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HD,
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KRR NI KR E R BE 252 LD BBV ORI AR & B RE O Rl X2V
DKIEER DB A AT R G TH Do AWFFETIE, 1998~2006 4 TRMM —PR #i#ll 7>
SAE D ITZBEK L IEEVINEL D A SR T — # (Katsumata et al. 2008) & T, Zhk: - dfiZEL
MR DR 7R O IR 34T O KA H R 2 A L 72,
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ZOFT—H# 1%, TRMM-PR 8lllD ver.6 2A25 71 7 F7>6 Katsumata B (2008) 23ME
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FIC L A IEC L o> TITHI S, 2 CTMEOIREBIZ /5> TV AN, [ ETIEEI
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94EM > TRMM-PR BT — % 2> BAES T FEAK & EBINBA O ST — & & VT, BR
DI DRI ST & BB RRIC & D IBINEUC DWW T2, WO ERBKIZE T 5
FEHIL 5~10%FEE T/ E Wy, BEOAWEICIE, DB ETIRFEAER LT, —H1E LI
IR 3RS % (M TIIMEAIIREE & SST ICHFE AR EMMENA LN D Q) Lo KK B
JEIZBIT D REKIMBUCREREEL 52 TWDH, W) ZERbholz,
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Suzuki and Shiotani (2008) IZ# L 5 h%, FE LD T—RZ(FITx L TITLY., FEXTHRES
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3. B/R
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1. Introduction

Cimiform clouds (cirrus, cirrostratus, cirrocumulus)
existing in the upper part of the troposphere consist almost
entirely of ice particles, and play a significant role in
regulating the radiation balance of the earth-atmosphere
system (Liou, 1986). Therefore, knowing of microphysical
properties and dynamical processes related to them is
important for parameterizing effects of cirriform clouds in
numerical models. Particle falling velocity is one of crucial
factors that determine lifetime of cirriform clouds, because it
determines evaporation of cloud particles through
sedimentation. The most unknown factor for observing
correct particle faling velocity is vertical air velocity
(hereafter Var). Because means to directly observe Vg is
limited, Vair is computed indirectly in most of the previous
observations. Wind profiler operated at VHF frequency
(VHF wind profiler), which directly observes vertical profiles
of winds by receiving echoes from fluctuations of refractive
index, is a useful instrument to directly observe Vy; in and
around cirriform clouds. In this extended abstract, it is
shown that a combination of VHF wind profiler and
milimeter-wave cloud profiing radar is a key tool to
observe particle falling velocity in tropical cirriform clouds.

* Corresponding author address: Masayuki K. Yamamoto,
Research Institute for Sustainable Humanosphere, Kyoto
University, Gokasho, Uji, Kyoto 611-0011, Japan; e-mail:
m-yamamo@rish.kyoto-u.ac.jp

2. DATA AND ANALYSIS METHOD

The Equatorial Atmosphere Radar (hereafter EAR) is a
wind profiler operated at VHF frequency (47 MHz; radar
wavelength of 6.38 m). The EAR has been operated at
Equatorial Atmosphere Observatory, Kototabang, West
Sumatra, Indonesia (0.2 degrees south, 100.32 degrees
east, 865 m above mean sea level). For the system
description of the EAR, see Fukao et al. (2003). During a
period we focus on (14-15 November 2005), the EAR is
operated by two observation modes; a standard mode to
observe vertical and horizontal winds and an additional
observation mode to steer radar beams only to the vertical
direction, which contributes to an improvement of the
estimation accuracy and data rate of V- (hereafter vertical
wind mode). We used Vg derived from the vertical wind
mode. The vertical wind mode during 14-15 November
2005 is the same as used during 5-9 May 2004, except
that a number of coherent integrations (Nen) and FFT
points (Nrer) are changed to 64 and 1024, respectively
(see Table 1 of Yamamoto et al. (2007)). For details of the
vertical wind mode, see Yamamoto et al. (2007).

A 95-GHz cloud profiling radar (hereafter cloud radar)
developed by National Institute of Information and
Communications Technology (NICT), Japan observed
radar reflectivity factor (hereafter Zs) and Doppler velocity
by receiving echoes from cloud particles. The cloud radar
was temporarily operated at the Equatorial Atmosphere
Observatory for the cirrus observation campaign. Doppler



velocity was observed by pulse-pair method. For the
system description of the cloud radar, see Horie et al.
(2000).

Doppler velocity observed by the cloud radar (hereafter
Vairz) is @ sum of Vg and reflectivity-weighted particle
faling velocity (hereafter Vz see Houze (1993) for its
definition). Therefore Vz is computed by subtracting Vi
observed by the EAR from Viz. Vertical profiles of V- and
V/z are computed every 3 minutes, and further smoothed by
12-minute running average to reduce fluctuations in time.
Vertical resolution used in data analysis is 150 m.

To investigate horizontal distribution of cumulus activity,
equivalent blackbody brightness temperature (hereafter
Tes) observed by IR-1 (10.3-11.3 pm) channel of the
weather satellite (MTSAT-1R) is used. Cloud-top altitudes
were inferred by Tgs and vertical profile of temperature
observed by radiosondes launched at the observation site
during October-November 2005. Tgg is generally higher
than real temperature at cloud top because clouds are not
regarded as perfect black bodies (Sherwood et al., 2004); it
means that cloud-top altitudes inferred from Tgg are
generally lower than real cloud top, and indicate lowest
altitudes where cloud top can exist.

3. RESULTS

3.1 Weather Satellite Observation

A case in the nighttime between 14 and 15 November
2005 is intensively studied. During the period, cirriform
clouds in the outflow region of convective system were
observed at the observation site. Figure1 shows Tgg from
2050 local standard time (hereafter LT) to 0650 LT. Note
that LT is 7 hours earlier than universal time coordinated.
After 20 LT, a region with Tgg of less than 205 K, which
indicates that deep cumulus convection with cloud tops of
higher than about 14.1 km, developed in the east and north
of the observation site (Figures 1a-b). As deep cumulus
convection develops over the observation site, cloud tops
of higher than about 13.0 km, as indicated by Tgg of less
than 215 K, began to cover the observation site. Around
00-01 LT, cloud tops of higher than about 15.4 km, as
indicated by Tgg of less than 195 K, existed in the northeast
of the observation site (Figure 1c). Clouds in an outflow

region of convective system, as indicated by Tgs of less
than 215 K, extended in the southeastward and covered
the observation site (see Figures 1c-e). Around 06-07 LT,
cloud tops observed over the observation site became
lower than about 13.0 km (Tgg of greater than 215 K), as
centers of cumulus convection moved to the east coastal
region of Sumatra (Figure 1f).

3.2 Time-altitude variation of Ze, V.ir+z, and Vsir

The cloud radar observed echoes from cirriform clouds
from 2030 LT 14 to 0730 LT 15 November 2005, as
observed by the weather satellite (see Figures 1a-f and 2a).
Echo tops observed by the cloud radar located above 12
km in most of the observation time, and reached to higher
than 14 km from 2320LT 14 November to 0100 LT. Echo
bottoms located around 8-10 km. Vz generally shows
consistent changes with Z; relatively smaller Vi+z (and
larger Vairvz in amplitude) was observed for larger Ze (see
Figures 2a and b). Because Z. is weighted by
backscattering cross section which is proportional to the 6"
power of particle effective diameter and hence generally
have large values in the dominance of large-sized cloud
particles, the observed feature in Vg7 indicates that cloud
particles with larger Z. have larger particle falling velocity.
Further, Vai+z has consistent changes with Var; Varz of
larger than -0.4 m/s (and smaller than 0.4 m/s in amplitude)
tends to be found when upward (positive) V- was
observed. For example, this tendency is seen especially
around 2140 LT and during 2340-2400 LT 14 November,
and during 0240-0340 LT and 0420-0530 LT on 15
November. Further, Vanz showed vertically-standing
feature in altitude throughout the observation period, while
the vertically-standing feature is not seen in Z.. In Section
3.3, a relationship between Vg and Vainz is investigated in
detail.

3.3 Estimation of particle falling velocity using Doppler
velocity observed by cloud profiling radar and vertical
air velocity observed by VHF wind profiler

It is shown that direct Vg observation by VHF wind
profiler is useful for deriving particle falling velocity. Firstly,
relationships between Vg and Vai+z are examined. Figure
3a shows a scatter plot between Vi and Vainz at 7.3-12.2

km, which is an altitude range that the cloud radar had a



good data acquisition rate (higher than about 80 %) from
2000 LT 14 November to 0800 LT 15 November 2005. It is
clear that Vai+z, @ sum of Vg and Vz and was observed by
the cloud radar, shows consistent changes with Vai. Figure
3b shows a scatter plot between Vi and V; (= Vairz - Vair).
Variations in V, seem to have significant relationship with
Vair; the correlation coefficient between V4 and V; is only
-0.01. These variations observed in V, indicate that
consistent changes between Vaiz and Vg are caused by
Vair component in Vairsz.

Ze is used as a proxy of cloud particle size to confirm that
computed V, shows a consistent change with cloud particle
size. Figure 4a shows a scatter plot between Vgi+z and Z,
both of which were observed by the cloud radar. A negative
correlation between Vz and Z., which indicates that cloud
particles with relatively large size have larger falling velocity,
is observed as previously shown in Figures 1a and b.
However, Vaiz contains large fluctuations for Z due to Vair
changes in Vi+z; the correlation coefficient between V7
and Z. is -0.46. Figure 4b shows a scatter plot between V7
and Z.. The correlation coefficient between Vz and Z; is
-0.61, and shows a better correlation than between V7
and Z.. This improvement in the correlation coefficient
indicates that the poorer correlation between Vgivz and Ze,
as seen in Figure 3b, occurred due to upwelling and
downwelling of Va. Results shown in this section have
demonstrated that Var observation by VHF wind profiler is
useful for observing particle falling velocity in cirriform
clouds.

3.5 Comparison of particle falling velocity between the
bottom and middle part of cirriform clouds.

By improving accuracy in deriving Vz using VHF wind
profiler, two different relationships between Vz and Z. were
clearly observed between the middle part and the bottom
part of the cirriform clouds. Figures 5a and b show scatter
plots between Vz and Z. around bottom part (7.2-10.5 km)
and middle part (10.5-12.2 km) of clouds, respectively.
Changes of V; for Z. in the bottom part are scattering as
compared to ones in the middle part of clouds; the
correlation coefficient between Vz and Ze at the bottom part
is -0.55, and one at the middle part is -0.83. Because
particle size distribution is a factor which determines both

Z. and Vz, and particle shape is a factor which causes
variability in Vz, this scattering feature in the bottom part of
clouds is explained by larger variability in particle size
distribtion and particle shape.

Though changes of V7 for Z, are relatively scattering in
the bottom part of clouds, a negative correlation between
Vz and Z, is still observed; a regression line is computed to
be Ze =-77.9 V; - 65.4 In the middle part of cloud, changes
of Vz for Z, are realatively large; a regression line is
computed to be Z, = -31.9 V; - 32.2. The larger negative
slope in the bottom part than in the middle part indicates
that relatively large-sized particles with a larger falling
velocity dominantly exist in the bottom part of clouds.

4. SUMMARY

In the abstract, it has been demonstrated that a
combination of VHF wind profier and millimeter-wave
cloud profiling radar is a key tool to observe particle falling
velocity in tropical cirriform clouds. By improving the
accuracy in deriving particle falling velocity, a clear
difference in particle falling velocity between in the bottom
and middle part of clouds has been shown. We hope that a
capability of VHF wind profiler to observe vertical wind
contributes to further understanding of microphysical and

dynamical processes in cirriform clouds.
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Figure 1. Longitude-latitude plots of Tgg observed by the IR-1 channel of MTSAT-1R . Contours are
plotted with an interval of two hours from 2050 LT 14 to 0650 LT 15 Novemver 2005. Circles in each
panel indicate the location of the observation site (0.2 degrees south, 100.32 degrees east, 865 m

above mean sea level). Solid curves show coastlines.
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1. Introduction

A number of previously published observational
studies have reported the common occurrence of
cloudy layers at around 5 km elevation within the
tropics. Mapes and Zuidema (1996) analyzed
radiosonde data obtained during the Tropical Ocean
Global

Response

Atmosphere Coupled Ocean—Atmosphere
(TOGA COARE) and
discovered that cloudy layers indirectly inferred from

Experiment

relative humidity profiles commonly occur around the
melting level (approximately 550 hPa). Sugimoto et al.
(2000) used ground-based Mie scattering lidar to
observe the vertical distribution of clouds at Jakarta,
Indonesia, over a period of 2 years and found that the
height of the cloud base has a notable maximum at
an altitude of approximately 5 km, especially during
the wet season. Yasunaga et al. (2003) identified a
mid-level peak in the cloud vertical distribution from
aircraft lidar data obtained during the NASA Pacific
Exploratory Mission-Tropics B (PEM-Tropics B).
Yasunaga et al. (2006) used cloud profiling radar and
lidar to determine the frequency distribution of the
base heights of cloudy layers with little (or no) falling
condensate particles. The observed clouds have
base heights predominantly in the range 4.5-6.5 km,
and most of the clouds are less than 500 m in
thickness. The occurrence of thin cloudy layers at the
0°C level is frequent, especially during the
Madden-Julian Oscillation (MJO) active phase when
the coverage of stratiform-type radar echoes is much
greater than that of convective-type radar echoes.
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Institute of Observational Research for Global
Change, JAMSTEC Yokosuka headquarters, 2-15,
Natsushima-Cho,

Yokosuka-city, Kanagawa,

237-0061, Japan: E-mail: yasunaga@jamstec.go.jp

Johnson et al. (1996) described prominent stable
layers at heights of 2, 5, and 15-16 km observed
during TOGA COARE. Johnson et al. (1999) also
found that maxima in the vertical distributions of radar
echo (cloud) tops occur in the vicinity of these three
stable layer heights. Environmental static stability
influences the vertical profiles of detrainment from
cumulus convection as well as the top heights of
(e.g., Bretherton and
Smolarkiewicz 1989; Taylor and Baker 1991;
Zuidema 1998; Mapes 2001; Takayabu et al. 2006). It
has therefore been considered that the commonly

cumulus  convection

observed mid-level cloud layers mainly originate via

detrainment from cumulus convection that is
promoted by the stable layer ("detrainment shelves"
of Mapes and Zuidema 1996).

On the other hand, condensation can occur within
a layer that contains melting ice particles because ice
particles can melt within the regions of high relative
humidity around 100% above the temperature of 0°C
and melting diabatic cooling increases relative
humidity. Rutledge and Hobbs (1983) used a
numerical model to investigate the enhancement of
precipitation in a “seeder-feeder” situation within
warm-frontal rainbands. From the simulations, it was
found that condensation occurs due to strong cooling
associated with melting of snow from the seeder
cloud and that the maximum cloud liquid water
content in the feeder cloud is located just below the
0°C level. Stewart et al. (1984) took measurements
from an aircraft flown through the melting layer of
stratiform clouds over the California Valley and
identified an isothermal layer at the 0°C level as well
as large amount of cloud liquid water slightly below
the 0°C level. It was inferred that the melting process
within the stratiform precipitation region is possibly

associated with the production of cloud liquid water



and consequent enhancement of precipitation.
Szyrmer and Zawadzki (1999) used a numerical
model to demonstrate that the non-uniformity of snow
content causes horizontal variability in various
atmospheric properties within the melting layer and
that this in turn leads to the generation of convective
cells. Consequently, the possibility exists that diabatic
cooling due to the melting process might be
responsible for the formation of mid-level thin cloud
that is commonly observed in the tropics, especially
the cloud at the 0°C level.

Yasunaga et al. (2006) showed that thin clouds
and layers with high relative humidity appear just
below the 0°C level several hours after stratiform
precipitation becomes active. The stable layer does
not predate the appearance of the layer with high
relative humidity. In contrast, the enhanced stability
layer is simultaneously observed with high relative
humidity and is located just above the level of high
relative humidity. Moreover, the weakened stability
layer is also synchronously found below the level of
high relative humidity. Melting diabatic cooling can
account for the simultaneous appearance of layers
with high relative humidity and enhanced and
weakened stability layers (e.g., Stewart et al. 1984;
Johnson et al. 1996). Therefore, Yasunaga et al.
(2006) suggested that the cloudy layer (and the layer
with high relative humidity) around the 0°C level is
brought about by the melting process within the
stratiform precipitation region rather than detrainment
of surface-based convection; this type of cloud was
named “melting-layer cloud.”

As described above, there are two candidate
processes that are able to explain the common
occurrence of cloudy layers around the 0°C level in
the tropics: cloud detrainment promoted by the stable
layer and enhanced condensation to compensate
melting cooling. Although both processes are
plausible, little attention has been paid to diabatic
cooling associated with the melting process.
Therefore, in the present study, we use a
two-dimensional cloud-resolving model, and conduct
numerical simulations of a squall-line in order to
examine: (1) whether mid-level thin cloud is able to

form within an environment without a stable layer, and
(2) what causes the mid-level thin cloud to form,
especially at the 0°C level—the presence of a stable
layer or melting cooling.

2. Model descriptions and experimental design

Numerical simulations were performed using
version 2.1 of the Weather Research and Forecasting
(WRF) model, which solves fully compressible
nonhydrostatic equations. The basic equations and a
description of the numerics can be found in
Skamarock et al. (2001) and Wicker and Skamarock
(2002). A third-order-accurate Runge-Kutta scheme is
used for the time integration. Fifth- and third-order
schemes are utilized for spatial discretization in the
horizontal and vertical directions, respectively. A
1.5-order scheme using a prognostic equation of
turbulent kinetic energy (TKE) is applied to represent
subgrid-scale effects (Klemp and Wilhelmson 1978).
Cloud microphysical parameterization includes five
categories of water condensates (cloud water,
rainwater, cloud ice, snow, and graupel), and is based
on Lin et al. (1983) and Rutledge and Hobbs (1984).
Although the original code of the WRF model does
not allow evaporation from rain, snow, and graupel at
values of relative humidity above 90%, in the present
study we modify the cap on evaporation to 100%
relative  humidity. Radiation and land-surface
schemes are not employed in the present study.

The model domain is limited to two dimensions
(horizontal and vertical). The horizontal grid size is
250 m with the domain covering an area of 500 km
(2000 grid points). The model has 95 layers in the
vertical and a top boundary at 24 km, corresponding
to a grid size of about 250 m. The model employs the
time-splitting method proposed by Klemp and
Wilhelmson (1978). In the present study, the large
time step is set to 3 s, with 6 small time steps within
each large step. Rayleigh damping is imposed near
the upper boundary, and open lateral boundary
conditions are specified. The Coriolis parameter is set
to zero.

Environmental conditions prior to the initiation of



convection are set to be horizontally homogeneous.
While the sounding is based on a composite analysis
by LeMone et al. (1994), some modifications are
introduced. The original profile analyzed by LeMone
et al. (1994) is used in the Global Energy and Water
Cycle Experiment (GEWEX) Cloud System Study
(GCSS) model intercomparisons, and is thought to be
characteristic of the environment prior to the
development of a squall-line (see Redelsperger et al.
2000, hereafter R2000). The profile of horizontal wind
is shown in Fig. la. Low-level shear provides
favorable conditions for the development of long
lasting squall-lines (Rotunno et al. 1988). To eliminate
the influence of fluctuations in humidity, temperature
and horizontal wind profiles, we assume constant
relative humidity (85%) above 2 km height (with
below 0°C), a
pseudo-adiabatic lapse rate between heights of 2 and

respect to ice saturation
10 km (Fig. 1b), and constant vertical shear of
horizontal wind above 2 km (Fig. 1a).

Deep convection is initiated in the numerical
simulation by placing a 20 km surface-based cold
temperature anomaly at time = 0. The 1.2 km-deep
cold pool has temperature and moisture deficits of 3.5
K and 3.5 g kg™ from the environmental sounding,
respectively. To keep the convective system within the
simulation domain, the model domain is translated at
a constant speed of 12 m s*t along the x direction.
The model is integrated up to 17 hours (h).

3. Formation of melting-layer cloud in the
numerical simulation

A cloudy grid box is defined as one in which the
mixing ratio for those hydrometeors with small
terminal velocity (cloud water, cloud ice, and snow)
exceeds 0.05 g kg™’. At the early stage of the
squall-line, clouds reach a height of 15 km (Fig. 2a)
with the cloud top height decreasing to 10 km at 5 h.
Although the initial temperature profile does not show
a mid-level stable layer (Fig. 1b), there is a notable
peak in cloud coverage just below the 0°C level. If
snow is excluded from the “cloud” variables, the peak
in the middle level is still prominent (not shown), and

does not depend on the “cloud” definition. Enhanced
and weakened stability layers simultaneously appear
above and below the peak level of cloud coverage
(Fig. 2b), which is in agreement with the situation
where melting-layer cloud was observed (Yasunaga
et al. 2006). As most of the two-dimensional
experiments in R2000 show a maximum in total
hydrometeor content at the melting level (e.g., Fig. 17
in R2000), mid-level thin cloud would be robust
regardless of the chosen models.

To clarify the process responsible for the mid-level
thin cloud observed in Fig. 2a, changes in the cloud
mixing ratio due to dynamic process (advection and
diffusion) and cloud microphysics (condensation,
evaporation, coalescence, aggregation, riming, etc.)
are averaged over the model domain for a 17-hour
period (Fig. 3). As the majority of condensates
associated with the squall-line remain within the
computational domain at 17 h, the domain-averaged
changes of condensates by dynamic process in Fig. 3
result from vertical advection and vertical diffusion.

Although both profiles of the change in the cloud
mixing ratio have a pronounced maximum around the
height of 5 km (Fig. 3), the peak level of cloud
microphysics is closer to the peak level of cloud
coverage (Fig. 2a). In addition, the peak value of
cloud microphysics is much greater than that of the
dynamic process. Therefore, it can be said that cloud
microphysics is responsible for the occurrence of
mid-level thin cloud.

While the mid-level thin cloud is associated with
cloud microphysics, total diabatic heating via cloud
microphysics shows no notable peak around the
height of 5 km (Fig. 4a); however, intense heating
associated with the vapor-liquid or vapor-ice phase
change occurs at the 0°C level, which approximately
balances the strong melting cooling. The approximate
balance between condensation or sublimation
heating and melting cooling is locally maintained (not
shown).

In the convective region near the leading edge
(395-450 km), condensation or sublimation heating is
the main contributor to the total diabatic heating (Fig.
4b). In the rear region of the squall-line (300—395 km),



melting cooling and condensation or sublimation
heating are approximately canceled, while total
heating shows a typical profile of the stratiform region
and no notable feature at the 0°C level (Fig. 4c).
Therefore, the mid-level thin cloud is formed in the
rear region of the squall-line.

It is possible that the enhanced condensation or
sublimation is the cause of the intensified melting
cooling. Condensation heating is, however, much
larger than sublimation heating at the 0°C level, and
the heating due to the phase change from liquid to ice
above the 0°C level is much smaller than the cooling
from ice to liquid in Fig. 4. In addition, the intensified
melting cooling should be located in the rear of the
enhanced condensation heating, if ice formation
following the enhanced condensation intensifies
melting cooling. The condensation heating region,
however, coincides with the melting cooling region,
and the approximate balance is locally attained. The
coincident location indicates that strong melting
cooling is the cause of the enhanced condensation at
the 0°C level. In other words, ice formation following
the enhanced condensation does not produce a
notable peak of melting cooling at the 0°C level, but
melting cooling enhances condensation. The
simulated mid-level thin cloud is the “melting-layer
cloud” suggested by Yasunaga et al. (2006).

Figure 5 represents the evolution of the simulated
squall-line from 6 to 10 h at 30 minute intervals. The
domain is subjectively partitioned into three regions
(R1, R2, and R3), according to the stage of
convective cells. At 6 h, active convective cells
develop in the leading region of the squall-line (R1 in
Fig. 5a), mature at 7 h (R2 in Fig. 5c), and gradually
decay after 7 h and 30 min (R2 in Figs. 5d and 5e,
and R3 in Figs. 5f and 5g). After the development of
several weaker convective cells from 7 to 8 h near the
leading edge of the squall-line (R1 in Figs. 5c, 5d and
5e), even more vigorous convective cells appear at 8
h and 30 min (R1 in Fig. 5f), and reach the height of
15 km at 10 h (R2 in Fig. 5i). In the trailing part of the
active convective cells which develop from 6 h, thin
cloud is found around 5 km at 8 h and 30 min (R3 in
Fig. 5f), is left behind from the front part of the

convective cells at 9 h (R3 in Fig. 5e), and then, is
overlapped by the following weaker convective cells
at 9 h and 30 min and 10 h (R3 in Figs. 5h and 5i).

Figure 6 shows condensation rate profiles
averaged over each region in Fig. 5 from 6 to 10 h at
30 minute intervals. In the leading region of the
squall-line (R1), condensation occurs most vigorously,
and the peak of the condensation rate is located
around the height of 2—3 km. In the rear region of the
squall-line (R2 and R3), the condensation peak is
prominent at the height of 5 km (around the 0°C level).
Although mid-level thin cloud is not identified in the
R2 region of Fig. 5, condensation is pronouncedly
enhanced at the height of 5 km within the R2 region,
even when convective cells mature in the R2 region
(e.g., Figs. 5c, 5i, 6¢, and 6i).
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Fig. 1: (a) Initial profile of the horizontal wind (solid
line). (b) Lapse rate calculated from initial
temperature profile (solid line). Dashed lines in (a)
and (b) represent the original profiles analyzed by
LeMone et al. (1994). Dotted line in (b) indicates
lapse rate calculated from initial temperature profile

used in the sensitivity test (see Section 4a).
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Fig. 2: Temporal record of vertical profiles of cloud
fraction (a) and temperature lapse rate averaged
over the model domain (b). A dashed line in each
panel indicates the 0°C level.
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period of the simulation.
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Fig. 4: Vertical profile of diabatic heating associated
with cloud microphysics averaged over 300-450
km (a), 395-450 km (b), and 300-395 km (c) of the
model domain. A solid line indicates total heating.
Dashed and dotted lines represent heating due to
phase changes between vapor and condensates
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X BRGV—F —T —ZITHS < KRR DM 2 S0 L, AT OfNTHRER & DI 21T S . E£1z,
1 E RSB SR L0 Y U TR R R E 0D, MJO O A~ b7 BidiElo ko BB 021k
DFEEHRE L, MJO 1215 K HZbDZRDORKIZ DN TEBLEEIT .

References

Mori, S., J.-I. Hamada, Y. I. Tauhid, M. D. Yamanaka, N. Okamoto, F. Murata, N. Sakurai,
H. Hashiguchi and T. Sribimawati, 2004: Diurnal land-sea rainfall peak migration over
Sumatera island, Indonesian maritime continent, observed by TRMM satellite and intensive
rawinsonde soundings. Mon. Wea. Rev., 132, 2021-2039.

Sakurai, N., F. Murata, M. D. Yamanaka, S. Mori, J.-I. Hamada, H. Hashiguchi, Y. I. Tauhid,
T. Sribimawati and B. Suhardi, 2005: Diurnal cycle of cloud system migration over Sumat-
era Island. J. Meteor. Soc. Japan, 83, 835-850.

Wheeler, M. C. and H. H. Hendon, 2004: An all-season real-time multivariate MJO index:
Development of an index for monitoring and prediction. Mon. Wea. Rev., 132, 1917-1932.



Rainfall (mm/hour)

Month
b=
o
w

07 10 13 16 19 22 01 04 07

Hour, iLTi -t Rainfall (mm/hour)

00 01 02 04 06 08 10 12
Rainfall (mm/hour)

00 04 08 12

I 2% b T EAY KT BMAR A E OB, RS AZ(, AR RARE
BaRT. FRO=Y =510 + ANk ORI A R 27T

&N

6°N

4N

0.5mm/hour

8°S T T T T T T T 77%’
94E 9E 98°E 100E 102°E 104'E 106’'E 108°E 110°E

X 2: R< b EER O T RBLEI S35 D MATHI (2001 4B 5 71 ~2004 4E 5 1) SEB DR
AKHZE. KB ZELORIER O Z, ZNZNRAIDOE X KON & TR



&N

6'N

2N

2N

0

2's

£S5

MJO Phase: 1

8'N

6'N

LN

2N

0°

2’S+

1S

0oL T

&'s | 6's ®°6LT
0.5mm/hour 0.5mm/hour >
8's T T T T T T —+ &S T T T T T T
OE 96E 98°E 100°E 102E 104'E 106°E 108°E 110E O4E 96'E 98°E 100°E 102E 104°E 106°E 108°E 110°E
&N 8N
&N | &'N |
N | 4N
2N | 2N |
0 0° 1
2’s 1 2’s|
LS 43
6'S 6°S
0.5mm/hour 0.5mm/hour
g's

9E 9°E 9°E 100°E 102°E 104°E 106°E 108°E 110°E  94'E 96°E 98'E 100E 102E 104°E 106’E 108°E 110°E

3: A~ b7 B O EREFHBIHIHAICIS T 2 BEK H LD MJO OAARICHE S 24k, MJO
OXFRADBT 7V F (MLAH 1), A > REE (GLFR 3), HUHHERREE (A0AH 5), K OVWEASERE (hiFe
) IALE T BEAIOWTORT. HELORIER ONHZ RO S RO &, Fiz, SEHREKTR
FEDFRATIHIRIES X 0 b 20% AL (BAF) OBAEIFEROVKR (KADHB) TRT.



Rainfall (mm/hour)

Phase of MJO
Phase of MJO
O, N WHAUIOO N

Or 10 13 16 19 22 01 04 O7 0.0 0.3 0.6 0.9
! A — Rainfall (mm/hour)
000102040608 1012
Rainfall (mm/hour)

X 4: R_E TR BBEA RO MIO OAFICHES 28, FR= v Z—fo + Hlid MJO 0%
NANZ BT DI RO BIFH 2. BRI KRR, SRR, R O S8HkiE, MJO DXt
PRI EIVEILIEEA > RVE (GLAH 2), HGH A > R¥E (ALFR 3), PEEHERRKE (ALFH 4) M OVHGHHE
KBE (BLAR 5) ITALiE - B SEH H 8L Z2 R T, AR MJO OFAFNC IS 1T 5 R BKTRE % /R
F (R2AR 0 VHHRIEAS 1.0 & 0 /N & W MJO RIERM).



HARIMAUOUODOODODOOOODOoOoOoooooboooooo

0000 !, 0000L.0000L 00000002,
0000300004000 4 FadliSyamsudin®, Timbul Manik®
. dodoo, 2. 00dddo, :gdgdo,4: 00ooooog,

5: BPPT, Indonesia, 6: LAPAN, Indonesia

1 0o0ooobooon

godddoooooobbobobobtbdooodoboooooooooboboo
ggooooobobobbbbobbooboodoobdddgoobodouogo
ggdbootbbtbobbbdoddouododoouoooonouobbboobauoao
000000000000 000 (Nitta and Sekine 1994) 00000000 5000km O O
ggoobooobooobubududboouooooboonoobuobobobbooob o
gooooboo 15 20LTO0D0O0O0OO0ODDODODOODODOO000000O0D0OoOUoLOO
000000000000 (Mori et al. 2004, Sakurai et al. 2006)0

0000000000000 000000O000DOOOos3oe000OOOOg (ISV)
gugdbooobbooobobooobobbboobboobboobboobboo
ggoooobuobbobobbobbbooboboduoobooub bbb ooob oo
0000000 00bO0o00ooboobooo0oo0o0ooo0obOooboOCPEA-IDD
0000000000000 0000000000000 (Fukao 2006) 00000000
ggoddooooooboobbbdoooooboobobobobooo
OoDbooooobo0oooobooooooboooboobooboOoooooDO (Hydrome-
teorological Array for ISV-Monsoon Automonitoring: HARIMAU) OO O OO OOOOO
bbb bbb oo ooooaa
ggoogoboboogobbgogooooooboobooouobouoouuuuoaua
ggooouobobbobobobobboobooubudooouooobobbbuoouoo
gooopooboboD20070 20 2200 30 1100000000 booooogo
ggobooboboboobobobooobgodgooobogbbbobuodoooooooao
ool imombbobd4kmdbdooooooooobooooooooooobo
gbobooooooooo4amDbOO0O00O0ODOOO0ODOOOOO

gogogoogbobooboobooboobobtbdddddoooooo bbb oo uoa
gbbooobooooboobbobobbobboboboboubooooooboobobnoobon
ggbbooobobobboboobobuoobobuooobuoobobuobobuobobuo
ggo

2 0OOooon

ggoobboodno2o0070 1200000000000 oboobobboooboon
gobooooboooooooooooboobboboo wwooobooD IkmOOOO
ggdgdooooooooubobbbbb i, 20bob0oooobbobbbbobbbbn



goobobobooogg sLruogbogooooog 11icrogoogoboooooon
gbobobdobbobooobobuooobobobboboouooboouooobo
gboobooboorcrooobooobooboLrroboobooobooooon
gooooooooooboobboboobooooooob 1IkmbobDOooOooboOon
gbooobobooobobuodboouoobooboboboebooogbboobO
O0000ooooooooooo(moo)o

Wind Velocity(m/s)

00 0102 0304 0506 070809 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

U L.gobobobodbobbo ikmdbgbooboboobuobobooobbo
gbogbgoobooboobod

Wind Velocity(m/s)

00 01 02 0304 0506 070809 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

U 2.000b0u00obbobboooobob1bagon

0000000000000 000000000D00000DODO00OO0O0O00 (SNR)
gbobbooobboobboobb s, 40000000000000D0O0OODLDDOO
oLrTooouoooboooooBLroogb 2kemdboooogooooooooonon
000000000000 0000OoO0O0O(DoO0)boUooOoDUoOoooOoooOooo
gpoogoboobboobboob4mboboboobbobobooobooooog

height(km)
o = N W >

01 2 3 4 5 6 7 8 9 101112131415 16 17 18 19 20 21 22 23 24

03:00000000000000000(NR)DOODODOODODOODOOOOOOO
O00002m/s00000000ODOOOOO



height(km)

01 2 3 4 5 6 7 8 9 101112131415 16 17 18 19 20 21 22 23 24

O 4 000oooobobooboooob 3gon

b 1lkmOO0003kmd0o0ooooooobobooobooobobooobooboooDno
goooooobobobobooboooboooobobobobooob0oob 1km O
gbobodobooobood

ooo0oO0oO0oO0oO0OO0OOO0OOO (VVW)OOooooUooooooo woooooo
gb oobugoogoobbobuooooooobbbooooooobbobbood
gboboboooobobobobobobobos ebbbobooooobo1o0-15LT
gbogbboggbooobbodboogbboobbuodgoaobooobboogn
gbogboobooon

Jm2s—

ooo00 =

height(km)
o = N W >
1
o0 —==N
HONOO

01 2 3 4 5 6 7 8 9 101112131415 16 17 18 19 20 21 22 23 24

05 00000000000000000(GVVW)OUODOODODOODOOOODODOoOoooOo
O00002m/s00000000ODOOOOO

. Hm2s-2)

= * -

oo000
HONOO

height(km)
o = N W >
oo —==N

01 2 3 4 5 6 7 8 9 101112131415 16 17 18 19 20 21 22 23 24

U6 ooubooobbbooobobsbdd

gbobooobooboooooooboboolsGHz20000000000000000
O0000000000000000000000O0Williams et al.(1995) 0000000
gbogoboboooouoobobboobboooooboboooobobooobo
O01lkmO00 1m/s00000000000O0OO00OO0OO0OOOOOOOOOOOO
goooboboboboooboob rboooobooobob Lroobbobobn
gbobobogs-12nroogbogboogbuoobobobboboobobobbobbo
gbogbodgbogbbs, spbobbuooogoboboirrobgbooooono
gbobobls24Lr0oogbooboobobobboooobods-12nroooo
gbobbooboobooboobooooboooon



o
TTT [T T [ TT T [ T[T [IoTT
IR STRT1 ERRT1 FERTE AEANE RAAT]

0 P S S S S S S S S SO S S
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23
LT

O07.000000(@00O)0000(@O)000000OOO0O000LT O 00-01LTOO
gboobooon

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23
T T T T

100 T T T T T T T T T T T T T T T T T T T
L SHL CNV STR MIX ]
80— o— A5—A 0—a *X—x —
. 60 J
N N ]
& or ]
£ L 1
] -
20— —
ol s w o xTH<9¢ X ; —x ]

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23
LT

08 00000DO0O0ODO0000oobboobO0ob0OOnOnOSHL O shallow convective
0 OCNV O deep convectived OSTR O stratiform O OMIX O mixed stratiform/convective
gboobooood

00 01 02 03 04 05 06 07 08 09 10 1
T T T

112 13 14 1516 17 18 19 20 21 22 23
100 LI T T T T T

T T T T T

T

SHL CNV STR MIX

80

60

Time(%)

40

20

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23
LT

o gbdubooobbbooobobsbodad



3

ooooogoooo

gbogobobooubboboboboobobobuoboooooboooon
gboogbooboobbobgd

gooooobo20070 40 100000000000 0O0OLOO0O0ODODLODbDODOO
0000 10000600000 1sm/s0000000000OO0ODOOOOO
3p00000003mO00000000 Sm/s000000000O0O000O00O0O O
gbobobogogbbgobobbobobobbobbobboooobboon
00000000000 ((@moo)o

gbobooggz2gbbobogogbbbdasugdgebbodagno

gboooboooboboobboobobbobooobobboboboobobobobLDbOon
gbobbobgobbobbobbobboobooboobbooooooon
ggbogobobbobbobooobooboooon

oooooboOo0oobobobooooooobooo0 kmobobooooboOon
guobbbouoooobbbooooobbbbodoooobbbooooboobon
gbobouogoobogon

gbobobuobgobobobobdobobuoboboooboboboobuoooobo
gboboboboobobobobooboooboboboooboboboooobobo
gooooo

g 10:
god

Echo Power (dB)
40
32

24

height (km)

height (km)

Local time

0000000207040 10059LTOOOOOO(SNR)DODOOOOODOO



4 00O

HARIMAUOOODOOODOODOOOOODOODDOODDOODOOODODDODOOO
gbogbobooogbbuogbbdoooboooboboobuoguooooooobobon
gbodggbogobbouodgboobbbdabbodoboobboobboblsobobodb
gboudgboboodbuooobbuoodoodboobooooobbobboogn
gbogbbooobooooos-12rrogooobooboooooboobooboooboobo
gbogdobooobbogobooboouobbobobobodbboobooboogn
gooboogbogobogao

oo

Fukao, S., Coupling Processes in the Equatorial Atmosphere (CPEA): A Project
Overview, J. Meteor. Soc. Japan, 84A, 1-18, 2006.

Mori, S., J.-I. Hamada, Y.I. Tauhid, M.D. Yamanaka, N. Okammoto, F. Mu-
rata, N. Sakurai and T. Sribimawati, Diurnal land-sea rainfall peak mi-
gration over Sumtera Island, Indonesia Maritime Continent observed by
TRMM satellite and intensive rawinsonde soundings, Mon. Wea. Rev.,
132, 2021-2039, 2004.

Nitta, Ts., and S. Sekine, Diurnal variation of convective activity over the
tropical western Pacific, J. Meteor. Soc. Japan, 72, 627-641, 1994.

Sakurai, N., F. Murata, M.D. Yamanaka, S. Mori, J.-I. Hamada, H. Hashiguchi,
Y.I. Tauhid, T. Sribimawati, and B. Suhardi, Diurnal cycle of cloud system
migration over Sumatra Island, J. Meteor. Soc. Japan, 81, 835 850, 2005.

Williams, C.R., W.L. Ecklund, and K.S. Gage, Classification of precipitating
clouds in the tropics using 915-MHz wind profilers, J. Atmos. Oceanic
Technol., 12, 996-1012, 1995.



HARIMAU2006 £&FFBLRIHIR FICBHI S NIz R < F T BIZBIT D

T BEAT 2T AORNEEEIZONT

BFREE . RME— 1 JIEIEAT . BEERREE %, KOREAT ., EEM— ' FERILE
{HEZBR L, WEPEFN Y, Fadli Syamsudin®, Emrizal®, [LiAiRe2!L faAE b7

(1 : VEPERTITRH TSRS - HIERERBEEIAIIZC® o & — 2 dLiEE R - IKIRRHFIFIERT .

3: (R YA - — 4 FEBRS: - AFBEIIZERT. 50 A R T SRS T

6: A2 PRI T RAGMERMET, 7 EHRFHR)

1. IXC®IT

A~ h T B TIE, ZNE TOMZETREIL 1, 500 kn (2 &S A~ T BRI - T
25, FHRICHESILERICH > TRELLEEV AT ARBERE LD LN LSRN
FHZT TR~ E kn BEIT 2 TERBEBIZL) OFESRLATND, ZOE
RHFEBZEIZA~ F T BT TREBFIROILWER TR Z 282 ThH v | 2k
DEKBEICRERTFE 2R, LrL, BROKIEERET VIZBWT, ERHEHZE
fLEZIELS KRB TETEHT | BFROBKBHEICRERBRELHE X TWD, Kb
ZECIE, WERBH S AT AEME T T EREL —F—F v U — 7 5
(JEPP-HARIMAU) CZZifi L 7= 4 tP &1 (HARIMAU2006) (2 k> CTHG L7=2T 27V Ry 7
T — R — 2 VT, EXAEMZEILOEK - BB A =X L0 ZH I E L
TRENT A AT > T,

2. T—%
2. 1B Ss & AL

JEPP-HARIMAU T, 2006 4 10 H 26 H~

0. 54

0. 04

. & berut

11 H 26 BIZTTHA~ R ZIZBWT XA
YRRy FT—L—F—(DR) EL—1U
Voo 7T o % h B A E L.
(HARIMAU2006) (B4 1), MIA(100.30E, 0.79S)
(2 1 JEPP-HARIMAU @ XDR % #Hr ik L .
Tiku(99. 92E, 0.40S)(Z(% CPEA THEH L TW
72AER XDR 2R~k Lz, L —7U ¢
T | Y T BINEA v R R T KGR BT
‘e (BMG) @ Tabing #LiHlIFT (100. 35E, 0.88S) &

9.0 995 100.0 1005 101.0 101.5 1020 Siberut J[E LA FEFET (99. 20E, 1.58S)

@ X-band Doppler Radar Site e
ORawinsonde Observation Station /CTTO 7L?_o

M1 A~ b7 EEHIEE K OBLI



2.2 FRILRG TR (MTSAT) S BRI EE Ty, (IRD) 7 — 4
A= b7 BEBOXMFIEE A 22 TR 5 72012, Fr bR G 2 (MTSAT) O 264l 5
RIRFE Ty (IR T — X 2 LTz, T — % OZEMOMHREIL 0.05° 7'V » K, K4y
fREEIX 1 B CTH 5, AR OEENTIZIL 2006 45 11 H 10 HOF — X &2 L=,

2.3 L—U 4 ST T —H
HARIMAU2006 #[# 7, Tabing BLHIFT & Siberut ENZARSEZEFTTIZ 1 H 4~8 @D
L= o 2 T BN EAT o 7o, ARG T I B SEIR O BR B A F X 5 412 Tabing
D=0 4 VT T =2 2 U, TR (2006 4 11 A 10 A) TiX 1 A 8 A
OB ZIT - 72,

2.4 XN KRy 7Z—1—%—(XDR) Bl
MIA, Tiku fi#i50 XDRBUH TIX. 7 > T F O @R =Rt ERIC K - T 80km
DT a—L Ky 7T = EO =Rz Bds Uiz, a0 i3 2y
643, 14 0.5~50° £TO I8 1y MR d ZRotEREITo T,

3. WEEH
[ 2122006 4 11 A 10 H OEE(GZ 73, 1BLTEHAD A~ M7 EEEICIH> T
KFRIEBE2NEFEIZ 2 0 476D ACEHBEE km DE AT ACRE LTz, EVAT
DIV A~BE L CTITE, 20LT EHIZIZE Y AT LA DOHFLRIT A~ b7 BT FEHOE
b~ELZ, 61211 H OOLT EHIZIX, BV AT AOH.LIEIEA~ b T BEE)N
59 150km BERLTZ A & 7 4 BEBICRIE LT,

100 =
IR1 Nov. 10 22LST
== ‘ﬁ\ﬁ_ = .

SN
LA )

260
250
240
230
220
210
200

55

S5E 100E 105€ 95E 100 105E 9SE 100E 105

X 2 :2006 4 11 A 10 BIZE T D if LG4 2 (MTSAT) O A BRI Ty, (IR1) 0
KA, X H oo DU 1% iE XDR OBLIGEL 27~ LT\ B,



4. BERH

X 3 1% Tabing BLAIFTIZ
BT D AR D = B — It
FWrE X CdH 5, FE 2km
T, RfEER L Aot
5 FJE 1km T H HZ PG L.,
RN HE & v 9 B AL
MHEGNTZ, EEE 2km 2
5 14km CIEH A A3
HEL TR, RZEFE

JEGER 2358 < 7R o TN, 10Nov. 11Now. -
e m—

l4km £V BRIk, @ 0 8 6 4 5 o 2 4 :--tm/-hocm/o)

FPRAITITHE LT, 3 Tabing BT E 1 75 AT H 0D — R

W, > =— FIERERES 2R LT,

5. BT AT LAONEEE

4 4 12 EE 0. Bkm (ZE[X]) & 2km (5 [XD) DG FREE &K R Z <, K2 TRONEA
~ b7 BRI DT L 72 AT A OWNEICFEET DK AT Ak, 12LST
P25 22LST M HIC 3 mIBE S AL b o7, ZOHITIX, BRI MEICEKS AT A
DR AR~ 5,

HMD (12:00-16:30LST) (21X, AT AT Aid~ =2V a viTEMITHA LILFE 7 m
~BE) 7=, @ 0.5km OACEREIX, ¥ ETIERRENSKRWNTE Y | [ ETIEEsWvER
(12 : 06LST) 2> DARAIZEGENFRE U 723 LR PEE (13 : 06LST) 122 b L7e, M
2km Tl Fe b - L& Hiz (FF) HENRWTEY, BRI AT LAOBE HA & I2E
—F LTz,

HIRI@ (16:30-17:30LST) IZIZ MM O T~ &) L 2Bk > 27 A~ &) S5 [n)
EEZ, ~w=2va Ulilesmino TEEINLTZ, B 0.5km & 2km Ol 5 & & EIH A R F
D, HEO~@DHF T FEEDOMNBIF CTH -7, EE 0. 5km TiE, L - pEEED
W2 (7)) BRSO, ®E 2km OEUL, #E ETIIEIMOE Z D 63 BEESK L —
7. B ETIEEE R S T,

HAM@ (17:30-19:30LST) TiX, KT AT AOBEN S EITR~E(L L7, & 0. 5km
T, B ETRAE LB AT ANTHBENKE, B EOREKS AT AN TIHALHRE
MBIz, B 2km TIE, W ETIEEIRHO, @L R U< FEREAKE, [ ETiEdbm
N OAEBEIZZ L L (17 - 54LST) | FEAK T AT ADFEVEHE L CilF E~FE®E) L7-, [ by
D E~BENL CTEX 2B AT A0 T T, BOBEN R Sz, 19:00LST LA



2V BT KRS AT AFEAE L, MIA X0 Rl oHE | CRAE LIZBEAKS AT A
X TECTREE D, b~ L (X8 o

HAM@ (19:30LST LARR) (2id, BEh g LICH RS AT A iz 1ciE ETRAEL
ToB K AT DOHARRAL LT, TEE SR 20kn I EOREKS AT A XKD K& 72
KT AT A (RHlf) 100km) ZVEEESEATT 2 G MICIEA L (20LT BR) | 7HEH0 6
LJ51E (FEREPE) ~F bm/s OIS THBEILZ (X 5(4£)), ZORORKY 2T LT,
T a—THE K 1dkm £ CHEE L, EITH MBI, %07 18RI & R ofgis
ZLTWz (K 500)), MK AT AOMITH AT Ok Tix, & lkm LLFT
AI~E X TR MR LI, ZOH R N EREKT AT AORTTD ORISR
L. BKS 2T ARIHEIC ERRATER LT o, 30 438%1cid. X 6 (CF) ISRTRRIC
WKL D 2 7RO & EE 5km LUT T RO SEAIC R Y | Bk AT ARTHIC
LW FEREEER L CTEAOHARRAREZ 5 Tz,

6. £&¥

HAIRMAU2006 DT = 7 /v K 7T — L — X —fifir7 — & % i~ T 2006 4 11 A 10 H
(T Z o T ER A ZAC O FFIFNT 2470, B Eb 2~ b T IR ~BET 5K
K AT LONEAEE EBENA T = X DZOWTIRART, K AT Ao NEEGTTE
ATIHT RISk, %7 IR 2 TER Uy Bk S 27 L OB E 7 1A 130E EEAY 2km O
AL L —HL TR, BAKS AT AT TEOREDOZEI E - TIEE— K —F ()
SWRI~E AL LT, B Dl BB LT2fK s 27 A3, 1 L THRA L72REK
VAT L EMRE L, A~ b T EERBICEAT RIS R 2 o ARCE R 100kn BLEO
K AT D& TRk Lic, Z DOREK Y AT LIFHEAT I MR TTHE O REf A & /il 7~ &
H IO & FiTT 7 6 DTN & DI K> T ERFLATZA L, iz /E-> T
Wiz, ZOXMTIREAEY fEl D Z L TR AT LzifiRi L T\t B LN D,



60

40

20

DISTANCE NORTH OF MIA (km)

-60 -40 -20

1642 LST 10

60

40

20

DISTANCE NORTH OF MIA (km)

NOV 2006 S5mis —

-60 -40 -20

1754 LST 10 NOV 2008 5mis —»

60

40

20

DISTANCE NORTH OF MIA (km)

&n
. -60 -40 -20
DISTANCE EAST OF MIA (km)

10 15 20 25 30 35 40 45(dBZe)

=) orizontal wind over the land

B Horizontal wind over the sea

DISTANCE NORTH OF MIA (km) DISTANCE NORTH OF MIA (km)

DISTANCE NORTH OF MIA (km)

[=:]
=]

£y
o

L]
o

. -60 -40 -20 0

1642 LST 10 NOV 2006
\ :

(=23
(=

e
=

~
=

20 o

Smis —»

=]
(=]

e
=

[
=

-60 -40 -20 o

DISTANGE EAST OF MIA (km)
T T .

10 15 20 25 30 35 40 45(dBZe)

4: Ev5 12:36LST, 16:42LST, 17:54LST @& 0.5km(ZE[X) & 2km (GBI F
5 R TR & KR 25 K, EfpIEm XDR OBEIH 2% L. ST W XDR

A SO TALA)30° B L TWD,



DISTANCE NORTH OF MIA (km)

.80 -60 40

-40  -20 0 20
DISTANCE EAST OF MIA (km)

A A'
;€ 60 16 T T
= 141
'-E'- 40 1
7 £
- il 1
g T
g 20 o
w
3} T
Z o0 i
2] -
o R
-20 A
0 10 20
Il EEE 4 (mis)l_,

10 1520 25 30 35 40 45(dBZe) 40 (m/s)

B 5:2006 4 11 A 10 H 19 B 54 5310 81F 2 S TREE & ACERE () & AAD
RS L SNE R OWIE R (A, FEEHITE L — 2 — OB A . SERITm L — 2 —
A "D 3MA (B£A) 30° Z/RLTWD,

60

IS
o

20

HEIGHT(km)

40 200 20
DISTANCE EAST OF MIA (km)

-80  -60

I T e ] amis)l_,
10 15 20 25 30 35 40 45(dBZe) 40 (mys)

X 6:2006 4 11 H 10 A 20 K 24 5512815 5 EHREE & KR (£X) & BB O ST
SRR L ENEVEOWTIE K (X)), FERITE L — 2 — OB % . ST L — 2 —

A M HORTA(B£4)30° 2L TW5D,



1. JEPP-HARIMAU
(JEPP)
(HARIMAU) JEPP 2005
10 GEOSS HARIMAU 5
21 Padang
Jakarta (Serpong) 2 Pontianak
2008 3 1 GEOSS
HARIMAU I M
, 2005; , 2006 Kototabang
(EAR) HARIMAU
3
JEPP
HARIMAU
JEPP-HARIMAU SL
JEPP
2. HARIMAU
HARIMAU 3
JEPP GEOSS
HARIMAU

JEPP
HARIMAU

mdy@jamastec.go.jp

HARIMAU

17

Manado



® Operational Rawinsoe

_ JAMSTEC/JEPY Radar

J

HARIMAU

2.1.




km 1 van Bemmelen,
1922; Hashiguchi et al., 1995a,b; 1996, 1997; Hadi et al., 2003; Murata et al., 2002; Wu et al.,
2003; Mori et al., 2004; Sakurai et al., 2005; Araki et al., 2006

129 “ 12
EHH} N T Emu.
= By W z
3 ; Nt 5
5 % S BN ] 8% 10 Nov., 2006
£ 4 E 4 p
[ . Y I Py
g 20 ] :,‘ d % r
g o s 8 ol%
g .20 ""—: ¥ g -20}1
= 4 ‘:_ e g o

(=]
(=]

B
=

]
=

=]

DISTANCE NORTH OF MIA (km)

i
B
=

B
=]

10 15 20 25 30 35 40 45(dBZe) 40 (m/s)

3 (Tiku



Shibagaki et al., 2006

Coriolis

2.2.
HARIMAU

Walker

, 1997

Hamada et al., 2002; Araki et al., 2006 Serpong

Hadley

(CISK)
CISK

Murata et al., 2002, 2006;

(Hashiguchi et al., 1995a)

Siberut

Ekman

ENSO 10D

, 2005



f

(X) d0/0x 0 y- z Y,
u (t) ; )
8V2w+a(l//,vzl//):f@+g%+@_@’
ot oy, 2) oz 6,0y o0y o0z (1a.b.0)
%+%:—9—$NZZ—Z+Q, g—?+%:—fi—":+&
Coriolis , g , 0 0(2 ,N* d8 ,/dz (Fy Fy, F))
, Q =(0/0y, 0/0 2z 0 (ab)o (y,z22=0 a0y ob/dz 0aozobdy
(1a) 0
g
f N u 0
U
2 2 2
(%vz oz fz;?}y:g(@;yz ﬁ;} N R o
0
(2 y
(2)
2) Pg=0 u 6 0
Kelvin d/0x 0
0/0t d/0 x>0 0 Rossby
Hadley 2
0 Kelvin Rossby Rossby
Legendre B Hermite
3
(2)

CISK



Kelvin Rossby
-Gill
Kelvin Rossby
, 2 /Q Q
=2n/w annual
Q @ diurnal @ annual
2.3.
1/8 5,000 km
MTSAT
NOAA

TRMM

Rossby

200 km

=21 /W diurnal

(3)

10

GMS



WMO

18 6

EDITORIA

HARIMAU

HARIMAU

2 HARIMAU

(BMG)

THORPEX

EAR
CPEA 19 5 COE-KAGI21

CCSR
GEOSS WCRP CEOP
DIAS
IR3S-TIGS

WCRP
MAHASRI

, 2005
Pontianak Biak EAR
(21) Manado
km 4



MT=AT TEE Hovwmoaller

Averpe over 2=3 km Kofalabarg Pantiarak Biak
- Pi.li:lll:'lng P"'"F""‘k hl.nl'
E -
”.: o o Tag
1 i M
- — ]
= ) 80
s g i
- 3 2
ad 3 - L "
L Eaa
= T4
: rad
— e
— 0
= -
1 = [ 3a
lan [ ™ ! T
-13 14 B I A5 0
Fomal wind (mis) V]
Zl-—8M Manado (J00BFREFE)
3
3. HARIMAU
HARIMAU 45
5
10 )
2
700 30 1 Homo Sapiens
7 , EAR HARIMAU-Padang 300km
Toba

Rampiro and Self, 1993; Oppenheimer,

2002; Jones et al., 2007
2



7 Toba
7
2
6
18 Jakarta
Batavia 19 2000
20 Batavia van Bemmelen  Krakatau
2
(van Bemmelen, 1922)
1997 8 Jakarta  Ambon
2004
2007 1 2 Jakarta (DKI)
30
Wu et al., 2007 2006

4. JICA



HARIMAU 2007 11 27 30 Cape Town 4 GEO

GEOSS
MIA/Padang, Serpong/Jakarta
GEOSS
COP
4
ODA
: JST JICA
2008 3
ODA HARIMAU
COE ODA
BPPT Jana Yusuf Fadli
COE
HARIMAU
JEPP HARIMAU
BPPT LAPAN BMG
GEOSS
2
ODA
MAHASRI AMY
HARIMAU
1990 TOGA-COARE JEPP
2/3

COE



HARIMAU 21

Araki, R., M. D. Yamanaka, F. Murata, H. Hashiguchi, Y. Oku, T. Sribimawati, M. Kudsy and F.
Renggono, 2006: Seasonal and interannual variations of diurnal cycles of local circulation and
cloud activity observed at Serpong, West Jawa, Indonesia. J. Meteor. Soc. Japan, 84A, 171194.

Hamada J.-I., M. D. Yamanaka, J. Matsumoto, S. Fukao, P. A. Winarso, and T. Sribimawati, 2002:
Spatial and temporal variations of the rainy season over Indonesia and their link to ENSO. J.
Meteor. Soc. Japan, 80, 285-310.

Hadi, T. W., T. Tsuda, H. Hashiguchi, and S. Fukao, 2000: Tropical sea-breeze circulation and
related atmospheric phenomena observed with L-band boundary layer radar in Indonesia. J.
Meteor. Soc. Japan, 18, 123-140.

Hashiguchi, H., S. Fukao, M. D. Yamanaka, T. Tsuda, S. W. B. Harijono, and H. Wiryosumarto,
1995a: Boundary layer radar observations of the passage of the convection center over Serpong,
Indonesia (60S, 1070E) during the TOGA COARE intensive observation period. J. Meteor. Soc.
Japan, 73, 535-548.

Hashiguchi, H., S. Fukao, T. Tsuda, M. D. Yamanaka, D. L. Tobing, T. Sribimawati, S. W. B.
Harijono, and H. Wiryosumarto, 1995h: Observations of the planetary boundary layer over
equatorial Indonesia with an L-band clear-air Doppler radar: Initial results. Radio Sci., 30,
1043-1054.

Hashiguchi, H., S. Fukao, T. Tsuda, M. D. Yamanaka, S. W. B. Harijono, and H. Wiryosumarto, 1996:
An overview of the planetary boundary layer observations over equatorial Indonesia with an
L-band clear-air Doppler radar. Contr. Atmos. Phys., 69, 13-25.

Hashiguchi, H., S. Fukao, M. D. Yamanaka, and T. Tsuda, 1997: Frequency spectra of wind velocity
fluctuations between 1 hour and 1 month in the atmospheric boundary layer over equatorial
Indonesia. J. Geomag. Geoelectr., 49, S187-5195.

, 2006:
(HARIMAU)
18 , -

Jones, M. T., R. S. J. Sparks and P. J. Valdes, 2007: The climatic impact of supervolcanic ash blankets.
Clim. Dyn., 29, 553-564.

Mori, S., J.-I. Hamada, Y. I. Tauhid, M. D. Yamanaka, N. Okamoto, F. Murata, N. Sakurai, and T.
Sribimawati, 2004: Diurnal rainfall peak migrations around Sumatera Island, Indonesian maritime
continent observed by TRMM satellite and intensive rawinsonde soundings. Mon. Wea. Rev.,
132, 2021-2039.

Murata, F., M. D. Yamanaka, M. Fujiwara, S.-Y. Ogino, H. Hashiguchi, S. Fukao, M. Kudsy, T.
Sribimawati, S. W. B. Harijono, and E. Kelana, 2002: Relationship between wind and
precipitation observed with a UHF radar, GPS rawinsonde and surface meteorological instruments
at Kototabang, West Sumatera during September-October 1998. J. Meteor. Soc. Japan, 80,
347-360.

Murata, F., M. D. Yamanaka, H. Hashiguchi, S. Mori, M. Kudsy, T. Sribimawati, B. Suhardi and
Emrizal, 2006: Dry intrusions following eastward-propagating synoptic-scale cloud systems over
Sumatera Island. J. Meteor. Soc. Japan, 84, 277-294.

, 1997: , .

Oppenheimer, C., 2002: Limited global change due to the largest known Quaternary eruption, Toba

~74 kyr BP? Quart. Sci. Rev., 21, 1593-1609.



Rampiro, M., and S. Self, 1993: Climate-volcanism feedback and the Toba eruption of ~74000 years
ago. Quart. Res., 40, 269-280.

Renggono, F., H. Hashiguchi, S. Fukao, M. D. Yamanaka, S.-Y. Ogino, N. Okamoto, F. Murata, S. W.
B. Harijono, M. Kudsy, M. Kartasasmita, and G. Ibrahim, 2001: Precipitating clouds observed by
1.3-GHz L-band boundary layer radars in equatorial Indonesia. Ann. Geophys., 19, 889-897.

Sakurai, N., F. Murata, M. D. Yamanaka, H. Hashiguchi, S. Mori, J.-I. Hamada, Y.-I. Tauhid, T.
Sribimawati, and B. Suhardi, 2005: Diurnal cycle of migration of convective cloud systems over
Sumatera Island. J. Meteor. Soc. Japan, 83, 835-850.

Shibagaki, Y., T. Shimomai, T. Kozu, S. Mori, Y. Fujiyoshi, H. Hashiguchi, M. K. Yamamoto, S. Fukao,
and M. D. Yamanaka, 2006: Multi-scale convective systems associated with an intraseasonal
oscillation over the Indonesian maritime continent. Mon. Wea. Rev., 134, 1682-1696.

van Bemmelen, W., 1922: Land- und seebrise in Batavia. Beitr. Phys. Frei. Atmos., 10, 169-177.

Wu, P.-M., J.-1. Hamada, S. Mori, Y. I. Tauhid, M. D. Yamanaka and F. Kimura, 2003: Diurnal
variation of precipitable water over a mountaneous area in Sumatera Island. J. App/l. Meteor.,
42, 1107-1115.

Wu, P.-M., M. Hara, H. Fudeyasu, M. D. Yamanaka, J. Matsumoto, F. Syamsudin, R. Sulistyowati, and
Y. S. Djajadihardja, 2007: The impact of trans-equatorial monsoon flow on the formation of
repeated torrential rains over Java Island. SOLA, 3, 93— 96.

, 2005:

17 , 49-57



R ST R AR 1 [EI R O BRI A Rt O A R

HBHE— - /IR - SE A O R)
Ve = CURAE R )
A - 1 132 Gk RISH) - ¥R 2 B —ERCRIfER/ 5K RISH)

1. IXC®HIT

IERERNIRIC & 5 B 2R\ b, 2 ORISR A O 7 1 1,
RO 4 1R T 2 LB R 3 20, FHERET U7 EOSHMIKIC BT . KA REE
MNAREZ Ku 7% 10GHz UL o kA AW - EmERRRO 2 R LN RIAENTE
V. ZFOEBRAEDORENEE TH 5,

ABFGE T, UK AFRIET (RISH, SURRESRIAT) 434 > Rk o 7 SeR -
A~ kTSRS L RE AR L — & — (BAR) BUHITT & SURRFRIAT & % A — /S5
B C A L5 Ku i 2RI A L 72 B & R I2 381 C 2008 427> 5 2006
0 4 ERICH > THE Lz, £, BAR 2351 % MoK % FBLIIFT O X #r5 4 L
— B L APET —F % FHNTHE AT 70,0, Z LT, REREEAG ORI K EIC
% RIS ORI ST BRI I A 1D | FRE T 51T 5 Ku B 8 B8 0 Bk 2
BEEFPEIC DUV CREL SRR A AT o To O THE T 2,

2. FREIREEFICRT 5 RENEEE B A EH

¥ 1 1% EAR T 2003 =755 2006 A2 HE S 7z Ku S 2RO EV F# (14GHz)
(BT 2 B R ERO A A bEZ R LTS, M1 LY, 47, 10 A, 11 HicB
B BEERERESRIIM O A LR TEL 2o TRV, 2, 5~8 AlZBWTHEL 2o T
LI EDMERTE D, ZNHDOHITENENA Y FX T ORY (10 H~4 H) Ll (5
A~9H) IZYTCUIELRERER->TVND,

X 2 1% 2004 4F 1 A2~ 5 2006 4 8 H W CO(@EAR, (BRISH To LY [EIFRICEH T
DI BN BRI R RO B EZ AR~ LD THD, £79. EAR Tix 10dB
ZHBZ DWEEITI T, 22 BE~2 BEORIXIFIE 0.01%, FIZ 2 BE~10 FF ORI 0.01% 21
72720 OIZx LT 12 RE~18 D TIL 0.1% % EEID & W) REBREBEB AR TEND, 2
D &5 Al B EAEIMMOBEMHEICB O TCHREET, 20 Z &5 EAR Tl 12 B~
18 WREDIFHHFIZ I WV TRV ERIME OFAEF SR @E N LWV ) R R TE 59, F/o,
RISH T® 10dB # 2 2 HEEICB W Tk, EAR FEOHEAZ#NT/RL . LZHOEL /NS
WS, H RO BERRR AR L TE Y 0 Hi~12 BRI T TIEK ML EAR % k
[0 % BFER R R OEZ R LTV 5,



3. V=& BRI K 2BENBREEEDOKE

2002 -9 HIZ EAR BIIIFTICRE Sz X R L — & —Ii%, b— & — &4 (4% 60km)
DRERGAHTRD Z ENARETH D, R —F—DF /e FEFHEICITE K 9.4GHz, 7]
BE 40kW., 7o 7 FTEE 1.2m ThHd, L —F —iL CAPPI(Constant Altitude Plan
Position Indicator) & FEIEIL D ER TR TT —F ZNELTWDH, X312200545 A 1 H
WX HRR L —F —IC KV IE SN BKENMOEEWRTRX TH 5, X 313K 8 1 fElc
o5 CAPPI & X v # 2 B ARSI 5 EAR 5 0 H P J5 1) 0 i FE W i [X] %
ROIAERTH D, FEOMAITH 40°TH L3, TILL VKW 15~30°H 72 OIIHIZE
Wb, FRERIK T NS JRTE Lo kPR BIC L 0 L — & — o a— RN FET 5 =
EWIND,

4 4 1% 2005 4 1 H~2006 F 8 Az HHREMMA D 40°128 1T D250 LICFEET D
Ar—F—xa—nb Ku # LY ERROERBERZHEE T 5 2 LI X0 EH L7 RFERH
RO & FEBRITHE 21T o 72 [F CERINA 40°0 kv [FIHR(14GHz) F fRs FZHIEIC XL 5
BRI R BN L AR L2 b D TH D, 10dB LU DRI TN BV —E AR
SNTW5,

4 5 1% 2005 4F 1 H~2006 4 8 H D L — & —{l7E 2 F T 15°~40° DO Hi[H D #7232 51
IZBT 2BENBEOHETE 21TV, 26 OFE P REHESME R LI bDOTh D, &
BT D L —F—IZ L HHEEEIL, WT B ERRE 0.01%LL NI/ 5 LMo
FENEL 72D ZHIEREREREL G| S 3RO EKIZER 3 TRT X9 I8 km
DOFEFAIJRHE L CTHAET D T2 O FRERHR R ORI I e 5 L2 b, —FH. W
73 40°7 5 30°FE TR 2 IZIE U R FER I3 e & 13N 28 m 23 & 0 [
BEMIB R R IFHE K2R 25, MA2Y 30°LL R TIEH X Z oM A 53, 15°~30°
DI T 72 < & BIFFIER 0.06% £ TIFIER U B BHERRENE LN TWDS Z & 245
BB

X 6 1L 5 % FEIC/ERK L 7= % RAER RIS B 1T 2 504 S HEE Lz iis & & ORIk Z R
LibDOTHhsD, ZZCHNEREEZ h [km], HERBEEZ h g[km], #HEMMAZ 6 [degl
LT 5L MEKE Lad(DXNTran s,

Lslkm] =(hr —hg)/sinb (1

X 6 OIEFHIEILINA 30°121F MR OHEEMAZEAEL L, (DXL ELN DK ERK
MAICB T AMEEEONLER L0 TH D, K6 L {IMmH 400025 30°F TIK
< 72 B BEIZR U BAER R RICR 3 2 I I3 21812 & 523, 28 30°LL FClE o
OBEMIZY T E B2V, #E, (DALY WK E L3 MaME< 25 LBEREOR S
WHE L, X 6 OHFHEART &RV IRMGIEEREGERENEL D d, TONKERIC
LOWRELVWHIDIFHKRTHEEBEZOND, LML, £ v Ry 7l & Lo /RiEE T
FEICHERE K EA T L LT Y, SROGEHE CREBFEICIRO R ZBE S 3720, K4 T



XNIGE R BRI O RERBEE AR E T 6 OBFREOBEMICLT LS TULE LA
WIGENRH LD TIF RV EBZHND,

B 7 13T D L—F —IZ K D PEREGEHEEE & IR & DSR4 ITU &)
B Lo THE SN D HENIFRED 72 0 OWERETH DA Z AT, 2km 75 10km
FTCORS T HRBERMGFETHIOOLE LTHAELEER LA LD TH D, KR
SREE T AR R F-OMFE 7 v — 77 EAR BUHIFT IOt AW EF 2R E L TRV, 207 —%
ZRHLTHETWD, ZOWENG, BERTREND EOREORENEAET D20 OHE L
1T2oZ2LMTES, £, MBEREOHEZITH)> Z LB TE D,

B 7 &0 BERRSERE DY 30mm/h LU T O 55 R IR T 15°~30° TIX Il & 1% 8~10km,
144 35°~40° Tl 5~T7km (ZHES L TV 5, L2>L 80mm/h % i#8 % % MR 380 C Rtk
IR IXA 15°~30°Tld 4~5km, I 35°~40°TlE 2~3km (2 L T\ 5, SR
IR W CTEMAIZEBT 5 REGEKESBD L TWD Z EIXRATNRERORED - & 8
v, ZOLGEREBERA ORI OZEIC L 2 b02 e Bbh s,

4. £t

W RN AR IR O EAR I8 5 AJAZ boMim e LTid 4 A, 10 A, 11 AigE<
B Z DR TE -, £7-. EAR & RISH OFEfils= R RO A JHZ L2 i+ 5
&, EAR TIE 12~18 DRI RIKICE < 720 . LW HJEZ B 23R T & 7=, RISH
TIEHTIIT 12~18 BEOREIHIC 2/ E L 7o o> TIEWA R, EAR @ X 5 7e4alk/e B A%
IR T D Z LI TERD -T2,

T, b= BN X DBEREER TSRV T, EmEEIA I ERTaEBENSEL
5o ORERBEEIIRE < 258, FRESOMFEREKEICS LTI Z oA LT LH Y
TIEELRWZ LS EEE CTE T2, 5% 2 OFRRIERIIAICIS T 2 FRE OB iR

WTEDICFELLS T 20 ER B D,

BE R

(1) fEHE, “BRmE" 4 —2o4k 430p., 1977.

(2) A1, 7 A ETREIRA RS Ku HHEERRO R G M I1T D ERARHRRE”, Ak 19
FEEREFRHREETSY =T R, B-1-24, BEUKY:, 2007.

(3) H-Epfth, 7R g B 1S (BRI 331 DR K /3 A1 I E & R RS HEE 12D\ T, SRR 19
RG2S RE GG R4, 85-2, M7 K5, 2007.



10
= ! 1 l 1 l | l m1dB
s T/RNN AR N R \ | |52d8
3 SEENEELE S| |B5dB
s I HAMNERHEF = | |[©10dB
£ 1| 1 || |m15dB
'—
0.01
12 3 4 5 6 7 8 9 10 11 12
Month
B 1. BN R AR =R 0 H 21k
(a)EAR (b)RISH
10 10
M
1 w N .\/J——l———'/-\'\.\‘\.
= -8 | =
5 | g
Sk sl |, ‘\r"‘\.__//‘/\\\
° —=10d8 |
% \.——/ 158 | \/\\/J\\/\,
RTINS X\x/‘/x =01 b
0.001 \/\’ : 0.001 :
0 6 12 18 24 0 6 12 18

20:40:00-20:46:54 on 1

10

2. PRI AR R O HEZA

May 2005

Direclion= 90.0 deg, Through ( 0.0, 0.0}
L

30°

Height (km)
w
1

o+

(dBE}

0 10

20

Distance from rader (W <-—> E) (km}

¥ 3.200545H1H®D

b 4 = — P R LT

——1dB
—=—2dB
—4—5dB
—>—10dB
—*—15d8




10
——HEEE
— 1
= —o—FAIfE
()
a0
S
S o1 ¢
@
o
o
£
" ooo1 b
0.001
0 5 10 15 20
Rain Attenuation [dB]
4. L— X —@HNC X D HEEE & ERIE O Lk
50
©} —a— 1%
40 - - ——01%
‘% O —A—001%
530 f ' o B
®
>
-
8
220 |
£
[
o
10 |
0

10 15 20 25 30 35 40 45
Elevation Angle [deg]

6. MWD A & HEE FERTBER & & ORILR

0.1

Time Percentage [%]

0.01

0.001

10 15 20
Rain Attenuation [dB]

25

30

35

5. L — & —BIHNT & 2 M 5l s 2

35 T =
N 10ksh 9km Bkm 7Tkm 6km ./5km
—a=— 15 A . 4kn
30 | —e—20° S S
—a—25° Jans 7/ . 4 .
—e—30° Val P . -
m 25  —=—35° Y o 4 3km
S —a—140° e R s 7
c 40° ’ -
S 20 | 0 ' =
S Re = 2K
c Z R el m
£15 - < o >
Z S _-
< = -
& 10 | % o T
5 - b7 _.—‘:/”
). e
0 ==
0 20 40 60 80 100
Rainfall Rate [mm/h]
(7. L— BT X DA RIS RAE & ST R IOE IR R OHEE



FBARL—F— RS L 2007.12.21

EARY A F’T%#&EL’\O)WINDSﬂFH
AT RETE

BH SF-EEDS F-HABEARED
HHEET RS

I 0 N§vieTEE

FEARL—F—L U RIY L 2007.12.21

WINDSDHEE

-HRICKIEBEERYNT—Y
1.2Gbps/E — L (GEB & )
155Mbps/E — L (B4 #E)

- E BRI~ EDERE

RBIRHE - B AR
KaHTILFE—LTVTF
&TFLATUTT

- B TWATMA BT

BEERAVI—RUMIE
)

EHOBREER | TNTFAT7 D ERE~D
DR R|Y—ER Ef R
4 {

b ERIPRYNT—HEBERBERVNT—HD
—LLABEEICEZHERTERRT S

=
ERry - BERER
DR

FEARL—F—LUROD L 2007.12.21
WINDSH 2 D E X4
BENLR7S2—1L 20075 (31E) : (H-IA20241= &%)
BHENR 2410, BO-E—AUALE, SHREH
BERE FULBUERZ143E (F=(F. RiE1445%)
REBR 5,200 W
HEEER 4850 kg (FTEE), 2400 kg (BRER)
R TYE: 27.5-28.6 GHz
GBIEERES) FYE: 17.7-18.8 GHz
%7%(f#a5TE N (EIRP) MBA: >67.3 dBW, APAA. >54.6 dBW
WEZEMERER(GT) MBA: > 163 dB/K, APAA: > 7.1dBK
LUREER: 1.5 Mbps; 126 F+#JL, or
e 15,6, 24, 51 Mbps; 9 Fv#JL, or
BERBREF 155 Mbps (51 Mbps X 3); 3 Fv L
TYEL: 155 Mbps; 3 Fv L
FBEERBE—N B HEE: 1.1 GHz
(RUR-R AT E—F) 1.244 Gbps QPSK{GE(H 5

B 00 jNieTEE

FBARL—F— RS L 2007.12.21

WINDS#T5 EIF

s BEERAVI—FVNEE

s EF20F2AISHEFEFHEVZ—D5
T EFFE (HIIA 145#%)
BAAIET ]

R 0 NvieTEE

FEARL—F—2 U RIYL 2007.12.21

WINDSD 7T Fh/\L—

APAA beam scanning area
OO: Fixed beams by MBA
O O: Scanning beams by APAA

+EEE—L(MBA) TEARU7ZS7EEOEERTEN N —F 5,
S RFPU =V ARYME—L(APAA) T BEAIREEO2EEHN/I—F 5,
f=12L. APAAIZMBAIZH~_#10dBHEAELY,

NIC

FEARL—F—LUROD L 2007.12.21
WINDSD Sy a &R

Fixed MBA (S.E. Asia) _Fixed MBA (Japan)

BEZBRE—F
WEEWI MG
(ABS)ZHLVTRX
155Mbps D {54 i E
T.ATMELIEEE
FIALI-BER—X
INURSH P BETS,
*HUBBZ AL VL
VSATRIAY S 11,

E AT based [ s RUMTE—FR
Jasebant

] Switching || Y€ |FX4‘V?"€—RE!L\%:7

= i 7] WFRRYFE—LY)

== I BeRRETS,

]_T -8E—L., 2msFiFE
TYE,
--------------- ==| SIEEELY = CCh§EBR 1 1GHZ

- SS- TDMA?:T_t

NICT =




FBARL—F— RS L 2007.12.21

WINDSY AT LDEKEEREBRE—F

FBARL—F— RS L 2007.12.21

WINDS DR 5 DB LAZEEE

WINDSEARZ#E—F
v#&155Mbps X 3ch® R JL—Fuk
VATMARER—RELT=2msEILA—R BRI
v+ EYERTDMA, TYBERTDMA K

WINDSARY R/ SA TE—F

>622 Mbps QPSK-2i#TDMAA =X
V622 MbpsQPSK2iE#{# FILER X1.2GbpsDIRiE,
VEBEEAVSA—REFSL- 585 (HBKE).

>1.244 Gbps QPSK-TDMAA =X (ZJL73F)
v1.2GbpsI® iETE S mED/AE R (HEB) .
v622 Mbps&1.244 GbpsDIE%E—KR (HERKD) .

R2EEH | | zEm] [ winDs w2 | ey
QA“»/ F ) JE—RTIE.
215W /{V ~1.2 (;b S g;&a’{”:k
Xﬁt@l:f)% AVbIMTE—F 7(%«5:&?)5 %E&Iﬁ]ﬁfg)
s = o
zow (i) ]
4 155 Mbp: 1
toamy T o ﬁi;:;:é%;
E—RTI.
100w Q» e §— aQ HUBB L
VSAT 5 < BB
(ram) | ‘ {12m) IT: J:%\%Sﬁ%
ow O, REAEE
| USAT | . USAT S ‘%1%%'_ 5
4045 ~-(045m)--" BIFE1T Do

$%) - Uplinkd 155Mbps(£51Mbps x 3iE TR Eh 5,
TUTFORE FHEDOTUTHHMBADERBDE, BIET T FIZAPAA
EAWSIEEIXVSAT7 T AR EHBMEICKEL T IRELNH D,

NICT =

FBARL—F—RI DA 2007.12.21

WINDS#:3R 5 DFEHE
Large station Super-high-data High-data-rate USAT
(HUB station) rate VSAT VSAT
(SDR-VSAT) (HDR-VSAT)
Frequency U/L 28.05 GHz +/- 0.55 GHz
band D/L 18.25 GHz +/- 0.55 GHz
Polarization Circularly polarized wave
Transponder Bent-pipe Bent-pipe Regenerative SW | Regenerative SW
mode with ABS with ABS

Maximum U/L 1.2 Gbps U/L 622 Mbps U/L 155 Mbps | U/L 1.5-6 Mbps

data rate D/L 1.2 Gbps D/L 622 Mbps D/L 155 Mbps D/L 155 Mbps
Antenna 5m 24m 1.2m 0.45-0.66 m
diameter
Transmission 200 W 200 W 100 W 5-10W
power
EIRP >78 dBW >76.0 dBW > 66.9 dBW >41.5 dBW
GIT > 28.5 dB/K >24.5 dB/K >19.0 dB/K >11.5 dB/K
Modulation QPSK QPSK QPSK QPSK

NICT =

FEARL—F—URI DA 2007.12.21

WINDSH FA D 78 s

- WIRKFBASME=0. SHORMIEREN
TiELY,

s ED-HZ[/BANDFAD-OIZ(FTH E
BIERYNT—IDBELLES
—NEVERBETLRRELGT —4ZEEFIRER

HERELI S EL =T R aL/ER LY T VD
o7 ORR (MBERAMNEE)
- A== A DHIKBDRE

NICT =

R @ NIiCT =

FBARL—F—RI DA 2007.12.21

WINDSF APz HRR Yy Pa—)
- WINDSEEZ2R&ERR
—  NICTHEHSDATMA—Z/N\U R B ITHEHET LA TR,
- JAXAELSOBERARRUZOMOIY a v BBRLERET VAR S,
+  WINDSHWEHTSLIFFE
- 2007EEX.
+  WINDSERR7¥1—IL
- WETLLTER. FvIT7 IRUERRRICEEMETE,
-  WINDSFIFARER(F, EAREREICBIESNDEE,
+  WINDSH FHRER A2/ \—H K
—  2006FEHICHRBETHEEEBERBRICEYWINDSFIFAEBROFENT
HhdFE,
- FARBAUA—IF. TNThORBEMNICEDLEEKBEEESERH
TEIRLENDHD, WEITRETHATES,
«  WINDSERMhIKE DE R
—  NICTTI&, 622M/1.2GbpstthkBHEfE . VSATRHIRIERE.
—  JAXATIE, WINDS;ZR s - £ B RUBEME—FAVSAT-USAT

EWRLTLS,
NICT =

FBARL—F—RI DA 2007.12.21

2

ER~D

- HEMEZRDAEL
- JRFHRBER L, SIXES) - KFERE---
. NICT&L,’C(J)%U“JM)EHEER
RKEEERETHIEDA YL
o YTIWAALTRZIEEBZTNDLDEEARANELE?
o Jr—F¥ILITRIE?
- BIEBERB~DFS?
o Bonf=2via MM DB GRETFMSE, TN L
wEﬁti*E)€E5%ié7h\°
« EDHBELT=S
— LERRESATAIEREFERLRBEEA~NRERE
— BREMERICCHABELLET,

NICT ==




KRRV —F —BR O JFE & A
e GRESK A R E )

12EDEZY

KRRV —F —DOBENBRBOONTHE, K3 0FILRD, ZTOL—F—F, H
W, RER. MBS —4%—L LT, MSTL—¥ =437 bhi,
FEROBENREHTHDHE LT, KBREIAIX, VAV N TuryrA45—
EHIEES, FENT, PERRFRETH o T2JARAEMS THEBORE ., BB,
BESERETHETELZDL—F—ITIE5 LV,

TDOV—F—FHE, v—F— - 2a—D RNy FT—AXT MLE/DLZ LN
EARTHD, TwehrolEHiffiI. 196 0FER. BEEE YIS X~BHID-®IC
BRI/ T S V—F—HifilZ, ZOENTEMEYZ A~EiF Tk, FiE
RRD S THIK L HBHEMRIOMBIKRE TRAITE 5 L5020, MST b—
X —ERnEENnT,

MSTUV—¥— - 2a—0RRIZ. KRREGPIEZTEEETROELETH
B, Ta— AT MUE, EEROBRED Ny 77 —HEOMIZ, KKELIED
EHREFALTVBIERTE, LrLenb, U4 N ua7rA 7 —OREHRN
RTEIE, TOARRT MO Ry T T—BMNNPLERORERD D Z &8,
PR, IZEAEME—DREE T, TNTIEIZERY, ZTIRIETBL N5,
ZIZT, ZOLV—F—BRIEROBRBIIMA T, BRIFEEEZFELIBGKRT N
ERER LTS, RAOHBBY ZOBORAIINHTELE S,

2 MSTL—X—EHIFEDOEL

EASAHDL S V—F—BHF, BHEOT S TICH 5 EEDE Y MER
boxza—pPlhEktERBRIhl, ZZEMSTV—F—DRERERVPIHBED
(Woodman and Guillen, 1974) . T a—RNKRKRELMEELCERTS Z
L. FOTa—DFO Ry T T —HEREROREZRT I LN, D
Sl AL & B ITEIN TS T & HHB L,

BT 3 SOFEICESNTND, 1203, BLRSRA L HIZBEH L TP 2 &,



CHITERICITEAFEHOE L o TV, BRI, XRE. REE
TEHETHEH, V—F—BHIICL2RE AN —VBHICE D HDOBR—FKTHD T,
ZOERTIE L —F =2 L 2 BOBEANIHEINIZIE LU, 7253, BELE S ATRR.
RZEBEDOE L X ThoxE. REBIZE <, HHETIX, ETEER
LENBEARTHEDOT, L THHEUIXEATIIARY, BEFOENIHERRES
CESOEEYZITS (BET0kmE) b, TREEST, L—F—8l
HFERNRE —BT 2 LIHEICS 22V, Zo—&28, #Higk, ELWES
o T=DIFEFIED Z & 72 (Kato, 2006, 2007),

2 0B, RREFIZEIELND D, ZHICEAL T, RKENFE O ER
REHEN7E (Matuno, 1982), ZHicky, #ER2E, FHEE
AREET, FITH, BB FET IRUBHA LN RoT, D, BEEE
ELTH I BAES . REWICHEREBRR TH AR L WIS EIEE Z 35,
CHXIEELSEBE I TV, BE<HEDITHEKS b DE, Bl L7,
BT, BEATIR > TV B KA simulation T, EER., &8 LA HIEIEH
KEL, REEIZRY, L, GfL R, IOITHEICLVERTS. 2
DOEBBEFELLBERTERVWESLD,

3 0RIE. V—F—IZ X DB T, EROMB D035 D, ORI, R,
EE A EFERSNL TR,

UTIZ, ThbFREOEmE L,

2.1 EF (EEL) B —2—EBRERHASIEE1?

AFEE 2 A AT o X MBERBEN. 195 0FK, BBWIIHESH
(Villars and Weisskopf, 1954) . FAH 2SI LTz, —RRICE R BELWT ERE
i3, BELESE VBRETR RRDOZEHAES E (BRSO JI13BHAEK
2 LT, BRTED) O7—VEEDALT MABRESHATRED, BT,
BFEE T, BEOLERICHT 5 RRIESETD 7 — U 7 ML (k)
DAY bV C (k) ZHBIT5H, ZOERINL-> T, B GEESR) kb
RRI OO X 2B 5121T. EIRCEER) & RRIEL EFN L S BN L0 %
MBLERDD, YENLRKRITET, TOHBIBY R o7z, B, FAITZ D
B ZLUTICRT LI, HREFTETEZ (Kato, 2006),

itk ELi R (Batchelor, 195 3) Ti.E /172 EA4 12 ZE L 72\ Navier-Stokes



I ER HFBRRE AV, S HICEBELD=DIZ
div V=0 (1)

%R EJ 5 (V=turbulence velocity), &LFE% . BHPIZIEY HT =R —2534}
NoE 2 b, BEAIIC, MEE2ELTHEET2EFHERBRLE LT, E85
OFFEFHEO BN EEREBEZBET S, b1 (1) XY, HhFEGLBEANF
SEUVEEL, EHFRALZTNG, SRV — ) A7 brrEL D
ERHK, L., ELfThbhT&z X512 (Villars and Weisskopf, 195
4). adiabatic relation Z A\ T, RRI BENZHT 0D KRB ELE %, EHl
HRAZEY, ENEBLEDDIT D, Zhid, 62, () FELTY
o TOXIBRFBELIEHRVERET, RREELHZEHG LB IEMNEL
VY,

FDT=HITIE, BKEFEIZH DHERRKIEZBETNITI WV, €2 TE, &
EL I, REEEIXZ FEHR) BYLTnans, RRELRD ETES T,

P EES Z‘EiﬁLéh Ehd 5, YR RRI o XN EZ 5, ZHWBEKRTHY,

EREAICHOEMTE S, DEVFHKEREEZEE TS L. ERoAuk, (1) %
ZE L CIEmic

0p/0t=-Vz (do, /dz) (2)

LB, ZZToIidEE., o, IXEDIEE) Tz (BELEE) ORIKFT 5,
IHDBEBIC, BEESIELMEBEEREEICLHTLZ B35, o T,
BLIREEREEV z Db DT HBELHAY MUk, ELIRBEEED AR K
WERBLZ2BZ 808, REOT7—Y 2 BBhb, EIZH05, #FLLIX
Kato(2007) Z2 L TR LYV, ZIZTHEETAIZ LIE. 3KITHMV TIEIRL,
BEEKT Vz DAXT MVEBEZDODART NABRKRFITHZ ETHD,
Batchelor G2 - = EHFHELIR R HI1X %, v, z ITEREE) ., Vz2 = Vx* =Vy’

Hjmv%j%>ﬂFanbw®¢AThbﬂé’k:ﬁéﬁ(Tﬁm¥
WERT) . FEEFEEF R BIE. Vx, v A7 PTG B RV, £7-. R
PERDOBANT (2) ITESLI L, V—F—8lHlb, FaffThoivizr s v M
kX AETFHBRELHBN (Lehmacher et al., 2007) 7. EFHED Vz DAY
RV UGB 720,

(1) DIREIZ. FEIEER (772 MNEEELUTO) BWEEHFINE,
2 D3R D BLIRDIE Th D E I O ERL 513 divergence—free TH A6, (1)
DIREBIXIOKEA 5,



ST RRI IIEBEOMICBEGRRT S, ZOMEIX (2) K9, ZHULTRE
RROXHEE, REBEORN TH D, FHETIIHIELIIETFBENERICIRD
DT, BEITEY, B, FFTAA L EZV02 o THUTEA A VEEIIVIZEL
2%, EREBREZEIETIERKIIAF L TRIBFTHEINDL, A FVRE
TZ25 2o T BERRITNIERSZRV, 70 kmOFBETHE, EFIEH#
RGBT » TIIA A [FRFELIRICR - TEIK 25, BEBICEAFAICITENT 72
W ERBEINL X MOENTVWAN, EFEEOEEARDOFENREDET
R AR B BRI T ENRES o, TOEEMICHEET D DB
DA ARNEE S RICOBELZIEY . TOEHO/T, BEFEER, HTE
<, Bt &EbITES Z it b, FLWZ &iT Kato (2006, 2007) (ZiR~XT
Hb, T2, TORMPTIHEREEG P BEOBH CIIZOEETHEHATERNWEA
Do

2«2 FIIFTEEICELZ D ?
PR, EAEEAMEZRKET 2P OEETRNLFT— « AT ML ik, « ZELIR
DT =Y A BT—L LT,

ok (EMEFER) (3)

oc g7 CRE M BRI (3’ )
LEZ BRI TWS (Batchelor, 1953), FFHHIEHK THIIEX C (k) bEH
B7Enb, k=2]k|& LT,

dcdnk?® C (k) ‘(3 9

LinL., EHZERLCESEILRS R U CERNICE 28] LEY 5 50
Zﬁ ﬁ:ﬁ%c: fcﬁ 60

LR DS D BRI ST Navier-Stokes 522 (Kato,2007) % FAVTHRE
7, BHISENE, EF@ERETIE, EAHREIIBEINT. FREE

{(V- V) VI 23, EpERE u ICHBIT 280" V2 V) X530
5, EREENEHIT (1) o, = XAXF—FEECEE LRV, ZhB3EGE
ELIE D stochastically universal— equilibrium T3 5% (Batchelor, 1953),

HFMPEORE SOAF—F—iF3~| k|- | V]* THY., KHEEIZ

~uk? [ VITH D, ZOREAT (VEFEFTHRGIE) FHHEH b, 20
AHEHg KOVTPHRETNT, FHFEROEEITDHY 5 5, 1ZH. g
CDAKYREL 2T, FHEMITEZ 59, BEHFMICENELRSE Z



51259, BEMRRERILY,
B z=100km%E&E2 X9, p=40m?sec 2 , k =27/100 (m),
V=10 m sec ' ZXL T,

pk?|Vl=1m sec? <<g (4)

ST EMEEE ERMEROREROE Y BRI IS T D k4
IXEFEELRRTIE kg= (e/ 1)) * LEXDBNEDD, HFEETO
B/NELTRIRIZ 72V LT,

uV V] =u(e)? [V ]z 202 |V g (5)
ZZT. U ¢l¥Balsley and Gage (1980)® Fig. 8 &Mz L=, Vik
BEEL LY exponential IZHBIRTAH, 100kmTiX10 n/s, #H ETcm/s
BELLE, (4), (B) b, EPORETHLENIMENZEET 200, il
PIXFE AT <, BEFRICEWELRIRIC 2 51337,

3 ELWRBRI M 2 B 2 B D>

WANARBEEDRIRV—F —IZ L 58H (Hardy et al., 1966: Balsley and
Gage, 1980), E-fkifousy NI ERIF V7 IT7 - Fue—7 58590 —
100 kmDOEE LD ETFEELEDOSBIHI( Lehnacher et al., 2007) X\
Thb, BEEBHAT bAD (3), (3 ) LFELRNWIEZFEALIE,
EBRZhE, Vz DARZ b DFERIZBEN TV D, KEEEIZOWTOFEHR
(EEEIoY (AN
A7 MVIZBECHBEERO 7 — ) 2 EBR.TH 03D, BHINAD AT FAn
(3) BARTEIC, kDOFAICKLRWT LIIHBEEHSFMIC L bR2NnE
L. DFE D, BT homogeneous IZHM L TWAZ LIZZ D200 HINLE
€I,

L—F—E—AOXREAZRENDOEXRBDL, ALEENOHELNDTI—
BREED & DB LT 50>, DF Y aspect sensitivity Z BT 2 3% (Hocking et
al.,1990) X EARBEEZ LD, THIEIV 2z DRI MR, kX7 MLV
DIRTE. 2F V| BLIRRO S O—RRIEIZ OV TOBBRELNDTEA ),

4 FhsimEaAs b
Ll Eo#zas A b i



1. ERITbNTERERR LV —F =X ROHHANZ., i EFL OB E
T, ELWEAS, L, B o»sZ ik, RRI#EDL IHE LI
HEIZELWIEETTHS, BHEZRWT, PFRIBE CTOERZOEET TH.
ZHITIEL WY,

PRIFZELEVNERORL L HIZBENTHZ L1T, EHIRNOICTHETE L2, 3F
T2, THEHICX \STﬁﬁfi\w@ﬁMf:hﬁﬁ%éhko
MRS Tl EEBSBANT BZh L TV 2R,

2. Ta—@ Ry ST —AXRT MUVTELRBEEED /XY — « AT ML EFE
—THY, Vz®fa$ﬁb7§>a/ufb\f£l/‘ - T, PRINSEFROIEEFHHE
IZOWT, [MOF#RS., Z2»ro6EbhiRy, L, monsm GRoFEEE
B2 L) 1220\, {‘IBZMD& [ZIDTEA 9,

3. LHMELRRNE X D AT MVEIS (3) k_%0< kq= (e/p®
ANWT, RKETADD, k DREFHRBFND, T DFRERIE. gﬁ@%ﬁﬁi
BV —F— 2 L 2BHKEL - LT3 (Balsley and Gage, 1980), 7=
vy sy MBI K DEFHBESAOELEDARY |~ (Lehmacher et al.
2006) b (3) (Z—HT D, TNHBRMERITV z DA MU, %'F%jﬁL
MTH, FFEAMTHEDLLRVWHEBHEEZR LTS0S LtV

4 Vboft, RRI #£56 EDOEIZIE. BLIRUAD DR H B H03H LIV,
727, ZOEOELEN, RTEIXNDREMEIL., ST kit bM<, M
EETIEIDRNWEAS,

5 ZOWMNXOEET —vOEENSN, ZZTHEMLEVW ik, RKKES
FERIREH R CTAREZEICRY , B LR RAE TN D ELRIC R T 2 BRI D
THENTHDHZ LT, Th, THIPOEEL TELEHENIEY H L2ELRR
BEFHTH BT 2, BEIERMTIX, L EENICIEE L
B2 BFELRDI1TTT

2 BN

Balsley, B. B. and K. S. Gage, The MST radar techniques: potential for
middle atmosphere studies, Pure and Applied Geophysics (PAGEOPH), 118
452-493, 1980

Batchelor, G. K., The theory of homogeneous turbulence, p p. 46 and 114-132,
Cambridge Monographs on Mechanics and Applied Mathematics, Cambridge



Univ. Press 1953

Hardy. K. R., D. Atlas and K. M. Glober, Multiwavelength back scattering
from the clear atmosphere, J. Geophys. Res. 71, 1537-1552, 1966

Hocking, W. K., S. Fukao, T. Tsuda, M. Yamamoto, T. Sato and

S. Kato, Aspect sensitivity of stratospheric VHF radio wave scatterers
particularly above 15-km altitude, Radio Sci. 25, 613-627, 1990

Kato, S., Middle atmosphere research and radar observation, Proceeding of
the Japan Academy, Ser. B, 81, 306-320, 2006

Kato, S., Thermosphere, pp 224-228, Handbook of the Solar Terrestrial
Environment (Ed. Kamide and Chian) Springer Berlin Heidelberg New
York, 2007

Lehmacher, G. A., C. L. Croskey, J. D. Michell, M. Friedrich, F.-J. Lueben, M.
Rapp, E. Kudeki and D. C. Fritts, Intense turbulence observed above a
mesospheric temperature inversion at equatorial latitude, Geopys. Res. Lett.,
33, 8, 08808, DOI 10. 1029/2005GL.024345, 2006

Matsuno, T., A quasi-onedimensional model of the middle atmosphere
circulation interacting with internal gravity waves, J. Meteorl. Soc. Jps. 60,
215-226, 1982.

Villars, F. and V. F. Weisskopf , The scattering of electromagnetic waves by
turbulent atmospheric fluctuations, Phys. Rev., 94, 232-240, 1954

Woodman, R. F. and A. Guillen, Radar Observation of Winds and
Turbulence of the Stratosphere and Mesosphere, J. Atmos. Sci., 31, 493-505,
1974



IRIE RSP - P& B SR B D72 b DZ7 A% — [ %
RABBUE, e A5 SRMZHR, BREL (AR 3

CPEA 7'm ¥ =7 MNCHREA » R T O3 b XN THIERAT O RlE
EEToOZTa YL EOT A F—BIZ IR L7, BURIRR 2 EICFEMIC
FEATS 2121, xR - T EE B O KRB O mEEE SR S vz, g
TITUITAX =TIV T I X BB TN TE R, EBETo
B EE & B 2T 21001, Bt RXiR 7 A4 X —ORBENEEND,

AR ECTFRIBHUEHDOTA X —L LT, BV TARFT 42 —% N
PRV AV =T A X —%RET D, ZHIIRKRDTFDO LAV —HELE 5D
AT MVIEN KR T 2 Z L 2R LT, [UREAHIET D LV ) HIET
b2, ZOREEZBNTIE, REEFICEENITZT B Y ARENLD I —
BEE T ZREL. LA U —8ELR D OB 2T 2 0ENH D,

ZOZERETD IS OBRED DI, R ORI EFIH LR T
TANZ=DPHEHTHY, TTICIURTANF—LT R TLT 4 )L Z—)3
REINTND, GUET4NAZ—FHNDLFEE LTI, EEL—F—L L
T, NAd:YAG O — @R E 532nm) M TE 2 L W b sy, 3 vk
JRF DI R & Nd:YAG D5 @il O LR IR R MENTHER R D B
Nd:YAG L —H—DRIEHIRALN =D RIFANKETH D & W IHRESRH Y |
FFT RV TLTANZ—TIEEREL—F—L LTARL—F =2 D523,
AR ToH DT DB BNAEE L&D RIS Do 7z,

ZZTlE, ¥EL—%—& LT Ti:Sapphire L —W—% JFFT7 4 LZ—L L
THYV U LEHAWEZIRRE T A X —%2et L=, Ti:Sapphire L —% — 3K E
AIEL—PF—=ThdlcH, AABRKESTHLENWS Z L&, BEEL—F—TH
HLDOTWROHRNPES THLEWVWIFRDB DD, SHITH I TLRFT 4L



=133 URT 4V F —TII RTINS RNAT AV F —Th D5
HWABMZ AN —~NEHTEDLWVWIRrREAT 2, M1 TRIND XL DITHR
FTT7 AN =L BEFWT 4V E— DB EDE D T LI Ko TH R 2 MW
THIEMTELDT, BETORENFIRETH 5,

1.2

(=]
o —_
T
_:—_-‘-‘-'J’l
__"T"-\
'f
y
']

ERET 712 —

=
[=z]
T

EENel T ILa—

=
-
T

Transmission [Unit]

Relative frequency [GHz]

K1 AU TARST 4 E— BT 4V E— DG DY

FxIZUT D2 5O FAXOKERE T A X —%2_ET 5,
D 2742 —F=

X 2122 7 4 VZ—FHFRDOZAE T AT AKX %2 7R,



=
o
2 2
— v
5 3
g1 = |
Uy Uy
frequency frequency
>  KFilter1 » PMT1
BS
5050 [ }—— KFilter2 > PMT2
r 3 =
(=]
2 2
s 15
g ' Yo frequienc
[T
£ ﬂ\ frequency quency
I

UID
frequency

X2 27402 —FRiCHE T DRIRRE T A ¥ — O RS

2 7 4 NZ—HRAICBITDIRERERE L LT, LT 7 4V F—ITB/HRER
TARICEVFBRBRENET D L EFIA LT, ETRERETE 2202007,
RESCEIORRIEH VT LAT A VE—%E LT, ZEEFNO I —H#ELK
DEREL, Kol 2 00 A Y —HEL SOl RM)MNOIRELHEET D, K
WA VRORENT 4 VE—% WD LI —HELEZOBREN I HET
HoH, WEICHND LAV —HEES b KRIFEICT Yy FLTLE S 72H, SNR
PNS SRV PERENRE LR D, —FHTRINT A VIEDRNT 4 V7 —%
NS L SNRIZREL 2508, S —HELLHZICRETE WD, 2Tbbh b
HEREDRKEL 2D,

@ 1741V E—FK

17 4 NVH—HRICBITDZIEVAT LAOWIEX %X 31281, 27 4V H—
FRE ARV 2P EFEIXFETH D, S HITIRERIEZES T D012,
TVRALEANTEZEEESEDLZ LT, 1207 4 VF—COREHEEN

AR Ip o TS,



Intensity

%‘ ‘ -§ frequency
5 - £
= ﬂ\ Bl PMT1
UIU = ‘U‘U
frequency frequency BS
Scattering  ——
KFilter
PMT2 |4 <
= +
frequency
M3 17402 —=J7 BT LKIRRET A F—D%5%

2ODHFATOT7 4 V& —DORGHES 215572012,

AR [

20D T 4 )VH—INT R

(1 cmfF) 763N

— & — L RIRMEBEZDOHEMK Y I 2L —va VEUTORED S & TITolz,
F1 HIFKE
= Okm~5km 5km~20km
e BE 53 fiRE 100m 200m
TR BRE ] 30 7> 60 77
) E VR B RR 05K LA T 10K LA
F2 vial—ialE
F= 27 4 IVH— 17 4 V45—
1cm~10cm
LR 7.5cm

L

337K~373K




2 OB NLOIREITEL L

T 5

LAY —HELICRT 5
100
S —HELO R T EELLEE
L — Y — B DZE
< +10MH z
P

Y LIREE D22 ENE < +0.01K

243K~313K (& £ Okm~5km)

FRE IR
203K~ 273K (i £ 5km~20km)

Vialb—yaUERER 4, K51TRT, 2 74 0Z— TR, &E Skm~
20km T BAZREEE A7 9 2 E N TE M, S Sk mEL FCO B 2 #Emk
LZENTERDoT, ZHUL2 7 42— AT, BMREOR S ETHT 5
HERERAPBD TRELS DD THDL, — T, 1 740F—FXTIE, W
FHOEETHEREZMZTZENTE, 2 74 0Z2—HAL D bREDORVWEER
ERDHZLENTE T,



() (b)

6 25
g § 5 B — 20
E4f =
o L
3 3 ?‘é 15
=22 r =
<l < 10
0 5 1
0.92 0.94 0.96 0.98 1,00 0.8 0.85 0.9 0.95 1 105
Error [K] Error [K]
4 27 4 VEZ—RICBIT 5 RIERE™E
(a: & Okm~5km,<5c¢m,10cm,372K>
(a) ()
6 25
5 L
— =20 f
Eaqr £
£3r <415
2 2
B2 F =
<L, < 10
1 .
0 1 L 5 L
0.20 0.22 0.24 0.26 0.28 0.6 0.65 0.7 0.75 0.8
Error [K] Error [K]

5 17402 —Ricki)2KIENERE

(a' @ Okm~5km,<360K> b: /& 5km~20km,<357K>) <BS=50/50>

PLEDFER NG 17 4 & —J5 Tl & 0Okm~5km & & 5km~20km @
W5 CEERE 2T R REEZ R L, AMEEOFAMERTZENTE T,



7 A F I K D IREIRE A OB
PR BT RIRBLE. SEEEH

EHREA VAT LT YA L5

1. 3ICHIC

TAIVTFREE TOA R T - ab23(100.3° E, 0.2° S) (T, HZH 6 & R if & B2 £ TDIA
WBEIE S — D RIS B RE T A & — AR E LJRIE S D RSB ZAT > T D, ATAX —I3, JRE
35l C D e L7 I S BN K C oD LR R A s & v ] P S T B 0D 4 R LT JE O BLI IR B
AR E R IE B2 SIS H R B A =7 1 LR K 2K KD N EL 3 AR OB — AT > T D,

CITIE K DT A5 —BHINAD | Bl AR S VTR DGR BE O RS 58 T E & A7 L o FT LIRS R |

W NTKRIRR T~ TA L —DBE R WD IR ZRIR G LD 2 JEE1E DIEATRE R A2 DOV TR
ERAE

2. NS —FAX — 2 X BEAI

X 1IN —F A F — O3 g BRI A 71797, 2004 4E 4 A 2D @iz B aa L, ik 2005 45 3 A
~2005 4F 6 AL —H#F—DRF7 /1, 2007 4F 4 H —2007 4F 6 H i ONC 2007 4F 10 A —2007 4F 11 H 1T
oAy ONTT NVEBRNBHHH, SFLL_ G a2kt L T\ b,

L
L A'"I W ulh j

Aptapundul AugSepOciNeealanF sbdarApiayun Jul AugS epOctiNovDeal anFetMarAprdayl un JuldugSepOctovDealarf eb
1 1

1

Observation ot Kototabang

2005 2006 2007
1 NHI—F4 5 —0% B/ &R EOHHT — 2B

INRIR—FAH =2 X0 EDI, & Skm BLEOBLIT — 2506 B 8HLEIZ IV EOF BAKRHL, &
DOIAEME RD T2, K20 ERABE ORI THL Y OERAEMED A FY O & A& R
I, AR &A@ L CEEE 10km 265 16km O#iPH THEEDO R AMENEWVS, FFICHZE (10 A —3A) 2%
DFABENEL AR EE L TEORAEMENE Y, £i2, MR MR E o E B 5-7km {741 TELHI
SNTWEHEEN, AV RRTT O EZIZBWTHREFELZ OISR ETHIENB BN Ee 572, Local
Time Bk CIXBREZEL CTHEE 10km DL EOBREORABEENEN, ¥ THHECEBEIZ 10km L
TOEOFABEENEL 2D, £ E 5-Tkm AT DO T EEITEE Z T IR AETDZEN DI T2,
JEZEDORA R EITKIRN0CITHE THY, KEKPNRIET HEEZ 2 DIND, KRLDVK B OB %Z AT EEIC
T DD O E HE (5B 5~6km) OZE BB FRE/ R IET A X — Bl AT LD EETT -
77



{ototabang (2004/5-2007/3)

——

Altitude (km)

Manth

2 FEFEAMEOTEIRFE (B IR LD &)

3. WR LI ENBEEDORERELV AT A

EEL—FRFL =) —TAF =T T4 X —IZHODH KA Nd:YAG L —%—0D%F &l (K E
532nm) & VY, Bz Sk O EE, o —F A0 N 7 1/ L O SR B O RS 5 E A3 rl RE L 72
DEAERA MR LT, BEIZ, 2005 48 H 75t Pl 5t i <0 i Jeg Bl = 77 0 /L K& B8 LA A LS . R S
B (028 45em) IR YT v RAVEBEIRL TUOD 8, ZHUTEESES KEW 20 BRI oW 5o k&L,
BB TR ENCIRESND, TERDIRIET AL — I LDBRFIZ X IR T, v —T AR ORI E 23 &
<EJBIE =7 7 Vg CIER A EEDMERNZEN 303D, ZOT AT LTI, mx EEBHT 57201
— P — L EEBE AL TRRE L TWAT2D, & 5km (HEOHIEIT TEAR W,

Stratospheric Aerosol

2005/10/13 09£26:02-00:31:03 2005/10/12 21H Kototobang Sonde Temp
]

.»; N 7T ' ' - l ' ’
N\ Depolarization{Ratio })

\\‘

¥

31
—
25k b }/ ] . / -
s
‘s . f/
3 7 £ <
2 20k < 4 :: 20 } 4
~ 2 ;
7 :s 3 'f'j
rg ~ :
15f > ;f Tropopahise st TN
r ;,,«:"" e B
Cirrus clgud o TS
A1Tus clou 3 T~
= ~
‘ m et f | 10 1 L L L ‘
01 10 100 100.0 1000 180 190 200 210 220 2% 240
Seat /Depot, Ratie Tergperoture (X)

3 FERDIRAT AL —IZE D —T AL E =7 7L OB (2005/10/13)
T TAZ =L DB R A RIRHCAT 12704 o T LD ME R R



A AR U2 A(5 R0T ., meE O£ 110mm ¢ O/ N B EimdE sz AV, F v RURR DK/
FEEDO2ch, 7T —FBIHIEEE DT AN AT T4 T EERWTOS, #HE41X 3mrad Thod, Hix
BEO BN/ NENWTZ B THE O D xR H g (RS 5~6km) {573 O 1R AR EE AN B AR &
BIZBLFTREIZ e o7, ALK BB F 27~ 3,

ADBIRGTIZ, Z£D 22 BT 177 AL TIE5—7km DHEGELE 0 E O E S TR AR B 23 5 <
7o TR, FEEIKMBICEIVERSINTWDEEZLNDN, HD 23 KO 077 A/ Tik, #ELlED
1N REER &R S AR FE S B ORI O = FE AT TR Y, ZENTTO K O B A FRBE A E Z > T
ZENRIBEEND, KISDFITIE, BELEL S/ NS WEEIK (6 — 7Tkm) THIRJEHEE B —EDEZ R > TH
0 EWERNOEETBHIE TETCWDILOEEZBND,

2007/12/12 2200 2007/12/12 23.00
[— DePol === Scat. Ratio Water Vg&] [— DePol ====Scat. Ratio Water Vapor l
Water Vapor Mixing Ratio Water Vapor Mixing Ratio
0 1 2 3 4 0 1 2 3 4 5
10 ———————— 10
—
9 M—— 9
——
8 (} 8
7 7
E . \ ? .
= =
g5 g
£ £
<4 < 4
3 3
2 2
1 1
0 0
0 20 40 60 80 100 0 20 40 60 80 100
Depolakizatio Ratio(%)/Scattering Ratio Depolakizatio Ratio(%)/Sc ng Ratio
S = N B =N1= AN = N
4 ARICHRN L/ ELEL KRR A Fe oo [m] eI 71 (2007/12/12)
2007/12/16 0200 2007/12/16 03.00
|=— DePol ===Scat Ratio Water Vg&] |=— DePol ===Scat Ratio Water Vapor
Water Vapor Mixing Ratio Water Vapor Mixing Ratio
0 05 1 15 2 25 3 35 0 05 1 15 2 25 3 35
10 10
|
9 |
L —
8 8 D
7 7
t 6 g6
= =
$s §s
<4 < 4
3 3
2 2
! 1
0 0
0 20 40 60 80 100 0 20 40 60 80 100
Depolakizatio Ratio(%)/Scattering Ratio Depolalizatio Ratio{%)/Scattering Ratio

XI5 fmYCHETE B BGEL I, K ZRKIR A oo [RIREELI 41 (2007/12/16)



4. KESEBEAWKOZEHTE
*7’\7‘/74’5"‘~T“EE?E'JéhE>7J@7§>ﬁ?EBé\tt7"m774’/1/61\ 4L E5DINC NFEAEDBAEEN L
DIZOIVTHFIIIAD T2008 — R THHMN, B4 K6DERIZ —E/D LIRSS EINL ., 2 )E
*%L%Tﬁ—gkﬁ‘%z)o IO EHEEIL, EICEEA—6km ([ZHIL, 2D EBIZERHLIEN LN,
OFREREIL, PEEOREREL L TRBY, 250 B MR Sdu, BRI,

2006/01/25 2000
2006/01/25 2300

[—Scal Ratio Water Vapor ]

['—' Scat Ratio Water Vapor ]
Water Vapor Mixing Ratio
0 05 1 15 2 25 Water Vapor Mixing Ratio
10 0 05 1 15 2 25
10
9
9
8
8
7
| S — 7 b—
-~ 6
-
€5 e
£ 85
< 4 2
24
3
3
2
2
1
1
0
0 20 40 60 80 100 0
Scattering Ratio 0 20 40 60 80 100
Scattering Ratio
6 BELEL, KSR A Hao [R5 (2006/1/25)
5. ¥¢®

TRIBEE FOARRY T AN T I—=TFA K — T2 TAE — RHETAL — &R NT, SRk
HMRKDOER P71 VOBIHZIT> TS, A8l @ 5-7km 0 EEDFEZ BN T2
7o N DIRNZAZE R AR L BEOBLNC I LT, £eT7~ 0 I7A44 — B RO 5 KA KR
/\tt7 177 AV D% EREIEIZ OV TIANTZN, T OFRAEME T <R, BAESEILS~Tkm THYfEE
fiftJg & DR AVRIR ST, 5% B0 T —4% EAR, fi 2 BISEOBIRIT — 2 Sl AabE T, Rl
BT NS L S i rd 5 V4 I Rl e

AWPIEIL, SCERRH 2 BT IE R Al B (R5 T ST 72 T 7R KA b Tt 6 ) S ONC 2R AT 7(B)
BT 75:19403008) (2 K0T DAL,

=111}
P



ZIR B T P S 1 DAL RS 1 DB

SRHARF, RIBBA, PR H
BERFHR VAT LT AL

B i E SRR EABIT 272, 2004 4- 8 HICHFL —F 2R EL, THIE Na BO#E
zBIAR LT, 2005 4 6 HIZIZ R "IZ8 0D Ti:Sapphire L — A {EL . F1 R Fe J& D& EBLIII L
" Fe J& %) Fi L7 Hh ] 1R LR 2 BRAA L 7=, 5122006 4F 8 H (2 [HIE K JEOBLANC KL 7=,
ZNBDTAKE =X HEE O F I TOBT —F 2T LI, O — T ADRBEZT, — Bk s
U7 Et el 23 R 8 Cd o 7=, Kototabang (23317 5/ MU —T 1 2 — Ot BLHGE R0 bb | KR O
— I AR AR PMERZ B TEWZEN Dol 2T, Al BURDTA X =2 27 K)\WEReE 1+
IYFARLCODD, o, PRIE SRR T BB EORER Iy — T AL DTAL — 15 B OWMEH
B.2 BRI OWTHELT,

I RIEEOD T ND LE B L OEE O BB T — 20D IA X — LV AT LOKF R HFERD
He . BHIFHE D 30%IZ3TV VI 25% T BRAEZUIC L DR FOHITRON T, 44—V AT A
TG PR E B OPEREZ FAEL TWDZEN RS-, RIT, 7MY A(Na), #(Fe), BT LK),
HIL 7 IN(Ca), HILVT T AT ACa) DKL RIRA A A NN T, BENAEEL, BUROTA
B =V AT LTHRLNDHE RS E D REEEAT o7, FEEEfRRE 1km, BRI 1 KOS T, 44
BIR T A4 DY — B EOREREEIL, Na 1 0.5%, Fe : 1.5%, K : 1.7%, Ca : 2.4%, Ca" : 3.9% T,
BEERBINZIT) LT ETHD, ZORRE T, > —TF ARG LM ERE~DEIZ O
TR EAT T, RBIRT AT BEEDOE — 7 @ I BT DMERED 10% LINE R TED, v —
TALLDTALT —5 5O L RiEboTc, 22T, B fRRE Tkm, FEFERFRH] 1 Reff & L7z, R
(2B DR 30km DT A X — (G5 THIEALLIZTA X —(5 5% Py T D&, B — 28 DR ERE D3
10%&72% Pao i Na : 0.002, Fe : 0.022, K : 0.028, Ca: 0.056, Ca™: 0.152 &7po7-, Na ZflictBL I
KIFED 0.002 (= 1/500) DT AL —{5%5 T Na B — 7 @ BB T HRER LN 10%E705, FHEIR7s
—TANBLEE . Py 1T 0.1 B THHD T, Na, Fe, K, Ca 2OV TTEHIRL — T ADE A THE
— 7 BB HEREE 10% AN COBRIFTRE TH D,



List of Na and Fe layer observations at

33 33
Na Fe
o ., . . 2004 30 ;ggg
Al ly Pl igg: 2006
i t v
= =
= 5
s s § 24
2 4 21
i
18 18
0 30 60 90 120 150 180 210 240 270 300 330 360 0 30 60 90 120 150 180 210 240 270 300 330 360

Day Day

Altitude (km)

Na and Es profiles at Kototabang
2 -3 Aug., 2005 and 28 - 29 Aug., 2005

2.;'006:’0&'02 22:53-05:29 Na Densily Kololabang 2005/06/28 20:00-05:30 Na Density Kototabang
10 0 b

P
108
100E WEs
sE e 1l . -
20F | ;
asfF ’
80F
75 7

S
18 19 20 21 22 23 24 25 26 27 28 29 30 18 19 20 21 22 23 24 25 26 27 28 29 30
Lecal Time (Hour) Lecal Time (Heur)

Al fam)
Aliitude (km)

0 5 10 15 20 o 5 10 15 20
Na Density {x100 cm-3) Na Density {x100 emv3)

Density distributions of Na layer and the peak altitude of Es (h’Es) at Kototabang.

FRE, L —FADFET 437 SN ABLIT, BT — 22 BN B 2555,



120
— —

| — -
100 =g e (a2
a(g=
J —Fe (q=25%)
[ —————
_
29 Aug., 2005
03:55-04:10

at Kototabang

Altitude [km]
IS o
S 3

N
o

1 10 100 1000 10000 100000 1000000
Photon Number

HERIFOTA X —I5 5L, HFBNE q% 25%E LTI EDTAX —I5 5D 2L —Ta it i

120
—Na
100 [ —Fe
28 Aug., 2005
20:05-20:20

oo
o

at Kototabang

Altitude [km]
IS o
S 3

N
o

0 Il Il Il Il Il
1 10 100 1000 10000 100000 1000000

Photon Number

I ARERDTIAL —(E
Fe [ F-/nbOIIGHELE S5 0NFEA EFRFHI T VRV,



Sal—YavIicAWVEERRF-142ETIL

\

Na Fe K Ca | Cat
Peak Altitude [km] 915 1883 ]91.0 ] 90.5 ] 950
Peak Density [cm—3] | 3500 9000 40 | 40 80
RMS Width [km] 3.5 35| 35] 35] 35

Altitude [km]

1 10 100 1000 10000 100000
Density [em ]

120 Average : 36,000shots (60min.)
115 L Range resolution : Tkm
Optical efficiency : 25%
110
105
= —Na
£ 100 -
= —Fe
g 95| —K
— Ca+
85
80
75
70 I I I
0.1% 1.0% 10.0% 100.0% 1000.0%
Density Error
N R SHI
BRJBIRA A A5 EOW ERE L
1000.0%
Average : 36,000shots (60min.)
Range resolution : Tkm
Optical efficiency : 25%
2 100.0% F
2
]
3 —Na
§ —Fe
s 10.0% £ —K
N Ca
8 — Ca+
5
2
< 1.0%
0.1% : : :
0.001 0.01 0.1 1 10

Normalized photon number at 30km

i 30km (B W THERIFOTAF —15 5 THIBLLTe T A7 — (B 5 /308 — B E O JEREE



RERRLV—F—L T F—

(2 & BB X EE PR D FERRK E OB

AR Z « JFEA - AR - 6 Dz GROREFDT) - REE RS GRUREF F R -

FRE (BEHRK AT LTHA ),

1. HROERKVAM
FEERIEENDNEI 72 A o REED BV AR
DT UL, ERRERD BN B e % b
Z DT80, F OBFE A CFH R E DR )
BRI E =X ICIEFICEHETH D, HRETE
ST VY o TRER L —F — DRI X
0, B OXOERES X, KBS s
(FBE15-16 km) * trade inversionlZxXiiad™ 2
FE2kmAiTt% - 0" CIE IR D i EESkmfSHITIZ B2
DI LR, XOEGES IS U IREREE)
IRIFLTCUND [Johnson et al., 1999], FD7-&
KPR (4-10 kmEREE) (2 HRIROE 2 5% D 55
WCERERTDENMMFIEL, 2D T KE D7
WIERIKETH D, Hatd “HH\0 IS
oA — - VPR L—F =R EOBINC LY
KR B 2 FERE K ZEZ A i B CIFET A 2 &
PRI TUWD [Yasunaga et al., 2006], Z @D
£ 9 2 IR R IR B DA\ I A 13— %
To ORGSR & BT 5, Ll khil#
g DIEFFEKREDAERK « HERF A 1 = X L3I
+43 TRV \f_&biﬂéﬁwﬁﬁhf UNRUY, 3Ff5§7k§?‘l
DFEFROBRITIL, BV - 22 FTRET
ﬁ?%®ﬁ%§ggfbé BRIz, WA @@ﬁﬁ
[\ DS % TR 3 D SRIELE O /:EEF-EX RSN T
V. SREDTE O EEMETE Y, AHRE T
AV RRTT « A= b7 BOFRERKEHFT (4
F80. 22, HGRE100. 32/, Aﬁiﬁrqr“865 m) |ZEXE
SIVHE #L—F— b I —T 4 X —I2 L IR
IKENOEME AT BT 5 IR R A s
15,

2. BHT—%
TRIBERZ L —%— (Equatorial Atmosphere

Radar; EAR) 1%, VHF #¢ (47 MHz) OEECiE
Hahd Ky 7T —1L—%—Ths [Fukao et

al., 2003, EAR &, IREER/KZRSKATNER T D
JETEREEL D= a—2ZfE L, ZELema—
DJERWE ST — AT SNV D Ry 7T =27 b
ZEHAG S Z LI K JEEHERES D, EDTD

EREIR A2 EZEDONIN A O TERIFTEE TH D, $hiE
FFANZHRIR] LTz B — A B A5 B LT SRE i M O

PasEhl CrURED) |

LB (MR IE b JE )

WH ST — 22T WL ARY N JUlE (BARD SR
BETH HKIB0FD, B8 kmT/AEAILT0 m, $AE150
mCOREEELZFKT) OT —X Z iz, AT
MUIRIZE— 27 B DO (3 dB) 4 TESR
L7

=T A X —ITERIN D ORI — LA
B35 2 LT X 0 BRI OIS EE A BHT 2 kR
ThbD, SRIOEHEICHWZ I —F 4 X —I3EE
532 nm (AIFYE (k) 2L, 1E&H7Z0 10m],
10[E]/FoDr VAR ZAT T2, ZDI—F A H—
TEBIH RIS U T DD E R E WD D8,
AHETIEHPEEBIIAICER20 e 7 +
kA v s OZEE TR R A T,
SNEL Y ARREIX150 m, FRFEAREREIZ104TH D,

3. BlHRER

1122004 455 J 8 H 1600LT (LT :Local time
THIFHEZ59) 776 2300LT ORI ISIT HE0E
VLR H) (AT R JUIE) O] S EET X 2 7~ g,
=T A X —TIROVEZEBE CX10'LIE) A
SNDHEERONED 57, 5-8. 2 km O#FEH T A
7 VIR OB R.BD,

=T A X —DOZFE BN TUIENITE
RIN DD I —HEELDS, EBIMIKRK =T r YL
MHD LAY —HELDET 5, —RIZERND
—BELE LA U —BELE D K&V, Z OFREHEE H
WTC, =T A X —DOZEHEDMEE N HEHD
mELEROEELX AL, M2i2I—F4
A —TEIIS 7= 2004 4£5 4 8 H 1920LT (2317
DAL & 2 DYEKRH 277, K2 D (a) TRS
NAD XTI —/ELIC LD LB X DD ZIERE
DO (FHE OANSIE~DO/F5ZL) 3ET
LHiEmEEERE Lz, 72, Iz@wfféhé
E T LS LA Y — AL ~DE I
A DX HBIELL T ﬁémg%iﬁkbto
FREOFEE AW, @&ﬂﬁbtﬁIQHB
ICAWER TR, ZOFELEEICHIT TA
A7 R UROEER (0.4ms LA E) BB TH 5,
X4 {2 2004 45 H 8 H 1600LT 7>5 2300LT O
MR 2ETEMRE (8.215 km), ZEDOHE
(7.615 km) . EEATT (6. 415 km) (Z81F HENHE



Wit & AT M URORESRSE 7~ T, FERKEDE
1E L7 1900LT 7>8 2200LT OMIICIEH 4%, &
TERHT (8.215 km) TIXE0.5 ms ! FREDLROK
XA BUIEE 0-0.5 ms™ O FRERAS L L
TWb, ZOHEAMIT (7.615kn) T Ims™ &8
2 DBR ES « TR 10-30 S FREEDRERH] A 4
— VT L ANDD LT R ONG, A
A7 MUIES 1 ms™ OFREGEOKR & 728Gl AR
LTW5, EIEME (6.415 km) TIEEAETR LY
AT N UVIRIFFERIFNS /NS0,

4, F&®

ARETIE, AV FRVT « A< T BOMRKE
KEBFTIZERE SN EAR & 2 —T A X —0DH]
W7 —% 2 T, B ehiilE g D FERE KR E D
PRI, ETAMHT - ZEOFE - BIEAHIICRT
BHENETREE DR AR LTz,

ENTRI SR EMEILZ AT & LT,
INZIT— )V DX VO TG Rh R (BRI
HIIRETHY | ROBEHHIP IS ND) 72
EWEZOND, TNODOERMFHEZITH) L

10

Altitude [km]

16 17 18 19
08 May 08 May 08 May 08 May

E Bz, FHIREHT OFEAEAUZ LV BG0EE:
ERETDHENSHZOBETH D,

BEIHR

(1) Fukao, S., H. Hashiguchi, M. Yamamoto, T.
Tsuda, T. Nakamura, M. K. Yamamoto, T. Sato,
M. Hagino, and Y. Yabugaki, Equatorial
Atmosphere Radar (EAR): System
Description and First Results, Radio Sci,
38, 1053, doi:10.1029/2002RS002767, 2003.

(2) Johnson, R. H.,T. M. Rickenbach, S. A.
Rutledge, P. E. Ciesielski, and W. H.
Schubert,
Tropical Convection, J. Climate, 12,
2397-2418, 1999.

(3) Yasunaga, K., K. Yoneyama, H. Kubota, H.

Trimodal Characteristics of

Okamoto, A. Shimizu, H. Kumagai,

M. Katsumata, N. Sugimoto, and I. Matsui,
Melting Layer Cloud Observed during R/V
Mirai Cruise MRO1-KOb, /. Atmos. Sci., 63,
3020-3032, 2006.

[ms=1]
0.80
0.60
‘\-trnnr'n'..,,l e 0.40
0.20
20 21 22 23
08 May 08 May 08 May 08 May

1 : EAR CTELUHI & 7= 2004 45 5 F 8 H 1600LT 7> 2300LT ORI ERIT 5 A7 hIVIE (i
IE) DR S W, MOEERILII — T A ¥ —OZFME=2. 0X10° &, MV ESRITI—
TA X —DZIEHE=2.0X10° Z, KWHAEREII — T A4 ¥ —OZFHE=1.0X10" %, K\HAFE
BT — T A X —DAF58E=5. 0X10' 2 ZNFIR LTV D,



—~
o
~

Altitude [km]

2.0x104 4.0x104 6.0x104 8.0x104 1.0x10% 1.2x105

—~
o
~

Altitude [km]

2000 2200 2400 2600 2800 3000
Received Power [a.u.]

K2 :(a) S —F 4 F—THHE 7= 2004 45 H 8 H 1920LT (ZF51) D # J7 BELZAS TR IE D=
777 AN, (b)(a)KIZBIT2RKWIKEATHAZEROIEKK, 5.83 km (281} 5 BRI ER
OEEE, 7.93 kn IZB T2 BARIIEEOEEZZN TR LTS, X () IZEBIT DAV EE
BIX A AL~ LB RLTWVWA,

[ms=1]
0.80
0.60
— 0.40
&
~
e
(0]
O
3
3
2
< 0.20

16 17 18 19 20 21 22 23
08 May 08 May 08 May 08 May 08 May 08 May 08 May 08 May

K3 :XK1ERL, ZELI—=F9A4 X —DO%EREDEDL VI CHER TCEOFEHMBEZ LTV
B, HICEAERIT B S ETAEMYT (8.215 km), EOHfE (7.615 km). ZESHT (6.415 km) D
BEZRLTWS,



(o) 8.21500 [km]

72 W I A A L
N I | | | | |
£ 11
2
‘g ;',_
© I
2 -1
c I
>
=20 v e e e e
16 17 18 19 20 21 22 23
08 May 08 May 08 May 08 May 08 May 08 May 08 May 08 May
°) 7.61500 [km]
72 I I M A M M
T
(2}
£
e
£
=
©
O
o
>
PR T W T T N TN TN ST SR T NN SN TN ST SN TN NN SO SO ST U I PRI T B T T N
16 17 18 19 20 21 22 23
08 May 08 May 08 May 08 May 08 May 08 May 08 May 08 May
(c) 6.41500 [km]
2R L
- ‘ . .
2}
£
O
£
=
©
.0
©
=20 e e e e
16 17 18 19 20 21 22 23

08 May 08 May 08 May 08 May 08 May 08 May 08 May 08 May

4 ;43 DHEMRTR LIC@EEICRIT DMEROFRMZL L, (a) ETEFLT (8.215 km) (b)
OhjE (7.6156 km) (c) EEMUT (6.416 km) ZRd, MPOAFEERZ, =7 —/ =3
7V T ORISR T DIERAB O LAV (A7 bVIE) 22 TR,

:i;—‘»
=
Vg



FREREL—F—DUROI L

20074F12820-2180

e ——

WEREN: BEXNECRES

B —EE). BE—FER

NDERORMBRIDEF MEMERISEY, Y5 -52
- WEHESLUKTES ER R SN,
TR (R TR % . 1

EAR, MLTL—4—xwhk HEROLAERISEB,
= (HREL—HF—.MF NPT RLF—LERRH
L—8—) . 5TAIVT LRICM%Ehd.
FroR— BHEUICH 1

EH#R(TIMED, GPSHEi,
TRMM-PR)L, X$iRED
IRLF—ERROHH.
BRARORAEEET .

EWVEEB#HISAHTES
BOKXTHE (FIVEVH,
BARAE—. W% . K

..,1 ¢ hm

EAR, Gadanki MST L—4&—&TRMMBRT—2I- k2R EH D
ARENHONBRFORIEIZETIHE

=AM, S.P. Alexander, G. Dutta (FRARISH)
SEERAKREEX), TRER(BERBAET), BEMRK(MHACCSR)

HB)BEREND.

(1) WBHAFI=&ZEEEHE 1
(2 BBOERETEHRLND : AN ERDL: 5ol
HEHER ; FHSERICBESh TS
(3) BBOBHELEFER
(4) BKEETIVICLDRAE

ROFR
(5) HERWLOHRRA

FERML—F— :1-12km F 2R REMF)L—
HLRA [ﬁﬁ(?’/’dﬁyﬁ-‘):o-so km)] [ #—: 70-100 km ]

OLR: 4% . TRMM-PR: BRS#H
HEwH [Gpsﬁﬁ: JK#ES(0-10km), SR (0-40km) ]

(Top)

Local time-height section of cloud
convection observed with X-band radar
during an intensive campaign for 30 days
from April 10 to May 10 2004.

(Bottom)

Wind velocity variances observed with
EAR (left; horizontal, right; vertical)

12 km
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‘ Seasonal variation of short-period (<2 h) gravity wave activity
over Gadanki, India (13.5'N, 79.2°E)
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Horizontal variances for different height blocks. Vertical bars represent standard
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Horizontal distribution of wave energy (Ep) at 19-26 km analyzed
every three months in 2001-2005 by using CHAMP GPS RO data
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Fig.5

Longitude-latitude
distribution of Ep at
19-26 km by averaging
the Ep results for five
years in 2001-2006
(left).

Deviation of Ep from the
zonal mean is also
averaged for five years
(right).

From top to bottom, the
panels show the
results every three

h I months in June-July-

August, September-
October-November,

. December-January-

| February, and March-
April-May, respectively.

Temporal and Spatial Distributions of Atmospheric Wave Energy in the
Equatorial Stratosphere Revealed by the GPS Radio Occultation
Temperature Data with the CHAMP Satellite in 2001-2006

Using temperature profiles observed with CHAMP GPS RO, we analyzed
temperature variance with vertical scales shorter then 7 km at 19-26 km,
and determined the wave potential energy (Ep) every 3 months from June
2001 to May 2006. Temporal and spatial variations of Ep are compared
with cloud parameters, i.e., OLR and convective rain rate with TRMM-PR.

The Ep distribution in the western Pacific shows a clear seasonal variation
with large enhancement in Dec/Jan/Feb and Mar/Apr/May. It also becomes
also considerably large in Sep/Oct/Nov. Ep becomes the minimum in
Jun/Jul/Aug near the equator in the western Pacific, but, large Ep
appeared in north India, Bengal gulf and Indochina peninsula.

Large Ep appeared over the convective cloud regions, where the TRMM-PR
results show a better correlation. Spatial distribution and seasonal
variations of Ep are in general closely related to the cloud convection.

In addition to the wave generation (convection), wave propagation
characteristics, such as wave-mean flow interaction with both Walker
circulation in the upper troposphere and the stratospheric QBO, must be
considered in describing the clomatological behavior of Ep in the tropical
stratosphere.
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transmission T = (1-R)/(1+R) = 0. 0811
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