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ABSTRACT

Fluctuations in the atmospheric ozone column may significantly increase mean transmitted ultraviolet
radiation at biologically sensitive wavelengths, and increase mean photodissociation rates in thelower

stratosphere.

O’Brien (1971) and Donaldson and Hilst (1972) have
studied the important retarding effects which inhomo-
geneities in reacting chemical species may have upon
reaction rates. In this note we wish to point out a similar
type of effect, namely that fluctuations in stratospheric
ozone may lead to an increase in average transmitted
ultraviolet radiation. This increase may be significant
in calculating photodissociation rates or obtaining the
effect of changes in the ozone column on the erythemal
response of exposed skin.

Consider first the oxygen photodissociation rate j; at
a height 2 in the atmosphere:

J2= f 90,1 €Xp[ — (005 AN 2+00,0NV35)/cosgJdN. (1)

Here ) is the wavelength; Q, is the number of photons
in the ultraviolet incident at the top of the atmosphere
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per unit area, per unit time, and per wavelength
interval; oo, and oo, are the cross sections for ab-
sorption of radiation at wavelength A by molecular
oxygen and ozone, respectively;

Nz=/:° (0y)dz and N;;=/;°° (O3)dz

are the columns of molecular oxygen and ozone; and ¢
is the solar zenith angle. We do not consider absorbers
of ultraviolet other than O, and Os.

If N; varies with time, 7, will also vary; the average
value of j; will be increased because changes in the
exponential in (1) will strongly weight increases in ja.
If the fluctuations in N are normally distributed with
mean (N3) (where the angle brackets indicate an aver-
age over fluctuations) and variance sg?, it is easily
calculated that

8%,
(jz(Ns))=j2((Ns))( + -

o), (@
272({Ns)) ANy ) @

where higher order derivatives of j; have been neglected.
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Actually a more relevant quantity for many calcula-
tions is (J2 (NV3)), where J; is the average of j; over
solar zenith angle. In Table 1 we present sample results
[based on the solar fluxes and oxygen and ozone cross
gections of Ackerman (1971)7] for $J5:719%/,/dN4?, and
the corresponding quantity for the ozone photodissoci-
ation rate js.

The fractional increase in the mean photodissociation
rates J: and J; may be found by multiplying the last
two columns in Table 1 by s:2/(NV3)?, which is the vari-
ance of the ozone column measured in units of the mean
column. This variance will be most sizeable in the lower
stratosphere where transport effects predominate, and
may range up to values of 0.1 or more, though smaller
values are more typical (Dobson ef al., 1927; Craig,
1965 ; Diitsch, 1969, 1974).

In most ozone models, this effect of fluctuations on
photodissociation rates is not taken into account. The
latest general circulation models do incorporate them,
but are forced to make severe approximations in aver-
aging over the solar angle on taking into account UV
absorption by oxygen (Cunnold et al., 1975).

Consider now the biological efficiency of solar ultra-
violet radiation for erythema or sunburn, averaged over
a day:

1
S=— / / Qxsy exp[[ — a0, 2V 3/ cosd JdNdt, 3)
2r 08>0

where s, measures the relative sensitivity of the skin
for erythema (Urbach, 1969). Another quantity of
concern (see, for example, Bassett ef al., 1974), the effect

TaBLE 1. Sample computations of effects of ozone
fluctuations on J. and J;.

Height N (N3)
(km) (107 m=) (102m™2) 3J:,18%,/0Ns: 3Jy 19275/ aN

Equator, equinox

30 0.53 1.0 0.86 0.48
25 1.13 2.0 1.40 0.36
45°, winter solstice
30 0.53 0.5 1.25 0.43
30 0.53 1.0 1.78 0.32
30 0.53 2.0 3.73 0.21
25 1.13 1.0 2.24 0.31
25 1.13 2.0 4.07 0.21
25 1.13 3.0 7.23 0.16
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TaBLE 2. Sample computations of effects of ozone
fluctuations on S and S".

(N3)
(1072 m?) $S5719%5/aN:? 351925’/ ON &
Equinox, 30°N 8.0 2.4 4,2
Summer solstice, 30°N 7.5 2.1 3.9
Equinox, 45°N 9.3 3.0 49
Summer solstice, 45°N 8.5 24 4.2

of a change in the mean ozone level on S, is given by
S’=08S/dN;. The effect of fluctuations on S and S’ is
given by expressions directly analogous to (2). In
Table 2 we list values for the quantities $519%5/3N3?
and 35’1925’/ 3N i at selected ozone columns, latitudes,
and times of the year.

In summary, we find that fluctuations in the ozone
column increase the mean flux of transmitted ultra-
violet, and this may lead to increased photodissociation
rates, and to a significant increase in the effect of
changes in the mean ozone column on transmitted
radiation at biologically sensitive wavelengths.

REFERENCES

Ackerman, M., 1971: Ultraviolet solar radiation related to
mesospheric processes. Mesospheric Models and Related Ex-
perzments, G. Fiocco, Ed., D. Reidel, 149-159.

Bassett, I. M., M. A. Box and R. G. L. Hewitt, 1974: Changes in
atmospheric ozone and solar ultraviolet. Search, 5, 182~186.

Craig, R. A., 1965: The Upper Atmosphere: Meteorology and
Physics. Academic Press, 509 pp.

Cunnold, D., F. Alyea, N. Phillips and R. Prinn, 1975: A three-
dimensional dynamical-chemical model of atmospheric ozone.
J. Atmos. Sci., 32, 170-194.

Dobson, G. M. B., D. N. Harrison and J. Lawrence, 1927: Mea-
surements of the amount of ozone in the earth’s atmosphere
and its relation to other geophysical conditions—Part II.
Proc. Roy. Soc., London, A114, 521-541,

Donaldson, C. du P., and G. R. Hilst, 1972: The effect of in-
homogeneous mixing on atmospheric photochemical reactions.
Environ. Sci. Tech., 6, 812-816.

Diitsch, H. U, 1969 : Atmospheric ozone and ultraviolet radiation.
Climate of the Free Atmosphere, D. Rex, Ed., 383-432, Vol. 4,
World Survey of Climatalogy, H. E. Landsberg, Ed., Elsevier.

——, 1974: The ozone distribution in the atmosphere. Can. J.
Chem., 52, 1491-1504.

O’Brien, E. E., 1971: Turbulent mixing of two rapidly reacting
chemical species. Phys. Fluids, 14, 1326-1331.

Urbach, F., 1969 : T'he Biologic Effects of Ultraviolet Radiation (with
Emphasis on the Skin). Pergamon Press, 704 pp.



