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Numerical Study on a Two-way Nesting Model of a GCM
Framework and a RCM of East Asia

ABSTRACT

A popular method in Regional climate change (RCC) simulation/prediction
is one-way nesting model that a Regional climate model (RCM) is nested in
a General Circulation Model (GCM). Although the regional climate evolves
under the global climate changes, the regional climate influences the
global climate change simultaneously. This means that a interaction
relationship has existed in different scale atmosphere motion, and the
one-way nesting model can not describe the interaction relationship between
the regional climate and the global climate. A two-way nesting model of
a global circulation dynamical framework model and a East Asia regional
climate model is investigated in this paper. By theoretical analyses and
comparison experiments between the two-way nesting and one-way nesting
scheme in the two-way nesting model, the main results are obtained as
follows:

1. A global circulation dynamical framework model (GCDFM) which
satisfies energy integral relation, and contains 5 sigma levels in the
vertical, and use spherical harmonics as horizontal basis with triangular
truncation at wavenumber 21, and including terrain, has been designed to
provide the laige-scale field for RCM in this study. The model is a basic
model of a great variety general circulation models and it is propitious
to study the two-way nesting mechanism of global model and limited area
model in theory.

2. On this study, according as East Asia complicated topography, land
use and nested with the global circulation dynamical framework model, East
Asia Regional Climate Model (EARCM), a regional climate model is developed
on the base of Regional climate model 2 ( RegCM2 ) by improvingits land
vegetation over East Asia ,horizontal and vertical structure , initial
field processing method and calculating scheme and applied in East Asia.

3. A two-way nesting model of a global circulation dynamical framework
model and a East Asia regional climate model is studied and developed in
this paper. In the two-way nesting model, the global circulation dynamical
framework model provides the large-scale surroundings for East Asia
regional climate model. The two-way nesting model could describe the
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atmosphere characteristics over East Asia in some details because the
interaction between the land and the atmosphere, complicated topography
and the distribution of land use are taken into account. East Asia climate
could influences the global circulation by the two-way nesting mechanism
in this model. The model could simulate/forecast the interaction
relationship of different scale atmosphere motion preferably.

I. In the two-way nesting model that is studied in this paper, a two-way
nesting method—two-way tendency scheme is hrought out. The GCDFM provides
the boundary tendency field for the EARCM, and the information that the
EARCM l'ed back to the GEDFM is in the form of tendency instead of variable
too. The trivial dilference between two great variables is avoided by the
two=way tendeney scheme, and the error is less than the variable method
incomplicated topography. Because the tendency ticlds which come from the
GEDIV and the EARCM are not smoothed, the information of RCM could be truly,
non=interrupted fed back to the GCDFM so that the two-way nesting model
runs steadily.

3. Two-way und one-way nesting scheme comparison experiments of this
piper are carried out . Average result of several cases shows that anomaly
enrrelation coel'ficients of monthly mean temperature field, monthly mean
zonal wind field and monthly mean meridional wind field which the GCDFM
lorecasts increase L T%, 4. 2%, 4. 0% over the globe and 3. 6%, 5. 1%, 4. 2% over
the North hemisphere respectively, and the anomaly correlation coefficient
ol the monthly mean height field increases to 36.3% from 29.4% over the
glohe and enhances to 33, 1% from 34. 6% hecause the feedback effect of ihe
EARCM is thought over in the GCDFM. By the same cause, the GCDFM could
provide boundary for the EARCM rather better so that anomaly correlation
coelTieients of monthly mean height field, monthly mean temperature fieid,
monthly mean zonal wind field and monthly mean meridional wind field which
the EARCM forecasts increase 8. 7%, 16. 1%, 12. 6%and 20.8% over East Asia
respectively. AlL of these indicate that the two-way nesting scheme is
superior to the one-way nesting scheme.

6. Because the GCDFM possesses universality of the two-way nesting model
which is studied and developed in this study, the result of this study could
he applied in two-way nesting models of other GCMs and LAMs (Limited Area
Model). The forecasting ability of the two-way nesting model should be
increased it physical process is imported in the GCDFM.

Keywords:  two-way nesting global circulation dynamical Fframework
regional climate interaction two-way tendency scheme
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