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A B S T R A C T

Monsoons are a major component of the global climate system affecting floods, droughts and other climate
extremes. In this study, we investigated the performance of RSM (Regional Spectral Model) for predicting the
summer monsoon over the Indochina Peninsula (ICP) region from 1982 to 2010. The NCEP - Climate Forecast
System Reforecast (CFS-reforecast) was used to provide initial and boundary forcing for the RSM configured with
an approximately 26 km grid over the ICP. The large-scale fields as well as surface temperature and rainfall of
RSM have been evaluated for differing El Niño-Southern Oscillation (ENSO) years. The factors affecting changes
in the rainfall patterns in ENSO years were determined using the empirical orthogonal function method. In
addition, the ability of forecasting onset of summer monsoon was assessed based on the changes in outgoing
longwave radiation, rainfall and average zonal wind at 850 hPa. The RSM is satisfactory in terms of forecasting
large-scale features in different ENSO conditions. It produces well the interaction between Southwest and
Southeast airflow, which are the main characteristics of summer monsoon throughout the study area. The RSM
reforecasts are compared to CRU (Climatic Research Unit) data for the distribution of temperature and pre-
cipitation; however, their changes due to ENSO condition is inconsistent with CRU data. The extremes maximum
and minimum temperatures have reverse signals with ENSO conditions. The extremes maximum 1-day rainfall
have a significant change over the gulf of Tonkin and western ICP area due to ENSO condition. RSM results have
indicated the effects of terrain and the reverse effects of ENSO condition over ICP area. The onset of summer
monsoon is later in summer of El Niño year when compared with the other conditions.

1. Introduction

Over the Indochina Peninsula (ICP) region, climate is characterized
by the interaction among various monsoon systems, such as East Asian
summer monsoon (EASM), Indian summer monsoon (ISM), Northwest
pacific summer monsoon (WNPSM) and Qinghai-Tibet Plateau mon-
soon (Webster and Yang, 1992; Ju and Slingo, 1995; Wang, 2002). In
summer, the low-wind directions are south-westerlies over western and
southern ICP, caused by ISM and WNPSM; while the low-wind direc-
tions are south-easterlies over northern and eastern ICP, caused by
EASM. Therefore, climate patterns in the western and southern ICP are
affected by a large scale shift of convection and heat source from ISM;
Whereas, climate patterns in the northern and eastern are affected by
land-sea thermal contrast, which induced the edge of the western Pa-
cific subtropical High. The southwestern low-wind derives from the
North Indian Ocean and bring airflows with very high humidity to ICP

area (Nguyen, 2017). The southern low-wind derived from margin of
Western-north Pacific Sub-tropical High converges with the south-
western low-wind resulting in the instability of the air mass over the
study area. The convergence of two near-horizontal airflows in the di-
rection of horizontal motion is the characteristic of the summer mon-
soon in this region.

Furthermore, climate in this region is closely associated with El
Niño-Southern Oscillation (ENSO), which affects strongly to monsoon
activities. During the El Niño years, the Pacific Warm Pool is expanded
eastward; deep convection system over the western tropical Pacific is
replaced by relatively high-pressure system. This change results in al-
tering the monsoon systems (i.e. ISM with El Niño is weak due to the
weakening of western wind derived from trade wind). In turn, changes
in the ocean and monsoon circulations can forewarn rainfall patterns.
Consequently, the summer rainfall season over the ICP in an El Niño
year tends to be lesser than other years. In contrast, La Niña impacts
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show opposite trends compared to those of El Niño. For example,
Walker circulation appears to be stronger with La Niña. As a result, the
deep convection system over the western tropical Pacific is enhanced,
which leads to above-average rainfall over Maritime Continent and the
ICP (e.g. Ju and Slingo, 1995; Zhang et al., 2002; Zhou and Chan,
2007). In addition, the orographic system over this area can affect di-
rectly rainfall regimes. This is interpreted by the variations in intensity
of monsoon precipitation along coastal regions with orographic barriers
in some studies (e.g. Matsumoto 1997; Wang, 2002; Nguyen-Le et al.
2014).

Global climate models are commonly used with the resolution of
about 100 km. However, such resolution is relatively coarse and in-
sufficient to describe the climate characteristics of numerous regions in
the world, especially in terms of areas with complex terrain. For this
reason, the use of regional climate models with a finer horizontal re-
solution seems to be better to simulate climate variations for these re-
gional areas. In this study, Regional Spectral Model (RSM) was used as a
high-resolution regional climate model to simulate and predict the
climate in the ICP region.

The objective of this study was to investigate the performance of
RSM in predicting summer monsoon throughout the ICP region. To
investigate the performance of RSM, we have used the NCEP - Climate
Forecast System Reforecast (CFS-reforecast) to providing large-scale
forcing for the RSM configuration with a horizontal resolution of about
26 km over ICP. This study compared average climate variables in
summer of El Niño years, non-ENSO years and La Niña years at 850,
700, 500 hPa and surface to detect the signals of El Niño and La Niña. In
addition, the rainfall from RSM reforecast was compared with CRU
data, which have a horizontal resolution of 0.5°.

2. RSM model, data and methodology

2.1. RSM model

It is noted that RSM is a limited area atmospheric numerical model
system, which was fully developed inside the National Centers for
Environmental Prediction (NCEP), based on the structure of the NCEP
Global Spectral Model (Juang and Kanamitsu, 1994). This model is
primarily used for daily weather forecasts, and climate simulations or
predictions. Currently, RSM consists of two separate dynamic options,
including hydrostatic or non-hydrostatic dynamics. The hydrostatic
version is known as a RSM, whereas the non-hydrostatic version is
known as a meso-scale spectral model (MSM) as reported by Juang
(2000). In this study, the non-hydrostatic version of RSM (MSM) was
used for further simulations. The model equations consist of three
momentum equations, a thermodynamic equation, a mass conservation
equation and a moisture equation. The RSM applies sine and cosine
series to the deviation of the full forecast field from the global base field
(perturbations), which can be very accurate and efficient spectral cal-
culations. The detail description can be found in Juang and Kanamitsu
(1994) and Juang (2000). In this version, numerical methods consist of
the perturbation method, spectral computation, fourth-order horizontal
diffusion, implicit lateral boundary relaxation, a time filter, and semi-
implicit adjustment. Compared to MSM, some modification as instead
of using equal weighted coefficients for semi-implicit integration, a
forward-time-weighted semi-implicit scheme is used. The physics
schemes of RSM used in this study are long-wave radiation scheme
(Mlawer et al., 1997), short-wave radiation scheme (Chou and Suarez,
1999), deep convection (Grell, 1993), planetary boundary layer pro-
cesses (Troen and Mahrt, 1986) and the Noah land surface model (Ek
et al., 2003).

Juang and Hong (2001) had evaluated the performance of RSM
model through the sensitivities of different model domain sizes and
horizontal resolutions. This study has demonstrated that RSM model in
regional domain has successful long-range integration because the lat-
eral boundary errors are relatively small and the large-scale waves are

preserved through the domain and spectral nesting.
In addition, the RSM with regional domain could generate higher

resolution feature than its base field (outer coarse –resolution global
model T126). Han and Roads (2004) used RSM model to evaluate a
seasonal climate forecast over northern South America, encompassing
the rainy season over Brazil’ Nordeste. This study summarized that the
regional model at 80-km resolution improves upon the AGCM rainfall
forecast, reducing both seasonal bias and root-mean-square error;
However, the RSM with 20-km resolution forecasts presented larger
errors, with spatial patterns that resemble those of local topography.
Zhang et al. (2005) evaluated the Coupled NCEP RSM and an advance
land surface model (LSM) over the Hawaiian Islands. This study has
shown that overestimation of the surface wind speed and daytime cold
biases experienced by the RSM are largely corrected by coupling the
RSM with the LSM. The study has indicated that the high-resolution
RSM–LSM has better capability in simulating localized rainfall dis-
tributions and airflows associated with the heavy rainfall event.

In Vietnam, the RSM model system has been used by the Viet Nam
Institute of Meteorology, Hydrology and Climate Change (IMHEN) for
researching and operating climate forecast since 2011, when the NCEP
team visited and worked at the IMHEN for the application of the NCEP's
RSM/CFS seasonal climate forecasting system.

2.2. Data

2.2.1. Climate forecast system reanalysis (CFSR)
Climate Forecast System Reanalysis (CFSR) is the global reanalysis

with high horizontal resolution at the National Centers for
Environmental Prediction (NCEP), completed over 30 years from 1982
to 2010. The CFSR was designed and executed as a global, high re-
solution, coupled atmosphere-ocean-land surface-sea ice system to
provide the best estimation of the state of these coupled domains. The
CFSR global atmosphere, oceanic and land surface output products are
available at 0.5× 0.5-degree latitude and longitude resolution with 64
levels extending from the surface to 0.26 hPa. The global ocean is 0.25°
at the equator, extending to a global 0.5° beyond the tropics, with 40
levels to a depth of 4737m. The global land surface model has 4 soil
levels and the global sea ice model has 3 levels. The CFSR atmospheric
model also contains observed variations in carbon dioxide (CO2), to-
gether with changes in aerosols and other trace gases and solar varia-
tions (Saha et al., 2010).

2.2.2. Climate forecast system (CFS) reforecast
NCEP Climate Forecast System version 2 (CFSv2) is the fully cou-

pled ocean–land–atmosphere dynamical seasonal prediction system,
which made operational at NCEP in March 2011. In this study, we have
used CFS reforecasts to generate initial conditions for the model. The
data are the 6-month re-forecasted data with starting months at April,
May, and June for 29 years from 1982 to 2010. The identification of
ENSO and non-ENSO was based on the monthly mean sea surface
temperature anomalies greater than (less than) 0.5 °C for the Oceanic
Nino Index (ONI) [3 month running mean of ERSST.v5 SST anomalies
in the Nino 3.4 region (5ºN-5ºS, 120º-170ºW)] (Table 1). Therefore, the
summers with El Niño include years of 1982, 1987, 1991, 1997, 2002,
2004 and 2009; the summers with non-ENSO include years of 1983,
1984, 1989, 1990, 1992, 1993, 1994, 1995, 1996, 2001, 2003, 2005,
2006 and 2008; and the summer with La Niña comprise years of 1985,
1988, 1998, 1999, 2000, 2007, 2010. These datasets include surface
and radiative fluxes (FLXF) and 3-D pressure level variables (PGBF)
files, output time step is 6-h: 00, 06, 12, 18 UTC for 6 months. The data
can be downloaded from the NOAA website (Saha et al., 2014).

2.2.3. Observation data
We have used high resolution gridded datasets, CRU (Climatic

Research Unit) 0.5° x 0.5°, for surface air temperature and precipitation.
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These datasets have been developed and updated by Climatic Research
Unit institution, which widely used in climate research (Harris et al.,
2014). In this study, the datasets are 3-month (from June to August) of
29 years from 1982 to 2010.

2.3. Methodology

In this study, we have re-forecasted the summers in El Niño, La Niña
and non-ENSO over ICP from 1982 to 2010 using a regional climate
model, RSM. The identification of ENSO and non-ENSO was identified
in section 2b. In Vietnam, the RSM model system has been used by the
Viet Nam Institute of Meteorology, Hydrology and Climate Change
(IMHEN) for researching and operating climate forecast since 2011,
when the NCEP team visited and worked at the IMHEN for the appli-
cation of the NCEP's RSM/CFS seasonal climate forecasting system. In

this study, we have used RSM model to evaluate the local climate in
summer with ENSO conditions. The RSM starts to run from May of each
year and ends in September to have 3-month lead forecast for June to
August (JJA) with one month for RSM spin-up time. In addition, we
have re-forecasted 6-month with initializing in March and April for
each year to detect the onset of summer monsoon over ICP.

To evaluate the RSM forecasts in ENSO and non-ENSO, we assess
climate variabilities at 500,700, 850 hPa and surface by averaged cli-
mate variables in ENSO and non-ENSO years from 1982 to 2010. The
re-forecasted surface temperature and rainfall were com-pared with
CRU data. Besides, we have conducted the eigenvector patterns of two
leading EOF modes of daily rainfall (EOF1 and EOF2) over ICP in
summers of El Niño/La Niña and ENSO-neutral condition to detect
factors that impact on rainfall regime over this area. In addition, we
have assessed latitude time outgoing long wave radiation (latitude time

Table 1
Oceanic Niño Index (ONI) in three summer months (JJA) from 1982 to 2010 (NOAA).

Year 1982 1983 1984 1985 1986 1987 1988 1989 1990
ONI (JJA) 0.8 0.3 −0.3 −0.5 0.2 1.5 −1.3 −0.3 0.3
ENSO condition El Niño Non-ENSO Non-ENSO La Niña Non-ENSO El Niño La Niña Non-ENSO Non-ENSO
Year 1991 1992 1993 1994 1995 1996 1997 1998 1999
ONI (JJA) 0.7 0.4 0.3 0.4 −0.2 −0.3 1.6 −0.8 −1.1
ENSO condition El Niño Non-ENSO Non-ENSO Non-ENSO Non-ENSO Non-ENSO El Niño La Niña La Niña
Year 2000 2001 2002 2003 2004 2005 2006 2007 2008
ONI (JJA) −0.6 −0.1 0.8 0.1 0.5 −0.1 0.1 −0.5 −0.4
ENSO condition La Niña Non-ENSO El Niño Non-ENSO El Niño Non-ENSO Non-ENSO La Niña Non-ENSO
Year 2009 2010
ONI (JJA) 0.5 −1.0
ENSO condition El Niño La Niña

Fig. 1. Averaged geopotential height (m) and wind (m/s) at 500 hPa in summers (JJA) of El Niño/La Niña and ENSO-neutral condition Based on the result of RSM
with horizontal resolution of 0.25° (RSM-0.25); CFSR with horizontal resolution of 0.5° (CFSR-0.5); CFSv2 with horizontal resolution of 0.25° (CFSv2-1.0).
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OLR) and average zonal wind at 850 hPa to identify the onset and
withdraw of summer monsoon over ICP.

The RSM has used a domain with a horizontal resolution of 26 km
cover Indochina Peninsula (ICP), as shown in Fig. 1. The number of grid
points in Cartesian coordinates is 144 (west-east) and 144 (north-
south). The domain size is 95E - 120E and EQ - 25N.

3. Result and discussions

In summer, climate system over ICP region is affected by the South
Asian (or Iranian) low and Northwest pacific high; the South Asian low
appears in April and is fully developed from June to August. The onset
of monsoon in India and mainland Southeast Asia is related to changes
in the circulation patterns that occur by June. The wind direction of
east-west downturn depends on the weak-ending of each system. El
Niño and La Niña phenomena occur in the equatorial Pacific region,
affecting weather and climate in the ICP region. In this study, we assess
the possibility of predicting monsoon, as well as capture the effects of El
Niño and La Niña phenomenon of RSM model for the ICP region.

3.1. Large-scale features

The geopotential height (Hgt) approximates the actual height of the
pressure level above mean seabed level. Hence, Hgt in a location will
represent the height of the pressure level at that location. Because the
cold air density is denser than the density of warm air, it makes the
height of pressure level in cold air lower than in warm air.

Fig. 1 shows averaged Hgt and wind in summer El Niño, La Niña and
non-ENSO of RSM (above), CFSR with horizontal resolution of 0.5° lat-
long (middle) and CFS-reforecast with horizontal resolution of 1° lat-

long (bottom) at 500 hPa over ICP. The figure indicates that winds and
Hgt in the western ICP are influenced by a low pressure over the Bay of
Bengal, while winds in the eastern ICP are influenced by the western
pacific subtropical High. When comparing with CFSR, RSM produces
proximity of winds and Hgt in the western ICP; However, there is a
large distinction of wind in both direction and intensity over the eastern
area. The winds and Hgt of RSM are incomparable with the ones of CFS-
reforecast (initial condition).

When comparing the Hgt with ENSO conditions, Hgts with El Niño
condition and La Niña are higher than the one with neutral condition of
around 5m. This demonstrates that El Niño and La Niña phenomenon leads
to increase in temperature over the region. When compared with Hgt in
CFSR and CFS-reforecast, Hgts of these areas increase about 10–15m,
whereas other areas increase in Hgts about 5–10m. For wind speed and
direction, RSM results seem compatible with those from CFSR. The wind
speed and direction are slower and inappropriate with those of CFSR.

Fig. 2 depicts the averaged Hgt and wind at 850 hPa of RSM, CFSR
0.5° latitude-longitude and CFS-reforecast 1.0 latitude-longitude with El
Niño, La Niña and non-ENSO. RSM reforecasts produce Hgt well when
compared with those of CFSR in pattern from north to south; however,
the values are higher by about 10m. While, Hgt of CFS-reforecast is
lower than Hgt of CFSR. The dynamical downscaling of CFS-reforecast
by RSM leads to increase in Hgt values. The wind speed and direction in
RSM seem to be the same as those of CFS-reforecast. CFSR shows higher
wind speed than others. The wind direction in land of RSM is com-
parable with those of CFSR, which is the southwest monsoon thriving
on the area; however, the wind direction over sea in CFSR is south-
westerly, while the one in RSM has westward. With El Niño condition,
Hgts are higher than other conditions about 5m from the south to the
north for all available data, RSM, CFSR and CFS-reforecast.

Fig. 2. Averaged geopotential height (m) and wind (m/s) at 850 hPa in summers (JJA) of El Niño/La Niña and ENSO-neutral conditions.
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3.2. Surface air temperature

3.2.1. Averaged temperature
During the summer, ICP climate at the surface is influenced by the

equatorial and tropical air masses, resulting from the high pressure of
the southern hemisphere and tropical sea-air originating from the
southwestern margin of western Pacific subtropical High. Surface air
temperature is also influenced by terrain. The northwestern ICP and the
East coast of Vietnam have hilly terrain, leading to lower temperatures
in the area than others.

Fig. 3 shows the surface air temperature (above) and total summer
rainfall (bottom) of the three summer months (JJA) from 1982 to 2010
for the ICP of the RSM data (left) and of the CRU (right). The results of
the three-month summer rainfall forecast for the RSM model were
compared with CRU 0.5° data to assess the predictability of the RSM
model for these two variables.

For temperature, the result from RSM model is quite consistent with
observation for spatial distribution; However, in terms of value, the
temperature is predicted higher than that CRU data from 1-2 °C.

For rainfall, the RSM model shows that the spatial distribution is
quite suitable with CRU data in the western and southern regions.
However, forecasted rainfall for the North of RSM is not consistent in
both quantity and distribution.

At the surface, RSM temperature is strongly influenced by the ENSO
conditions and terrain in RSM (Fig. 4 above). The temperatures are
reversal patterns with ENSO and terrain conditions. For example, with
El Niño, surface air temperatures over Thailand, Cambodia and Laos
decrease by 0.2–0.3 °C; and increase by 0.2–0.3 °C along Vietnamese
coastline. While, with La Niña, the temperatures increase by 0.2–0.3 °C
in Thailand, Cambodia and Laos; and decrease by 0.2–0.3 °C along

Vietnamese coastline. However, the distribution of surface air tem-
peratures in RSM is inconsistent with the ones of CRU. With El Niño, the
CRU temperatures slightly changes in the range of −0.1 to 0.1 °C over
Southern China and Vietnam. There is an increase of about 0.3 °C over
Thailand. With La Niña, the temperatures increase by about 0.3 °C at
over Laos, the North of Thailand and Vietnam, while decreasing of
about 0.3 °C over the other areas. Nguyen D. N (2017) evaluated air
surface temperatures with ENSO condition over Vietnam. This study
has demonstrated the converse effects of ENSO conditions over central
and southern Vietnam coastline. The result from RSM is in good
agreement with Nguyen D. N (2017).

3.2.2. Extreme temperature
Figs. 5 and 6 shows the differences in averaged maximum and

minimum surface air temperatures (Tx, Tn) between ENSO and non-
ENSO. The extremes Tx over the region tend to have reversed signals.
Over eastern Cambodia, southern Laos and southern Myanmar near
Andaman sea, Tx decreases of 1-2 °C with El Niño; whereas, Tx tends to
increase of 1-2 °C with La Niña. The reversed signals are also found over
Vietnamese coastline and southwestern Thailand, in which Tx increases
with El Niño and decreases with La Niña. The extremes Tn are also
found over the ICP area, especially over Vietnamese coastline and
Hainan island. Tn tends to increase with El Niño and decrease with La
Niña about 0.5 - 1 °C.

3.3. Precipitation

3.3.1. Total rainfall
Fig. 7 presents the differences of total rainfall between ENSO and

non-ENSO, in which the result of RSM is above, of CRU is middle and of

Fig. 3. Averaged surface air temperature (oC) and total rainfall (mm) of summers based on RSM-0.25 (left) and CRU with the horizontal resolution of 0.5° (CRU-0.5,
right).
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GCM-CFS-1.0 is below. RSM reforecast provides an increase in rainfall
over Andaman sea and some areas of Southern Laos with El Niño. With
La Niña, the signals are opposite in the rainfall pattern. With CRU data,
the distribution of rainfall is different with the one derived from RSM.
The rainfall decreases about 200–300mm over Thailand, Laos, Cam-
bodia and Vietnam.

Figs. 8 and 9 provide the eigenvector patterns of two leading Em-
pirical orthogonal function- EOF modes (EOF1, EOF2) of daily rainfall
over ICP in summers of El Niño/La Niña and non-ENSO based on RSM
and CFS reforecast. With El Niño and non-ENSO, disturbance waves

appear to concentrate more and stronger than the one with La Niña.
Particularly, in the case of El Niño, EOF1 pattern shows that the dis-
turbance waves are mainly concentrated over the Andaman Sea and
Myanmar. In the La Niña years, EOF1 pattern shows that the dis-
turbance waves appear to be predominant over the southwest of ICP.
EOF2 pattern shows the dense disturbance waves from the northeastern
ICP and southwest over Andaman Sea.

It also can be seen in detail that, in Summer El Niño, the first EOF
mode (EOF1) and the second EOF mode (EOF2) contribute 75% and
24.9% to the total variance, respectively. Similarly, in summer ENSO-

Fig. 4. Differences of average surface air temperature (ºC) during summer (JJA) for different ENSO conditions of RSM-025 (above), of CRU-0.5 (middle) and CFSv2-
1.0 (below).
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neutral cases, the EOF1 and EOF2 contribute 51.5% and 48.4% in-
formation to the total variance, respectively. In summer La Niña cases
the EOF1 and EOF2 contribute 61.9% and 38% information, respec-
tively. There are about 99.9% information in two modes for three dif-
ferent conditions. EOF1 represents the change of wind from the south to
the north due to the activities of South Asian Low, and EOF2 represents
the oscillatory waves in tropical monsoon winds cross the equator from
the south and disturbances in the easterly wind field at the western
margin of sub-tropical high pressure in Western Pacific.

From the analysis, in the case of El Niño, although the southwest

winds dominate this zone in the summer, the summer rainfall is not
only affected by the disturbances in the southwest winds. But also af-
fected by the disturbances from the south, due to the Madden-Julian
(MJO) oscillation with a 30–60-day cycle, which exists over the Eastern
of Indian Ocean and the Western Pacific Equator affecting the Walker
Circulation on the Pacific. In the case of La Niña, the summer rainfall is
not only dominated by the disturbance waves from northeast due to the
effects of high-pressure circulation over Pacific, but also affected by a
great impact over the west and southwest due to the operation of the
Southwest monsoon.

Fig. 5. Differences of average surface maximum air temperature (ºC) during summer (JJA) for different ENSO conditions of RSM-025 (above), of CRU-0.5 (middle)
and CFSv2-1.0 (below).
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3.3.2. Maximum 1-DAY rainfall (RX1DAY)
Fig. 10 shows the differences in averaged maximum 1-day rainfall

(Rx1day - mm) of RSM between ENSO and non-ENSO. The large
changes of Rx1day are detected over South China Sea, Tonkin and
Thailand gulf and the western ICP. Rx1day tend to decrease about
5–10mm over South China Sea and Tonkin gulf and increase about
5–10mm over Thailand gulf and eastern Andaman Sea in both El Niño
and La Niña. In Myanmar, rainfall tends to have a significant decrease
in Rx1day with El Niño and a significant increase with La Niña.

3.4. Onset of summer rainfall season with ENSO and non- ENSO condition
(reforecast 5-month)

The zonal wind is the most common monsoon index used in the
world. The strengths of this indicator are the characteristics described
of large-scale circulation, less impact of local factors and a very high
correlation coefficient with the rain field. Before the date of monsoon
onset, the zonal wind index is negative, it shows the stability of the
easterly wind in the area.

Fig. 6. Differences of average surface minimum air temperature (ºC) during summer (JJA) for different ENSO conditions of RSM-025 (above), of CRU-0.5 (middle)
and CFSv2-1.0 (below).
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Fig. 11 shows the onset date of summer monsoon. The onset of
summer monsoon was defined by the change direction of western wind.
RSM indicates that monsoon begins later with El Niño and earlier in
case of non-ENSO by predictions and observation. It shows that RSM
predicts good trend of monsoon development. However, it predicts the
date of onset of the monsoon summer is later than CFS reforecast data
about two weeks. Nguyen-Le et al. (2015) highlighted that summer
monsoon tended to have early onset with La Niña condition due to the
weakness of the western Pacific subtropical high. However, RSM result
showed that the onset of summer monsoon with La Niña is similar with
the one with non-ENSO condition and earlier than the one with El Niño.

Fig. 12 shows averaged domain-time daily rainfall from April to

December based on 5 forecasts derived from RSM and CFSv2 with El
Niño, La Niña and non-ENSO. Forecast-01 is from April to September;
Forecast-02 is from May to October; Forecast-03 is from June to No-
vember; Forecast-04 is from July to December; Forecast-05 from August
to the end of December. The result revealed the onset of summer
rainfall over most of ICP region. The rainfall season often began about
mid-May and ended the Late-November with the peak found in Sep-
tember and October. With El Niño, rainfall seemed to be higher than
others at higher latitude, especially in September and October (about
15mm/day) during monsoon season.

Outgoing Long-wave Radiation (OLR) data were observed at the top
of the atmosphere. OLR are indicative of enhanced (suppressed)

Fig. 7. Differences of total precipitation (mm) during summer (JJA) for different ENSO conditions of RSM-025 (above), of CRU-0.5 (middle) and CFSv2-1.0 (below).
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convection and hence more (less) cloud coverage typical of El Niño (La
Niña) episodes. More (Less) convective activity implies higher (lower),
colder (warmer) cloud tops, which emit much less (more) infrared ra-
diation into space.

From the reforecast results with the five-month forecast period,
there is a noticeable difference in the monthly averaged OLR during the
case of El Niño, La Niña, and non-ENSO (Fig. 13). Specifically, in case of

El Niño, the amount of OLR is quite large with common range from 200
to 300 W/m2 during April to December. Meanwhile, in the case of La
Niña, the amount of OLR is lower than the case of El Niño, with pre-
valence from 220 to under 300W/m2. Link with the rainfall forecast
results; it shows that there is a discrepancy between the OLR value and
the rainfall value. In particular, during the forecast period from May to
October, the amount of OLR is reaching lows of around 200–260W/m2.

Fig. 8. Eigenvector patterns of leading EOF1 modes of daily rainfall over ICP in summers of El Niño/La Niña and ENSO-neutral conditions.

Fig. 9. Eigenvector patterns of leading EOF2 modes of daily rainfall over ICP in summers of El Niño/La Niña and ENSO-neutral conditions.
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Fig. 10. Differences in averaged maximum rainfall in 1-day (Rx1day - mm) during summer (JJA) for different ENSO conditions of RSM-025 (above) and CFSv2-1.0
(below).

Fig. 11. Average U-wind (m/s) at 850 hPa level of RSM-0.25 and CFSv2-1.0 from April to September in summer of El Niño, Neutral and La Niña.
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Besides, the amount of precipitation is higher than other months
(10–20mm/day) (Fig. 12). In the forecast periods from April to May
and November to December, the amount of OLR emitted are higher
(around 250–300W/m2), precipitation is in lower values, popular in
the range of 0–5mm/day. The results of the analysis show that the
summer rain is rather late and occurs in the short period in the case of
El Niño and occurs earlier in the case of La Niña.

4. Conclusion

Climate variables at 500, 700, 850 hPa and surface in summer of
ENSO and non-ENSO derived from RSM were evaluated. The study
shows that RSM can capture the signals of the impact of ENSO on cli-
mate system over the ICP region.

RSM forecasts Hgt consistent with the one of CFSR in pattern from
north to south; however, the values are higher of about 10m. For wind
speed and direction, RSM seems to keep the wind fields similar to CFS-
reforecast. The wind speed and direction are slower and inappropriate
with those of CFSR. The distribution of the relative humidity in RSM
and CFS-reforecast is comparable with CFSR; however, their values are
higher than those of CFSR about 6% with El Niño and lower than 6%
with La Niña.

The El Niño leads to increase of the surface temperature over sea-
side, but decrease over Thailand, Laos and Cambodia. Inversely, with
the La Niña, the temperature decreases over the coastline when in-
creasing over Cambodia and other areas. RSM reforecasts produce quite

well the distribution of temperature in both conditions. For precipita-
tion, RSM shows the reverse effects of ENSO condition over ICP.
However, there is quite a difference in distribution when compared
with CRU data.

The extremes maximum and minimum surface air temperature and
maximum 1-day rainfall have been evaluated. El Niño and La Niña
leads the maximum and minimum temperature change reversely over
the IPC region. The maximum 1-day rainfall is also changed due to the
ENSO condition, especially over sea and the western ICP.

This study demonstrated that summer rainfall was influenced by the
disturbances in the southwest winds and from the south, which might
be due to the MJO oscillation. In ENSO years, the changes of these
systems lead to alter the summer rainfall. It is also evident that RSM
predicts trends of monsoon development. With El Niño, summer mon-
soon begins later than the one with La Niña and non-ENSO. However,
the model generally tends to predict monsoon activities earlier when
compared to CFSR data for about two weeks.
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Fig. 12. Daily rainfall (mm) represented in averaged domain - time of CFSv2-1.0 (left) and RSM-0.25 (right) in summer of El Niño, Neutral-ENSO and La Niña.
Forecast-01 from April to September; Forecast-02 from May to October; Forecast-03 from June to November; Forecast-04 from July to December; Forecast-05 from
August to January.
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