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Reply to Comment on: “New method for inferring total ozone
and aerosol optical thickness from multispectral extinction
measurements using eigenvalue analysis by G. Taha and G.P.
Box” by Xia Xiangao and Wang Mingxing

G. P. Box and G. Taha

School of Physics, University of New South Wales, Sydney, Australia.

Xia and Wang point out that, for the eigenvector analysis
method, the error in the ozone optical thickness will be
directly correlated with aerosol optical thickness at that
wavelength, thus the presence of measurement errors can lead
to instability in the ozone retrieval. The nature of the error
propagation means that the instability may increase as the
number of wavelengths used for making predictions increases.
Stability analyses they undertook using both the eigenvector
method and that of King and Byme (1976), led them to
conclude that the King and Byrme method is more stable,
especially when the number of wavelengths is large, although
both methods yield the same average value for the ozone
column.

When using another larger wavelength set which had
several close pairs of wavelengths, we noted large errors in
the predictions. In that case the presence of the pairs was the
main problem because they tended to cancel one another,
hence our recommendation that in such situations only one of
the pair be used. (Similar effects were reported by Livingston
and Russell (1989).) This is in line with Twomey’s (1977)
suggestion that for predicting one kernel as a linear
combination of the others, the kernels should be well spaced.
In cases where there is a large number of wavelengths, a
simple way of determining whether or not the eigenvector
method gives stable retrievals is to also apply the method to
one or more subsets of these wavelengths.

All methods for retrieving ozone from a set of radiometer
measurements have their advantages and disadvantages,
which are partly related to the assumptions made by the
method. The relative merits of the King and Byrne method
and the second derivative method are discussed by Flittner et
al. (1993). Our purpose was to develop a simple, easily
applied method, which makes maximum use of the
information contained in the measurements. The advantage of
the eigenvector method is that it relies on the dependence of
the Mie kernels rather than an assumed functional relationship
between optical thickness and wavelength, and it can be used
when only a small number of wavelengths is available. In a
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paper we were not aware of at the time of writing, Steele and
Turco (1997) use an eigenvector method to extract ozone
from SAGE II measurements. They found that, although there
is more noise in ozone retrievals due to propagation of errors,
there was no bias in the aerosol extinction or ozone values 5o
that when averaged temporally or spatially, the propagated
errors tend to cancel out.

Xia and Wang recommend an alternative set of
wavelengths which they show to be more stable than the
MFRSR set. While this is undoubtedly the case, our work was
based on an existing, widely used instrument (Augustine et
al., 2000) and thus we could not choose the wavelengths.
Instrument wavelengths are chosen for a variety of reasons
which include species to be measured and cost. The suggested
wavelengths satisfy the need for a well-spaced set of kernels
and to minimize contamination from NO,, however the 0.34
um channel has other problems. This wavelength is close to
the detection limits of the filters thus the signal to noise ratio
is low, and also the Rayleigh contribution to optical thickness
is large. This channel will also be contaminated by ozone, a
problem which is easily handled by the eigenvector method
(but not the King and Byme method).

On the question of NO, absorption in the 0.414 um channel
of the MFRSR, the effect is likely to be small, and will affect
all retrieval methods. In principle, the eigenvector method
could also be used to extract the NO, contribution to this
channel, however the signal to noise ratio is probably
unfavourable. Other users of this instrument appear not to
correct for NO,, although corrections are made for ozone, for
example Michalsky et al., (1995).

In conclusion, we acknowledge that error propagation can
lead to instability in ozone retrievals, and that these effects
become larger as the number of wavelengths increases.
However, we would like to point out that when we applied
this method to almost 170 days data, the difference between
the weekly average ozone column obtained using our method,
and the satellite TOMS measurements was of the order of 2%,
compared to 10% for the King and Byrne method. It should
be pointed out here that the eigenvector method has potential
for inter-comparison of instruments with different wavelength
sets.
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