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ABSTRACT

In this study, we have simulated regional climate over East Asia using dynamical downscaling
method. For dynamic downscaling experiments for regional climate simulation, MMS5 with 27 km
horizontal resolution and 18 layers of sigma-coordinate in vertical is nested within global-scale
NCEP reanalysis data with 2.5°x2.5° resolution in longitude and latitude. In regional simulation,
January and July, 1979 monthly mean features have been obtained by both continuous integration
and daily restart integration driven by updating the lateral boundary forcing at 6-hr intervals from
the NCEP reanalysis data using a nudging scheme with the updating design of initial and boundary
conditions in both continuous and restart integrations.

In result, we may successfully generated regional detail features which might be forced by
topography, lake, coastlines and land use distribution from a regional climate. There is no
significant difference in monthly mean features either integrate continuously or integrate with
daily restart. For climatologically long integration, the initial condition may not be significantly
important. Accordingly, MMS can be integrated for a long period without restart frequently, if a
proper lateral boundary forcing is given.

1 INTRODUCTION

Although the resolution of Atmosphere-Ocean General Circulation Models (AOGCMs) is still
coarse, simulations of present day climate with the AOGCMs become quite comparable to the
observed atmospheric general circulation features in general since the IPCC WGI Second
Assessment Report (IPCC, 1996) (hereafter SAR). Meanwhile, the development of high
resolution Atmospheric General Circulation Models (AGCMs) shows that the models' dynamics
and large-scale flow improve as resolution increases, though this is not uniformly so geographically
or across models (e.g., Stratton, 1999; Cubasch et al., 1995; Deque and Piedelievre, 1995). In some
cases, however, systematic errors are worsened compared with coarser resolution models although
only very few results have been documented. The direct use of high-resolution versions of current
AGCMs, without some allowance of the dependence of models physical parameterizations on
resolution, leads to some deterioration in the performance of the models. At the regional scale, in
particular, the models display area-average biases that are highly variable from region-to-region
and among models, with sub-continental area-averaged seasonal temperature biases typically
within 4 ‘C and precipitation biases mostly between -40 and +80% of observations (IPCC, 2001).

Regional Climate Models (RC5Ms) based on the concept of “downscaling” implying that the
regional climate is conditioned but not completely determined by the larger scale state consistently
improve the spatial detail of simulated climate compared to General Circulation Models (GCMs)
since SAR. The conclusions reported in SAR were that (a) both RCMs and downscaling
techniques showed a promising performance in reproducing the regional detail in surface climate
characteristics as forced by topography, lake, coastlines and land use distribution; and (b) high
resolution surface forcing can modify the surface climate change signal at the sub-AOGCM grid
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scale. RCMs driven by observed boundary conditions show area-averaged temperature biases
(regional scales of 10” to 10° km®) generally within 2 'C and precipitation biases within 50% of
observations (IPCC, 2001).

2 REGIONAL CLIMATE MODELS (RCMs)

In general, AGCMs will evolve their own planetary scale climatology with the impact on the
atmosphere of the sea surface and radiative forcings compared to that given by the driving
AOGCM. This may lead to inconsistency with the AOGCM-derived forcing. It would be of less
concern if a model simulation of the resolved planetary scale variables were asymptotic to a
solution as resolution increased. A current weakness of high resolution AOGCMs is that they
generally use the same formulations as at the coarse resolution for which these have been
optimized to reproduce current climate. Some processes may be represented less accurately when
finer scales are resolved and so the model formulations would need to be optimized for use at
higher resolution. Another issue to be mentioned is that the use of high resolution and variable
resolution global models is computationally very demanding, which poses limits to the increase in
resolution obtainable with this method.

The nested regional climate modelling technique consists of using initial conditions, time-
dependent lateral meteorological conditions and surface boundary conditions to drive high-
resolution RCMs. To date, this technique has been used only in one-way mode, i.e., with no
feedback from the RCM simulation to the driving GCM. The basic strategy is, thus, to use the
global model to simulate the response of the global circulation to large-scale forcings and the
RCM to (a) account for sub-GCM grid scale forcings (e.g., complex topographical features and
land cover heterogeneity) in a physically-based way; and (b) enhance the simulation of
atmospheric circulations and climatic variables at fine spatial scales.

The nested regional modelling technique essentially originated from numerical weather prediction,
and the use of RCMs for climate application was pioneered by Dickinson et al. (1989) and Giorgi
(1990). RCMs are now used in a wide range of climate applications, from paleoclimate to
anthropogenic climate change studies. They can provide high resolution (up to 10 to 20 km or
less) and multi-decadal simulations and are capable of describing climate feedback mechanisms
acting at the regional scale. A number of widely used limited area modelling systems have been
adapted to, or developed for, climate application. More recently, RCMs have begun to couple
atmospheric models with other climate process models, such as hydrology, ocean, sea-ice,
chemistry/aerosol and land-biosphere models.

3 CONSIDERATIONS IN THE REGIONAL CLIAMTE MODELLING

There is strong evidence that RCMs consistently improve the spatial detail of simulated
climate compared to GCMs because of their better representation of sub-GCM grid scale forcings,
especially in regard to the surface hydrologic budget. The regionally averaged biases in the nested
RCMs are not necessarily smaller than those in the driving GCMs. However, Leung et al. (1999a,
b), Laprise et al. (1998), Christensen et al. (1998) and Machenhauer et al. (1998) clearly show that
the spatial patterns produced by the nested RCMs are in better agreement with observations
because of the better representation of high-resolution topographical forcings and improved
land/sea contrasts. For example, in simulations over Europe and central USA, Giorgi and
Marinucci (1996) and Giorgi et al. (1998) find correlation coefficients between simulated and
observed seasonally averaged precipitation in the range of +0.53 to +0.87 in a nested RCM and -
0.69 to +0.85 in the corresponding driving GCM.

IPCC(2001) has reported that the uncertainty in regional climate information are coming from
following reasons:

intrinsic factors

1) imperfect knowledge and/or representation of physical processes,

2) limitations due to the numerical approximation of the model's equations,
3) simplifications and assumptions in the models and/or approaches,

4) internal model variability,
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5) inter-model or inter-method differences in the simulation of climate response to given
forcings.

theoretical factors

1) effects of systematic errors in the driving fields provided by global models,
2) lack of two-way interactions between regional and global climate.

Here, it is also important to recognize that the observed regional climate is sometimes
characterized by a high level of uncertainty due to measurement errors and sparseness of stations,
especially in remote regions and in regions of complex topography. Multi-year to multi-decadal
simulations must be used for climate change studies to provide meaningful climate statistics, to
identify significant systematic model errors and climate changes relative to internal model and
observed climate variability, and to allow the atmospheric model to equilibrate with the land
surface conditions (e.g., Jones et al., 1997; Machenhauer et al., 1998; Christensen 1999). For a
practical application, consideration needs to be given to the choice of physics parameterization,
model domain size and resolution, technique for assimilation of large-scale meteorological
conditions, and internal variability due to non-linear dynamics not associated with the boundary
forcing (e.g., Giorgi and Mearns, 1999; Ji and Vemekar 1997), and initialization of surface
variables.

The choice of appropriate domain is not trivial. Depending on the domain size and resolution,
RCM simulations can be computationally demanding, which has limited the length of many
experiments to date. The influence of the boundary forcing can reduce as region size increases
(Jones et al., 1995) and may be dominated by the internal model physics for certain variables and
seasons (Noguer et al., 1998). This can lead to the RCM solution significantly departing from the
driving data, which can make the interpretation of down-scaled regional climate changes more
difficult (Jones et al., 1997). The domain size has to be large enough so that relevant local forcings
and effects of enhanced resolution are not damped or contaminated by the application of the
boundary conditions. The location of boundaries over areas with significant topography may lead
to inconsistencies and noise generation (e.g., Hong and Juang, 1998).

The choice of RCM resolution can modulate the effects of physical forcings and
parameterizations (Giorgi and Marinucci, 1996; Laprise et al,, 1998). Analysis of some RCM
experiments indicates that this is in the direction of increased agreement with observations. The
description of the hydrologic cycle generally improves with increasing resolution due to the better
topographical representation (Christensen et al., 1998; Leung and Ghan, 1998). The increased
resolution of RCMs also allows the simulation of a broader spectrum of weather events, in
particular concerning higher order climate statistics such as daily precipitation intensity
distributions. Resolving more of the spectrum of atmospheric motions at high resolution improves
the representation of cyclonic systems and vertical velocities, but can sometimes worsen aspects of
the model climatology (Machenhauer et al., 1998; Kato et al., 1999).

Surface forcing due to land, ocean and sea ice greatly affects regional climate simulation (e.g.,
Giorgi et al., 1996; Christensen, 1999; Pan et al., 1999; Pielke et al., Rinke and Dethloff, 1999;
Maslanik et al., 2000). In particular, RCM experiments do not start with equilibrium conditions
and therefore the initialization of surface variables, such as soil moisture and temperature, is
important. Christensen (1999) reported, for example, it can require a few seasons for the rooting
zone (about 1 m depth) and years for the deep soils to reach equilibrium.

4 REGIONAL CLIMATE SIMULATION EXPERIMENTS

Simulations of current climate conditions serve to evaluate the performance of RCMs. The
regional climate simulation with RCMs can be driven both by observed boundary conditions and
by GCM boundary conditions. Observed boundary conditions are derived from either European
Centre for Medium Range Weather Forecast (ECMWF) reanalysis (Gibson et al.,, 1997) or
National Center for Environmental Prediction (NCEP) reanalysis (Kalnay et al., 1996), which may
give accurate representation of the large-scale flow and tropospheric temperature structure over
most regions (Gibson et al., 1997). Although errors are still present due to poor data coverage and
to observational uncertainty, these analyses may be used to drive RCM simulations for short
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periods, for comparison with individual episodes, or over long periods to allow statistical
evaluation of the model climatology.

For dynamic downscaling experiments for regional climate simulation, MMS (version 3.4)
with 27 km horizontal resolution and 18 layers of sigma-coordinate in vertical is nested within
global-scale NCEP reanalysis data with 2.5°x2.5° resolution in longitude and latitude. In regional
simulation, January and July, 1979 monthly mean features have been obtained by both continuous
integration and daily restart integration driven by updating the lateral boundary forcing at 6-hr
intervals from the NCEP reanalysis data using a nudging scheme of Davis (1976) as shown in Fig.
1. Fig 1. illustrates the updating design of initial and boundary conditions in both continuous and
restart integrations, which are named as Exp 1 and Exp 2, respectively:

Exp 1. Continuous run from 00 UTC Jan. 1, 1979 00 UTC Feb. 1, 1979 and from 00 UTC Jul.
1, 1979 to 00 UTC Aug. 1, 1979 without restart

Exp 2. Restart run from 00 UTC Jan. 1, 1979 to 00 UTC Feb. 1, 1979 and from 00 UTC Jul. 1
1979 to 00 UTC Aug. 1, 1979 with daily restart
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Fig 1. Updating design of initial and boundary conditions in both-
continuous and restart integrations

Figs. 2 and 3 present the January and July monthly mean precipitation and surface air
temperature of 1979 obtained from Exp 1 and Exp 2, respectively. In both experiments many
localized features have been generated, and somewhat different localized features between Exp 1
and Exp 2 has been found, although it may need further analysis to determine which one has better
representation of the observed climate.

1.1 precipitation

In general, many localized features have been found in both simulations with reasonable
geographical distribution compared to the GPCP data (Fig. 2). As expected, many of these
localized precipitation feathers are much larger than the GPCP data. Here, it is notable that the
GPCP data may not represent localized precipitation features in detail because of its coarse
resolution. Two well organized branches of monsoon rain band have been found in both July
simulations compared to the GPCP data. One is located from central China to southern Korean
peninsula, and then extended to southern Japan, while another is positioned at northern China.
The southern branch is more distinguishable in the continuous run (Exp 1) than the restart run
(Exp 2). However, more organized local precipitation features have been generated by Exp 2
than Exp 1. In January, Exp 1 has produced more precipitation in Japan and northern Pacific than
in Exp 2. It may need further detail analysis to determine which method is more reasonable for
the downscaling for regional climate in terms of reproducibility of regional climate and
requirement of computing resources.

1.2 temperature
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The geographical distribution of simulated surface air temperature from both Expl and Exp 2
is not much different from the NCEP reanalysis data in general except that many localized features
have been found in both simulations due to the similar reason discussed above (Fig. 3). The
localized feature is more distinguishable over Asia continent than over Pacific ocean because
surface air temperature depends highly on the topography in general. During January the
temperature is somewhat warm at southern China and southern Korean peninsula compared to the
NCEP reanalysis data. There is some difference in Exp 1 and Exp 2, but it may result from the
difference in precipitation between two experiments.

4 SUMMARY AND FURTHER SUGGESTIONS

From a pilot regional climate simulation with MMS35 driven by updating the lateral boundary
forcing at 6-hr intervals from the NCEP reanalysis data, we may successfully generated regional
detail features which might be forced by topography, lake, coastlines and land use distribution.
There is no significant difference in monthly mean features either integrate continuously or
integrate with daily restart. For climatological long integration, the initial condition may not be
significantly important. Accordingly, MMS5 can be integrated for a long period without restart
frequently, if a proper lateral boundary forcing is given.

For a scenario run we have to evaluate the variability of regional model climatology compared
to that in the observation to adjust model results with the difference in the variability to obtain
more reasonable regional climatological information. If we are interesting in future climate
(2xC02), for example, the future temperate may obtained as

Tico, = Tixco, + AT, M

We may obtain from the model simulation for both 2xCO2 and 1xCO2 integrations.
However, it may guarantee that the model climate variability is the same as that in the nature.
Thus, we may write as

ATy = AT @

where represents the ratio between natural variability and model variability. If we may assume
is not quite sensitive so that we may write as

ATna! ATn_a’
ﬂ: ATmode[ = ATnz)oc:el (3)
2-1

Then, we may obtain the future climate as

d el
Lo, = 1xCO, + BAT)Y 4)

Here, represents diurnal, seasonal, interannual, interdecadal variabilities, respectively. With
above consideration we may produce more reasonable climate information for regional area.
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Fig 2 . Monthly mean precipitation (mm/day) of January
1979 (a, c, €) and July 1979 (b, d, f). The results are
obtained by Continuous run (a, b) and Daily restart run
(c, d), compared with GPCP analysis (e, f).
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Fig 3. Monthly mean surface air temperature ( 'C) of January
1979 (a, ¢, €) and July 1979 (b, d, f). The results are
obtained by Continuous run (a, b) and Daily restart run
(¢, d), compared with NCEP Reanalysis (e, f).
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