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ABSTRACT

To improve understanding of the mechanisms responsible for CO,-induced, midcontinental summer dryness
obtained by earlier modeling studies, several integrations were performed using a GCM with idealized geography.
The simulated reduction of soil moisture in middle latitudes begins in late spring and is caused by the excess of
evaporation over precipitation. The increase of carbon dioxide and the associated increase of atmospheric water
vapor enhances the downward flux of terrestrial radiation at the continental surface at all latitudes. However,
due mainly to the CO;-induced change in midtropospheric relative humidity, the increase in the downward flux
of terrestrial radiation is larger in the equatorward side of the rain belt, making more energy available there for
both sensible and latent heat. Since the saturation vapor pressure at the surface increases nonlinearly with surface
temperature, a greater fraction of the additional radiative encrgy is realized as latent heat flux at the expense of
sensible heat. Therefore, evaporation increases more than precipitation over the land surface in the equatorward
side of the rain belt during spring and early summer and initiates the drying of the soil there. As the rain belt
moves poleward from spring to summer, the soil moisture decreases in middle latitudes, reducing the rate of
evaporation. This reduction of evaporation, in turn, causes a corresponding decrease of precipitation in middle
latitudes, keeping the soil dry throughout the summer. : ’

In high latitudes, there is also a tendency for increased summer dryness. As noted in our previous studies,
this feature mainly results from the earlier removal of highly reflective snow cover in spring, which enhances
the evaporation in the late spring, lengthening the period of drying during the summer season. A similar mech-
anism also operates in middle latitudes, but its contribution is relatively small. The drying of soil is also enhanced
by the land surface—cloud interaction in both middle and high latitudes. Owing to the reduction of cloud cover
that results from the decrease of relative humidity in the lower troposphere, solar radiation absorbed by the
continental surface increases, thereby enhancing evaporation and further reducing the soil moisture in summer.

Although there is additional radiative energy available at the surface during winter, a greater fraction of it
occurs as sensible heat rather than latent heat due to the colder susface temperature, thereby causing evaporation
to increase less than precipitation. Because of the increased evaporation from the oceanic surface upstream
whose temperature is warmer than the continental region in winter, precipitation over most of the continent
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increases substantially.

1. Introduction

The effect of an increase of atmospheric carbon di-
oxide upon soil wetness has been the subject of several
past investigations conducted at the Geophysical Fluid
Dynamics Laboratory (Manabe et al. 1981; Manabe
and Wetherald 1985, 1987). Among other features,
these studies identified a distinct tendency for soil
moisture to be substantially reduced during the summer
over extensive continental regions in middle latitudes.
Although there was considerable variation of summer-
time soil moisture changes in comparable studies con-
ducted outside of GFDL (Mitchell and Warrilow 1987;
Kellogg and Zhao 1988), this feature has been repro-
duced, in general, by more recent investigations utiliz-
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ing higher-resolution models, which are summarized in
Mitchell et al. (1990).

In past GFDL studies, this summer dryness in middle
latitudes was ascribed to an earlier termination of the
spring rainy season due to a poleward shift of the mid-
dle latitude rain belt and an earlier snowmelt season,
both of which resulted in a longer and warmer drying
season. The poleward shift of the rain belt was attrib-
uted to the penetration of moisture-rich air into higher
latitudes. Summer dryness was also enhanced by a re-
duction of cloud cover, which increased insolation and
evaporation at the model surface. However, it was dis-
covered in subsequent integrations that the poleward
shift of the middle-latitude rain belt sometimes oc-
curred only during the summer season, suggesting that
this feature may be a result rather than a cause of the
middle-latitude summer dryness. Also, this poleward
shift of the middle-latitude rain belt is not accompanied
by a similar poleward shift of the middle-latitude jet
stream. Therefore, the main objective of the current
study is to conduct an in-depth analysis of the physical






