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ABSTRACT

A 10-yr regional climate simulation was performed using the fifth-generation PSU/NCAR Mesoscale
Model Version 3 (MM5V3) driven by large-scale NCEP/NCAR reanalyses. Simulations of winter and sum-
mer mean regional climate features were examined against observations. The results showed that the model
could well simulate the 10-yr winter and summer mean circulation, temperature, and moisture transport
at middle and low levels. The simulated winter and summer mean sea level pressure agreed with the
NCAR/NCEP reanalysis data. The model could well simulate the distribution and intensity of winter mean
precipitation rates as well as the distribution of summer mean precipitation rates, but it overestimated the
summer mean precipitation over North China. The model’s ability to simulate the regional climate change
in winter was superior to that in summer. In addition, the model could simulate the inter-annual variation
of seasonal precipitation and surface air temperature. Geopotential heights and temperature at middle and
high levels between simulations and observations exhibited high anomaly correlation coefficients. The model
also showed large variability to simulate the regional climate change associated with the El Nino events. The
MM5V3 well simulated the anomalies of summer mean precipitation in 1992 and 1995, while it demonstrated
much less ability to simulate that in 1998. Generally speaking, the MM5V3 is capable of simulating the
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regional climate change, and could be used for long-term regional climate simulation.
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1. Introduction

Recent studies on regional climate change simu-
lations have shown that the regional climate model
(RCM) has the potential ability to simulate and fore-
cast the feature of regional climate change. The
prevalent regional model is NCAR RegCM2 (Giorgi
et al., 1993a, b) at present. With the development
of mesoscale model, it has become probable to estab-
lish regional climate model based on the new gener-
ation mesoscale model. Many researchers have per-
formed the regional climate simulation using the im-
proved RCM based on the PSU/NCAR Mesoscale
Model (MM5) (Jiang et al., 2002; Crawford et al.,
2001; Wei et al., 2002; Xiong, 2001), and shown good
results. Currently, the NCAR mesoscale model has
evolved to MM5V3, which is non-hydrostatic, includ-
ing the radiation and land-surface processes that are
important for regional climate simulation, and devel-
oping detailed cumulus parameterization and bound-

ary layer parameterization as well as the advanced

treatment of initial and lateral boundary conditions.
Because of these advancements, the model can be used
for long-term regional climate simulation. Many re-
gional climate simulation experiments have been im-
plemented by using the MM5V3 model (Liang et al.,
2001; Liu, 2003; Leung et al., 2003a, b ).

East Asia is marked by unique topography, vege-
tation, and monsoon climate, and has relatively large
climate variability in the world. The Tibetan Plateau
situates in the west, the West Pacific Ocean in the east,
complex topography and vegetation in the north, and
the equatorial oceans in the south. The variation of
regional monsoon climate in East Asia has significant
impacts on the economic development directly. There-
fore, understanding the mechanism of East Asian cli-
mate and research on regional monsoon climate plays
an important role in Chinese national economy over
this region. Since the 1990s the RCM was first intro-
duced into China, the model has been used to per-
form many simulations in East Asia, but mostly with

the emphasis on season-scale (Luo and Zhao, 1997;
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Zhao and Luo, 1998, 1999; Shi et al., 2001; Luo et
al., 2002; Liu et al., 1996; Wang et al., 2002; Liu and
Ding, 2001). For example, Chen and Fu (2000) imple-
mented the regional climate model RegCM2 nested to
the Australian global circulation model CSIRO to per-
form a 3-yr simulation. The results indicated that the
RCM simulated better regional climate features than
that by the global model compared with observations.
Lee and Suh (2000) simulated the 10-yr East Asian cli-
mate change in summer using the NCAR RegCM2 and
found that the model could represent the large scale
features associated with East Asian summer monsoon.
Of those simulations, however, some were performed
on short-time scales or small regions. In order to ex-
amine the performance of each regional climate model
in East Asia, Fu Chongbin organized Regional Model
Intercomparison Plan (RMIP) over East Asia, which
includes the second step of this plan to perform a 10-
yr regional climate simulation in East Asia, with the
region covering nearly all East Asia. As a portion of
the RMIP work, the MM5V3 was used to simulate the
10-yr climate change in East Asia, and the preliminary

results were analyzed in this paper.
2. Model and data

This study used the PSU/NCAR fifth generation
mesoscale model MM5V3 (Dudhia et al., 2001), which
was upgraded based on the MM4 and MM5V2. It is
a nonhydrostatic model, coupling with the OSU land
surface model (Chen and Dudhia, 2001a, b). The
MM5V3 model has the fundamental capability to sim-
ulate regional climate change.

The model domain contains 111x151 grid points
and is centered at 35°N, 110°E over China, covering
most part of East Asia (Fig.1). The horizontal res-
olution is 60 km. The main physical parameteriza-
tion schemes include Grell cumulus parameterization
scheme, RRTM longwave radiation parameterization,
Dudhia shortwave radiation parameterization, MRF
boundary layer parameterization scheme, and OSU
land surface process. The initial and lateral bound-
ary conditions come from the NCAR/NCEP reanaly-
sis data (Kalnay et al., 1996), which is at 2.5°x2.5°
horizontal resolution with 16 sigma levels and a 6-h
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Simulation domain and three sub-

Fig.1.
domains (D02: Northeast China, D03: North
China, and D04: South China).

interval. The data are bilinearly interpolated into the
model domain as initial and lateral boundary condi-
tions. The top level in the model is at 100 hPa, while
15-grid buffer zones are on each side. The simulation
periods are from 1 July 1988 to 1 January 1999 with
an integration time step of 180 s. The integration is
performed on the “Blue Light” high performance com-
puter at Global Change Research Center of Nanjing
University ( Su et al., 2002).

3. Model results

We analyzed the model results from January 1989
to December 1998, considering the first half year as the
model spin-up time. The domain for analysis covers
the most part of East Asia after removing the bound-

ary buffer zones.
3.1 10-yr winter and summer mean fields

Firstly, we analyze the distribution of 10-yr win-
ter and summer mean precipitation rates. The GPCP
(Global Precipitation Climatology Project) 1°x1°
monthly precipitation data ( Huffman et al., 1997) are
used as observations. Figure 2 depicts the distribution
of 10-yr winter and summer mean observed precipita-
tion. It shows that winter precipitation (Fig.2a) is
quite light on the East Asian Continent with 2
mm d~! over the south of the Yangtze River, while
heavy precipitation occurs over Japan, and oceanic re-
gions of the east of Japan and Philippines. In summer
(Fig.2c), there is heavy precipitation over the main-
land of China, especially over South China where the
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precipitation rate is up to 8 mm d~!, and heavy precip-
itation also occurs over the Bay of Bengal and Philip-
The MM5V3 also simulates the low winter

mean precipitation over China, with 2 mm d~—! to the

pines.

south of the Yangtze River, comparable with obser-
vations. And it simulates the high precipitation rates
over Japan, and the east of Japan and Philippines, but
it overestimates the precipitation rates in the east side
of the Tibetan Plateau. The simulated distribution of
10-yr summer mean precipitation rates is consistent
with observations. The model well simulates the high
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rates over the Bay of Bengal and South China. How-
ever, the model overestimates the precipitation over
North China and in the east of Taiwan, and shifts the
precipitation bands too east over South China. Figure
2 also shows the discrepancies between simulations and
observations in winter and summer, respectively. In
winter (Fig.2e), the differences are small over the Chi-
nese Continent, except for the Yangtze-Huaihe River
Basin and along the coastal regions of South China
with the differences up to 1 mm d~!. This indicates
that the model can well simulate the distribution of
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Fig.2. Winter and summer 10-yr mean precipitation rates (mm d~') based on observations (left panel)
and simulations (right panel). (a) Winter, observation; (b) winter, simulation; (c) summer, observation; (d)
summer, simulation; (e) winter, simulation minus observation; and (f) summer, simulation minus observation.
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winter mean precipitation. In summer (Fig.2f), the
model overestimates the precipitation rates more than
2 mm d~! over the Hetao Plain of the Yellow River
Basin and the coastal regions of the Southeast China,
and underestimates the rates over Yunnan-Guizhou re-
gion and the Bay of Bengal. In both summer and win-
ter, the model overestimates the precipitation rates
over the oceanic region to the east of Taiwan, which
may be due to a systematic error. In summary, the
MM5V3 can well simulate the distribution of 10-yr
mean precipitation, while it simulates precipitation in
winter better than that in summer.

The NCEP/NCAR reanalyzed sea level pressure
(SLP) is interpolated to the model domain as obser-
vations. Figure 3 depicts the simulated and observed
10-yr winter and summer mean SLP. In winter, the
observed SLP (Fig.3a) is high in Mongolia, with the
central pressure over 1032 hPa, whereas the distribu-
tion of the simulated SLP (Fig.3b) is comparable to
reanalyses, with high value (over 1028 hPa in center)

in Mongolia; however, the region of the simulated high
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SLP is too south. In summer, the 10-yr mean SLP is
about 1008 hPa over the most Chinese continent for
the NCEP/NCAR reanalysis dataset, with the high
value region over the Tibetan Plateau, while the sim-
ulated pressure is comparable to it with 1008 hPa over
the most region and high values over the plateau. In
addition, by increasing resolution, the model can bet-
ter simulate the depression over Sichuan in China as-
sociated with the southwest votex. To conclude, the
MM5V3 can well simulate the distribution of 10-yr
winter and summer mean SLP, and can capture SLP
caused by topography and land-surface features in de-
tail with the enhancement of resolution of the model.

Figure 4 depicts the 10-yr winter and summer
mean 500 hPa geopotential height and temperature
based on NCAR/NCEP reanalyses and regional simu-
lation. In winter (Fig.4b), the distribution of the sim-
ulated 500 hPa circulation and temperature is com-
parable to observations, whereas the model well sim-
ulates the trough and its intensity over the coastal
regions of the Northeast China. In summer (Fig.4d),
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Fig.3. Winter and summer 10-yr mean sea level pressure (hPa) based on NCEP/NCAR reanalyses (left
panel) and regional simulations (right panel). (a) Winter, reanalyses; (b) winter, simulation; (c) summer,

reanalyses; and (d) summer, simulation.
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Fig.4. As in Fig.3, but for winter and summer 10-yr mean 500 hPa geopotential height (gpm) and temper-

ature (°C).

the distribution of the simulated 500 hPa mean circu-
lation and temperature shows good results in general.
However, the model simulates the subtropical high too
south and east. An underestimation is dominated over
Northeast China, while an overestimation of the tem-
perature is over North China. This may be due to
the overestimation of summer precipitation over North
China, which results in enlarging potential heat over
the region, warm temperature of middle and low lay-
ers, and hence underestimation of trough.

Figure 5 demonstrates the 10-yr winter and sum-
mer mean 850 hPa winds and specific humidity based
on NCEP/NCAR reanalyses and simulation. In win-
ter, there are consistent west winds to the north of
20°N and east winds to the south of 20°N in both
observations and simulations. Moisture is gathered
mainly over the Bay of Bengal and South China Sea.
In summer, in both observations and simulations,
there are strong west and southwest winds in the north
of the model region, which transfer moisture to South
Mois-
ture source mainly exists over the Bay of Bengal based

China and the Yangtze-Huaihe River Basin.

on observations, while simulation shows another mois-
ture source over the South China Sea. The simulated
850 hPa specific humidity is higher than observations,
which may cause the overestimation of the simulated
summer precipitation.

The correlation coefficients of 10-yr winter and
summer mean fields of the above mentioned variables
between simulations and observations (Fig.5) indicate
remarkable correlations (yo.01 = 0.244) with largest
coefficients (>0.6). In addition, such correlation co-
efficients in winter are larger than that in summer,
which further reflects that the model’s ability to sim-
ulate the regional climate change in winter is superior
to that in summer.

From the above analysis, the MM5V3 can well
simulate the mean circulation, temperature, as well
as SLP, while the model simulates winter mean fields

better than summer mean fields.
3.2 Sitmulation of interannual variability

The ability to simulate interannual variability is

very important to examine the long-term simulation
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Fig.5. As in Fig.3, but for winter and summer 10-yr mean 850 hPa winds (m

(kg kg™').

s™!) and specific humidity

Table 1. Correlation coefficients of precipitation, surface air temperature, 500 hPa height and temperature,

850 hPa wind and specific humidity between simulation and observation for winter and summer respectively

during 1989-1998

Precipitation T'ste SLP Hs00 T500 Q500 Usoo Vs00
Winter 0.80 0.98 0.93 0.99 0.99 0.93 0.90 0.48
Summer 0.64 0.93 0.78 0.99 0.98 0.48 0.81 0.81

of the regional climate. The CRUOQ5 global 0.5°x0.5°
2000) and
GPCP 1°x1° precipitation data are selected as obser-

surface air temperature data (Mark et al.,

vations. In general, the distribution of the simulated
interannual variability is comparable to observations,
with regards to the simulated and observed interan-
nual variability on winter and summer mean surface
air temperature (Fig.6). In winter, the observed inter-
annual variability of surface air temperature is high in
the north and low in the south. The highest variabil-
ity is up to 2°C in the northwest of the model region
and the lowest value exists mainly over the Yangtze-
Huaihe River Valley and the area south of the valley.

The simulated interannual variability of winter surface

air temperature exhibits the similar pattern, but the
model underestimates the high values in the northwest
of model region, and overestimates the low value over
the Yangtze-Huaihe River Valley and the area south
of the valley. In summer, the interannual variability
of surface air temperature is relatively low, generally
varying between 0.4-0.8°C. The model overestimates
temperature over Southwest China, Indo-China Penin-
sula as well as Northeast China (50°N), where the low
center of the standard deviation of observations be-
comes to the high center but with very subtle differ-
ence about 0.4°C.

The simulated interannual variability of winter

and summer mean precipitation rates is comparable
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Fig.6. Standard deviations of winter and summer 10-yr mean surface air temperature (°C) based on CRU05

data (left panel) and regional simulation (right panel). (a) Winter, CRU05 data; (b) winter, simulation; (c)

summer, CRUO5 data; and (d) summer, simulation.

to observations (GPCP precipitation data) (Fig.7). In
both simulations and observations, the variability of
winter precipitation is large in the southeast of model
region and low in other places. In summer, high values
of the observed precipitation variability mainly appear
over the Bay of Bengal and South China, which are
captured by the MM5, except for the larger simulated
variability than observations. Generally speaking, the
model tends to overestimate the interannual variabil-
ity of summer mean precipitation.

Figure 8 exhibits the anomalies of winter and
summer mean precipitation over three sub-domains
based on observations and simulations. The anomaly
of simulated winter mean precipitation shows the con-
sistent signs with observations over Northeast China,
except that in 1994, and over North China except for
1992 and 1993, and the simulated values are close to
the real ones except for 1990. Over South China, the
simulated anomaly of winter precipitation is compa-
rable to observations in both signs and magnitude in

most years except for 1989, 1990, and 1993. On the
other hand, the anomaly of summer mean precipita-
Over Northeast

China, the anomaly of the simulated summer mean

tion is larger than that in winter.

precipitation is consistent with observations except
that from 1994 to 1996. The MM5V3 shows worse
simulation of the anomaly of summer mean precipita-
tion over North China, where the anomaly is overes-
timated and with reverse signs during almost half of
these years. Such discrepancies may result from the
overestimated precipitation rates over North China,
hence, the ability of model to simulate the precipita-
tion over the region is weak. For most of the years,
the simulated anomaly of summer mean precipitation
shows the same signs and close values to the obser-
vations. Overall, the model can well simulate the
anomaly of winter mean precipitation over the three
sub-domains, but less ability to simulate the summer
anomaly in 1991, 1994, 1997, and 1998 when severe
drought or flood occurred in some parts of China.
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Fig.7. Standard deviations of winter and summer mean precipitation rates (mm d~') based on GPCP

data (left panel) and regional simulation (right panel). (a) Winter, GPCP data; (b) winter, simulation; (c)
summer, GPCP data; and (d) summer, simulation.
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With constrains of parameterization schemes and
driven data, the ability of the regional model to cap-
ture the signal of extreme regional climate change is
weak and needs to be improved.

The analysis of the anomaly of 10-yr winter and
summer mean precipitation over three sub-domains in-
dicates that the MM5V3 can generally simulate the
interannual variation of winter and summer precipi-
tation. The model’s ability to simulate precipitation
Additionally, the
MM5V3 cannot well simulate the interannual varia-

in winter is superior to summer.

tion of summer precipitation over North China.
Tables 2 and 3 list the anomaly correlation co-
efficients and root-mean-square (RMS) errors of 10-yr
winter and summer mean geopotential height and tem-
perature at 200 hPa and 500 hPa and SLP between
the NCAR/NCEP reanalyses and simulations. Table
2 shows that all coefficients are relatively high (most
of them over 0.75) and significantly pass through the
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critical value 0.244 with the confidence level of 0.01 in
winter, while these coefficients are smaller in summer
with some insignificant values. The results indicate
that the ability of the model to simulate the climate
in summer is inferior to that in winter. In addition, as
shown in the tables, most of the anomaly correlation
coefficients at 500 hPa are higher than that at 200 hPa,
which indicates that the ability of the model to sim-
ulate the interannual variation of geopotential height
and temperature at middle layers is better than that
at high layers. The small values of these RMS errors
in Table 3 suggest that the model can well simulate

the seasonal mean features for all the years.
3.3 Simulation of the El Nino years

El Nino events evidently impact the monsoon and
precipitation in East Asia. Of the 10 years of the sim-
ulation, there are three El Nino years, i.e., 1992, 1995,
and 1998. In order to examine the ability of the

Table 2. Anomaly correlation coefficients of winter and summer mean geopotential height, temperature at

200 hPa and 500 hPa and sea level pressure (SLP) between observation and simulation

1989 1990 1991 1992 1993 1994 1995 1996 1997 1998

Hsoo 0.912 0.978 0.855 0.938 0.916 0.884 0.958 0.836 0.806 0.688

T00 0.936 0.762 0.798 0.767 0.866 0.727 0.919 0.791 0.834 0.904

Winter Hso0 0.969 0.955 0.929 0.923 0.887 0.949 0.976 0.971 0.927 0.842
T500 0.866 0.934 0.861 0.934 0.915 0.876 0.915 0.875 0.868 0.661

SLP 0.885 0.959 0.846 0.923 0.734 0.874 0.786 0.971 0.819 0.782

Haoo 0.795 0.637 0.716 0.854 0.837 0.247 0.822 0.201 0.530 0.635

T00 0.159 0.416 0.091 0.529 0.326 0.688 0.563 0.678 0.720 0.567

Summer Hso0 0.847 0.675 0.848 0.784 0.860 0.354 0.783 0.355 0.621 0.649
Ts00 0.709 0.621 0.627 0.806 0.646 0.397 0.685 -0.01 0.539 0.702

SLP 0.908 0.385 0.496 0.343 0.669 -0.04 0.829 0.154 0.629 0.437

Table 3. Root-mean-square errors of winter and summer mean geopotential height, temperature at 200 hPa

and 500 hPa and sea level pressure (SLP) between observation and simulation (height: 10 gpm, temperature:

°C, SLP: hPa)

1989 1990 1991 1992 1993 1994 1995 1996 1997 1998

Ho00 4.09 3.44 4.39 2.98 2.61 4.20 4.08 3.85 4.51 4.75

T200 1.19 1.05 1.62 0.99 1.11 1.57 1.51 1.17 1.44 1.77

Winter Hs00 1.15 1.06 1.26 1.25 1.25 1.23 1.22 1.13 1.19 1.76
T500 0.93 0.56 0.89 0.49 0.53 0.98 0.65 0.70 0.77 0.74

SLP 2.26 2.36 2.48 2.52 2.46 2.54 2.71 2.46 2.54 2.93

Ho00 4.53 4.44 4.34 4.01 4.91 2.95 4.49 3.43 3.66 5.85

T200 2.26 2.66 2.53 2.68 3.26 291 2.96 2.50 2.38 2.65

Summer Hs00 1.09 1.31 1.04 1.00 0.88 2.32 1.41 0.96 1.08 1.51
Ts00 1.15 0.89 1.00 0.88 1.10 0.82 1.00 0.86 0.92 1.29

SLP 1.96 2.10 2.28 2.20 2.04 2.41 2.82 2.37 2.39 2.21
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MM5V3 to simulate the short-term regional climate
change caused by El Nino events, the simulation of the
precipitation anomaly in the three El Nino years has
been analyzed. The simulated anomaly of winter mean
precipitation rates is comparable to observations, but
the model shows the different ability to simulate the
summer mean precipitation rates in the three El Nino
years. The results exhibit variability for the anomaly
of summer precipitation rates in the three El Nino
years. In 1992, the model well simulated the negative
precipitation anomaly in the most regions along the
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Yangtze-Huaihe River Basin, Northeast China, Japan,
and the coastal areas of South China, and relatively
well simulated the negative precipitation anomaly over
the Tibetan Plateau and the southwest of the re-
gion, but the simulated precipitation anomaly over the
Hetao Plain and the regions south of the Yangtze River
had the reverse signs compared with observations. In
1995, the model simulated the distribution of the pre-
cipitation anomaly in general, and the simulated neg-
ative precipitation anomaly along the Yangtze-Huaihe
River Basin, Northeast China, as well as the west

80 90 100 110 120

Fig.9. Anomaly of summer mean precipitation rates (mm d™') in the three El Nifio years based on GPCP
data (left panel) and regional simulation (right panel) (top: 1992, middle: 1995, bottom: 1998).
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Tarim Basin was consistent with observations, and
positive precipitation anomalies over the Korea Penin-
sula and the coastal areas of South China were rel-
atively well simulated, though the positive precipi-
tation anomaly over the South China Sea was not
well simulated. In 1998, the observed precipitation
anomaly over most regions from the south of the
Yangtze River to the Korea Peninsula and Northeast
China was positive, and the anomaly along the costal
South China was negative, while the simulated pre-
cipitation anomaly had the reverse signs to observa-
tions in these places, and the positive precipitation
anomaly was overestimated over the ocean east of Tai-
wan Province of China. Generally speaking, the model
well simulates the anomaly of summer mean precipi-
tation in 1992 and 1995, but has not simulated that
in 1998. This indicates that the MM5V3 has the abil-
ity to simulate strong climate change signals to some

extent, but it needs advanced improvements.
4. Conclusions

The paper utilized the NCAR MM5V3 to per-
form a 10-yr integration in East Asia, and compared
the simulated winter and summer mean results with
observations. The main conclusions can be drawn as
follows.

(1) The model could well simulate the 10-yr win-
ter and summer mean circulation, temperature, and
sea level pressure. Meantime, the model could well
simulate the distribution and intensity of winter mean
precipitation rates. It also simulated the distribution
of summer mean precipitation rates, while it overes-
timated the summer mean precipitation over North
China.

temperature or precipitation, the model generally can

With respect to the results of circulation,

simulate 10-yr seasonal mean fields.

(2) The model could simulate the interannual
variation of seasonal precipitation and surface air
temperature, and the simulated anomalies of seasonal
mean precipitation over different sub-domains showed
the same tentency as observations in most years. The
model could simulate mean circulation at middle and
high layers in winter, which was not well simulated
in summer. Nevertheless, the MM5V3 could simulate
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the interannual variation of the regional climate.

(3) The model demonstrated the different abil-
ity to simulate the regional climate change associated
with the El Nino events. It well simulated the anomaly
of summer mean precipitation in 1992 and 1995, but
could not simulate that in 1998.

(4) Based on the overall performance of the sim-
ulation experiments, the MM5V3 simulated winter
climate superior to summer climate.

In a word, the MMbHV3 has the ability to sim-
ulate the regional climate change, and can be used
for long-term regional climate simulation, although its
physical processes need to be further improved and
investigated.
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