albedo caused by excessive amounts of low
cloud cover in the control simulation. Such
an increase may provide a better overall
representation of the present climate, but it
has not been demonstrated that it will not
also contribute to summertime overheating
and drying of the continents. The model
also does not yet treat meridional or vertical
heat transport in the oceans and so may not
adequately represent interannual variability
or the effects of perturbed oceanic condi-
tions.

The scope of the examination of the re-
sults of the various models for a doubling of
CO; is also still limited. While reported
results indicate that monthly average tem-
peratures increase, there are not yet defini-

tive indications of whether this means each -

hour of each day would warm an equal
amount, whether daytime temperatures
would stay about the same and nighttime
temperatures increase sharply (or vice
versa), or whether there would be fewer
cool, cloudy days and more warm, clear
days. With regard to investigation of poten-
tial increases in summer dryness, Manabe
and Wetherald (5) are conducting a thor-
ough analysis of the mechanisms by which
this change occurs in their model. Reconcili-
ation of their results with those of other
investigators requires similar analyses by all
the groups of questions concerning the sea-
sonal water balance and how well it is being
treated.

The CO; issue is of global importance and
of high visibility. It is essential that scientists
state clearly and in a forthright manner what
we do and do not know so that efforts to
assess and respond to the potential climatic
changes are effective and soundly based.

MicHAEL C. MACCRACKEN

Lawrence Livermore National Laboratory,
Livermore, CA 94550

MicHAEL E. SCHLESINGER

Oregon State University, Corvallis, OR 97331
MicHAEL R. RICHES

Carbon Dioxide Research Division,
Department of Energy,

Washington, DC 20545
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Response: We did not discuss the results
from (I) because a detailed analysis of the
surface water budget and its seasonal varia-
tion is not yet available from either study.
Without this information, it is difficult to
assess these studies in comparison with our
own investigations. However, a brief men-
tion of these works would have given the
readers a better perspective.

We should have also mentioned the study
of Mitchell and Lupton (2), who explored
the same issue by a somewhat different
approach. Their general circulation model
has a high computational resolution and
thus represents the field of precipitation
better than the models presented in (I). In
the control integration of Mitchell and Lup-
ton, the observed distribution of sea surface
temperature is prescribed. In the doubled
CO; experiment, the change of sea surface
temperature is determined in such a way
that the ocean as a whole is in approximate
thermal equilibrium. In qualitative agree-
ment with our report and (3, 4), this study
indicates a summer reduction of soil mois-
ture over an extensive, mid-continental re-
gion of both the North American and Eur-
asian continents. More recently, Mitchell (5)
performed a similar experiment by using a
model with predicted cloud cover. He found
that the summer reduction of soil moisture
is further enhanced by the incorporation of
the feedback process involving cloud cover
and radiation, which is also in agreement
with our results. ‘

MacCracken ez al. speculate that the ab-
sence of diurhal variation of insolation in
our model may reduce the convective pre-
cipitation that supplies moisture to the con-
tinental surface. Because the total daily inso-
lation is unaltered by this averaging process,
it is not obvious that this reduction should
occur. Also, MacCracken et al. are con-
cerned that the solar constant of our present
global model is artificially increased by 5%
above the measured value. This artificial
increase is counterbalanced by the bias of
the model toward excessively low cloud
cover. Accordingly, the solar radiation actu-
ally reaching the model surface is not exces-
sive.

One should also note that our earlier

model with a realistic solar constant and
prescribed cloud cover (3) yields a summer
reduction of soil moisture similar to that
described in our report. More recently, we
have constructed yet another model in
which the oceanic heat flux at the bottom of
the mixed layer is prescribed in such a way
that the distribution of both sea surface
temperature and sea ice are realistic in the
control integration. This pro‘cedurc (6) re-
duces the error of a climate sensitivity study
attributable to an unrealistic simulation of
sea surface temperatures. The results from
this study also indicate a similar reduction of
soil moisture during summer. In addition to
these numerical investigations, we have
made a major effort to elucidate the physical
mechanisms responsible for this phenome-
non on the basis of a detailed analysis of the
surface water budget (3, 7). We look for-
ward to comparing critically our results with
those from the other studies when the sur-
face water budgets in those experiments
become available.
SYUKURO MANABE
RIcHARD T. WETHERALD
Geophysical Fluid Dynamics Laboratory/
National Oceanic and
Atmospheric Administration
Princeton University, Princeton, NJ 08542
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