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Analyzing Ultraviolet-B Radiation: Is There a Trend?

Kerr and McElroy state that “since 1989
. .. the intensity of [solar radiation] at
wavelengths near 300 nanometers has in-
creased by 35 percent per year in winter
~ " (1, p. 1032). We find that the pur-
ported trends depend entirely on the choice
of time interval (that is, the first and last
dates from which data are taken) and are
therefore an artifact of the analysis. The
purported winter trend is not statistically
significant (P = 0.05) and is determined by
four (out of 312) data points that lie at the
extreme end of the record (March 1993)
and that are associated with unusual mete-
orological conditions. Similarly, there is no
statistically significant trend in the summer
ultraviolet-B (UV-B) data when the analy-
sis is run on the first 4 years of record; the
reported trend is induced only when the
data from 1993 is included.

We thus conclude that the unusual de-
cline in total column ozone in 1992 and
1993 (2)—associated with, and likely
caused by, a drop in the number of sun-
spots, a strong El Nifio event, and the
eruption’ of Mount Pinatubo—is not ac-
companied by a statistically significant up-
ward trend in UV-B.

We performed a regression analysis using
all of the winter data (provided to us by
Kerr), including data (3) from March 1989
and February and March 1992 (Fig. 1). The
slope of the assumed linear trend line now
declines from (165 + 75) X 1075 to (92 +
67) X 107 kilojoules m~2 nm™! per year,
which, using the method of Kerr and McEI-
roy, would result in an annual increase of
21.1% = 15.3% (P = 0.05), rather than
35% (no confidence limits were given in
any figure in their report). However, the
variance (R?) explained by the 21% trend is
only 2.4%. The putative upward trend in
UV-B is completely determined by four
data points at the extreme end of the
record: 25, 26, 27, and 29 March 1993.
Regression through the first 4 years of win-
ter data (187 points) generates a slope not
significantly different from zero, as does one
ending on 24 March 1993. Thus any
change on a “per year” basis calculated with
the method used by Kerr and McElroy bears
no relation to the first 4.95 (out of a
possible 5.0) winters (4). The winter trend
generated by their methodology thus results
from a drastic overestimation of the number
of degrees of freedom in the linear regres-
sion. A more appropriate analysis is an
analysis of variance (ANOVA) between
the years for each of the four winter
months. In 3 of the 4 months (January,
February, and March) only the 1993 data
differs significantly (P = 0.05) from the
mean in any other year. Of the 11 remain-

ing combinations (not counting 1993), a
significant difference appears only in one
month, between December 1990 and De-
cember 1991.

We plotted (Fig. 2) the linear trend in
irradiance (in percent per year) as a func-
tion of wavelength (i) all of the data [in-
cluding those omitted by Kerr and McElroy
(3)] and (ii) for the data without the four
March observations. (Again we confined
our study to the winter, for that is where
the large changes were purported to occur
in the UV-B.) When the four points from
March 1993 were eliminated there was no
UV-B trend significantly different from zero
at any wavelength. Even when the four
data points were included, the trends were
approximately one-half of those in the re-
port by Kerr and McElroy and were only
significantly different from zero between
300 and 303 nm (5, 6). Thus, their “posi-
tive” result for a UV-B trend was deter-
mined by data selection that included large
anomalies at the end of the record, which
were associated with extreme meteorologi-
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cal conditions. In mid-March 1993, the
deepest surface cyclone on record in the
20th century developed in the northeastern
United States; surface pressure readings of
less than 965 mb were common, and the
core of the accompanying upper trough
passed over Toronto.

Large, temporary UV variations are not
unusual and do not indicate a trend. With
the use of an instrument similar to the
Toronto instrument, F. Mims (7) has de-
scribed a strong, short-lived ozone decrease
in South Texas around 23 June 1993, (as-
sociated with tropical storm Arlene) and a
corresponding UV increase. Unlike Kerr
and McElroy, he does not claim a “trend,”
but such a trend would appear statistically if
this excursion was at the end of a record of
inadequate length. Similarly, Correll et al.
(8), using only “clear sky” days, found rapid
and large changes of UV-B flux.

In conclusion, a careful analysis of the
data used by Kerr and McElroy demon-
strates the lack of any robust trend in the
UV-B data over Toronto (9), and there-
fore the absence of an expected correla-
tion between long-term trends in UV-B
and total ozone. Even though such a
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Fig. 2. Changes in irradiance, with confidence limits (P < 0.05) calculated from all of the winter data
collected by Kerr and McElroy (7, 3) and also with the data from 25, 26, 27, and 29 March 1993

removed.
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correlation is expected, the report by Kerr

and McElroy provides no direct support for
that hypothesis.
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Response: We reported (1) measurements of
spectral UV-B radiation from 1989 to 1993.
We compared changes in ozone and UV-B
(seasonally corrected linear trends) over the
period, and we compared UV-B during
1992-93 (a year of low ozone measure-
ments) with that during 1989-90 (a year of
higher ozone measurements). Both compar-
isons quantified significant year-to-year
changes in spectral UV-B in summer and
winter months. We reported our results as
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evidence for trends in UV-B radiation.

We considered seasonal variations for
both the ozone and UV-B radiation time
series because the large differences from one
time of year to another influence trend
determinations and their uncertainty esti-
mates. As stated in our report, the linear
regressions for ozone [figure 1 of (1)] and for
UV-B radiation [figure 2 of (I)] were de-
rived from data with the annual cycles
removed (2). We subtracted annual mean
curves from the data points and fitted trend
lines to the resulting differences which
were, therefore, distributed around zero at
all times of the year. This process maintains
the weighting of the measured variable
(ozone or UV-B energy) and does not result
in a seasonal sampling bias in the determi-
nation of slopes or in an over-estimation of
their errors as a result of seasonal variabili-
ty. We determined the annual mean curve
by smoothing the data with a 60-day full-
width at half-maximum (FWHM) triangu-
lar filter (3).

We addressed the question of nonran-
domness of the data variability with an
autocorrelation analysis of adjacent data
points when determining uncertainty esti-
mates; this increased the uncertainty esti-
mates for the slopes from a data set with
random and uniform point-to-point vari-
ability (4). We have calculated the statis-
tical significance (<0.05) of the data in
figure 4 of our report (1) based on the
variance of the data points and the discus-
sion above (Fig. 1).

Michaels et al. present results from data
sets that include partial seasons (March 1989
and February through March 1992). These
data were not included-in our analysis be-
cause they might introduce a seasonal bias
which is not removed when the annual cycle
is removed. For example, an ozone trend
with monthly dependence [as has been ob-
served and reported (5)] would influence the
results if partial seasons were included (6).

Perhaps the most serious bias in the
analysis by Michaels et al. comes from the
removal of data points without an apparent
physical basis for doing so. The average
ozone amount is low in the spring of 1993
precisely because there are several very low
ozone values. The ozone mean could be
adjusted to almost any value by arbitrarily
removing data points from the analysis.

Surface and 500-mb weather maps and
the Total Ozone Mapping Spectrometer
maps for the period between 10 and 31
March 1993 show that the record low
ozone values (and corresponding high
amounts of UV-B) recorded near the end
of March are not associated with a cy-
clone. Low - surface pressure values are
associated with high ozone values at mid-
latitudes (7), as was evident during the
passage of the storm—a relatively high
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Fig. 1. Data from figure 4 of our report (7) with
uncertainty estimates based on the variance of
the data during the sample period. The uncer-
tainty estimates (P =< 0.05) include consider-
ations with regard to the removal of seasonal
variations and the correlation between adjacent
data points.

ozone measurement of 400 DU was ob-
served on 14 March, the day “the core of
the accompanying upper trough passed
over Toronto,” as pointed out by Michaels
et al. The unusually low ozone values (near
260 DU) at Toronto after 25 March were
associated with a ridge of high pressure
that had passed over western Canada a few
days earlier. Removal of these critical data
points is inappropriate. !

The data points in question are influ-
ential because they occur at the end of
March when energy readings are signifi-
cantly higher than those earlier in the
winter as a result of the higher solar
elevation. Those data points at the end of
March, although few in number, consti-
tute about 40% of the entire winter accu-
mulation of energy. A month-by-month
analysis (Fig. 2) shows the trend.

The “uncertainty” and “significance”
tests presented by Michaels et al. are ap-
propriate for data at individual wave-
lengths considered in isolation. If data
were available from one wavelength only
(say 300. nm), then the error at 300 nm
would be indicative of statistical signifi-
cance (error bars shown in Fig. 1). How-
ever, our data set consists of 51 times the
number of data points (for wavelengths
between 300 and 325 nm) that should be
considered together to extract conclusions
and information regarding “statistical sig-
nificance.” (Actually, the amount of in-
dependent information is slightly less be-
cause the slit functions of adjacent wave-
length samples overlap.)

It is clear from our analysis (Fig. 1) and
from that of Michaels et al. (their figure 1)
that the slopes of energy values increase
from near zero (or slightly negative) at 324
nm to more positive values at 300 nm and




oeesso Monthly trend at 300 nm

— — Uncertainty all effects
...... Uncertainty ozone only

o

Trend (percent per year)

L
I
s

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Fig. 2. Month-by-month trend measurements at
300 nm with the use of all available data be-
tween March 1989 and August 1993. Uncertain-
ty estimates (P < 0.05) are based on the vari-
ance of the data from all sources (dashed lines).

that the variance increases in magnitude
over the same wavelength range. This oc-
curs for all months and even in the most
severely biased example presented by
Michaels et al. The wavelength dependence
of the trends and variance matches the
ozone absorption spectrum.

Calculating the correlation coefficient be-
tween the trends in UV-B and the ozone
absorption coefficient spectrum yields values
greater than 0.96 in most monthly and sea-
sonal cases, including the examples provided
by Michaels et al. This means that about 92%
of the observed, long-term change in the UV
spectrum relative to 324 nm can be accounted
for by change in the amount of ozone. We are
unaware of any candidate species, other than
ozone, in the atmosphere that could account
for this observation.

The variance contribution in the UV
data resulting from ozone and from other
causes at all wavelengths can be estimated
by the use of the correlation coefficients
calculated from data taken at 324 nm and at
other wavelengths. The wavelength depen-

dence of the variance is a result of ozone
absorption, and the variance resulting from
ozone at 324 nm is essentially zero because
of the small value of the ozone coefficient at
that wavelength (Fig. 2).

The rates of change for UV-B radiation
and ozone (expressed as trends in percent
per year) are those observed over the time
period and seasons as defined in our report.
We stated that the ozone trend at Toronto
over our sample period does not represent
past trends over longer periods at Toronto
or other comparable sites and that the
reported rates of change were very unlikely
to continue into the future (1, p. 1034).

Michaels et al. refer to data collected by
F. Mims “using an instrument similar to
. ..” the one we used. The instrument
used by Mims is a multi-wavelength, in-
terference filter photometer. The data pre-
sented in our study were collected with a
Brewer Ozone Spectrophotometer. The
Brewer is an environmentally hardened,
precision diffraction-grating spectropho-
tometer. It is a critically important ele-
ment in the global ozone observing system
and provides a highly accurate (<1%) and
traceable total ozone measurement in ad-
dition to UV spectra of the quality used in
our study.

. In summary, Michaels et al. carry out
statistical analyses to determine the strength
of our evidence, but they use only the winter
data, and they arbitrarily reject some of the
data points. Our conclusion remains that the
causal relationship between decreasing
ozone and increasing UV-B radiation was
demonstrated during the period of our study
(1), and that this provides evidence that
there has been a long-term change in UV-B
associated with the documented decline in
ozone since 1980.
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