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ABSTRACT

The reasons for biases in regional climate simulations were investigated in an attempt to discern whether
they arise from deficiencies in the model parameterizations or are due to dynamical problems. Using the
Regional Atmospheric Modeling System (RAMS) forced by the National Centers for Environmental Pre-
diction–National Center for Atmospheric Research reanalysis, the detailed climate over North America at
50-km resolution for June 2000 was simulated. First, the RAMS equations were modified to make them
applicable to a large region, and its turbulence parameterization was corrected. The initial simulations
showed large biases in the location of precipitation patterns and surface air temperatures. By implementing
higher-resolution soil data, soil moisture and soil temperature initialization, and corrections to the Kain–
Fritch convective scheme, the temperature biases and precipitation amount errors could be removed, but
the precipitation location errors remained. The precipitation location biases could only be improved by
implementing spectral nudging of the large-scale (wavelength of 2500 km) dynamics in RAMS. This cor-
rected for circulation errors produced by interactions and reflection of the internal domain dynamics with
the lateral boundaries where the model was forced by the reanalysis.

1. Introduction

Climate change simulations conducted using conven-
tional global general circulation models (GCMs) with a
relatively coarse spatial resolution do not resolve im-
portant regional features. Their simulations of climate
change on a regional scale are very uncertain, and these
regional uncertainties are an important obstacle to the
assessment of the impacts of climate change on society.
Therefore, climate downscaling has important practical
applications. There are two major approaches to this
problem: statistical and dynamical. Here we focus on
dynamical downscaling.

Relatively fine-resolution climate integrations can be
produced with global models in a reasonable time, but
present computer resources and the number of experi-
ments needed for a study still make GCMs impractical
for regional climate applications. One approach to pro-
duce high-resolution climate simulations is to nest a
mesoscale model within a general circulation model
over an area of interest (Dickinson et al. 1989; Giorgi
1990). The regional model is run at finer resolution
than the global model to generate small scales absent in

the global model fields. They are necessary to simulate
mesoscale processes and their effects on local climate.
These small scales of the atmospheric variables are pro-
duced by better representing interaction with topogra-
phy and land cover heterogeneities, by resolving grow-
ing instabilities in the flow, and by better simulating
convective processes (even though resolution may not
be sufficient to resolve convective cells). As a draw-
back, lateral boundary conditions required to drive a
limited-area model add a factor of uncertainty absent in
global models, because they pose a constraint to the
dynamics that interferes with the solution (Warner et
al. 1997; Staniforth 1997). One way to avoid the bound-
ary condition problem is to use a global model with
enhanced resolution over the area of interest, either by
grid stretching (Fox-Rabinovitz et al. 2000) or by rotat-
ing the pole (Wang et al. 1999). However, the nested
approach is more economical, and in this study, we will
use it for climate downscaling.

The nested model technique is used routinely for
short-to-medium-range weather prediction, but its ex-
tension for simulations lasting extended periods of time
to produce climate statistics is relatively new and is the
subject of active research and controversy. Giorgi and
Mearns (1999), for example, present an overview of
several issues regarding regional climate modeling. It
often happens that models that show relatively good
skill at forecasts up to a few days exhibit large biases
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when run in climate mode, and these biases are accen-
tuated in summer integrations, when boundary forcings
are weaker. These mixed results have brought skepti-
cism about the limitations of the nested model ap-
proach for climate simulations, not just because of
more development needed in the models, but also be-
cause of problems arising from the technique itself.
One of these problems is the dependence of results,
including sensitivities, on the size of the domain (Seth
and Giorgi 1998).

Several studies that evaluated regional simulations
for the present climate (Christensen et al. 1997; Hong
and Leetmaa 1999; Takle et al. 1999; Liang et al. 2001;
Frei et al. 2003; Anderson et al. 2003; among others)
speculated about the causes of the model bias. They do
this despite the difficulty of attribution of errors to one
parameterization or component of the model, as a re-
sult of the complex feedbacks occurring in the climate
system and the cancellation of errors that can often
happen when tuning a model.

Noguer et al. (1998) performed regional climate
simulations using GCM data or data produced by the
same GCM relaxed continuously to operational analy-
sis to discern whether errors in the regional climate
model simulations are due to the model or the bound-
ary data. They found that in the winter, when boundary
forcing is strongest, about 60% of the error variance for
temperature and 40% for precipitation were due to er-
rors from the boundary conditions. However, in the
summer, the regional model produced similar biases
when driven by either the GCM or the GCM relaxed to
analysis data, and the errors were also different from
the errors already present in the GCM simulation. They
concluded that in the summer, when boundary forcings
are weaker, the regional climate is largely responsible
for the climate bias.

The effect of the constraint in the boundaries grows
with time as the nested model evolves differently than
the model that supplies the boundary data. This diver-
gent behavior could be attributed to the chaotic nature
of the flow or to deficiencies in one or both models.
Denis et al. (2002) showed that the nested model ap-
proach in climate mode for a winter simulation pro-
duces good results when the model used to provide the
boundary data and initial data is the same as the nested
model and is run with the same resolution over a larger
domain. In this study, the data produced by the same
model at the same resolution were filtered to eliminate
small scales and emulate the use of relatively coarse
atmospheric reanalysis or GCM data often used to ini-
tialize and drive the nested models. Denis et al. (2002)
concluded that a major component of the differences
between the climate statistics from a nested model
simulation and those from the fields used to drive the
model from the boundaries can be attributed to formu-
lation differences between the nested model and the
model that produced the boundary conditions, and not
to the chaotic nature of the flow or the nesting tech-

nique itself. When using verifying analyses as initial and
boundary conditions, the differences are then due
mostly to nested model deficiencies.

If a climate bias can be assigned to model deficiencies
for the most part, the nested model approach for cli-
mate simulations can be used as an important tool to
improve models, since the results do not depend as
much on initial conditions, such as with short-term
weather prediction, and misrepresented processes in
the model become more apparent. That a region is iso-
lated as the model domain also limits the number of
feedbacks with distant regions and climate interactions
that occur in a GCM simulation. However, the possi-
bility that some aspects of the nesting technique, like
the imposed boundary conditions and their interaction
with the model dynamics, may play an important role in
the model bias cannot be discarded and needs to be
explored in greater detail.

Our goal is to set up a regional model [Regional
Atmospheric Modeling System (RAMS)] for climate
applications over North America. RAMS is a com-
pressible nonhydrostatic model and was originally de-
signed for small domains and short-term applications.
As a first stage, we performed summer simulations with
boundary conditions from National Centers for Envi-
ronmental Prediction–National Center for Atmo-
spheric Research (NCEP–NCAR) reanalysis, and pre-
liminary results showed that the climate from the model
differed considerably from observations. The main ob-
jective of this study is not only to describe the biases,
but also to try to identify what factors contribute to
create them, and to describe some improvements
implemented in the model in order to have them cor-
rected. Our experiments are also intended to reveal
what components of the bias cannot be expected to
change despite all modifications in the model param-
eterizations and which can therefore be attributed to
the nesting technique.

In the process of obtaining a satisfactory solution, we
evaluated the sensitivity of the simulation to several
components of the model, focusing on improvements of
the soil–vegetation model and convective parameter-
ization, as well as the effect of the regional circulation
on the precipitation patterns. In some experiments, a
spectral nudging technique, in which long waves of the
atmospheric fields are relaxed to reanalysis, was used to
keep the large-scale circulation close to reanalysis and
in this manner helped to identify the source of the bias
appearing in the results. The relaxation of the long
waves in the domain to those of the driving fields with
a spectral nudging technique was first proposed for a
limited-area model by Waldron et al. (1996), and it has
been applied to regional climate simulations by von
Storch et al. (2000). More recently, Miguez-Macho et
al. (2004) showed that spectral nudging of the long
waves eliminates the unphysical dependence of re-
gional modeling results (especially precipitation) on the
position and size of the domain.
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