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1. Objective and outline

The goal of this project is to understand the behavior and mechanisms of convection-origin atmospheric
waves as well as the hierarchical structure of equatorial convective activities and couplings between them,
through comprehensive observations of equatorial convection at Koto Tabang, west Sumatra, Indonesia. To
achieve this goal, studies are divided into four categories; (1) Evolution and structure of each convective
cloud, (2) Hierarchical structure and coupling among meso-scale, synoptic scale and super cloud cluster
activities, (3) rainfall properties in Maritime Continent (MC) and its relation to global scale phenomena such
as MJO and ENSO, and finally (4) Gravity wave and other coupling mechanisms from convective activities to
upper atmospheres.

To provide necessary information to the project, a set of comprehensive observation systems have been
developed at Koto Tabang, west Sumatra.

This system consists of the following instruments; (1) Equatorial Atmosphere Radar (EAR) (vertical profiles
of wind and precipitation), (2) X-band rain radar (X-radar) (2D structure of rain field, and 3D structure in
part), (3) Microwave radiometer (vertical profile of water vapor), (4) Radio Acoustic Sounding System
(RASS) (vertical profiles of temperature and water vapor in combination with the EAR), (5) 2D Video
Disdrometer (2DVD; raindrop size distribution), (6) Optical Rain Gauge (ORG), (7) Micro-Rain Radar (MRR,
low altitude precipitation profile). Table 1 summarizes major instruments employed for this project.

The first international observation campaigns has been conducted in March-May, 2004, and the second one is



scheduled in November to December 2005 to obtain more information on horizontal and vertical structure of
atmosphere, and coupling between troposphere and upper atmospheric regions. The campaign observation that
combines regional and wide area sounding networks as well as the in-situ and remote sensing system at Koto
Tabang provided a valuable dataset to strengthen the ability to accomplish the goal of this project.

Table 1. Summary of major instruments.

Oheervation item Inatruments
Wind (VD) EAR
Temperature (VD) EAR R ASE]
Water vapor (WD) Radiometer

Rain (7D EAR, Micro rain
radar

Rain (2D] ¥-band rain radar
Rain (ground) Optical rain gage
Raindrop size 2D Video dizdrometer

distribution (ground)

Fresaure field [ground)Micro barograph (30
Rain & Doppler (3D) X band Doppler
radar-]

WO, ED & 30 Vertical, D & 3D distribution
*1 Used only for the special campalgn period.

2. Status of instrument installation and operation

AO03 related instruments listed in Table 1 have been installed by the end of fiscal year 2002, and basically in
operation except the XDR and RASS, which have been used only for the campaign period and intensive
observation periods. Fig.1 shows the installation and operation status of the instruments.

The data acquired at Koto Tabang are first stored on data collection computers in the EAR observatory, and
periodically transferred to RISH and/or Shimane University for archive, level-1 processing, scientific
researches in Japan and Indonesia, and for public-release (for wider data release). To make the data search
more convenient, browse of ORG, RM, X-radar, etc. are available on-line at the RISH and Shimane University
Web site.

In the beginning of April 2004, a tipping bucket rain gage (TP-RG) was installed as a reference tool to
measure ground rainfall. Figure 2 shows the comparison of daily rainfall amounts measured by ORG, MAWS
(@GAW station) and TP-RG in April 2004. Considering that ORG observation stopped for some periods,
rainfalls from these three instruments are in reasonable agreement.

| Ontewebste | FY2002 FY2003 FY2004
36 912 3 6 9 123609

>

Operation stop
Eadi ; P
- . &7 driver change
Mfice b pain radar Befair >
Micrddbarograph — E
‘:‘ - - I I — I
EaH 23F 63F 105F 10=P 102F

K-ba:lnd rain radar

Ittetsive obs. period

2D D
H-band Doppler radar —_—
Tipping bucket B G ———

Fig.1. Summary of instrument installation and operation.
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Fig.2. Comparison of daily rainfall amounts measured by ORG, MAWS and TP-RG installed
at the EAR site, Koto Tabang. (MAWS is installed at GAW station.)

3. International observation campaign

In Koto Tabang, rainfall shows clear seasonal and diurnal variations as shown in Fig.3. During the overall
international observation campaign of CPEA (March 10 to May 9, 2004), which corresponds to pre-SW
monsoon season, A03 (tropospheric convection) and A04 (atmospheric waves and energy transport) related
activities were conducted in the latter half of the campaign period, 10th April to 9th May. Strategies of the
A03 campaign are categorized into two programs:

(1) Triple-scale upper-sounding network centered at Koto Tabang (KT) is constructed to understand
characteristics of local circulation (horizontal scale ~50 km), meso-scale convective systems (horizontal scale
~300 km), and MJO and gravity wave structures (horizontal scale ~1,000 km). Main objectives of radiosonde
observations is to obtain profiles of temperature, pressure and horizontal wind velocity up to 30-35 km, as well
as humidity profiles in the troposphere. This is a joint effort with the CPEA subproject A04, the CPEA
Indonesian partner, LAPAN, and conducted in collaboration with IORSGC, Japan, with supports from BPPT
and BMG, Indonesia. Malaysian Meteorological Service (MMS) and Meteorological Services Division,
National Environment Agency (MSD/NEA), Singapore, also collaborated with this campaign and conducted
special activities of their upper air sounding. Radiosondes were launched every six hours during the period of
30 days (ITM30). During this period we choose a more intensive period of five days (ITMS5; April 18-22) to
catch heavy rain events, and launched radiosondes every three hours. The launches were from Koto Tabang
(0.20°S, 100.32°E), Bandung (6.9°S, 107.6" E), Jambi (1.60°S, 103.65°E), Padang airport (1.0°S, 100.4° E),
Kuala Lumpur (3.2° N, 101.7°E), Kuching (1.5°N, 110.3°E) and Singapore (1.3°N, 103.8°E).

(2) Comprehensive rain and atmospheric observations at KT were conducted using various instruments such as
the EAR, X-band Doppler radar, RASS, radiometer, X-band rain radar, and ground-based instruments, which
make it possible to connect horizontal and vertical distribution of convective activities.As shown in Fig.4,
convective activities around Koto Tabang changed from non-active MJO phase (until about April 25) to active
MJO phase (about April 25 to May 6), in which several super cloud clusters (SCCs) were contained. In
response to such large scale conditions, rainfall amount at Padang changed clearly. However, daily
accumulated rainfall amounts at Koto Tabang is different from Padang; at Koto Tabang, much rainfall was
observed even in the non-active phase of MJO. This is probably caused by local convective activity is still
significant in the non-active phase of MJO at Koto Tabang.
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4. Scientific research activities

During the fiscal year from 2003 to 2004, studies have been focused to the following study items. Especially
much efforts have been given to the analyses of the data obtained in the first CPEA campaign.
(1) Study of lightning and rainfall characteristics obtained from TRMM satellite (Takayabu et al. 2003;
Takayabu et al. 2004). It has been shown that the lightning activity around Maritime Continent undergoes
much diurnal variation and seasonal variation. Moreover intraseasonal variation of lightning in response to
MJO has been found (Morita, 2004). Since characteristics of lightning activity is closely related to the intensity
of tropospheric convection, results of the lightning studies would be relevant to the study of convection-origin
gravity wave generation.
(2) Study of hierarchical structure of rainfall in Sumatra (Shibagaki et al. 2003; Shibagaki et al. 2004a;
Shibagaki et al. 2004b). In the course of this study, detailed hierarchical characteristics, ranging from meso-g
to SCC scales have been investigated. During the MJO active phase in the campaign, lower troposphere
convergence was activated through the interaction between back-ground and local wind fields, which
enhanced convective activities around Sumatra island. The structure and movement of SCCs were
characterized by the evolution of cloud clusters due to local convection.
(3) Study of correlation of large-scale convective activity versus cloud micro-physics (especially raindrop size
distribution). Raindrop size distribution (DSD) is formed as a final “product” of complicated micro-physical
processes in cloud and rain. It is expected that there would be systematic differences in DSD between different
rainfall types. It was found that there is a clear shift in a weighted mean drop diameter between the non-active
to active phases of MJO in April to May 2004, indicating that the existence of intraseasonal variation in DSD
in response to the large-scale convective activities (Kozu et al. 2005). Such DSD variation may be related to
the change in rain-top height derived from the Boundary Layer Radar (BLR) during the CPEA campaign (see
Fig. 5).
(4) Study of vertical velocity characteristics in convective cloud (Kodama et al. 2004; Kodama and Tokuda
2004). Vertical velocity is an important parameter to study troposphere- stratosphere coupling and to estimate
heat source (Q1) and moisture sink (Q2). In this study, EAR-derived and sonde network estimated vertical
velocities are compared. It was also found that variance of vertical wind increases during convective rain, not
only in troposphere but also in lower stratosphere, suggesting the gravity wave generation due to convective
activity (Kodama, 2004).
(5) Study of rain structure and evolution of convective cloud using the X-band Doppler radar (XDR)
(Kawashima et al. 2004). XDR observations during the first campaign revealed evolution processes of
convective cloud systems. It has been found that intense convection occurred approximately between 15 — 18
LT, resulting in clear diurnal cycle of rainfall. On the other hand, such diurnal cycle becomes less clear and no
intense convection was observed during the MJO active phase.
(6) Study of water vapor estimation using EAR-RASS (Furumoto et al. 2004). Using the data obtained in a
series of EAR-RASS experiments conducted with radio-sonde launch, it has been confirmed that the RASS
can be used to estimate water vapor profile as well as temperature profile. Utilizing this information, studies
on the effects of water vapor to the coupling processes between troposphere and stratosphere will be
conducted.
Based on studies of precipitation characteristics of various scales mentioned above, we will study kinematical
structures of equatorial convection related to atmospheric wave generation and momentum transport to upper
atmosphere.
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5. Summary

The major tasks of this project for the first 3 years have been to construct the comprehensive observation
system at the EAR observatory, Koto Tabang, and to conduct preparatory studies to understand basic
properties of precipitation in Maritime Continent. All instruments have been working well except for some
troubles related to the life-time of expendables. It should also be noted that periodical instrument maintenance
and calibration efforts are essential to keep the quality of the data. The first CPEA campaign was successfully
conducted. Our studies are currently oriented to analyze the data obtained in the first CPEA campaign.
Fortunately we could observe a clear transition of MJO phases from non-active to active ones. Precipitation
and cloud properties show interesting contrasts between non-active to active phases of MJO. Such transitions
may influence the characteristics of troposphere-stratosphere coupling, which would be a major topic in the
vertical coupling of equatorial atmosphere. Based on the analyses of the first CPEA campaign, we will make a
plan for the second CPEA campaign scheduled in November to December 2005.
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