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ABSTRACT

A nested regional climate model has been experimentally used in the seasonal prediction at the
China National Climate Center (NCC) since 2001. The NCC/IAP (Institute of Atmospheric Physics) T63
coupled GCM (CGCM) provides the boundary and initial conditions for driving the regional climate model
(RegCM NCC). The latter has a 60-km horizontal resolution and improved physical parameterization
schemes including the mass flux cumulus parameterization scheme, the turbulent kinetic energy closure
scheme (TKE) and an improved land process model (LPM). The large-scale terrain features such as the
Tibetan Plateau are included in the larger domain to produce the topographic forcing on the rain-producing
systems. A sensitivity study of the East Asian climate with regard to the above physical processes has
been presented in the first part of the present paper. This is the second part, as a continuation of Part I.
In order to verify the performance of the nested regional climate model, a ten-year simulation driven by
NCEP reanalysis datasets has been made to explore the performance of the East Asian climate simulation
and to identify the model’s systematic errors. At the same time, comparative simulation experiments for
5 years between the RegCM2 and RegCM NCC have been done to further understand their differences
in simulation performance. Also, a ten-year hindcast (1991–2000) for summer (June–August), the rainy
season in China, has been undertaken. The preliminary results have shown that the RegCM NCC is capable
of predicting the major seasonal rain belts. The best predicted regions with high anomaly correlation
coefficient (ACC) are located in the eastern part of West China, in Northeast China and in North China,
where the CGCM has maximum prediction skill as well. This fact may reflect the importance of the large-
scale forcing. One significant improvement of the prediction derived from RegCM NCC is the increase of
ACC in the Yangtze River valley where the CGCM has a very low, even a negative, ACC. The reason
behind this improvement is likely to be related to the more realistic representation of the large-scale terrain
features of the Tibetan Plateau. Presumably, many rain-producing systems may be generated over or near
the Tibetan Plateau and may then move eastward along the Yangtze River basin steered by upper-level
westerly airflow, thus leading to enhancement of rainfalls in the mid and lower basins of the Yangtze River.
The real-time experimental predictions for summer in 2001, 2002, 2003 and 2004 by using this nested
RegCM NCC were made. The results are basically reasonable compared with the observations.
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1. Introduction

During the last decade, major achievements in the
use of regional climate models have been reached for
the simulation of regional climatology and climate
changes (Giorgi and Mearns, 1999; Giorgi and Hewit-

son, 2001). Only recently, the importance of the use
of regional climate models in seasonal climate predic-
tion has been emphasized (Leung et al., 2003). Leung
et al. suggest that more accurate and spatially de-
tailed climate forecasts be made with downscaling us-
ing regional climate modeling. In such a case, the sea-
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sonal climate forecasting may be a useful framework
for testing super-ensemble techniques (multi-model en-
semble) and the value of downscaling since climate
forecasts and their application can be verified. One
major reason for this development of the regional cli-
mate models is due to the continuous improvements
in the dynamical seasonal prediction by using atmo-
spheric GCMs or coupled GCMs which can provide a
more reliable boundary condition with improved large-
scale predicted fields than before. During the last
decade, a significant progress in dynamical seasonal
prediction has also been made in the meteorological
services and scientific community around the world
(Goddard et al., 2001). The various evaluations of the
skills of the dynamical seasonal predictions have shown
that (1) dynamical seasonal predictions by using either
the two-tiered method or a CGCM can predict much of
the large-scale flow, particularly the anomalous change
in geopotential fields (Gates et al., 1999¶Goddard et
al., 2001); (2) the seasonal prediction in the Tropics
usually has a higher skill than in the extratropical re-
gions where the anomalous seasonal climate is likely to
be mainly controlled by internal processes (Kang et al.,
2002); (3) the seasonal predictions in the Asian sum-
mer monsoon regions show a very low skill (Sperber
et al., 2001). This situation is also true for the sea-
sonal prediction of the East Asian seasonal rain belts
(the Meiyu in China, Baiu in Japan and Changma in
Korea); and (4) during ENSO events, the predictive
skills are generally higher than those in normal years
for SSTs in the equatorial central and eastern Pacific
(Goddard et al., 2001).

One may possibly ask what further improvements
can be made by using regional climate models nested
with AGCMs or CGCMs that drive the regional cli-
mate models in one-way mode, i.e., with no feedback
from the regional climate model fields back to the driv-
ing GCMs. The accuracy and reliability of outputs
derived from a high resolution regional climate model
to a greater extent depend on the quality of the sim-
ulation or prediction made by the driving AGCM or
CGCM. A skillful prediction of the driving AGCM or
CGCM is a crucial pre-condition for implementing re-
gional climate prediction for a limited region by using
a nested regional climate model system. In this sys-
tem, however, new information can be possibly added
(Mearns et al., 2003; Giorgi and Hewitson, 2001): (1)
the increased spatial resolution of the regional climate
model (up to 10–20 km) allows an improved descrip-
tion of regional and local atmospheric circulation such
as the frontal systems, extratropical cyclones, meso-
scale convective systems and tropical cyclones. It is
possible to add information about processes at the
unresolved scales and their interaction with the cli-
mate system taking as input the large-scale informa-
tion from the AGCM or CGCM. (2) The nested re-

gional climate model is able to capture the effect of
fine scale forcing in areas characterized by fine spatial
variability of features such as topography, coastal lines
and land surface conditions. These land surface fea-
tures may significantly affect the regional or localized
climate changes and associated patterns. This situa-
tion is quite true for precipitation simulation in com-
plex terrain features. (3) The physical processes and
their parameterization may be better represented in
the regional climate model due to the apparent depen-
dence of their performance on the model resolution.
The high resolution of the regional climate model in
most cases can produce a more realistic result for most
physical parameterization schemes.

A very limited number of works on the use of
regional climate models in seasonal predictions have
been made. An early attempt to use the regional
spectral model for seasonal climate simulations in the
meteorological services around the world was made
by National Centers for Environmental Prediction
(NCEP) by using the nested regional spectral model
(RSM) (Juang et al., 1997; Hong and Leetmaa, 1999).
The seasonal predictions with the RSM are formulated
as spectrally resolved perturbations superimposed on
those of a global model (the NCEP global spectral
model, GSM). Such a formulation reduces errors due
to lateral boundaries and differences in global and
regional model climatologies, making the GSM-RSM
system more appropriate for climate prediction. The
experimental hindcasts the multi-monthly integrations
were made over the contiguous United States and In-
dia. The result for the U.S.A. part is encouraging since
regional models often exhibit a climate that is differ-
ent from the NCEP GSM’s model climate which is
used to drive the regional model, even for the larger
scales on which they should agree. For the case of
India, the summer monsoon climatology for the en-
tire forecast period from May to August 1988 was well
predicted, including the onset and decay of the mon-
soon. The main trends in the precipitation are similar
for the two models (the GSM and RSM), but changes
are more dramatic in the RSM. The seasonal hindcast
experiments and simulations, and the related evalu-
ation of the performance conducted at NCEP, were
completed only for several seasons of individual years.
Cocke and LaRow (2000) also used a regional spec-
tral model (FSUNRSM) embedded within a coupled
ocean-atmosphere model (T63 AGCM coupled to the
Max Planck global ocean model) to make seasonal pre-
dictions with the purpose of studying ENSO impacts
on the Southeast United States and western North
America. For the boreal winter of 1987/1988 when a
significant El Niño event occurred, both the global and
regional models captured the precipitation patterns in
this winter, with the regional model showing more re-
alistic details. The above results have demonstrated
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that the nested RSMs can make a skillful seasonal pre-
diction for some individual seasons and years. How-
ever, none of the results of multi-year or inter-decadal
hindcasts and real-time seasonal predictions have been
reported so far.

A new advance in the use of the nested regional
spectral model in the seasonal prediction in the East
Asian area is reported by Hong Kong Observatory
(Chang and Yeung, 2003). Hong Kong Observatory
has successfully conducted an ensemble prediction ex-
periment for May and June rainfalls in the years of
1998–2001 by using the regional climate model from
the Experimental Climate Prediction Center (ECPC)
of the Scripps Institution of Oceangraphy in the
United States which is based on the NCEP regional
spectral model (Hui et al., 2001, 2002; Chang, 2001).
The regional climate model is configured to run an in-
ner region centered on Hong Kong with a horizontal
resolution of 15 km and an outer domain. The ini-
tial and lateral boundary conditions are downloaded
by Hong Kong Observatory once a week from ECPC.
The regional climate model is integrated forward for
12 weeks with the lateral boundary conditions updated
every 6 hours. The ensemble members are generated
from 4 weekly runs (once a week, giving a total of 4
members) in April of each year to give forecasts for
May and June. The evaluation of the performance of
the 4-yr ensemble rainfall hindcasts has indicated a
higher skill for May or one-month lead forecasts, and
lesser skill for June or 2-month lead forecasts. This
suggests that the model has promise but needs to be
improved before it can be used operationally (Chang
and Yeung, 2003).

Recently, Ding et al. (2003) has presented the ini-
tial results of the experimental use of the nested re-
gional climate model system developed at the China
National Climate Center in seasonal prediction since
2001. The predictive skill is encouraging. The
National Climate Center/Institute of Atmospheric
Physics (NCC/IAP) T63 coupled GCM provides the
boundary and initial conditions for driving the re-
gional climate model (RegCM NCC). The latter has
a 60-km horizontal resolution and improved physical
parameterization schemes from the original version of
the RegCM2 (Ding et al., 1998) including the mass
flux cumulus parameterization scheme, the TKE plan-
etary boundary layer scheme, an improved land pro-
cess model (LPM) and 3-D nested scheme. The large-
scale terrain features such as the Tibetan Plateau and
their improved treatment in the regional climate model
are included in the domain to produce a more realistic
topographic forcing on the rain-producing systems.

In order to verify the performance of the nested re-
gional climate model, a ten-year (1991–2000) integra-
tion for summer (June–August) driven by the observed
field and the coupled GCM, respectively, was made to

produce the model climatology and hindcasts. The
systematic errors have been identified and an evalua-
tion of predictive skills has been made. Then, the real-
time experimental predictions for summer in 2001–
2004 by using this nested RegCM NCC were made in
March for each year. This current paper presents the
main results of experimental seasonal predictions for
the rainy seasons in China. Sections 2 and 3 will de-
scribe the ten-year simulation and the model climatol-
ogy, and the ten-year hindcasts and systematic errors,
respectively. A four-year real-time seasonal prediction
will be discussed in section 4. Finally, a summary and
an outlook on future work will be given in section 5.

2. Ten-year simulations for flooding seasons in
China

For the derivation of a “correct” model clima-
tology, the regional climate model is driven by ob-
served (or perfect) boundary conditions that may be
European Centre for Medium-Range Weather Fore-
casts (ECMWF) or NCEP reanalysis datasets to make
multi-year to multi-decadal simulations, thus provid-
ing meaningful climate statistics and variability, and
for identifying significant systematic errors. In gen-
eral, at least a ten-year integration is required (Lee
et al., 2003; Pan et al., 2001). Within the framework
of dynamical downscaling of the current climate simu-
lated by GCMs, regional climate models can be driven
by different GCM outputs to derive high-resolution re-
gional climate scenarios (Dutton and Barron, 2000;
Pan et al., 2001). In this process, a series of sensitiv-
ity experiments should be done to exame the model
systematic errors. These include effects of the domain
size, location of the boundary, various schemes of ini-
tialization of the surface variables such as soil moisture
and temperature, nesting techniques, choice of resolu-
tions, the ensemble method and important physical
parameterization schemes. It should be pointed out
that the effect of systematic errors inherent in the driv-
ing large scale fields provided by an AGCM or CGCM
is difficult to reduce. Therefore, an ensemble method
consisting of multi-models (regional climate models)
and multi-GCM outputs as the boundary conditions
is suggested (Pan et al., 2001). After a careful tuning
of the above processes, an appropriate design of the
regional climate model used for the seasonal predic-
tion is reached, with the minimum possible systematic
errors.

Multi-year climate simulations by using regional
climate models have been carried out mainly over three
regions: Europe, the United States and East Asia, but
the regional climate modeling for a long duration, for
example for 10 years, has been done only for the lat-
ter two regions. Pan et al. (2001), using two regional
climate models for 10-year climate simulations for the
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continental United States, have studied model precip-
itation climatology features. Realistic orographic pre-
cipitation, east-west trans-continental gradients, and
reasonable annual cycles over different geographic lo-
cations were well produced. But, both models missed
heavy cold-season precipitation in the lower Missis-
sippi River Basin. RegCM2 also simulated excessive
precipitation in the western United States which was
associated with excessive cloud cover in the model. In
the East Asian monsoon region, only a ten-year cli-
mate simulation made by Lee and Suh (2000) was
available for comparison. The RegCM2 reproduces
fairly well the large-scale features associated with the
East Asian summer monsoon system. The intensity
and magnitude of the large-scale features were not
well reproduced. They simulated more precipitation
in June over the central part of the model domain
(around central China) and produced systematic cold
biases of ground temperature over the northern part
of the model domain (around Northeast China). Our
intention is to focus on simulations of precipitation
patterns and extreme flooding events such as the 1991,
1994 and 1998 summer floods. So, the following discus-
sion will be mainly devoted to the model precipitation
climatology and associated systematic errors based on
the 10-yr simulation by using the RegCM NCC.

Figure 1 shows the simulated and observed precip-
itation patterns for summer (June, July and August)
averaged for the time period 1991–2000 in China, and
their difference. The general features of climatologi-
cal precipitation patterns in China, which are charac-
terized by the gradual decrease of precipitation from
southeast to northwest, were well reproduced. The
maximum summer precipitation occurs in the coastal
regions of Southeast China and the western part of
North China holds the minimum summer precipita-
tion value in East China (see Fig. 1), at about 100–200
mm, which corresponds to the semi-arid or grassland
climate zones. In addition, the simulated summer pre-
cipitation pattern in western China was less than 100
mm (Fig. 1b), so that the isohyets cannot be drawn
with an interval of 100 mm. This situation corresponds
well with the observed pattern (Fig. 1a). The region
of abundant summer precipitation in Southwest China
was also well reproduced. The seasonal march of the
major seasonal rain belt including its starting and end-
ing times and locations, associated large-scale circula-
tions and other features were also simulated with a
varying degree of success (see also Figs. 6–8). There-
fore, the simulation of the summer precipitation cli-
matology in China is rather successful. No other sim-
ulated climate precipitation distributions in China are
available for comparison except for the ten-year Asian
precipitation simulation made by Lee et al. (2003).
The precipitation pattern simulated by RegCM NCC

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 

(a) 

(b) 

(c) 

Fig. 1. The simulated and observed precipitation patterns
for summer (June, July and August) in China averaged for
1991–2000: (a) the 160-station observations, (b) simulated
by the RegCM NCC, and (c) the difference between the
simulated and observed precipitation. Unit: mm.
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Figure 2 
 
 

Fig. 2. Observed (left) and simulated (right) precipitation patterns for summer 1991 (upper panel), 1994 (middle
panel) and 1998 (bottom panel). Unit: mm.
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Fig. 3. Distribution of the temporal anomaly correlation
coefficient (ACC) between simulated and observed precip-
itation in China for 1991–2000. Light shading indicates
positive ACC, and dark shading denotes ACC>90% con-
fidence level.

is quite consistent with their precipitation pattern
over China in summer (JJA). The large systematic er-
rors in the model precipitation climatology, here, con-
sist of the significant overestimation of precipitation
amounts, especially in the southern part of China,
with error percentages of 80–200%. These overesti-
mated precipitation values were also reported by Kato
et al. (1999) and Lee and Suh (2000) for East Asia,
and Small et al. (1999) for central Asia. As pointed
out by Leung et al. (1999), this deficiency is likely to
be mainly associated with the cloud-radiation transfer
parameterization.

The summer precipitation patterns for three ex-
treme flooding events in China during the simulation
period (1991–2000) were relatively realistically simu-
lated, but with major precipitation zones or maxima
being 2◦–4◦ latitude farther to the south than the ob-
served ones (Fig. 2). The successful simulations of the
1991 and 1998 extreme flooding events by using re-
gional climate models have been well documented by
numerous investigators (e.g., Leung et al., 1999; Wang
et al., 2000b; Liu and Ding, 2002a, b; Luo et al., 2002;
and Wang et al., 2003). The 1994 floods occurred in
June and July 1994 in South China. Their severity
and precipitation amounts broke records for the past
50 years in this region. The simulation of this event
was quite realistic. Figure 3 shows the distribution
of the temporal anomaly correlation coefficient (ACC)
between the simulated and the observed precipitation
patterns for 1991–2000. In most of East China, the
ACC is positive, with values for many regions exceed-
ing the 90% confidence level. In some parts of western

China such as the Tibetan Plateau, tests cannot be
done due to the scarceness of observed data. One sig-
nificant deficiency with negative ACC is the poor sim-
ulation in the eastern part of Northeast China. Here,
there is a large systematic error (Fig. 1c).

The ACC was further estimated for different sub-
regions (Fig. 4 and Table 1). Eastern China has a
much higher ACC than western China. This implies
that the climate simulation in this arid and semi-arid
region including extensive areas of deserts and high-
lands needs to be specifically elaborated upon. South
China and North China have a higher ACC than the
Yangtze River-Huaihe River basins where severe and
prolonged floods often occur. The high ACC in North-
east China is due to the good precipitation simulation
in the western part of this region. If one compares
the ACC for simulations with that for the regional cli-
mate hindcast driven by the NCC/IAP T63 CGCM,
the former is higher that the latter with the excep-
tion of western China (Table 1). This is quite reason-
able due to the larger uncertainties and errors of the
lateral boundary conditions provided by the CGCM
than the observed boundary conditions. The interan-
nual variability of the summer precipitation anomaly
in the model is shown in Fig. 5. It was basically re-
produced, with most years being consistent with the
observed ones in sign and magnitude. But, for some
individual years (e.g., 1994, 1995, and 1999), the signs
were incorrect.

A comparative study of the performance of the
RegCM2 and RegCM NCC in the last three consecu-
tive years (1998–2000) of the 10-year simulation period
was made. Figures 6–9 show the three-year-averaged
summer precipitation, 500-hPa height, 850-hPa airflow
fields, and the seasonal march of the major seasonal
rain belt, respectively, simulated with the RegCM2
and the RegCM NCC.
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Fig. 4. Division of sub-regions over China. East-
ern China includes Northeast China, North China, the
Yangtze River-Huaihe River basins and South China where
the summer monsoon and seasonal rain belts dominate.
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Table 1. The mean temporal ACC over different sub-regions of China for 1991–2000.

Yangtze River and

Type of ACC West China East China South China Huaihe River basins North China Northeast China

Simulations 0.031 0.132 0.148 0.05 0.167 0.174

Hindcasts 0.04 0.01 0.06 0.01 −0.05 0.12

Summer Rainfall Anomaly over 10 years in China
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Figure 5 
 

Fig. 5. Interannual variability of summer precipitation
anomaly in China for 1991–2000. Dark-shaded bars rep-
resent the anomaly of simulation precipitation amounts
from the 1991–2000 average and light-shaded bars are the
anomaly of observed precipitation from the 1961–1990 av-
erage.

Note that the treatment method of large-scale terrain
features discussed in Part I has not been applied to
the RegCM NCC, because our aim is to examine ef-
fects of modified physical parameterization schemes
on the simulated precipitation patterns and amounts.
The Betts-Miller convective precipitation scheme was
used in the RegCM NCC this time while the precip-
itation simulation using the RegCM2 was made with
the Kuo scheme. It can be clearly seen that extensive
terrain-induced heavy rainfall regions are located on
the lee sides of the Tibetan Plateau and the Taihang
and Yan mountain ranges (North China) and Daixi-
nanlin mountain ranges in the western and northern
parts of Northeast China. For the precipitation sim-
ulation, one of the most significant improvements of
the RegCM NCC over RegCM2 is the increase of rain-
fall amounts in the Yangtze River and Huaihe River
Basins, which were very close to the observed sum-
mer precipitation amounts (Fig. 6). In other regions,
the simulated precipitation amounts by RegCM NCC
are generally greater than those simulated by RegCM2
and the observed precipitation amounts. These overes-
timated precipitation amounts are possibly caused by
the use of the Betts-Miller convective precipitation pa-
rameterization scheme which is suitable for predicting
heavy rainfall conditions, as discussed in Part I. This
more realistic simulation of rainfall amounts is also re-
flected in Fig. 7 which shows the seasonal march of the
major seasonal rain belts in East Asia (compare it with

Fig. 12 in Part I). The too-long rainy season in North
China and Northeast China may reflect the control of
large-scale factors such as large-scale terrain features
and the ocean, and the effect of total cloud amounts.
The improvements of the 500-hPa height and 850-hPa
airflow fields are also evident (Figs. 8 and 9), with a
more reasonable location and intensity of the subtrop-
ical high over the western Pacific and the prevalence
of low-level southwesterly monsoonal airflows over the
Indian Peninsula, the Indo-China Peninsula and the
South China Sea where the RegCM2 unrealistically
simulated the strong low-level easterlies. Therefore,
this comparison has clearly demonstrated the a higher
skill of the RegCM NCC and has enhanced our confi-
dence level for seasonal predictions.

3. Ten-year seasonal hindcasts

Utilizing the regional climate model with the op-
tional design as discussed in section 2 and the AGCM
or CGCM boundary conditions, the seasonal scale
hindcasts for the multi-year or multi-decadal period
(or at least 10 years) may be done. Because errors in-
troduced by the AGCM or CGCM prediction of large-
scale circulations are transmitted to the regional cli-
mate model (Noguer et al., 1998), the regional biases
of seasonally predicted variables are generally larger
than those derived by observed boundary conditions
(Pan et al., 2001). Therefore, besides improved as-
pects of internal physics and dynamics in the regional
climate models, the better large-scale boundary con-
ditions predicted by the AGCM or CGCM are very
fundamental. To identify the regional biases, various
indices or criteria for evaluating the predictive skill
may be used, such as the anomaly correlation coef-
ficient (ACC) and the root mean square score skill
(RMSSS). One should further compare the systematic
errors in the regional climate model and those in the
driving AGCM or CGCM fields to examine where the
errors are reduced due to added or improved infor-
mation created in the regional climate model. Then,
a correction system for reduction of model systematic
error by statistical methods may be developed and ap-
plied to the dynamical seasonal prediction produced by
the nested regional climate model based on the error
analysis of the hindcasts. A number of statistical cor-
rection methods (e.g., SVDA and CCA) for dynamical
seasonal prediction have been developed for AGCMs



494 EXPERIMENTAL SEASONAL PREDICTIONS USING REGIONAL CLIMATE MODEL VOL. 23

 
（a） 

 
 
 
 
 
 
 
 
 
 
 

（b） 
 
 
 
 
 
 
 
 
 
 
 
 

                    （c） 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6.  

Fig. 6. Simulated precipitation patterns by the (a)
RegCM NCC, (b) by the RegCM2, and (c) 160-station
observations for summer in 1998–2000. Unit: mm.

 

 

 

Figure 7 

(a) 

(b) 

(c) 

Fig. 7. Seasonal march of monthly mean precipitation
averaged for 110◦–120◦E longitudinal range (a) simulated
with RegCM NCC, (b) simulated with RegCM2, and (c)
the observed precipitation. Unit: mm.
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Figure 8 

Fig. 8. Same as Fig. 6, but for the 500-hPa geopotential
height field. Unit: 10 gpm.

or CGCMs (Feddersen et al., 1999; Sperber et al.,
2001; Zeng et al., 1994). These methods are also used
for the correction of bias errors in the regional climate
model with some modifications. This correction sys-
tem can often improve the prediction in some regions.

The global coupled ocean-atmosphere model cur-
rently used in the National Climate Center is com-
posed of a global atmospheric circulation model
(T63L16 AGCM 1.0) of NCC and a global oceanic cir-
culation model (T63L30 OGCM 1.0) of the Institute
of Atmospheric Physics (IAP), Chinese Academy of
Sciences (CAS), which are coupled through the cou-
pling scheme of Daily Flux Anomaly on the open sea
surface. The coupled model is named the NCC/IAP
T63 CGCM 1.0. The T63L16 AGCM has a trian-
gular truncation in the horizontal direction with 63
waves (approximately 1.875×1.875). There are 16 lev-
els in the vertical direction (from the top 25 hPa to
the bottom 996 hPa). The P-σ hybrid coordinate (co-
ordinate) is used. The length of the timestep is 22.5
mintues (Ding et al., 2002). This model is comprised
of comprehensive physical processes and their param-
eterization schemes such as the Gregory mass flux
scheme for convective precipitation, the Moncrett radi-
ation scheme, the improved gravity wave drag scheme,
the one-and-a-half-order closure scheme for boundary
layer turbulent diffusion, the boundary free convection
scheme for moisture transport, and the error reduction
method for reducing truncation errors and improving
the computational accuracy of the horizontal pressure
gradient force near steep topography. For the purpose
of the short-term climate prediction, a long-term sta-
ble integration is necessary. Therefore, the dynamical
framework of the T63L16 AGCM is designed with the
inclusion of reference atmosphere and mass conserva-
tion schemes, stepwise and circular revised methods
and the semi-Lagrangian method for treating or elimi-
nating negative water vapor and spurious precipitation
issues.

The T63L30 OGCM (Jin et al., 1999) has 30 levels
in the vertical and a 1.875◦ × 1.875◦ horizontal reso-
lution, which is the same horizontal resolution as the
AGCM, so the OGCM is called the T63L30 OGCM.
There are 10 layers in the upper 250 m, 10 layers be-
tween 250 m and 1000 m, and 10 layers from 1000 m
down to 5600 m, which greatly increases the resolution
within the thermocline layer. The “rigid-lid” approx-
imation is not used in the model, so the height of the
sea level is a predicted variable in the model. The
introduction of the free sea height leads to the fast
external gravity wave being included in the baroclinic
primitive equations. The other main features of this
oceanic model include: (1) the incorporation of the
Gent-McWilliams parameterization scheme of isopyc-
nal surface mixture in order to improve the simulation
of the main oceanic thermocline; (2) the adoption of
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the Pakanowski-Philander scheme of the vertical mix-
ture of the tropical oceanic upper layer in 30◦S–30◦N
in order to reduce the horizontal viscosity and improve
the simulation of the equatorial thermocline; and (3)
the consideration of the penetration of shortwave ra-
diation into the oceanic sub-surface layer.

A 19-year (1982–2000) hindcast with this coupled
GCM was undertaken to explore the performance in
predicting the current climate and its variability. The
arithmetic mean of the 3-member predictions is com-
puted to obtain the simple ensemble prediction in the
hindcasting experiments. The initial dates are selected
as 8, 9, and 10 February of each year. The model is
integrated from the initial date to 31 August for each
year. The predicted precipitation fields for June, July
and August were used to evaluate the predictive per-
formance for the flooding seasons in China. The ACC
and RMSSS indices were used in this evaluation. They
are recommended by WMO to assess the predictive
capability of the seasonal or the short-term climate
prediction. Their expressions are as follows:

RACC =

N∑
i=1

(∆Rf,i−∆Rf,i)×(∆Ro,i−∆Ro,i)√
N∑

i=1

(∆Rf,i−∆Rf,i)2×
N∑

i=1

(∆Ro,i−∆Ro,i)2
,

where ∆Rf,i and ∆Rf,i are, respectively, the predicted
value and its long-term mean of rainfall anomaly per-
centage at station i; and ∆Ro,i and ∆Ro,i are the
corresponding observed values, respectively. N is the
total number of all assessed stations. ACC mainly re-
flects the predictive level of anomaly grades, especially
the location of the anomaly center.

SRMSSS =
(

1− Sf

Sp

)
× 100

where Sf represents the mean root square error
(MRSE) of model prediction, and Sp represents the
MRSE of persistence prediction. Only if Sf is less than
Sp, the model has predictive skill, and thus RMSSS is
greater than zero.

Among the external forcing factors that influence
the seasonal evolution of the atmospheric circulation
and precipitation fields, the SST (sea surface temper-
ature), especially the tropical Pacific SST, is the most
important. Therefore, it is necessary to examine first
the predictive skill of the SST anomaly produced by
using the NCC/IAP T63 CGCM. As shown in Fig. 10,
during 1982–2000, the correlation coefficients between
predicted SST anomalies and observed SST anomalies
are relatively high in the Indian Ocean, the Atlantic

 

 

 

Figure 9 

(a)

(b)

(c)

Fig. 9. Same as Fig. 6, but for the 850-hPa wind vectors,
where contour lines are the wind velocity and the shaded
area is the Tibetan Plateau. Unit: m s−1.
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Ocean, the tropical Pacific Ocean and part of the
North Pacific Ocean. The highest correlation is found
in the tropical central and western Pacific. More de-
tailed analyses of the model predictive capability un-
der different oceanic backgrounds were conducted by
dividing the 19 years (1982–2000) into normal years
(1984, 1986, 1989, 1990, 1994, 1995, 1996, 1998, 2000),
La Niña years (1985, 1988, 1999), and El Niño years
(1982, 1983, 1987, 1991, 1992, 1993, 1997), and calcu-
lating the respective correlation coefficients between
predicted SST anomalies and observed SST anoma-
lies (figure not shown). In El Niño years and La Niña
years, the positive correlations can generally reach or
exceed the 90% confidence level. In normal years, al-
most the whole tropical Pacific Ocean is covered by
positive correlations. In La Niña years, there are high
positive correlations in the western Pacific Ocean be-
tween the equator and 20◦N, the central Pacific Ocean
between the equator and 20◦S, and the eastern Pa-
cific Ocean along the coast of South America. In El
Niño years, the positive correlations are mainly located
in the western Pacific Ocean near the equator (10◦S–
10◦N), the central and eastern tropical Pacific to the
north of the equator, and the central part of the trop-
ical Pacific Ocean between 10◦S and 30◦S.

In order to analyze the accuracies of NCC/IAP
T63 CGCM in predicting precipitation in all regions
of China, correlations between predictions and obser-
vations for summer rainfall anomaly percentages at
160 Chinese stations during 1982–2000 were calculated
(Fig. 11). The predictive accuracies are relatively high
in the northern part of Northeast China, Inner Mongo-
lia, the Big Bend of the Yellow River, the eastern part
of Xinjiang, some regions between the middle and low
reaches of the Yellow River and Yangtze River, and
some regions to the south of the Yangtze River. The

correlations in those areas can generally exceed the
90% confidence level. All RMSSS values are larger
than zero, which means that the MRSE of model pre-
diction is remarkably lower than that of persistence
prediction. So, the predictive skill of the model is
higher than that of persistence prediction. The 19-
year average RMSSS of the model is 59.45. During
the 19 years, the RMSSSs of 16 years are greater than
50%. So, generally speaking, the model’s predictive
skill is higher than its climatological prediction.

Now a 10-year summer (June–August) hindcast
(1991–2000) is made with the nested regional climate
model RegCM NCC. The integration is performed
from 10 February every year and run up to 31 August.
The lateral boundary conditions are updated every 12
h. Figure 12 shows the predicted and bias patterns
averaged for 10 years (1991–2000). The predicted pre-
cipitation pattern in eastern China (Fig. 12a) is mostly
similar to the observed one. Major systematic errors
are found in Northeast China, the western part of In-
ner Mongolia and southwestern China where the topo-
graphic effects possibly play an important role as dis-
cussed previously. Relatively small errors are found in
Northwest China, most of North China, the Big Beng
of the Yellow River and the region between the Yellow
River and the Yangtze River. It is noteworthy that
the error in the Yangtze River Basin is relatively small
which is a significant improvement over the results de-
rived from the CGCM (see Fig. 11). Figure 13 is the
geographic distribution of the 10-yr mean ACC for the
predicted and observed precipitation. Two major fea-
tures can be identified: (1) in most of North China
and Northeast China, the ACC is relatively high with
a number of regions exceeding the significance level of
90%. This pattern of high positive ACC is in overall
agreement with regions of small bias as shown in

Fig.10 

Fig. 10. Distribution of correlation coefficients between NCC/IAP T63 CGCM predicted and observed
sea surface temperature anomalies during 1982–2000. Light shading indicates positive ACC. Dark shading
denotes ACC>90% confidence level.
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Figure 10. 
 

 

 

 

 

Figure 11 

 

Fig. 11. Distribution of correlation coefficients between
NCC/IAP T63 CGCM predicted and observed summer
rainfall anomaly over 160 stations of China during 1982–
2000. Light shading indicates positive ACC. Dark shading
denotes ACC>90% confidence level.
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Figure 12 

 
 

Fig. 12. (a) Hindcast precipitation pattern in China for
10 summers (June, July and August) and (b) its difference
with the observation. Unit: mm.

Fig. 12b. This may imply that the large-scale forcing
derived from the CGCM plays a primary role in creat-

ing the regional precipitation in these regions, because
the latter has a higher ACC in these regions (see Figs.
11 and 13). (2) The ACC in the Yangtze River Basin
has a considerable increase, with an extensive belt of
positive correlation located in this region, especially in
the middle and upper Yangtze River Basins.

A sub-region comparison of ACC for the pre-
dicted precipitation by the CGCM and the nested
RegCM NCC further supports this conclusion (Ta-
ble 2). It can be seen that the ACC for the pre-
dicted precipitation in the Yangtze River-Huaihe River
basins produced by RegCM NCC has a positive value,
whereas that produced by the CGCM is negative. The
reason for improvement of the precipitation prediction
in the Yangtze River Basin by using RegCM NCC is
due possibly to a better representation of the large-
scale terrain features of the Tibetan Plateau. In such
a case, the synoptic disturbances or rain-bearing sys-
tems such as low-level vortices may be generated over
or near the eastern periphery of the Tibetan Plateau
and then some of them are steered to propagate along
the Yangtze River Basin, thus enhancing the precipita-
tion in this region (Ding, 1994). In other regions, there
are also some improvements, but they are mainly lo-
cated in the eastern part of China where the monsoon
has an important effect on precipitation patterns.

One interesting point is to estimate the mean
predicted precipitation errors for different regions of
China (Table 3). For the whole of China, the mean
precipitation error predicted by the nested regional cli-
mate model RegCM NCC is 3.15 mm d−1. This error
is modestly larger than those simulated by Lee and
Suh (2000) for East Asia (1.1 mm d−1) and by Pan et
al. (2001) for the United States (1−2.0 mm d−1). But,
for some sub-regions such as North China and the

 
Figure 13 

 
 
                               
 
 
 
 
 
 
 
 
 
 
 

Figure 14 

(a) (b) 

Fig. 13. The pattern of the 10-yr mean ACC for the hind-
cast precipitation by RegCM NCC. The positive correla-
tion is represented with shading. Dark shading indicates
ACC>90% confidence level.
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Table 2. Comparison of ACC of predicted precipitations produced by CGCM and RegCM NCC for 1991–2000.

ACC West China East China South China Yangtze River North China Northeast China

CGCM 0.09 −0.03 0.05 −0.05 0.07 −0.10

RegCM NCC 0.04 0.01 0.06 0.01 −0.05 0.12

Table 3. Regionally averaged precipitation errors between hindcasted and observed precipitations in 1991–2000. Unit:
mm d−1.

Yangtze River and Northeast

China West China East China South China Huaihe River basins North China China

Hind.−Obs. 3.15 4.20 2.51 −2.63 2.24 2.49 6.00

Yangtze River-Huaihe River Basins, the errors are sig-
nificantly reduced (2.49 and 2.4 mm d−1, respectively).
Even for the extensive region of eastern China greatly
affected by the summer monsoon, the error is only 2.5
mm d−1.

4. Real-time seasonal prediction

The real-time experimental predictions for summer
in 2001–2004 by using the RegCM NCC were made
for 1 April of each year. The 4-member predictions
have been used to obtain an ensemble prediction with
lagged average forecasting (LAF, Hoffman and Kalnay,
1983). Their results are basically acceptable compared
with the observations. As an example, the 2001, 2003,
and 2004 summer precipitation predictions are given.
Figure 14 shows the predicted and observed fields for
2001 summer (June–August) precipitation. A compar-
ison between them indicates that the major precipi-
tation zone in this flooding season along the coastal
areas from South China to North China was well pre-
dicted. Extensive areas of dry conditions in North-
east China, North China and much of South China

were also well predicted. The precipitation in the re-
gion between the Yellow River and Huaihe River was
overpredicted. Figure 15 shows the predicted and ob-
served precipitation patterns for the 2003 summer pre-
cipitation. This summer was characterized by a se-
vere flood in the Huaihe Basin and dry conditions in
the southern region of the Yangtze River valley (Fig.
15b). The predicted precipitation pattern well cap-
tures these major features, showing that the rainfall
will be above-normal in the regions between the Yel-
low River and the Huaihe River valleys, while it will
be below-normal over the Yangtze River valley. In
the 2003 summer prediction, the prediction score of
RegCM NCC is 83 for the predictive accuracy index
(P ) operationally used in the National Climate Center,
CMA, which is the highest score in this rainy season.
The prolonged heavy rainfalls during the Meiyu season
over the Huaihe River basin were quite well predicted.
Figure 16 gives the predicted and observed patterns
of precipitation anomaly percentage for summer 2004.
The prediction score of RegCM NCC in summer 2004
is 63. The RegCM NCC reproduced the wet condi-
tions in most parts of Inner Mongalia, the lower re-
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Figure 14 

(a) (b) 

Fig. 14. (a) The predicted precipitation anomaly field for summer 2001 (June–August) in China by
RegCM NCC and (b) the observed precipitation anomaly field for 160 stations in China. Unit: mm d−1.
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Figure 15  
 

(a) 

(b) 

Fig. 15. (a) The predicted precipitation anomaly per-
centage for summer 2003 (June–August) in China by
RegCM NCC and (b) the observed precipitation anomaly
percentage for 160 stations in China.

aches of the Huanghe River Basin, and the northern
part of Xingjiang Province, and dry conditions in the
central part of West China, the lower reaches of the
Yangtze River Basin, and southern China.

5. Summary and future work

5.1 Summary

The initial results of the use of the nested regional
climate model RegCM NCC developed at the China
National Climate Center in the climate simulation and
seasonal predictions in China has been presented in
this paper. Overall, the simulation performance and
predictive skills are encouraging. The ten-year East
Asian climate simulation is in many ways successful.
Our discussions of the simulation results were focused

on the precipitation aspects, due to a great concern
about the floods and droughts in summer in the East
Asian monsoon region. The geographical patterns and
the seasonal march of precipitation in China, start-
ing dates and durations of regional rainy seasons (the
presummer rainy season in China, the Meiyu in the
Yangtze River-Huaihe River Basins and the rainy sea-
son in North China), flooding years (e.g., 1991, 1994
and 1998), and the associated large-scale monsoonal
circulation features and evolution were well simulated.
The features of the interannual variability of precipi-
tation were mostly captured. On the other hand, two
major deficiencies have been identified. One prob-
lem is the ending dates of the regional rainy sea-
sons. For example, the ending date of the mei-yu is
too early and the ending date of the rainy season in
North China is very late, occurring in late September.
Our diagnostic analysis in Part I has shown that one
of the major reasons behind this unrealistic simula-
tion is possibly due to inappropriate cloud-radiation
transfer schemes. In the Yangtze River-Huaihe River
Basins, the model produced too little cloudiness, while
in North China, excessive cloudiness was generated.
Therefore, the realistic simulation of the mei-yu and
Baiu is a great challenge (Sasaki et al., 2000). The
second major dificiency is the overestimation of sum-
mer rainfall amounts, in particular, in South China.
Our sensitivity study has shown that this is caused by
selecting different convective precipitation parameter-
ization schemes. The Kuo scheme generally produces
underestimated rainfall amounts. The overestimation
of rainfall amounts in the ten-year simulation is pos-
sibly due to the use of the MFS scheme which gener-
ally produces a relatively large rainfall amount. The
three-year comparative experiments have shown (Figs.
6 and 7) that the Betts-Miller scheme can produce a
more reasonable rainfall amount in China.

The ten-year hindcast driven by the NCC/IAP T63
coupled model has shown some skill in predicting the
major seasonal rain belts. The best predicted regions
with high ACC are located in the eastern part of West
China, Northeast China and North China where the
CGCM has maximum prediction skill as well. This
fact may reflect the importance of the large-scale forc-
ing. One significant improvement of the prediction de-
rived from RegCM NCC is the increase of ACC in the
Yangtze River valley where the CGCM has a very low,
even a negative, ACC. The real-time experimental sea-
sonal predictions for summer in 2001–2004 have pre-
liminarily shown their role not only in more detailed
presentations of precipitation patterns and major sea-
sonal rain belts as a downscaling technique, but also
in adding some new information as a predictive tool
compared to the driving CGCM. More experimental
seasonal prediction needs to be done in the future to
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Figure 16 Same as Figure 15, but for 20004 summer 
 
 
 
 

(a) 

(b) 

Fig. 16. Same as Fig. 15, but for summer 2004.

continuously improve its predictive capability through
reducing systematic errors and uncertainties.

5.2 Future work

The improved prediction of the seasonal march
of the summer monsoon and its associated rainfall
amount and patterns of the major seasonal rain belts
in East Asia have long been a focus of the operational
dynamical seasonal prediction in this region. However,
in the Asian seasonal monsoon region, as discussed
previously, the skill of the dynamical seasonal predic-
tions with AGCMs or CGCMs is relatively low. The
nested regional climate model is capable of providing
a more detailed and realistic picture of the monsoon
activity and related monsoon rain belts. To achieve
this goal, much work should be done in the future
to improve the representation of the physical and dy-
namical processes in the models, to make longer term

hindcasts (at least 20 years) with validation, to initial-
ize the soil temperature and moisture, and to increase
the spatial and temporal resolution (McGregor, 1997).
The regional climate modeling in the East Asian mon-
soon region is a very difficult task, due to the unique
climate features and the complex interaction of local
forcing and remote or large-scale forcing. The East
Asian summer monsoon climate is characterized by
the following prominent features (Ding, 1994): (1) the
earliest onset of the Asian summer monsoon over the
South China Sea (SCS) and the Indo-China Peninsula
occurs around mid-May or even earlier, with a sudden
change in low-level and high-level winds, OLR, height
and rainfall fields before and after the onset, which
is characterized by the wind switching from low-level
easterlies and high-level westerlies to low-level wester-
lies and high easterlies, the rapid growth of convection
and rainfalls, and the eastward retreat of the subtrop-
ical high; (2) the seasonal march of the climatological
summer monsoon displays a distinct stepwise north-
ward and northeastward advance. Over East Asia,
two abrupt northward jumps and three stationary pe-
riods have been identified; and (3) the noted East
Asian rainy seasons such as the presummer rainy sea-
son in South China, the mei-yu/Baiu in China and
Japan, and Changma in Korea occur normally during
the stationary periods of the northward advance of the
summer monsoon, but with a great interannual vari-
ability. In connection with these features, four con-
trolling factors and related physical mechanisms are
believed to be responsible for the sudden onset and
prominent seasonal march of the East Asian summer
monsoon: (a) The land-sea thermal contrast and effect
of the elevated heat source of the Tibetan Plateau is a
pre-condition for the abrupt onset of the Asian sum-
mer monsoon in the SCS and Indo-China Peninsula
through the rapid reversal of the meridional tempera-
ture gradient; (b) the arrival of the intraseasonal os-
cillations (ISO) provides a triggering mechanism, with
the several phase-locking wet ISO phases; (c) the in-
trusion of mid-latitude troughs into the northern SCS
and central and northern Indo-China Peninsula is an-
other triggering mechanism that induces the convec-
tive activity through release of the potential instabil-
ity, thus enhancing the monsoon trough there through
the feedback process of meso-scale convective systems;
and (d) the interaction of cold air from mid and high
latitudes and the monsoonal airflow plays a key role
in determining the seasonal march of the major East
Asian rain belts and their precipitation patterns that
are quite different from the climate conditions in the
South Asian monsoon region where the weather and
climate regions are basically controlled by the tropical
processes during the summer monsoon season. The
simulations of regional climate models have been gen-
erally successful for feature (2), while the simulations
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of features (1) and (3) have relatively low skill. The
reasons are manifold. First, in regional climate mod-
els currently used for the East Asian climate simula-
tions and predictions, the physical parameterization
schemes are in many respects inadequate, especially
for the cloud-radiation transfer and the land surface
process schemes. The new schemes in these aspects
should better describe the land-sea thermal contrast
and the effect of the elevated heat sources of the Ti-
betan Plateau, otherwise the abrupt onset of the East
Asian summer monsoon and formation of the seasonal
rain belts are unlikely to be well simulated and pre-
dicted. In addition, the ISO formation and propaga-
tion are closely related to the cloud-radiation-land sur-
face feedback process. So, its realistic simulation and
prediction also depends upon the performance of the
cloud-radiation-land surface process parameterization
schemes. The ISO is very essential in the modulation
of monsoon rainfall episodes and triggering the occur-
rence of a rainy episode.

The realistic representation of the interaction of
cold air and tropical monsoonal airflow in the model
needs a larger domain so that the model can appropri-
ately cover the mid and high latitudes and the trop-
ical regions. This requirement will make the domain
have a continental scale. In addition, the seasonal pre-
diction of tropical cyclones in the western North Pa-
cific, including their frequency, landing number and
preferred paths, is also desirable. Therefore, a re-
gional ocean model and oceanic data initialization in
this oceanic region should be developed and coupled
with the nested regional climate models in the future.
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