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1.  INTRODUCTION

To study the actual and future climate, the use of
atmospheric or coupled atmospheric–ocean global
models has become popular. In general, results ob-
tained from these models presently lack regional
detail due to the models’ coarse resolutions. Regional
Climate Models (RCM) have been developed to de-
scribe climatic patterns on a regional scale. A RCM is
a limited-area model with a suitably high resolution
that resolves complex topography, land use, land–sea
contrast, and detailed descriptions of physical pro-
cesses and then generates realistic high-resolution
information coherent with the driving large-scale cir-
culation supplied by either reanalysis data or a global
general circulation model. Dickinson et al. (1989) and
Giorgi & Bates (1989) provided first assessments of
the regional model simulation skill over the complex
western United States terrain and studied the model’s

sensitivity to the use of selected physics parameteriza-
tions and lower boundary characteristics. RCMs are
increasingly used in climate research and are proven
to improve simulation at regional scales (e.g. Jones et
al. 1995, Giorgi & Mearns 1999, Diffenbaugh et al.
2005, Dash et al. 2006, Gao et al. 2006a,b, Solmon et
al. 2006, Christensen et al. 2007, Rauscher et al. 2007,
Seth et al. 2007). Jones et al. (1995) used a nested
high-resolution RCM to study the climatic response to
doubled carbon dioxide concentration over Europe
and compared the changes against those produced by
the driving global general circulation model. Gao et
al. (2006b) used a RCM to investigate the role that
horizontal resolution plays in the simulation of East
Asia precipitation. Dash et al. (2006) demonstrated the
suitability of RCMs in simulating the Indian summer
monsoon circulation features and associated rainfall.
Although many studies have been done for different
regions of the world, RCMs have been seldom applied
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over Southeast Asia, particularly the Indochina Penin-
sula (but see Octaviani 2008).

Located in the eastern part of the Indochina Penin-
sula, Vietnam is a region with complex topography,
land surface conditions, coastlines, and with a climate
largely influenced by mesoscale phenomena. Northern
Vietnam has a tropical monsoon climate with 4 distin-
guishable seasons and is influenced by the northeast
monsoon originating from the Siberia Plateau, which
causes cold, dry climate conditions in early winter. In
late winter, the monsoon causes cold, highly humid
conditions. Southern Vietnam has a rather moderate
tropical climate (given the strong influence of the
southwest monsoon) and is characterized by dry and
rainy seasons. Under the influence of monsoon and
complex topography, Vietnam is prone to natural dis-
asters such as storms, floods and droughts. In addition,
according to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change (IPCC),
Vietnam is one of the countries severely affected by
climate change (Nicholls et al. 2007). In this study we
used a RCM to investigate the processes that control
the features of the climate conditions over Vietnam
and adjacent areas. The regional model that we

adopted is the Regional Climate Model version 3.0
(RegCM3) developed at the Abdus Salam International
Centre for Theoretical Physics (ICTP) (Pal et al. 2007).
RegCM3 is the third generation of a modeling frame-
work originally described in Giorgi & Bates (1989) and
Dickinson et al. (1989) (RegCM1), and later upgraded
as described in Giorgi et al. (1993a,b; RegCM2) and
Giorgi & Mearns (1999; RegCM2.5).

2.  MODEL AND DATA

RegCM3 is a primitive equation, hydrostatic, com-
pressible, limited-area model with a sigma (σ) vertical
coordinate. The model runs with 18 vertical σ-levels, in
which 6 levels are under 850 mb in the planetary
boundary layer. The top layer is at 70 mb.

The domain size extends from 80° E to 130° E and
from 5° S to 40° N with a horizontal resolution of 54 km
for both east–west and north–south directions. The
normal Mercator conformal projection is used in this
study (Fig. 1A).

The data used as initial and time-dependent boundary
conditions for RegCM3 are the ERA-40 reanalysis data
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(http://users.ictp.it/~pubregcm/RegCM3/globedat.htm)
with horizontal resolution of 2.5 × 2.5° and 6 hr time in-
terval (Uppala et al. 2005). Over the oceans, RegCM3 is
forced by the Optimum Interpolation Sea Surface Tem-
perature (OISST) data, which is available on a 1.0 × 1.0°
grid mesh and provided by NOAA (Office of Oceanic
and Atmospheric Research, Earth System Research Lab-
oratory, Physical Science Division), Boulder, Colorado,
USA, from their website at www.cdc.noaa.gov
(Reynolds et al. 2002). The model is integrated continu-
ously from 00:00 h UTC December 01, 1990 to 00:00 h
UTC January 01, 2001. The first month (December 1990)
is treated as the spin-up time.

We conducted sensitivity tests with different configu-
rations of RegCM3 to select the suitable parameter-
izations for Vietnam. Exchanges of energy, moisture, and
momentum between the land surface and the atmos-
phere were computed using the Biosphere-Atmosphere
Transfer Scheme (BATS) (Dickinson et al. 1993). The
radiative transfer scheme of the NCAR Community
Climate Model (CCM3) (Kiehl et al. 1996) is used in
RegCM3, and includes the effect of different greenhouse
gases, cloud water, cloud ice and atmosphere. Resolv-
able (or large-scale) precipitation is represented using
the sub-grid explicit moisture (SUBEX) scheme (Pal et al.
2000). Convective (sub-grid scale) precipitation pro-
cesses are represented using the cumulus parameteriza-
tion scheme, which describes the effects of sub-grid
scale convective clouds that produce grid-scale heating
and precipitation in terms of the grid-scale prognostic
variables. For convective parameterizations, we ran 4 in-
tegrations using different schemes: (1) Kuo (Kuo77; An-
thes 1977), (2) MIT–Emanuel (Ema91; Emanuel 1991,
Emanuel & Zivkovic-Rothman 1999), (3) Grell (Grell
1993) using the Arakawa-Schubert closure assumption
(AS74; Arakawa & Schubert 1974), and (4) Grell using
the Fritsch-Chappell closure assumption (FC80; Fritsch
& Chappell 1980). Results show that Kuo77 and FC80
give highest and lowest 2 m temperatures respectively
over the simulated domain (data not shown), and pro-
duce underestimated and overestimated precipitation,
respectively. Over the South China Sea, Ema91 repro-
duces the largest rainfall area compared to the other
schemes, while it creates a significant dry region over
the equator. In this study, we employ the Grell scheme
with the AS74 closure assumption.

Various datasets are used to evaluate the quality of
the simulations. The simulated circulations in the inte-
rior of the interested domain are compared with the
ERA-40 data. Precipitation and surface air temperature
are validated against the Climatic Research Unit (CRU)
(UK) data (New et al. 1999, New et al. 2000). The CRU
data set is a high-resolution (0.5°) monthly product
over continents that includes for the 1901–2000 period
a gauge-only estimate of precipitation and tempera-

ture, as well as other near surface climatic variables.
Moreover, monthly mean surface air temperature and
monthly accumulative precipitation from 50 meteoro-
logical stations over Vietnam were compared with the
RegCM3’s results.

3.  RESULTS AND DISCUSSION

3.1.  Regional circulation patterns

Comparison of the 10 yr averages (1991–2000) of
geo-potential height and wind fields at 500 hPa for the
4 typical months January, April, July and October
shows the consistency of RegCM3 with ERA-40 for
January and July (Fig. 2). RegCM3 reproduces well
the patterns given by ERA-40, in both spatial distribu-
tion and magnitude. In the transitional period from
autumn to winter (October) and in the middle of winter
(January) when cold air masses penetrate to the south,
there is a high pressure region located over China
originating from the Siberian plateau. In summer
(July), there is a typical low pressure region located
over the Tibetan Plateau.

3.2.  Surface air temperature and precipitation

Fig. 3 gives the monthly mean of observed and simu-
lated surface air temperatures averaged over the
1991–2000 period for January, April, July, and October
for land only. The main features of spatial distribution
of surface air temperature simulated by RegCM3
agree well with the CRU data for the 4 mo. However,
the RegCM3 simulation shows a tendency to underes-
timate temperature by 1 to2°C with CRU data (see par-
ticularly the Indochina Peninsula in April and July).
The underestimations of temperature in RegCM3 were
also reported in previous studies for other regions (e.g.
Gallée et al. 2004, Rauscher et al. 2006, Seth et al.
2007) and other RCMs (e.g. Nicolini et al. 2002, Qian et
al. 2003, Seth & Rojas 2003). We will analyze in more
detail this cold bias in the next section, where RegCM3
temperature is compared to observed data from differ-
ent meteorological stations over Vietnam.

Due to the complex nature of the monsoon processes
over South East Asia, climate models have consider-
able difficulty simulating the characteristics of precip-
itation over the region (Webster et al. 1998, Park &
Hong 2004, Ramel et al. 2006). Comparison between
the simulated and observed precipitation fields shows
that RegCM3 captures general rainfall patterns, al-
though considerable differences exist (Fig. 4). In some
regions, the RegCM3 simulation compares favorably
with observed data (e.g. over East China in April, over
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Vietnam in July, October), while in other regions it
compares less favorably (e.g. over East India in Janu-
ary). Together with the underestimation of tempera-
ture, there is a tendency for the model to simulate ex-
cessive precipitation, especially at the maximum cores
located over Myanmar, the Bay of Bengal, and the
Philippine Archipelago areas. This can be partly
explained by the fact that: (1) the RegCM3 tends to
have too strong precipitation for some regions (Giorgi

& Shields 1999); and (2) since the observation stations
are usually located in the valleys and plains, the CRU
gridded observation data can well underestimate the
precipitation over mountains or have bias. In addition,
because of the effects of wind, wetting losses, evapora-
tion, and form of precipitation, a precipitation mea-
surement may underestimate the actual precipitation
amount by factors of up to 40% (Legates & Willmott
1990).
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Fig. 3. 1991–2000 average surface air temperature (°C) from (left) CRU data and (right) RegCM3 simulation in January, April, 
July and October
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3.3.  Validation of the model for Vietnam

To estimate the performance of RegCM3 in reproduc-
ing temperature and precipitation over Vietnam,
monthly mean surface air temperature and accumu-
lated precipitation from 50 meteorological stations over
7 geographical and climatological sub-regions (Fig. 1)
were collected from January 1991 to December 2000.

The Vietnam area is small (329 560 km2) but its spa-
tial classification is complicated, resulting from the
interaction between monsoon circulation and the
topography. For example, the R1 and R2 regions are
only separated by the Hoang Lien Son mountain range
(longitude 103.5° E~104.5° E, latitude 21.5° N~22.5° N);
however, the rainfall genesis mechanisms in the 2 re-
gions are quite different: in the summer, R2 is directly
affected by tropical cyclones while R1 is mainly af-
fected by the southwest monsoon; in the winter, R2 is
often affected by the cold front while R1 is not, al-
though the temperature of both regions decreases with
the cold air mass penetration.

Of the several studies classifying Vietnam into clima-
tological sub-regions, the 7 regions classsified by Ngu-
yen & Nguyen (2004) (Fig. 1) are at present widely ac-
cepted by the Vietnamese climatological community.

In general, RegCM3 systematically underestimates
surface air temperature over most of the sub-regions
(except R6) in all months; the largest difference is
–5.1°C over the region R1 in December (Fig. 5). The
best-simulated results are in the R6 and R7 areas, with
biases ranging from –0.1 to 1.7°C and from –1.3 to
0.2°C, respectively. Over the northern and central sub-
regions, large biases occurred in the warm period and
in the early months of winter. Average biases over the
whole country show negative values and range from
–0.2°C in March down to –2.5°C in December.

Bias frequency distributions of monthly surface air
temperature are significantly different among sub-
regions (Fig. 6). Standard deviations (used to measure
the distribution spread) are 2.0, 2.7, 2.2, 2.0, 1.2, 2.9
and 0.8°C for R1, R2, R3, R4, R5, R6 and R7, respec-
tively. Except for the R6 area, where the frequency of
warm biases is greater than that of cold biases (56%
compared to 44%), RegCM3 produces overall about
70% negative bias cases.

The cold biases that exist over most of the sub-re-
gions originate partly from the difference between the
elevation of the observed stations and the elevation of
the model grid. Table 1 gives the mean elevation of the
observed station (HO) and the model grid (HM) for each
sub-region. Differences in temperature (ΔT) due to dif-
ferences in elevation (HM – HO) are calculated based on
the environmental lapse rate coefficient γ = –0.65°C
100 m–1. Table 1 shows that a large part of the cold bi-
ases can be explained from the lapse rate correction

process. After correcting for the elevation difference,
RegCM3 still underestimates air temperature over most
sub-regions (ΔT > TRegCM – TOBS) (Table 1). Particularly,
although RegCM3 shows a temperature overestimation
for the sub-region R6, after taking into account the
lapse rate correction RegCM3 underestimates the tem-
perature for this region by ∼0.14°C.

Annual cycles of averaged monthly precipitation for
the seven sub-regions are shown in Fig. 5. Although
RegCM3 captures the annual cycles of precipitation,
the simulated signals over the sub-regions have a ten-
dency to be underestimated in the rainy season (~13%)
and overestimated in the dry season (~103%). The
model biases of precipitation are large and signifi-
cantly different among the sub-regions. RegCM3 pro-
duces the most realistic results over the R4 and R6
areas in the rainy season, but produces large dry
biases over the R1 and R2 areas in the summer months
(June to August) and over the R7 area in the whole
rainy season (May to October). A particular case is the
R5 sub-region where precipitation is strongly overesti-
mated by the model. In winter, substantial overestima-
tions of precipitation are identified for all the sub-
regions. 

Inter-annual variations in surface air temperature over
all sub-regions are well represented by RegCM3 (Fig. 7;
lapse rate correction not been applied). The mean model
errors within a given sub-region are stable from year to
year. Except for the sub-region R6 where temperature is
overestimated, annual values of simulated temperature
for other sub-regions are systematically underestimated,
from about 0.5°C (R6) to about 3.1°C (R1 and R4). The
modelled and observed data both show that 1998 was a
particularly hot year for all the 7 sub-regions and for
Vietnam. This is the year in which Vietnam and many
other regions of the world were highly influenced by the
strong 1997/1998 El Niño event. 

Inter-annual variations in simulated precipitation are
generally in agreement with observed precipitation
(Fig. 7). However, mean biases are different from year
to year and from sub-region to sub-region. Annual
mean precipitation values simulated by RegCM3 have
a tendency to be overestimated for the R4, R5, R6 sub-
regions and to be underestimated for the R1, R2 and R7
sub-regions. Particularly large wet biases (overesti-
mated) are identified for the R7 area. Over the R3 area
and over the whole of Vietnam, annual precipitation
values are reasonably well represented.

CONCLUSIONS

In this study, the RegCM3 integration for the
1991–2000 period was examined to determine the
model’s capability in simulating the observed annual
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Fig. 5. Monthly 1991–2000 mean surface air temperature (°C) and precipitation (mm mo–1) averaged over the 7 sub-regions (R1–R7)
and the entire Vietnam territory (VN). O: observed, M: RegCM3, RA: rainfall, T: temperature.Correlation coefficients (r) are also given
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cycle, seasonal and inter-annual variability of precipita-
tion and surface air temperature over Vietnam, In-
dochina and adjacent areas. The results showed that
RegCM3 is able to reproduce the regional circulation
patterns and the spatial and time distributions of surface
air temperature, as well as precipitation, over the model
domain. However, RegCM3 systematically produces
cold biases in temperature. Analysis of all the modelled
and observed monthly values of the 1991–2000 period
shows that, except for the R6 area, where the frequency
of warm biases is greater than that of cold biases,
RegCM3 produces overall about 70% negative bias
cases. A large proportion of the negative biases are ex-
plained by the lapse rate correction process. After cor-
rection for elevation differences, the model still underes-
timates air temperature over most sub-regions.

At the regional scale (Vietnam and
adjacent areas), there is a tendency
for RegCM3 to simulate excessive
precipitation, especially at the maxi-
mum cores located over Myanmar,
the Bay of Bengal, and the Philippine
Archipelago area. At a smaller scale,
over the 7 sub-regions of Vietnam,
RegCM3 generally underestimates
(~13%) and overestimates (~103%)
precipitation in rainy and dry seasons,
respectively.

The horizontal resolution of numeri-
cal integration used in this study is
54 km. Sensitivity tests were done for
different resolutions: 30, 45, 54, and
60 km (data not shown). The model

outputs show that temperature at 2 m varies negligibly
with these resolutions. For rainfall, we obtained the
same pattern but with more spatial details for higher
resolutions.

Although significant differences between the
RegCM3 simulated- and station observed-climate
parameters remain, this study is one of the first at-
tempts to show that RegCM3 can be used to reproduce
the characteristics of some climate elements of
Indochina and other adjacent areas in general and of
Vietnam in particular. The results suggest that
RegCM3 is adequate for studies in this region, e.g. sea-
sonal forecasting and climate change. Necessary para-
meterizations and calibrations, as well as running
longer simulations and higher resolutions are interest-
ing topics to investigate in the future.
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HO (m) HM (m) HM–HO (m) ΔT = (HM–HO) × γ TRegCM – TOBS

(°C) (°C)

R1 407.9 704.1 296.2 –1.93 –2.67
R2 158.1 520.2 362.1 –2.35 –2.00
R3 19.6 103.1 83.4 –0.54 –1.24
R4 20.0 243.6 223.6 –1.45 –2.85
R5 7.5 177.8 170.3 –1.11 –2.03
R6 679.7 516.3 –163.4 1.06 0.92
R7 31.7 69.0 37.2 –0.24 –0.5

Table 1. Mean elevation of the observed stations (HO) and the model (HM) for the
7 sub-regions (R1 to R7). Difference in temperature (ΔT) due to difference in
elevation (HM–HO) is calculated based on the environmental lapse rate coeffi-
cient γ = –0.65°C 100 m–1. Difference between mean model temperature and 

mean observed temperature (TRegCM – TOBS) is also given
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Fig. 7. Interannual variations of surface air temperature (°C) and precipitation (mm mo–1) averaged over the 7 sub-regions
(R1–R7) and the entire Vietnam territory (VN). O: observed, M: RegCM3, RA: rainfall, T: temperature. Correlation coefficients (r) 

are also given
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