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Fig. 1 Temperature change (nuclear war experiments minus unperturbed climate) as

function of latitude and time for the runs listed in Table 2. Contours are every 1 °C starting

at —1 °C. Temperature drops between —1 °C and —2 °C, and between —5 °C and —10 °C, are
shaded.



In the Gradual Southern Hemisphere case (run 6), the North-
ern Hemisphere response is again about the same as in the
control. Although the response is slightly less in year 2, it is
larger in years 3 and 4 because the forcing at lower latitudes
makes the effects last longer through ocean cooling. In this case,
we see maximum cooling of about 8 °C in the tropics, and much
smaller cooling in the Southern Hemisphere. The smaller
Southern Hemisphere effect is caused by the much larger thermal
inertia due to the much larger percentage of oceans in this
hemisphere, as well as the lack of land in the high mid-latitudes
on which to produce a snow/albedo feedback. This effect is
illustrated in run 7, where the forcing is the same at all latitudes,
but the response is much less in the Southern Hemisphere. This
is partly because the forcing started in Southern Hemisphere
winter. A global run starting in Southern Hemisphere summer
(not shown here) produced about the same response in the
Southern as in the Northern Hemisphere. The larger Southern
Hemisphere thermal inertia almost exactly compensated for the
larger forcing.

The effects of using the severe 10,000 MT forcing' are shown
in run 8. The results during the first year are virtually the same
as in the control case, with the maximum cooling not even 2 °C
larger. The dramatic difference comes in the second year, where
the snow/albedo feedback produces a cooling of more than
16 °C during the summer 1 yr after the war begins. The effects
persist for several years after this, with year 4 in this case
resembling year 2 in the control case. Although this result is
almost a ‘worst case’ scenario (more latitudinal spread would
make it even worse), it should receive serious consideration'
because it is plausible. Run 9 shows that even the smaller
100 MT-city attack can have virtually the same effects as the
control case, in agreement with Turco et al'.

These experiments show that the climatic effects of a nuclear
war might persist longer than previously calculated. The use of
a model which includes snow and ice feedbacks and ocean
response shows that the effects can be large even 1 yr after the
war begins. Latitudinal spread of the nuclear smoke and dust
can produce large cooling in the tropics where life is more
sensitive to cooling due to the absence of a natural seasonal
cycle’, but the cooling there is not as large as would be expected
from a global average model.

The results presented here must be considered as preliminary,
since the climate model used cannot consider many of the

complex interactions that might result. These include the
dynamical and radiative interactions between the atmospheric
circulation and the smoke, the possibly patchy nature of the
smoke distribution, long-wave radiative interactions, ocean
circulation and mixed-layer depth responses, atmospheric
hydrological cycle responses (including changes in cloudiness
and changes in washout rates due to changes in precipitation),
the effects of considering diurnal solar forcing (R. Cess, personal
communication), and the effects of placing dust over the smoke
rather than having them evenly mixed'®. What the initial distri-
bution of smoke and dust would be is also not well known and
depends on untested assumptions about numbers and sizes of
fires, number of particles produced per fire, initial rainout and
washout, particle size distribution and coagulation rates, vertical
distribution, targeting strategies and initial weather conditions.
All these processes must be included to produce realistic results.
In the absence of proof that these assumptions would drastically
change the results, the prospect of a nuclear winter following
virtually any scenario for a nuclear war must be taken very
seriously.
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