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1 INTRODUCTION

The Asian monsoon has a profound influence on the so-

cial and economic conditions of over 60% of the earth’s

population. For centuries, successful forecast of mon-
soon rainfall has been a matter of great concern for the
people and countries in Asia and surrounding areas. The
Asian summer monsoon regime can be divided into two
major compaonents: (a) the east Asia monsoon cover-
ing the east Asia, Indochina Peninsula, the South China
Sea (3C5), and the tropical western Pacific; and (b} the
Indian monsoon encompassing the Indian Ocean, India,
the Arabian Sea, and the Bay of Bengal, The Indian
monsoon 15 dominated by summer heavy rainfall over
a hroad area and interrupted by intraseasonal monsoon
breaks (Krishnamurti and Bhalme, 1976), however, the
cast Asian monsoon has distinetive seasonal rain belt
patterns that allernate belween quasi-stationary phase
and northward jump stage corresponding to the progres-
sion of the Mei-Yu (Baiu) system (Tao and Chen, 1987)
from spring to summer. Previous studies, both abser-
vational and modeling, were moestly focused on evenls
occurring in the two extreme seasons, summer {June-
August) and winter {December-February), for the east
Asian monsoon. Readers are referred to two review pa-
pers {Tao and Chen, 1987; Boyle and Chen, 1987). Cli-
matoiogically, the rapid establishment of convection aver
S5CS and surrounding regions signals the earliest stage
of the onset of the Asian summer monseon (SCSMEX
Science Plan, 1995). Understanding and improving the
prediction of weather and clitmate aver the SCS will have
enotmaous impact on the agriculture, social and economic
development in countries and regions in Southeast Asia,

Several simulations of the first generation version of
the MNational Center [or Atmospheric Research (NCAR)
regional climate model {RegCM) have shown that, due to
high-resolution topography and soil physics representa-
tion, the model can capture the regional patterns of pre-
cipitation, temperature, and soil hydrology as affected
by the forcing of local terrain and land vegetation cover

{e.g., Gilorgi and Mearns, 1991; Liu et al., 1994). A
summer season climate over the east Asia was simulated
with RegCM (Liu et al., 1994) and was used to validate
the model’s capability to produce basic characteristics
of summer monsoon climate over the region. Taking the
ridge of the Tibetan Plateau as the western boundary,
Liu et al. (19%4) sirnulated the entire process of a sum-
mer monsoon over the east Asia and the accompanyving
rain belt, the paths of tropical storms, and patterns of
soil moisture; and validated the RegCM by comparing
with the National Centers for Environmental Prediction
(NCEP) data sets. The results of the previous simula-
tions (Gicrgl and Mearns, 19971; Liu et al., 1994) indicate
that the RegCM can simulate reasonably well spatial
patterns of atmospheric circulation, precipitation, and
ground temperature, especially the terrain-induced local
strong precipitation and temperature center, Since only
the east half of the Tibetan Plateau was included in Lin
et al’s (1594) simulation, the orographic effect on the
maonsoon might not be complete.

While the studies on the two extreme monsoons (sum-
mer and winter) have advanced our knowledge of re-
gional monsoon phenamena, many aspects of the east
Asian monsoon especially the transition between the
surnmner and winter monsoons remain uncertain.  Un-
derstanding the mechanisms of monsoon onset improves
the intraseasonal and interannual prediction. Recently,
an international South China Sea Monsoon Experiment
(SCSMEX) was recently initiated to provide a better
understanding of the key physical processes for the on-
set, maintenance and variability of the monsoon over
Southeast Asia and southern China leading to improved
prediction (SCEMEX Science Plan, 1995),

As one of the SCSMEX modeling efforts, we selected
the second generation version of the regional climate
model [RegCM2) developed af the National Center for
Atmospheric Research (NCAR) to simulate the processes
of spring Lo summer monscon transition over the east
Asia with consideration of [ull effects of the Tibetan




Plateau. The simulation period s March-July 1991,
and the model is driven by meteorological conditions
obtained from large-scale analyses of observations pro-
vided by the European Center for Medium-range Fore-
cast (ECMWF) T63 fields. Our model domain was larger
than Lie et al. (19%94) and includes northern Indian
Oleean, southeast Asia, and northwest Pacific. The whole
Tibetan Plateau was inside the domain. The model
was evaluated by comparing output with European Cen-
tre for Medium-Range Weather Forecast (ECMWF) T63
analysis fields,

2 MobpEL DESCRIPTION
2.

1 REeciowal CLIMATE MODEL

During the last few years, a second generation ver-
sion of the regional climate model, called RegTM2, has
heen developed by staff and visitors at the NCAR Cli-
mate Change Hesearch (CCR) Section. RegCM2 is a
maodified version of the NCAR/Pennsylvania State Uni-
versity mesoscale model MM4 for climate application.
The dynamical structure of RegCM2 is essentially the
same as MM4 {Anthes et al., 1987) that is s-coordinate,
primitive equation, grid point limited-area model with
compressibility and hydrostatic balance, except for a
split-explicit time integration scheme which is used in
RegCM2 to improve model efficiency. The physics of
RegCM?2 includes several components from NCAR Com-
munity Climate Model (CCM2) as well as some addi-
tional physics parameterization. The radiative transfer
package is from the CCM2 and describes the radiative ef-
ferts of ozone, water vapor, carbon dioxide, oxygen and
clouds {Brieglelb, 1992). The non-local eddy diffusion
formulation of Holtslag et al. (1990) is used for plan-
etary boundary layer calculation. The surface process
is parameterized by the latest version of the Biosphere-
Atmosphere Transfer Scheme (BATS), which describes
the effect of vegetation and interactive soil moisture on
the surface-atmosphere exchange of momentum, heat,
and moisture {Dickinson et al., 1993). BATS comprises
a vegetation layer, a snow layer, and three soil layers and
it caleulates the full surface hydrological cycle. The pre-
cipitation is parameterized by several different schemes.
MNon-convective precipitation can be represented via an
implicit scheme, whereby supersaturated water immedi-
ately precipitates, and an explicit scheme including prog-
nostic equations for cloud water and rain water [Hsie et
al, 1984). Convective precipitation is parameterized via
two cumulus convection schemes: a simplified Kuo-type
{Kuo, 1974) formulation (Anthes, 1977; Anthes et al.,
1986) and a mass flux scheme which accounts for the ef-
fects of penctrative downdrafts {Grell 1993). The read-
ers are referred to Giorgi et al. {1993 ab) for complete

description of RegCM2.

2.2 DoMaIN DESCRIPTION

Figure 1 depicts the topography for the selected domain.
The simulation area (6930 km » 7020 km) consists of
southeast Asia (including the whole Tibetan Plateau),
northwest Pacific Ocean, and northeast Indian Ocean,
with center at 30°N, 100°E and a horizontal grid point
spacing of 90 km. Sixteen pressure levels were used with
the top at 10 mb. The topography data (30" resclu-
tion) were obtained from NCAR. The terrain inclines
generally from the Tibetan Plateau {with a maximum
height 5.3 km) to the edges of the domain. Coastal flat
lands and various islands are found in the northern In-
dian Ocean and the northwestern Pacific Ocean, At the
present horizontal resolution, we can identify the basic
features of the coastlines and some isolated mountains
in southeast Asian continent as well as in islands such as
in Borneo, Japan, Philippines, and Sri Lanka.

A soil water availability function was used for comput-
ing the soil water content by using 13 specified vegeta-
tion types (Giorgl and Bates, 1989). Figure 2 shows the
initial vegetation types with the sea surface as the Tth
type. Dominant deciduous and coniferous forests cover
south and central China, Japan, Korea, and northeast
China, while range grass spreads over India Mongelia,
and northwest China. There are small areas of tropical
forest in southern India, Taiwan, north Philippines, and
Indo-china Peninsula.

2.3 INITIAL AND LATERAL BOUNDARY CON-
DITIONS

The initial and horizontal lateral boundary conditions
for wind, temperature, water vapor, and surface pres-
sure are interpolated from analyses of observations from
the ECMWPF. For the present study, they were projected
on a spectral TG3 grid, corresponding to a horizontal
resolution of about 2%, and a vertical resolution of 16
pressure levels. The initial conditions were the fields on
00Z March 1, 1991. The RegCMZ2 was integrated for
six months, The lateral boundary conditions were pro-
vided via a relaxation method {Anthes et al., 1987) and
updated every 12 hours. Boundary condition data are
available at 12-hour intervals. Sea surface temperature
(55T) was updated daily from the interpolation of a set
of observed monthly grid data with a resalution of 2° = 2°
(Shea et al., 1992). Note that the present set-up is quite
in line with what would be used for coupled RegCM2-
Oeean madeling experiment.




Figure 1 — Model domain and topography over the
southeast Asia.
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Figure 2 — Surface type: (1) urban land, (2) agricul-
tural land, (3) range /grass land, (4) deciduous forest,
(5} coniferous forest, (6) mixed forest, (T) water, (8)
marsh, (9) desert, and (10) tundra.

Model Variable April | May | June

100-mb Height {m) -14.5 -21.6 | -6.58
500-mb Height {m) -5.98 -6.72 | -T7.28
Surface Pressure {mb) 0.245 | 0.678 | 1.31
T00-mb Hurmadity (g/kg) 0.222 0193 | 0,704
Surface Temperature (* C) | -3.3 477 | -6.01
Table 1. Overall biaz of the model variables,
Model Variable April | May | June
100-mb Height {m) 26.2 44.1 2492
300-mb Height (m) 13.9 171 11.6
Surface Pressure (mb) 2.11 2139 1.74

700-mb Humidity (g/ke) | 0.753 | 0978 | 1.44
Surface Temperature (° C) | 5.63 T.14 4.39

Table 2. Root-Mean Square Errors of the model vari-
ables.

2.4 OBsSERVED DaTa UseD FOR COMPARI-
SON

The simulated monsoon transition circulations and re-
lated thermal features were compared with the ECMWF
analyzed data, including wind, precipitation, and surface
air temperature, Since the purpose of this study is to in-
vestigate climatological characteristics of Asian monsoon
transition, thus, we compute monthly averaged values for
various quantities (geopotential height, wind, humadity,
precipitation, surface air temperature, etc.). The differ-
ence of the simulated and observed of any variable 4 is
a function of space (z,y, ), and time ¢ {in month),

Az, s, ok, 1) = Walzi, vy, e, ) — Walme, yy, o 1),
(1)
where 1, and 4, are the variables from sirnulation and
observation, respectively. 'We define twa parameters, the
bias and the root-mean-square {RMS5),

1
BIAS = E};?ﬂﬁ{zi,yﬁm.:)- (2)

RMSEy(oe,t) = \/ml" SO 1AWz men O (3)
i i

to evaluate the model performance at level op. Here M
is the total number of horizontal points.
The model performance is shown in Tables land 2.

J MonsooN TRrRANSITION IN EAsST
Asia

The spring to summer monsoon transition is featured
by {a) weakening of the mid-latitude stationary wave at




500-mb (ie.. weakening of the trough centered about the
longitude of Japan), (b) strengthening and northward
expanding of the western Pacific subtropical high, (c)
along the east Asian coast, from south to north shifting
of the low-level north-northeasterly winds to the south-
southwesterly winds, and (d) three steady phases of rain
belts and two sudden leaps, rapid transitions between
the two adjacent phases. From the model simulation
durtng 1 March - 31 July 1991, the first three features
can be identified by the time-latitude sections (at 115°E)
of 500-mb geopotential height [Figure 3} and 850-mb lat-
itudinal wind component {Figure 4), and the last feature
can be seen from the time-latitude section of precipita-
tion (Figure 5} averaged between 110°-120°E. The data
are smoothed through a S-day moving average.

For the time-latitude section (at 113°E} of 500-mhb
geopotential height, the contour of 5600 m can be re-
garded approximately the extension of the trough along
the east, Asian coast. The weakening of the mid-latitude
stationary wave can be represented by the morthward
retreat of this contour (5600 m). Furthermore, the con-
tours of 5840 m and 5830 m can be regarded approxi-
mately as the north boundary and the center position af
the subtropical high, respectively. The January climatol-
ogy of 500-mb geopotential field shows that the contour
of 3600 m reaches 30°N near the China coast {Cruteher
and Meserve, 1970).

The spring to summer monsoon transition {March to
July) and associated northward retreat of the stationary
wave and the northward progress of the subtropical high
and the rain belt can be divided into five phases: (1)
early spring gradual northward retreat of the stationary
wave; (2) late spring - early summer violent variations
of the stationary wave; (3) monsoon onset and rapid
northward retreat of the stationary wave and northward
progress of the subtropical high and the rain belt; (4) rel-
ative steady phase; and (3) violent change of the tropical
high's position. Among them, the last three phases dur-
ing the summer monsoon season were discussed by Ding
(1991) and Liu et al. (1994). Note that the following
discussion is specific for the spring and summer of 1991,

During the first phase (1 March to 10 April 1991),
the 5600 m contour (at 500-mb) was northward shifted
from 32°N to 40°N, indicating the northward retreat of
the stationary wave {Figure 3). With this retreat, the
low-level (850-mb) convergence zone (Figure 4) and the
related sporadic rain events (Figure 5) over China alsa
moves towards north from 23°N to 38°N. However, the
5840 m contour was about 22°N with a small fluctuation
(Figure 3), indicating the quasi-steady position of the
subtropical high with the north bound of 22°N. During
the second phase (10 April to 15 May), the 5600 m con-
tour (at 500-mb) was fluctuated between 30°N and 48°N

(Figure 3), indicating the violent variation of the station-
ary wave. The low-level (850-mb) convergence zone was
pushed south from 37°N ta 27*N and a pre-monscon rain
belt was simulated between 23°-30°N from 20 April 1o
10 May. The 5840 m contour was slowly fluctuated be-
tween 25°N and 22°N (Figure 3), indicating the prepara-
tion stage of the summer monsoon onset, The monsoon
onset (15 to 20 May) was featured by rapid northward
movement of the 5840 m contour (at 500-mb) from 22° N
to 35°N (Figure 3), indicating the northward advance
of subtropical high. With this advance, the low-level
(850-mb) convergence zone (Figure 4) and the related
monsoon rain events (Figure 5) over China also moves
toward north. After the monsoon onset, there are a rel-
ative steady phase (Phase I'V, 20 May to 20 June) and a
violent phase (Phase V, 20 June - 20 July). During Phase
IV, the 5840 m contour (at 500-mb) retreated southward
right after the monsoon onset from 35°N and then fluc-
tuated slowly around 32°N (Figure 3}, With this quasi-
steady state of the north boundary of the 500-mb sub-
tropical high, the low-level {850-mb) convergence zone
(Figure 4) and the related monsoon rain events [Figure
3) over China expanded between 24°N and 36°N. Dur-
ing Phase V', the 5840 m contour (at 500-mb) advanced
northward to 40°N (Figure 1), With this violet change
af the subtropical high position, the low-level (850-mb)
convergence zone (Figure 4) and the related monsoon
rain events (Figure 5) over China jumped northward be-
tween J6°N and 46°N (over the Yellow River area).

4 (CONCLUSIONS

In this paper we have presented an application of an
NCAR RegCM2 to the simulation of a spring to summer
monsoon transition (March-July 1991) over east Asia,
The results indicate that the RegTM2 can simulate rea-
sonably well spatial patterns of the atmospheric circula-
tion, precipitation, ground temperature. In particular,
it can capture the northward progress of the subtropi-
cal high and the rain belt during the spring to summer
monsoon transition.

The present simulation provides some special evidence
for evaluating the model performance. Spring to summer
monsoon transition is governed by weakening of the mid-
latitude stationary waves and strengthening and north-
ward expanding of the western Pacific subtropical high.
The model successfully simulated the sowth to north
shifting of the low-level north-northeasterly winds to the
south-southwesterly winds and associated three steady
phases of rain belts and two sudden leaps between the
two adjacent phases.
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Figure 3 - Temporal-latitudinalsection of 500-mb
geopotential height (m) along 115°E for RegCM2
simulation. A S-day moving average is applied.

Figure 4 — Same as Figure 3 except for B50-mb lati-
tudinal wind component {m/s).
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Figure 5 - Temporal-latitudinalsection of precipi-
tation (mm/day} averaged between 105-115°E for
RegCM2 simulation. A 5-day moving average is ap-
plied.
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