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An Analytic Formula for Heating Due to Ozone Absorption

Ricuarp S. Linpzen! axp Doucras 1. WiLL

Dept. of the Geophysical Sciences, The University of Chicago 60637
2 October 1962

From the tropopause to about 80 km, the major
source of radiative heating in the atmosphere is the
absorption of sunlight by ozone. This absorption occurs
in the Hartley (2000-3000 A), Huggins (>3000 A),
and Chappuis (5000-7000 A) bands (Craig, 1965,
p. 168; also Craig, 1950) and is only slightly tempera-
ture and pressure dependent. Consequently, to a high
degree of approximation one may write

Ivzlvoo eXP(_Kv%), (1)
Q=/K,,[,,nd)\, (2)

where:
Q  heating (ergs sec™! cm—?%)

z

¥
u  optical depth (cm NTP) [=/ ndz/cos@):l

oo

t This expression is appropriate only for a flat atmosphere and
must be modified to take sphericity into account.

zenith angle

ozone density (cm NTP cm™?)

k,  absorption coefficient (cm NTP)=!

insolation (incident solar intensity) (ergs cm™2
sec™! A1)

I, intensity (ergs cm™2 sec! A~?)

N wavelength (A)

z  height (cm)

S

Distributions of 7,, and «, are shown in Figs. 1-3. The
quantity Q/n=n is solely a function of #, and for the
choice of spectral data shown in Figs. 1-3 leads to the
distribution of # with # shown in Fig. 4. As noted in
Lindzen and Goody (1965) there are two regions of the

1 Present affiliation: Division of Engineering and Applied
Physics, Harvard University.

atmosphere where # may be approximated by a
constant:

1) Above ~45 km where with #<2X10=% cm NTP
we are in a region which is almost transparent for all
ozone bands. Hence, ozone band radiation is not
significantly attenuated and the heating is largely due
to ozone’s strongest band, the Hartley band.

2) Below ~30 km where with 0.3 cm NTP>#>0.15

cm NTP, most radiation in the Hartley and Huggins
bands has been absorbed but the atmosphere is still
almost transparent for the Chappuis which dominates
the heating.?
The question now arises as to whether a simple ex-
pression exists which describes both regions of “con-
stant” % as well as the transition between them. More-
over, we wish a convenient way of relating parameters
in the expression to spectral data. Now, in the regions
of constant 5, 1 depends only on average values of
spectral intensities and absorption coefficients for the
Hartley and Chappuis bands. Thus, a simple solution
might be to use average values for 7, and «,, appropriate
to the Hartley and Chappuis bands, in (1) and (2),
modelling both bands as simple Chapman layers (Craig,
1965, pp. 147-150). One then obtains for # the
expression

n=1 gy exp(—rgu) 41 kAN, exp(—«a), (3)

where I, kg and 1., k. are average I,, x, for Hartley
and Chappuis bands and Ay, A\, are the bandwidths
taken for these bands. For the range of #’s relevant to
the earth’s atmosphere, ki, I, k. and I, can be chosen
to accurately model the regions of constant 7; Eq. (3)
will then also describe the transition between the two
regions. Unfortunately, the accuracy of such an approxi-

2 Note that Fig. 4 is misleading on this matter since it includes
values of % which greatly exceed the atmosphere’s total ozone

content; such values could be important, however, in time-de-
pendent calculations where 6 may approach =/2.
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F1c. 1. The spectral disbribution of incoming solar radiation
(solid line, after Craig, 1950) and the average values of intensity
and band limits used in our modelling procedure.

mation proved poor in the transition zone because of
the importance of the Huggins bands in that zone.
Modelling the Huggins bands proved reasonably simple.
From Fig. 2 we see that «, is almost a linear function on
a semi-log plot. Thus, we may write

Ky =Kpue M, )

where kg, M are constants of the straight line on the
semi-log plot. Taking for I, an average over the Huggins
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F16. 2. The absorption by ozone as a function of wavelength for
the Hartley and Huggins bands (solid curve, from Craig, 1950)
and the approximations (dashed curves) to the absorption used in
our modelling procedure.

JOURNAL OF THE ATMOSPHERIC SCIENCES

VorLume 30

lOo T T T T

|
1

T
1

Absorption Coefficient (cm NTP')

— Chappuis Band

| |

" 6000 |
5600 6400

Wavelength (f\)

6800
7200
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bands, 7., we can easily integrate (2) obtaining

{eXpl:'—uK”u eXP( _M)\long>]

IIIu

Niu=
u

—exp[—u:cyu CXP<_mAshort)J}; (5)

where Nong and Ashort are the wavelength limits used for
the Huggins bands. Thus, an improved approximation
to 7 consists in the sum of (3) and (5), namely

n=IuxpAg exp(—rgu)+1I kAN, exp(—«qn)

IHu

+
M

{expl —uxr, exp(—mNiong) |
u

—exp[ —ukpy exp(—mAshort) 3. (6)

Expression (6) has, in principle, a substantial number
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Frc. 4. Specific heating n due to ozone as a function of optical
depth #. The solid curve represents Craig’s (1951) calculation, the
dashed curve our analytic formula.






