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that of ocean anomalies. Largely because of this, stud-
ies of land moisture impacts on forecasts (e.g., Del-
worth and Manabe 1988; Fennessy and Shukla 1999;
Liu and Avissar 1999a,b; Dirmeyer 2000; Douville 2003;
Mahanama and Koster 2003; Koster et al. 2004) have
lagged behind those of ocean impacts [e.g., Kumar and
Hoerling 1995 and Shukla 1998), and the initialization
of the land surface in operational seasonal forecast sys-
tems is generally considered much less important than
ocean initialization. Even so, land moisture initializa-
tion is beginning to receive more attention, particularly
given its potential importance in regions and seasons
for which the ocean has little impact (Koster et al. 2000a).

Although studies of land moisture variability and its
effects on climate are still somewhat immature, they are
much further along than corresponding studies of the
climatic impacts of changes in subsurface heat content.
Only a few published studies have addressed the latter
problem. For example, Xue et al. (2002) demonstrated
in a modeling study that subsurface soil temperatures
over the western United States in late spring have an
impact on U.S. summer precipitation. Hu and Feng
(2004a,b) analyzed subsurface soil data from about 300
stations in the contiguous United States covering 30
years and found time scales for soil temperature
anomalies of about 2-3 months. They also found evi-
dence of a connection between the late spring tempera-
ture and summer precipitation. After analyzing ob-
served soil moisture data and simulated soil tempera-
ture data, Amenu et al. (2005) concluded that the
persistence of soil moisture at all soil layers is almost
twice that of soil temperature.

In the present paper, we investigate further the im-
pact of land heat content variations on climate variabil-
ity with an atmospheric general circulation model
(AGCM). We address in particular the question of
whether interannual variations in land heat content and
associated temperature affect the variability of the
overlying atmosphere (in particular, near-surface air
temperature) on monthly to seasonal time scales. While
one might expect a strong impact of land heat content
on air temperature, air temperature can also be af-
fected strongly by remote influences (e.g., sea surface
temperature variations) and by chaotic atmospheric dy-
namics. The relative roles of local, external, and chaotic
controls in determining near-surface air temperature
variability on monthly to seasonal time scales has never
before been quantified on a global scale through either
model or observational analysis. We attempt to quan-
tify the relative roles here. Note that such an analysis is
a critical first step toward establishing the usefulness of
subsurface temperature initialization for subseasonal to
seasonal forecasts. If we learn, for example, that the
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subsurface heat reservoir has no impact on air tempera-
ture variability, we can conclude that its initialization
will probably not lead to improved forecasts.

Our analysis focuses on three AGCM simulations. In
the first, the model’s subsurface soil temperature was
free to vary in response to variations in atmospheric
forcing at the surface and, in the second, the subsurface
soil temperature at each grid cell was prescribed to a
climatological seasonal cycle. In effect, variations in
subsurface temperature were allowed to feed back on
climate only in the first simulation. Comparing these
first two simulations thus allows us to isolate the impact
of the subsurface heat reservoir on air temperature
variability. A third simulation with prescribed climato-
logical SSTs is examined to isolate the impact of SSTs
on air temperature variability.

Section 2 provides a brief description of the AGCM
and its component land surface model (LSM); this sec-
tion also describes the setup of the experiment. An
evaluation of the AGCM'’s ability to represent ob-
served air temperature variability is provided in section
3. Section 4 presents our results.

2. Experiment description
a. Models used

The NASA Seasonal-to-Interannual Prediction
Project-1 (NSIPP-1) forecasting system produced the
simulations examined in this paper. The atmospheric
component of the system has a finite-differenced,
primitive equations dynamical core that allows arbi-
trary horizontal and vertical resolution. It uses a finite-
difference C-grid on latitude—longitude coordinates in
the horizontal and a generalized sigma coordinate in
the vertical (Suarez and Takacs 1995). Model physics
includes penetrative convection with the relaxed Ar-
akawa-Schubert scheme (Moorthi and Suarez 1992),
Richardson-number-dependent fluxes in the surface
layer, and a sophisticated treatment of radiation includ-
ing the Chou and Suarez (1994) parameterization of
longwave radiation and the calibration of the cloud pa-
rameterization scheme with Earth Radiation Budget
Experiment (ERBE) and International Satellite Cloud
Climatology Project (ISCCP) data.

The Mosaic LSM (Koster and Suarez 1992, 1996)
constitutes the land component of the NSIPP-1 fore-
casting system. It separates each grid cell into subgrid
“tiles” based on vegetation class and then performs
separate energy and water balance calculations over
each tile. Following the approach of Sellers et al.
(1986), vegetation explicitly affects the balance calcu-
lations within a tile in several ways: (i) stomatal resis-
tance increases during times of environmental stress,











