variations previously discussed (2) for
GCR-produced NO,.

Other possible long-lived terminal neg-
ative ions such as ClO,~ (whether natu-
ral or artificially introduced) might play a
role similar to that postulated above for
NO,~. However, it is conceivable that
such ions with high electron affinities
could simply reduce the NO,~ popu-
lation and thereby reduce, rather than en-
hance, the catalytic destruction of O3 by
negative ions.

Terminal negative ions may have an al-
ternative sink (other than their eventual
mutual neutralization with positive ions)
in attachment to natural aerosols, gener-
ally thought (8) to be sulfuric acid drop-
lets. It is known that negative ions in the
stratosphere have pronounced vertical
stratifications that are associated with
sharp temperature inversions (9). It
seems likely that the aerosol content can
suppres§ negative ions and indirectly
modify the O, density (10).
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Stratospheric Ozone Effects on Temperature

Abstract. Calculated surface temperature changes, AT,, due to stratospheric
ozone depletion (at 35°N latitude in April) are less than previously estimated and
range between —0.6 and +0.9°K. The sign of AT, is determined by the surface albedo
and the presence or absence of a low-lying particulate layer (heating with particles,
cooling without particles). The calculations indicate that a 90 percent stratospheric
ozone depletion does not cause the temperature inversion at the tropopause to van-
ish, although it is weakened substantially.

Since O3 is known to be one of the ma-
jor trace constituents responsible for
thermal heating of the stratosphere (1) [it
absorbs solar ultraviolet (190 to 350 nm),
solar visible (450 to 650 nm), and infrared
(9 to 10 um) radiation], it has been sug-
gested by Dickinson (2) and others (3)
that depletion of stratospheric O, could
have catastrophic effects on climate.
This suggestion is based on coupling of
the positive feedback mechanisms of ice
cover (factor of 3 or greater) and con-
servation of relative humidity (factor of
2) with the cooling noted by Manabe and
Strickler (4). While I have not explicitly
included the former feedback mecha-
nism in the study reported here, I have
included the latter one. The original theo-
retical research relating O; and climatic
effects was conducted by Manabe and
Strickler (). For a cloudless sky at 35°N
latitude in April (considering the effects
of CO,, H;0, and O; and assuming fixed
absolute humidity), they calculated that
complete removal of O3 from the atmo-
sphere would cause a decrease of less
than 1°K in the earth’s steady-state sur-
face temperature, but would cause the
temperature reversal that defines the
tropopause to vanish. The latter effect is
important since it could lead to much-en-

hanced vertical mixing and a dramatic
shift in the mean wind field (5). Later Ma-
nabe and Wetherald (6) calculated radi-
ative-convective thermal profiles (assum-
ing average cloudiness and constant rela-
tive humidity) for O, distributions
corresponding to 0°N, 40°N, and 80°N in
April and found that the tropospheric
temperature would decrease as the abun-
dance of O; decreased and the height of
the maximum O; concentration in-
creased.

In the work reported here I took the
Manabe-Wetherald (6) thermal equilibri-
um model, with three layers of water
clouds (corresponding to average cloudi-
ness at 35°N latitude in April), and in-
troduced a low-lying layer of Mie-scat-
tering particles in order to calculate the
radiative-convective steady-state tem-
perature profile under various condi-
tions. The calculations were performed
for a mean global surface albedo of 0.1,
for the present distribution of strato-
spheric O3 as well as for 90, 60, 50.
30, 10, and 0 percent levels. Additional
calculations were made to test the sensi-
tivity of these results to changes in other
model parameters, including the pres-
ence or absence of particulate layers and
changes in surface albedo, w;.

! I 1 T A
Stratospheric Ozone
No Stratospheric 50%
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—~ 10 @ 100% -
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108 L I 1 \. —
150 200 250 300
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Fig. 1. Caleulated steady-state temperature profiles as a function of pressure (millibars) for the
present abundance of stratospheric O; and for 90, 60, 50, 30, 10, and ~ 0 percent of those values.
Values from the subtropical (30°N) July model atmosphere (triangles) and experimental data
interpolated for 35°N in April (squares) are inciuded for comparison (10).
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A description of the model and the pa-
rameters characteristic of 35°N latitude
has been presented (7), and the reader is
referred to the earlier work for details.
The spectroscopic treatment remains un-
changed, as well as the details of the
method. A particulate layer having a
mean visible optical density 7 of 0.065
(refractive index m = 1.5 — 0.1i) was as-
sumed (8, 9). It is unfortunate that a real-
istic global value of the imaginary com-
ponent of the index of refraction is still
uncertain.

The purpose of the calculations is to
estimate the magnitude of the thermal ef-
fects for limited O, depletion, based on
changes in the radiative-convective ex-
change. No thermal effects from reaction
kinetics are included, since these require
prohibitively small integration time
steps. Parameterization of the atmo-
spheric temperature profile in terms of
the percentage of stratospheric O; deple-
tion is considered, since only strato-
spheric O; appears to be involved. The
model does not include circulation.

For reference, the assumed 100 per-
cent and 0 percent stratospheric O distri-
butions as a function of pressure are giv-

Table 1. Atmospheric Oy distribution.

Mixing ratio of Os (g/kg)
For 100%

Pressure For 0%
(mbar) strato- strato-
spheric spheric
(0N 0,

8.9 0.010167 0.000020
74.1 0.001560 0.000020
188.6 0.00040 0.000020
336.1 0.000197 0.000020
500.0 0.000119 0.000119
663.9 0.000069 0.000069
811.4 0.000050 0.000050
925.9 0.000039 0.000039
991.1 0.000038 0.000038

Table 2. Atmospheric temperature changes
due to 100 percent stratospheric O; depletion
(in the presence of three layers of water
clouds and a low-lying particulate layer).

AT (°K), AT (°K), constant
Pres- constant relative humidity
sure absqlqte
R
s 0.07 0.1 0.6
0.1
8.9 —100.0 -100.0 -99.2 —85.8
74 -21.8 —-20.8 -20.8 -—17.5
188 -1.2 -32 =30 23
336 +0.1 +0.5 -0.5 -1.8
500 +0.1 +0.5 +0.5 +0.6
663 0.0 +0.5 +0.6 +0.8
811 +0.0 +0.5 +0.6 +0.9
926 +0.1 +0.5 +0.6 +0.9
991 +0.1 +0.5 +0.6 +0.9
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en in Table 1. The 0 percent O; level is
actually assumed to be 0.00002 g of
O, per kilogram of air to avoid calcula-
tion problems which arise when zero val-
ues are used. In addition to the thermal
effect of O, depletion, I consider the sen-
sitivity of the thermal effect to the varia-
tion in surface albedo and cloud cover.

The results of the calculations are
shown in Fig. 1 and Table 2. For com-
parison, Fig. 1 includes measured tem-
peratures for April at the surface, at 800
mbar, and at 400 mbar, and six values of
stratospheric temperature from the sub-
tropical (30°N) model atmosphere for
July (10). Tt is clear from Fig. 1 and Table
2 that the largest thermal effects oc-
curred in the stratosphere.

With this model, calculated strato-
spheric temperatures are found to de-
crease at the 8.9-, 74-, and 189-mbar lev-
els as the amount of O; decreases. Fur-
thermore, the magnitude of the decrease
is largest where the initial O; concentra-
tion is greatest (at 8.9 mbar).

As found by Manabe and Strickler ¢),
the temperature reversal is completely
destroyed by complete removal of O;
from the stratosphere. This means that
the tropopause disappears independently
of the water clouds and the particulate
layer. However, my calculations show
that the tropopause will vanish only as
the last percentages of O, are removed.
At the 8.9-mbar level, a 90 percent O3 de-
pletion leads to a 28°K drop in temper-
ature from 237° to 209°K, but this is still
7° to 8°K above the initial temperature
(at 100 percent Oy) calculated at the 74-
mbar level.

With the present model the maximum
calculated stratospheric temperature
change for a 10 percent deplction is
~ 1.5°K at the 74-mbar level. The magni-
tude of this temperature difference is
one-fourth that reported by Newell (/1)
(except for the sign difference) around
the time of the major eruption of Mt.
Agung, Bali (8°S, 115°E), on 17 March
1963. Hence, natural phenomena may
produce stratospheric temperature fluc-
tuations larger than that calculated for 10
percent O; reduction.

Turning to surface temperature differ-
ences, 1 find that removal of Oy, in the
presence of the particulate layer, leads to
heating of the surface (Table 2). The heat-
ing is the result of the combined effects
of increased net solar radiation at the
ground and increased water vapor in the
atmosphere (Table 3). The magnitude of
the surface temperature change (A7) in-
creases as the surface albedo increases
because of an increase in the amount of
visible radiation being reflected and ef-

fectively ‘‘trapped” by the particulate
layer. For total removal of stratospheric
03, mean global surface albedo (0.1), and
constant absolute humidity, the present
model leads to a 0.1°K temperature in-
crease (Table 2). If the calculation is re-
peated, assuming constant relative hu-
midity (with no change in the particulate
refractive index), the calculated surface
temperature increase is 0.6°K. This posi-
tive temperature difference is in contrast
with the results of Manabe and Strickler
), who reported a temperature de-
crease of less than 1°K for total O; re-
moval with a cloudless sky and no partic-
ulate layer. Hence, the results seem to in-
dicate that the sign of AT, due to O,
depletion is determined by the presence
or absence of absorbing particles in the
atmosphere. I therefore repeated my cal-
culations with the particulate layer re-
moved from the model, and found a cal-

-culated surface temperature decrease in

the presence of average cloudiness of

Table 3. Changes in net solar (downward) ra-
diation, atmospheric water vapor content,
and temperature near the earth’s surface, due
to 100 percent stratospheric O; removal, giv-
en for two extremes of surface albedo:
ws = 0.07 (dark soil) and w, = 0.6 (snow).
The change in net solar radiation is less over
snow because more than 50 percent of the ra-
diation striking the snow surface is reflected.
The change in water vapor content is less over
snow because there is less water vapor due to
the lower temperature. The change in surface
temperature is greater over snow because the
low-lying particles absorb the back-reflected
solar energy.

Change
Surface SI:)]]C atr Water Surface
albedo radiation vapor temper-
(ergem-? content ature
oy ke CK)
0.07 4.58 x 10* 0.28 0.50
0.6 2.01 x 104 0.03 0.90

Table 4. Changes in the temperature differ-
ences at constant relative humidity for 100
percent stratospheric Oy depletion (column 4,
w, = 0.1, Table 2) due to changes in cloud pa-
rameters.

Change in AT (°K)
Pressure

(mbar) No Nohigh  Nolow
clouds clouds clouds

8.9 -10.4 -0.7 -8.0

74 -2.3 —-4.3 -2.5
189 -1.0 -0.1 -1.4
336 -0.3 -0.2 -0.2
500 -0.3 —0.1 -0.2
664 -0.3 —0.1 -0.2

811 -0.3 -0.1 —0.1
926 -0.3 -0.2 -0.2
991 -0.3 -0.2 -0.2
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—0.2°K for fixed humidity and —0.6°K
for constant relative humidity. Hence
the calculated bounds for average cloudi-
ness are between —0.6° and 0.6°K
(ws < 0.1). For the present model a 10
percent stratospheric O3 depletion yields
a AT, of ~ 0.01 at 35°N latitude. A com-
parison of calculated temperature differ-
ences assuming constant absolute humid-
ity and constant relative humidity is giv-
en in Table 2.

If in the model the height of the maxi-
mum in the Oy profile is arbitrarily de-
creased from 8.9 mbar (31.6 km) to 74
mbar (18 km) (by removing 50 mass per-
cent of the Oy from the former level and
placing it in the latter level), AT (for
ws = 0.1) is +0.9°K. It is interesting that
this arbitrary decrease in the height of
the O; maximum yields a larger AT, than
complete stratospheric O; removal. This
is in agreement with the results of Callis
et al. (I12) and Coakley (13).

To test the sensitivity of the results to
the model cloud parameters, separate
calculations of the steady-state temper-
ature profiles were made for the cases of
(i) no water clouds, (ii) no low-lying wa-
ter clouds, and (iii) no high-lying water
clouds. These results are shown in Table
4. A set of calculations was also per-
formed for an 18-level atmospheric mod-
el; no essential difference was found be-
tween these and the calculations for
nine levels.

The important new conclusions to be
drawn from these calculations are that (i)
with low-lying absorbing particles sur-
face heating occurs when stratospheric
O, is depleted (in contrast to the cooling
calculated for stratospheric O; depletion
with no absorbing particles) and (ii) sur-
face albedo affects the amount of surface
cooling or heating. For a sky with or
without water clouds and with no sus-
pended particles, the O; depletion pro-
duces less cooling with high surface al-
bedos than with low surface albedos.
With absorbing particles the O; depletion
produces more heating with high surface
albedos than with low surface albedos.
Since the Oy abundance, the surface al-
bedo, and the effective albedo change
with latitude, all effects must be consid-
ered simultaneously when considering
O; effects at different latitudes. The sur-
face temperature change when the O, is
depleted, for average cloudiness at 35°N
latitude, April, and a surface albedo of
0.6 or less, is between —0.6° and 0.9°K,
while the effect is negligible for 10 per-
cent Oz removal. The sign of the sur-
face temperature change is determined
by the degree to which airborne particles
affect the radiative balance. The final ef-
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fect of O; depletion on the temperature
must include all the physical details of
the atmosphere, including (i) the pho-
tochemical balance, (ii) feedback due to
changes in surface albedo and ice cover,
(iii) feedback due to changes in cloud
cover, and (iv) general circulation.
RuTH A. RECK
Physics Department,
General Motors Research Laboratories,
Warren, Michigan 48090
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Uterotrophic Effect of Delta-9-Tetrahydrocannabinol in

Ovariectomized Rats

Abstract. Chronic administration of delta-9-tetrahydrocannabinol, an active com-
ponent of marihuana, has significant uterotrophic effects in ovariectomized rats as
measured by the uterine weight gain bioassay for estrogens.

The possibility that tetrahydrocannabi-
nol (THC), one of the major active com-
ponents of marihuana, may have estro-
gen-like activity has been raised by re-
cent reports on heavy, chronic marihua-
na use in men (/) and THC administra-
tion in male rodents (2). However, other
studies of similar concern in men (3) and
male rodents (¢) fail to support these
findings.

Since the effects of marihuana use in
women and THC administration in fe-
male rats are not well documented, the
possibility that THC may have estrogen-
like activity led us to examine the effects
of THC in female rats, using the uterine
weight gain and vaginal bioassays for es-
trogens. The data presented here demon-
strate that delta-9-tetrahydrocannabinol
(A% THC) has significant estrogenic activ-
ity, as measured by uterine weight gain
in spayed rats.

Estrogens often elicit similar morpho-
logical and physiological responses in re-
productive tissues of male and female ro-
dents and human beings (5-8). Heavy,
chronic marihuana use, estrogen, or
THC administration has the following ef-
fects in men and male rodents. In men,
heavy marihuana use is reported to elicit
gynecomastia, oligospermia, and depres-
sion in plasma testosterone levels (/). Es-
trogen administration in men results in
depressed testosterone levels, gyneco-
mastia, antiandrogenic effects on second-
ary sex glands, and azoospermia (5). In
male mice, chronic administration of

THC induces complete arrest of sperma-
togenesis and regression of Leydig cell
tissue and accessory sex glands (2).
Chronic THC is found to increase adre-
nal weight, stimulate male breast devel-
opment, and depress seminal vesicle
weights and somatic growth in male rats
(2). Depressed somatic growth, in-
creased adrenal weight, and depressed
seminal vesicle weights are also seen in
estrogen-treated male rats (6). These
findings lend further support to the possi-
bility that heavy, chronic THC adminis-
tration may have a direct or indirect es-
trogen-like activity.

It is known that estrogenic compounds
are implicated in endometrial carcinoma
and breast cancer in women (7, 9, /0). In
addition, administration of estrogen-like
compounds during pregnancy induces
vaginal cancer in human female offspring
(11). In female rodents, estrogens also in-
duce uterine, vaginal, and mammary can-
cer (/2). Since oral administration of
THC is now used as an antiemetic in
patients receiving cancer chemotherapy
(13), the similarities in human and rodent
response to estrogen administration, as
well as the possibility that marihuana
(THC) may have estrogenic effects, were
of interest.

Replacement therapy with estrogenic
compounds is known to restore the re-
productive tract of ovariectomized rats
to the precastrate state (8, /4). Using the
uterine weight response assay in a pre-
liminary experiment, we found that the
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