could be used to calculate
aerosol quantities of interest and aerosol radiative
forcing, and 1s well suited to use in models of
aerosol chemistry and transport.
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The lowest several integral moments contain
important information about the size
distribution, and can be used to determine many
quantities of interest. They are easy to use in
models (such as GChM) and require less
overhead than bins.

Extensive quantities related to moments:
e Number concentration Ny =

e Surface area A = 4mu,
e Volume V = (4n/3)us

Intensive quantities related to moments:
e Effective radius r eff — ,Ug/ U2
e Effective variance vq¢ = ,L14,L12/(,L13)2—1

Larger particles contribute more to higher
moments:
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MEASURABLE OPTICAL
QUANTITIES

Information about the size distribution and
composition of an aerosol can be obtained from

measurements, at different wavelengths, of light

transmittance and of scattering at different angles.

TRANSMITTANCE MEASUREMENTS:
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SCATTERING MEASUREMENTS:
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e Different measurements yield information
about different parts of the size distribution.

e More measurements do not necessarily yield
much more information.

e The light-scattering ability of small particles
(r < 0.25 um) 1s very low.

MOMENTS FROM
MEASUREMENTS

As each of the measured quantities 1s linear in the
size distribution dn/dr, 1t 1s possible to construct
linear combinations of measurements that yield
moments of the size distribution.
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e Radial moments are defined as f; = j r—dr

0 dr
e Approximating the moments by 1, = Dij¢j 1S
the same as approximating the powers of the
radius by r’ = DZ-J-K j

The coetticients D;; are determined as follows:
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The accuracy with which the moments can be
approximated depends on the eigenvalues of C,
thus on the independence of the measurements.

PROCEDURE

e Construct approximations to the lowest several
radial powers as linear combinations of
extinction and scattering kernels at several
angles and several wavelengths.

e Approximate moments as integrals over the
radius of the size distribution times the
reconstructed power.

e Accuracies depend on the size distribution.

RESULTS

e Graph shows the ratio, as a function of radius,
of the reconstructed power to the actual power.

e Reconstruction 1s from measurements of

extinction and scattering at several angles at
wavelengths 400, 550, & 700 nm.

e For a perfect reconstruction, the ratio should be
unity for all radi.
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EXAMPLE

e Moments are reconstructed for the aerosol size
distribution shown earlier.

e This distribution yields an aerosol optical depth
of 0.22 at 550 nm.

Ho Ly )25, 2%

cm” um cm” um’ cm” um’ cm”
Reconstructed 479 142 48 19
Actual 662 169 51 13
Ratio 0.72  0.84 0.94 1.05

SUMMARY

e The accuracy of the reconstruction of the
powers 1s good for r 2 0.25 pm.

e The lower moments are underestimated
somewhat because of the low scattering
ability of small particles.



