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Chapter 1  Atmospheric and Oceanic Simulation

This study conducted the following two simulations to investigate and predict a mesoscale water cycle in Asia-monsoon

area, considering the global climate change.

(1) Simulation by mesoscale model of water cycle (West Asia)

Improvement and validation study were conducted for meso and local scale water cycles. Using this improved model, the

candidate site for greening in Arabian Peninsula was selected, and effect of rain enhancement by greening was investigated.  

(2) Simulation by integrated global circulation model of atmosphere and ocean (East Asia)

We performed a deforestation scenario experiment changing to the cropland from the tropical forest for Southeast Asia by

a high resolution CGCM (T213) that includes the SiB land-surface scheme (Sellers et al., 1986). In this paper, we report

the effects of a vegetation change on the local seasonal climate of Indochina Peninsula through comparing between the

control simulation and the deforestation simulation.
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Scientific Achievements:
1. Simulation by mesoscale model of water cycle (West Asia)

On 16 March 2000, in the satellite image (INDOEX) a

curved-shaped cloud system occured over the Arabian Sea

(circle). A curve-shaped rainband is also found in the RAMS

map. In the TRMM maps, small cells with rainfall were

lined up in the middle of the curved-shaped cloud. (Fig. 1)       

(1) Original run 

The modeled results of wind speed are not in good agree-

ment with observations, except for Abha. In Gizan even 

a negative correlation is observed. (Fig. 2) In general, the

correlations for temperature demonstrated that modeled

results are in good agreement with observations. However,

large departures, either above or below this line, highlight

discrepancies in the realism of the RAMS (original parame-

terization) - ECMWF relationships.

(2) Improved run

In the original run with original parameterization, the 

performances of the RAMS model failed in some cases. We

improved the parameterization of RAMS model from origi-

nal one, as follows.

a) Different interpolation scheme for topography: RAMS

uses 4 different ways of interpolating topography. In the

improved model topography has been interpolated using

the 'conventional mean'-method.

b) A new cloud microphysic is parameterizised: The shape

parameter of the gamma distribution is changed to a high-

er value, which means that the cloud spectrum is much

narrower.

c) Nudging model with ECMWF data on all 3 grids: The

nudging of the ECMWF input file in the underlying grids

fails after 6 hours simulation. To make sure the ECMWF

input file is available in the underlying grids the model is

nudge with ECMWF data on all 3 grids.
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Fig. 1  INDOEX visible satellite picture compared with RAMS rainfall

simulations (mm) for the same time
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As a results of these improvements, the temperature and

the wind results shows better agreement with the observa-

tions, than original one, as shown in Fig. 3.

2. Simulation by integrated global circulation model of

atmosphere and ocean (East Asia)

The simulated impacts of tropical deforestation on the

local climate system will be examined for Southeast Asia. 

In the SiB land surface scheme of CGCM, the forest region

in Southeast Asia (8°N- 30°N, 87.5°E- 109°E) is replaced 

by winter wheat and broadleaf-deciduous trees as shown in

Fig. 4 (within red square regions). 

The CGCM was used to carry out two simulation cases: the

current surface cover simulation (Case I) and the deforestation

scenario simulation (Case II). The deforestation change means

physically to increase albedo, to reduce roughness length, and

to reduce soil moisture- holding capacity. Under these condi-

tions, we show the difference in atmospheric temperature at 2

m (T2M), sea-level pressure (SLP), precipitation (RAIN), and

surface winds at 10 m (WIND) between Case I and Case II in

the rainy season and in the dry season.

The difference values of atmospheric temperature at 2 m
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Fig. 2  Correlation of observed data and modeled one for wind speed at

10 m for (a) Abha and (b) Gizan from 21 February 2000 to 30

March 2000.
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Fig. 3  Correlation of observed data and improved model one for wind speed
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Fig. 4  Vegetation type of SiB land-surface scheme.

(a) Control run (Case I) and (b) deforestation scenario run (Case II).
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(T2M), sea-level pressure (SLP) between in March and in

September are shown in Figs. 5a and b. In the representative

dry season (March), the minus values of 3°C to 6°C, which

are the difference in T2M between the current surface cover

simulation (Case I) and the deforestation scenario simulation

(Case II), appear over the area from 18°N to 24°N (Fig. 5a) in

the Southeast Asia. Simultaneously, the difference in SLP

increases by between 1.5 hPa to 3.5 hPa. The difference val-

ues of T2M over the current cropland are small by between -

1.0°C and -2.0°C.

In the representative rainy season (September), the differ-

ence values of T2M increase by between 3°C and 8°C corre-

sponding to the replaced place of the vegetation type. For

RAIN, there is not so much difference between Case I and

Case II during the dry season. During the rainy season, how-

ever, the rainfall increases at eastern side of Indochina

Peninsula and decreases at western side (cf. Fig. 5c and d).

We select two local areas: area A (97.5°- 105.0°E, 8.0-

18.0°N) and area B (105.0°- 109.0°E, 8.0°- 18.0°N), to ana-

lyze more in detail.

The Chao Phraya river basin is included in area A and its

current vegetations are almost cropland, that is, no deforest-

ed area (cf. Fig. 4). The variations of T2M in Case II are

amplified rather than in Case I (Fig. 6a). Since the negative

values of T2M in the dry season are canceled by the positive

values in the rainy season, however, the mean values of two

cases for 30 years differ only 0.3°C: 25.2°C for Case I and

25.5°C for Case II (Fig. 6a). For RAIN, there is almost no

difference between Case I and Case II in the dry season and

it decreases for Case II in the rainy season (Figs. 6c and d).

This is because the summer monsoon winds strengthen over

the land in the rainy season (see Fig. 5d). Then, the evapo-

transpiration increases and the precipitation decreases.

There exists the Annamitic Cordillera in the eastern side

of the Indochina peninsula and then the topography is very

different from the western side. The current vegetations in

area B are broadleaf- evergreen trees, broadleaf-deciduous

trees, and needleleaf-evergreen trees etc. The vegetation type

is also very different between Case I and Case II. For T2M,

there is negative difference in the dry season and there is

positive difference in the rainy season (Fig. 6b). The 30-year

mean of T2M for Case II is higher by 0.7°C than that 

for Case I. The amount of rain fall is more for Case II than

for Case I, particularly in the rainy season. The summer

monsoon winds including more moisture for Case II hit 

the Annamitic Cordillera and then there are heavy rains (cf.

fig. 5d and Fig. 6d).

The deforestation in Southeast Asia shows that the surface

atmosphere over the Indochina Peninsula is cooled in winter

and is warmed in summer. As a result, the difference in sur-

face temperature between the land and the sea is amplified,

that is, both the north-east monsoon in winter and the south-

east monsoon strengthen. The rainfall over the Chao Phraya

river basin reduces due to the deforestation.
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Fig. 5  Difference of model climate surface temperature at 2 m (T2M) and sea level pressure

(SLP), and precipitation (RAIN) and surface wind vectors at 10 m (WIND) between

case I and Case II. Contour interval is 1 hPa.

(a) T2M and SLP in March, (b) the same as (a) but in September, (c) RAIN and WIND

in March, and (d) the same as (c) but in September
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Fig. 6  Time series of surface temperature at 2 m and precipitation for Case I

(black line) and Case II (red line) and thick solid lines are average of all of

the 30 years for Case I (green line) and Case II (red line).

(a) T2M for area A (97.5°- 105.0°E, 8.0- 18.0°N).

(b) The same as (a) but for area B (105.0°- 109.0E, 8.0°- 18.0°N).

(c) RAIN for area A.

(d) The same as (c) but for area B.
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