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[1] Using a coupled regional climate-hydrologic modeling system, RAMS-Hydro, we
investigate the role of the water table dynamics in controlling soil moisture,
evapotranspiration (ET), boundary layer dynamics, and precipitation. In an earlier study
we showed that a shallow water table can primarily exist in two types of hydrologic
settings in North America: the humid river valleys and coastal regions in the east and the
arid or semiarid intermountain valleys in the west. We also showed that the shallow water
table in these settings can lead to significantly wetter soils than would exist without
the presence of the water table. Here, we show that the water table–induced wetter soil
directly maps into enhanced ET in the western setting, where soil water is a strong limiting
factor of ET flux, but it is less likely to be the case in the more humid eastern setting
where soil water is not limiting in general. We also ask whether any resulting enhanced ET
will directly map into enhanced precipitation. Our hypothesis is that this can occur through
two primary mechanisms: local, ET-driven enhancement of convective precipitation
and enhanced regional or lateral moisture convergence caused by altered soil moisture
fields, and hence altered ET, far from the region of concern. We find that, indeed, water
table–induced higher ET in the arid west results in greater convective precipitation and
that ET-precipitation coupling is primarily through local feedback pathways and
precipitation recycling, with the main role of large-scale moisture convergence as an
initiator of convection following dry periods. Transitioning to the more humid regions
farther east, the greater atmospheric (relative to surface) control of precipitation
progressively obscures any potential effects of the water table, and the effects of large-
scale moisture convergence tend to dominate.
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1. Introduction

[2] This paper concludes a three-part series aimed at
investigating the influence of water table dynamics in the
warm season coupled land-atmosphere system. In part 1,
Fan et al. [2007] examined the spatial and temporal
structure of the observed water table depth in the lower
48 states of the U.S. and constructed an equilibrium water
table over North America constrained by these observations.
They found that water table depth exhibits spatial organi-

zation at regional and continental scales. Shallow water
table conditions occur primarily in two types of environ-
ments. The first is in a humid climate with flat terrain, such
as in the river valleys and coastal regions of the eastern
U.S., where the abundant vertical flux, combined with the
slow surface and subsurface drainage, leads to a shallow
water table. The second is in arid or semiarid climates with
large-scale topographic relief, such as in the intermountain
valleys of the western U.S., where snow in the mountains
feed the aquifers in the valleys through river and ground-
water convergence, causing the water table to rise near the
land surface despite the dry climate. We suggested that it is
in these two types of environments that the water table
dynamics may have the strongest effect on soil moisture. In
addition, time series analyses indicated that the water table
exhibits diurnal, event, seasonal, and interannual variability,
leading to the hypothesis that the temporal organization of
soil moisture might occur at similar scales, and that the
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presence of a shallow water table might influence soil
moisture memory.
[3] To test these hypotheses, Miguez-Macho et al. [2007],

in part 2, incorporated groundwater processes, with dynam-
ic links to soil water and river flow, into the standard land
surface scheme in RAMS (Regional Atmospheric Modeling
System), creating RAMS-Hydro. They carried out offline
simulations over North America for the 1997 warm season
with prescribed atmospheric forcing. They illustrated the
role of the water table in controlling soil moisture by
comparing results from two runs, one with an explicitly
simulated water table, and the other with free, gravity
drainage at the base of the soil column. They found that
wherever the water table is shallow (within capillary reach),
the near-surface and root zone soil moisture was signifi-
cantly higher in the run with full hydrology. This was due to
the slower vertical drainage with the water table as the lower
boundary of the soil, the upward capillary flux from the
water table as a source for dry-period evapotranspiration
(ET), and, in the intermountain valleys, the presence of
lateral groundwater convergence. As hypothesized in part 1,
the difference between the simulations with and without the
water table was greatest in the two kinds of settings where
the climatic and geologic balance yields a water table that is
shallow. The simulated soil moisture was significantly higher
in the humid river valleys and coastal regions of the east, and
in the otherwise arid intermountain valleys of the west. They
also found that the slow changing nature of the water table
stabilized the temporal fluctuations in soil moisture, resulting
in stronger seasonal persistence.
[4] These findings may have implications for studies of

land-atmosphere interactions. It is well understood that, in
certain regions and time periods, soil moisture can be a
critical control on land-atmosphere fluxes, boundary layer
structure, and convective precipitation [e.g., Betts, 2004].
The soil moisture reservoir can influence surface water and
energy balance, and the persistence of soil moisture anoma-
lies can lead to variations in the regional intensity of the
water cycle, such as droughts and floods [e.g., Entekhabi et
al., 1996; Timbal et al., 2002; Montaldo and Albertson,
2003; Schubert et al., 2004]. This influence can be via an
impact on local ET [Pielke, 2001; Betts, 2004; Sarith and
Koster, 2005], which affects the surface energy budget,
planetary boundary layer, and the convective potential
energy available in the atmospheric column, hence poten-
tially driving changes in precipitation.
[5] There are a number of confounding factors, however,

that limit the ability of soil moisture anomalies to drive
changes in ET, and, even more so, changes in precipitation.
For example, ET is not just a function of soil moisture, but
also net surface radiation, humidity, and winds, as well as
factors such as the nonlinear dependence of stomatal resis-
tance on water availability. Similarly, precipitation is not
just a function of local ET, but also large-scale moisture
convergence. Concepts such as ‘‘precipitation recycling
ratio’’ [e.g., Brubaker et al., 1993] reflect some of these
complex interactions. In practice, therefore, the influence of
local soil moisture changes on precipitation has been found
to be largely limited to certain regions and seasons, in
particular arid and semiarid and transitional regimes dom-
inated by convective precipitation [Findell and Eltahir,
2003a, 2003b, 2003c; Koster et al., 2004; Dirmeyer,

2006]. This is not to say that the relationship between soil
moisture and precipitation is local only; it has also been
shown that large-scale spatial variability in soil moisture can
influence atmospheric circulation, thereby changing hori-
zontal advection and hence water vapor convergence [e.g.,
Small, 2001; Pal and Eltahir, 2002; Georgescu et al., 2003;
Kanamitsu and Mo, 2003]. Thus the water table–induced
spatial variability in soil moisture may influence local
(vertical interaction) as well as regional (lateral interaction)
atmospheric water budgets and climate dynamics.
[6] Within this context, we ask the following questions:

First, to what extent will differences in simulated soil
moisture, as documented in part 2, be reflected in the
distribution of ET? That is, do the two regions of large soil
moisture difference, humid climate plus flat terrain and arid
climate plus regional hydrologic convergence, translate into
regions of large ET difference? Our hypothesis is that while
the water table–induced wet soil may lead to higher ET in
the water-limited arid west, it will likely not affect ET much
in the humid east where soil moisture is not a limiting
factor. Second, if the above hypothesis is true, then does the
high ET in the water-limited arid west result in a detectable
difference in local precipitation? If so, what are the relative
roles of local ET and large-scale moisture convergence in
controlling observed differences in precipitation? We at-
tempt to answer these questions here by using the fully
coupled version of the RAMS-Hydro modeling system that
was described in detail in part 2. Only offline simulations
were carried out for the analyses in part 2, but here we
activate the coupling between the land and atmospheric
components of the model. As in part 2, we performed two
parallel sets of runs, one with full horizontal and vertical
water table dynamics, and the other with simple, free,
gravity drainage of soil water.

2. Model Description and Experimental Design

[7] The atmospheric part of RAMS-Hydro is standard
RAMS v4.3 [Walko and Tremback, 2000]. RAMS is a
nonhydrostatic model and solves the full nonlinear equa-
tions of motion for the atmosphere on a sz terrain-following
vertical coordinate system. The horizontal grid uses an
oblique (or rotated) polar stereographic projection, where
the pole is rotated to an area in the center of the simulation
domain to minimize the projection’s distortion in the main
area of interest. An Arakawa-C grid configuration is used,
with the velocity components of u, v and w defined at
locations staggered one-half grid length in x, y and z
directions, respectively, from the thermodynamic, moisture
and pressure variables [Arakawa and Lamb, 1977]. It uses
multiple parameterization options for subgrid-scale trans-
port, radiation, cumulus convection and land surface pro-
cesses. In the present study the parameterizations used
include the Kain-Fritsch convection scheme [Kain and
Fritsch, 1993], Harrington radiation scheme [Harrington,
1997] and the two-and-a-half-order Mellor and Yamada
turbulence scheme [Mellor and Yamada, 1982]. The version
of the model that we use here includes spectral nudging
[Miguez-Macho et al., 2004], which adds terms to the
equations of motion that relax certain scales of the model
solution in the domain to the same scales of the driving
fields. We nudge wavelengths of about 2500 km and longer
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