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Abstract This paper describes a dynamical downscaling
simulation over China using the nested model system,
which consists of the modified Weather Research and
Forecasting Model (WRF) nested with the NCAR Com-
munity Atmosphere Model (CAM). Results show that
dynamical downscaling is of great value in improving the
model simulation of regional climatic characteristics.
WRF simulates regional detailed temperature features
better than CAM. With the spatial correlation coefficient
between the observation and the simulation increasing
from 0.54 for CAM to 0.79 for WRF, the improvement in
precipitation simulation is more perceptible with WRF.
Furthermore, the WRF simulation corrects the spatial bias
of the precipitation in the CAM simulation.
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1 Introduction

Due to coarse resolution, the performance of global
circulation models (GCMs) is limited in simulating re-
gional climate variability, especially for complex terrain.
Therefore, statistical and dynamical methods have been
developed to improve regional climate simulations. Dy-
namical downscaling, an important dynamical method
(Castro et al., 2005; Murphy, 1999), is the approach in
which regional climate models (RCMs) are forced by
lateral boundary conditions from GCM or global data
reanalysis at regular time intervals. Because the RCMs
use finer surface parameters and more complicated
parameterization schemes, dynamical downscaling can
significantly improve the simulation ability for regional
climates over various areas of the world (De Sales and
Xue, 2006; Dickinson et al., 1989; Fennessy and Shukla,
2000; Giorgi and Mearns, 1991; Jones et al., 1995, 1997,
Misra et al., 2003; Walsh and McGregor, 1995). Over East
Asia, dynamical downscaling also shows predominance
compared to GCM simulations (Fu, 2003; Gao et al.,
2002, 2008; Ju and Wang, 2006; Ju et al., 2007; Park et al.,
2008; Wang et al., 2003).

Although most previous dynamical downscaling stud-
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ies over China utilize RegCM, we use the Weather Re-
search and Forecasting Model (WRF). The WRF was ini-
tially developed and tested for simulation and forecasting
of weather, it has recently been adapted to simulate cli-
mate. This WRF model has been used for short-term re-
gional climate variability (Lo et al., 2008; Qian et al.,
2010); however, the performance of the WRF as a dy-
namical downscaling method in long-term simulations
over China remains to be determined. To address this is-
sue, we developed a new nested climate model and evalu-
ated its simulations.

2 Models and data
2.1 Atmospheric global circulation model

The GCM model used in this study is the coupled
Community Atmosphere Model version 3 (CAM3)-
Community Land Model version 3 (CLM3) model
(Collins et al., 2004; Oleson et al., 2004), which consists
of the CAM3 and CLM3. For CAM, we employ the finite
volume dynamical core with a horizontal resolution of 2°
latitude by 2.5° longitude and 26 levels in the vertical
direction. CLM has 10 unevenly spaced vertical soil lay-
ers, up to five snow layers, and one vegetation layer. The
CAM simulation consists of Atmospheric Model Inter-
comparison Project (AMIP)-type integrations (Phillips,
1996) forced by observed global SSTs. The integration
period is from 1 September 1977 to 31 December 2002
with output interval of six hours. The first four years
(1977-80) are considered as the spin-up period, and the
output of the remaining years is used as the lateral bound-
ary conditions for the WRF model.

2.2 Regional climate model

The regional climate model is WRF version 3.2, and
the integration domain covers all of mainland China; the
integration domain has 120 grids along the East-West
direction and 90 grids along the North-South direction,
with the center at 35°N, 105°E (Fig. 1). We used 60 km
grid spacing and 31 sigma levels with the model top at 50
hPa. The parameterization options selected for the WRF
simulation include the WRF Single-Moment 6 class mi-
crophysics scheme, Rapid Radiation Transfer Model
(RRTM) long-wave radiation scheme, Dudhia short-wave
radiation scheme, the unfied Noah land-surface model,
and the Yonsei University boundary layer scheme. Initial
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Figure 1 Domain and topography (meters) for model simulation and
subregions for detail analysis. Contour intervals are 400 m, and values
greater than 1000 m are shaded.

conditions and lateral boundary conditions are all from
CAM output. SST data, deep soil temperature and green
fraction data were updated every six hours. The simula-
tion period is from 1981 to 2002, with the first two years
(1981-82) as the spin-up period, and the following result
is used for comparison.

2.3 Observational data

The temperature data used for model validation is the
gridded daily temperature data of the China Meteorologi-
cal Administration (cn05) at 0.5°x0.5° resolution. The
cn05 data is constructed from the interpolation of 751
observing stations in China over the period of 1961-2005
(Xu et al., 2009). The precipitation data is from the Xie
East Asia daily gridded rainfall data at 0.5°x0.5° resolu-
tion; this precipitation data is constructed over East Asia
from 1978 to 2003 using gauge observations at over 2200
stations collected from several individual sources (Xie et
al., 2007).

3 Results

The validation and comparison of the two model re-
sults are based on the observations. Given the different
horizontal resolution, we interpolated the model fields
onto the same grids as the cn05 data for comparison.

3.1 Temperature

Figure 2 shows the annual mean temperature from ob-
servation and model simulations. The observations (Fig.
2a) indicate higher temperatures over South China and
lower temperatures over the Tibetan Plateau and northern
China. In general, the temperature gradually decreases
northward and westward. One exception is in the Tarim
Basin and Junggar Basin, where the temperature is rela-
tively higher due mainly to the high albedo of the deserts
in these regions.

The CAM and WRF can both capture the large-scale
characteristics of temperature over China (Fig. 2). The
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Figure 2 The 20-year annual mean temperature (°C) of (a) the cn05
data, (b) the CAM simulation (Correlation: 0.937; RMSE: 2.992), and
(c) the simulation of the WRF force by CAM output (Correlation: 0.96;
RMSE: 2.857).

spatial correlation coefficients between observations and
simulations are 0.94 for CAM and 0.96 for WRF. Due to
finer resolution, the WRF can reproduce detailed local
features of Chinese temperature distribution, especially in
the Tibetan Plateau, Sichuan Basin, and Northeast China.
For the simulated temperature values, WRF also presents
better performance, showing less temperature bias as
compared to the CAM simulation.

3.2 Precipitation

The WRF simulates precipitation much better than
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CAM. As shown in Fig. 3, WRF can more accurately re-
produce the observed precipitation distribution features;
maximum precipitation mainly occurs over South China,
and the precipitation decreases northwestward, with the
minimum value over Northwest China, particularly over
the Tarim Basin (Fig. 3a). Conversely, the CAM simulates
the maximum precipitation over Central China, which
disagrees with the observations. The spatial correlation
coefficients between the observations and simulations are
0.54 for CAM and 0.79 for WRF. Value comparison
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Figure 3 The 20-year annual mean precipitation (mm) of (a) the Xie
data, (b) the CAM simulation (Correlation: 0.542; RMSE: 1.403 mm
d™), and (c) the simulation of the WRF force by CAM output (Correla-
tion: 0.791; RMSE: 0.983 mm d™).
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shows that the simulated bias of the WRF is much less
than that of the CAM (Fig. 3).

The above comparisons show the WRF to be superior
to CAM and that dynamical downscaling is of value in
regional climate simulation.

It is well known that the ability of GCMs to simulate
precipitation is quite poor; However, the nested-model
dynamical downscaling method can improve the model
simulation of precipitation. To investigate the simulation
of the temporal feature of precipitation, the time series of
annual mean precipitation averaged over all the sub-re-
gions within Mainland China are calculated (Fig. 4). In
general, the improvement is significant over almost all
sub-regions. As shown in Fig. 4, the WRF simulated pre-
cipitation values are closer to the observations for almost
every year, especially in Northeast China, the eastern arid
region, North China and the Northwest arid and semiarid
regions, where the RMSEs for the CAM (WRF) were
0.57 (0.24), 1.43 (0.32), 1.32 (0.46), and 0.57 (0.16) mm
d™, respectively. For other sub-regions, such as South
China and the Tibetan Plateau, the amount of precipitation
simulated by WRF is between observed values and the
CAM values; these results indicate that the WRF can im-
prove the simulation of precipitation in these areas.

4  Summary

In this study, the new nested model is developed using
the WRF and the CAM. Comparison between the obser-
vations and model simulations shows that the WRF can
improve the ability of regional climate simulation. The
regional details of temperature produced by the WRF are
much better than those produced by the CAM. The im-
provement of precipitation simulation is more apparent
than temperature; the spatial correlation coefficient in-
creases from 0.54 for the CAM to 0.79 for the WRF, and
the displacement of precipitation cells can be corrected in
the WRF simulation. Over different subregions of China,
the WRF also shows improvement over the CAM.

In an attempt to investigate the dynamical downscaling
ability of the WRF nested with the CAM, this paper ad-
dressed several issues. The WRF can reduce the RMSE of
precipitation over China, but it shows little ability in
simulating the inter-annual variation of precipitation just
as CAM does. This weakness is because the inter-annual
variation simulated by the WRF is driven by the boundary
conditions that are exclusively from the CAM model. An
important remaining issue is to illustrate how well the
nested model system can represent the summer monsoon
system of China. Further analysis of the simulation of the
summer monsoon system should be conducted in the fu-
ture.
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Figure 4 Time series of annual mean precipitation ( mm d*) averaged over subregions, which are indicated in Fig.1.
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