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Fig.1 Mating the lower fairing with TRMM Fig.2 TRMM lifts off on board H-1l Launch Vehicle No.6
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Mating the lower fairing with TRMM

TRMM observatory arrived at Kagoshima Airport, Japan, from NASA by a C-5a Galaxy on Aug. 21, 1997 and was shipped to
Tanegashima Space Center, NASDA on Aug. 23, 1997. After final tests at the launch site, the TRMM observatory was mated with
the top of the lower fairing in which ETS-VII was installed on Nov. 6.

TRMM lifts off on board H-Il Launch Vehicle No. 6

On November 28, 1997 at 6:27 a.m. (JST), NASDA successfully launched TRMM and ETS-VII on board the H-Il Launch Vehicle
Flight No.6 from the Tanegashima Space Center. TRMM separated 14 minutes and 12 seconds after liftoff, and it was confirmed to
have been placed in its predetermined orbit.



Tropical Rainfall Measuring Mission
First Images : December 8, 1997
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TRMM Microwave Imager (TMI) 2-day (DEC. 7&8) composite. Image is a 3-channel combination to highlight cold
temperatures (bright yellow) found in many troplcal storms. White rectangle identifies Cyclone Pam.

Fig.1
Precipitation Radar (PR) showing rainfall for TRMM Microwave Imager (TMI) 85 GHz,
Cyclone Pam 2.0km. above surface. Cloud horizontally polarized brightness temperature

image from GOES-09. close-up of Cyclone Pam.
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Lightning as seen by the TRMM Lightning Imaging Sensor (LIS)
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Tropical Cyclone Pam was captured by TRMM in the southern Pacific on the 2nd day of operations for the TRMM
Precipitation Radar. Despite the distinctive spiral features seen in the GOES IR, the non-symmetric rainfall pattern
about the eye seen in both the PR and TMI indicates that this cyclone is not well organized. No lightning was
detected in connection with the cyclone.
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Second Edition

TRMM Earth View

Rain over Argentina (VIRS, TMI, PR)
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Fig.2 TMI: 85GHz V-POL. Brightness Temperature

Fig.4 PR: Vertical Cross Section
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Rain over Argentina (VIRS, TMI, PR)

These images are simultaneous images of rain over northern Argentina and Uruguay from the Visible Infrared Scanner (VIRS),
TRMM Microwave Imager (TMI) and Precipitation Radar (PR) from 10:40 to 10:48 on Feb. 20, 1998 (UT). Figure 1 is a color-
composite RGB image of channels 1 (visible), 2 (near infrared) and 4 (infrared) (for red, green and blue respectively) observed by
VIRS. Figure 2 shows the 85GHz, vertically polarized brightness temperature observed by TMI. Figure 3 shows the horizontal cross
section of rain at 2.0km height. Figure 4 shows the vertical cross section of rain along the line AB in Fig. 3.

Optically thicker clouds at the upper layers are reddish in Fig. 1 because of the high reflectivity of ch 1 and their low temperature.
Figure 3 shows that rainfall was observed in these areas. It is clear in Fig. 4 that the heavy rain developed in the layers above the
heavy rain which was in the lower layers. Generally, there were ice crystals over the rain which developed at high altitudes. The
brightness temperature in Fig. 2 decreased due to microwave scattering caused by these ice crystals.

In this way, the rainfall process in the clouds and the characteristics of rainfall will be revealed by the simultaneous measurement
by these three sensors.
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VIRS Images
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Fig.1 Color composite RGB Image (Tibetan Plateau) Fig.3 Color composite RGB Image (South of the Brazil)
R:ch1, G: ch2, B: ch4 R: smaller BTD between ch4 and ch5
G: larger BTD between ch4 and ch5
B: brightness temperature at ch4

Fig.2 Gray-scale image for the ratio of ch1 and ch2 (Tibetan Plateau) Fig.4 Gray-scale image for BTD between ch4 and ch5 (South of the Brazil)
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VIRS Images

Figure 1 is a color composite RGB image (channel 1 [0.63um], 2 [1.6pm] and 4 [10.8um] for red, green and blue, respectively)
over the Tibetan plateau observed by the TRMM Visible Infrared Scanner (VIRS) on Dec.21,1997. The snow-covered Himalayan
mountains are reddish, water cloud areas are yellowish, and Himalayan valleys and plain areas are bluish. The larger reflectivity
for both ch 1 and ch 2 makes the water cloud yellowish, the larger reflectivity for ch 1 and smaller reflectivity for ch 2 makes snow
areas reddish. The valleys and plain areas are bluish due to their relatively warmer temperature. Figure 2 is a gray-scale image for
the ratio of ch 1 and ch 2. The observed region and time are the same as in Fig. 1. The larger region is white. Water reflectances
for the ch 1 and ch 2 wavelengths are similarly, but ice reflectance is smaller for the wavelength of ch 2 than that of ch 1. Therefore,
the ratio of ch 1/ ch 2 is larger for snow covered areas than water cloud areas. Figure 3 is a color composite RGB image (red for
smaller brightness temperature difference (BTD) between ch 4 and ch 5 [12pm], green for the larger BTD, and blue for the
brightness temperature (TBB) at ch 4) over the south of the Brazil observed in the same day. Optically thicker cumulus clouds are
reddish due to the smaller BTD, optically thin ice clouds are green and ocean and land are blue because of the warmer TBB.
Regions with less water vapor are reddish due to the smaller BTD, and moist regions are bluish over the ocean because of the
larger BTD and warmer TBB. Figure 4 is the gray- scale image of BTD. The observed region and time are the same as in Fig. 3.
The larger BTD is shown in white. Optically thin cirrus clouds exhibit larger BTD, while optically thick cumulus clouds indicate
smaller BTD. Over cloud free ocean areas, the BTD increases with the increase of water vapor. The BTD is useful for classifying
clouds and deriving water vapor amount. The Sea Surface Temperature, which is corrected for water vapor absorption, can also be
estimated using ch 4 and ch 5.
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Heavy Snow, Kanto Area, Japan (PR)
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Heavy snow in the Kanto area of Japan

These figures show the horizontal cross section at a height of 2.5km (Fig. 1) and three-dimensional image (Fig. 2) acquired by
the TRMM Precipitation Radar (PR) which passed over Japan from 03:10 to 03:15 (JST) on Jan. 15,1998. The PR observed a wide
area of the three-dimensional precipitation structure which extends approximately 1500km to the east and west over Japan. The red
or yellow horizontal layer indicated by over Chugoku and Kyushu areas is a melting layer where snow melts into rain and much
stronger radar reflectivity is observed than from real rain. Another melting layer near the surface reflects to the fact that sleet or
watery snow fell over the Kanto-Koushin area.

After that, the heavy snow that disrupted traffic in the metropolitan area fell after the movement of a extratropical cyclone from off
Shikoku to the south coast of Kanto. Though many cyclones which bring heavy snow pass over Japan in early spring in a normal
year, several pressure patterns identical to these could be seen in January this year because the winter pressure pattern could not
be sustained due to the El Nifio effect.
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El Nino and La Nina Events Observed by TRMM
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El Nifno and La Niha Events Observed by TRMM

Figures 1a and 1b show estimated monthly accumulated rainfall near the surface derived from the Precipitation
Radar (PR) aboard the Tropical Rainfall Measuring Mission (TRMM) satellite for January 1998 (Fig. 1a) and 1999 (Fig.
1b). Figures 2a and 2b show sea surface temperature (SST) anomaly derived from the TRMM Microwave Imager (TMI)
for January 1998 (Fig. 2a) and 1999 (Fig. 2b), which are defined as deviations from the climatological monthly mean
SST compiled by the Japan Meteorological Agency.

In January 1998, since El Nifio still continued, heavy rainfall shifted from the western to the central Pacific (Fig.
1a), unlike the normal year. Due to the effects of El Nifio, the Inter-Tropical Convergence Zone (ITCZ) was located
along the Equator in Fig. 1a, and areas of heavy rainfall in the south Pacific shifted further to the east than in normal
years. In Fig. 2a, there was a much higher (red) SST than normal over the central and eastern equatorial Pacific, but a
lower SST over the western equatorial Pacific.

Figure 1b shows the rainfall distribution in January 1999, after the El Nifio event. Unlike Fig. 1a, there was little
rainfall amount in the central equatorial Pacific, and the ITCZ existed in the normal location. In addition, heavy rain was
observed in Indonesia, and the center of active convection was observed in its normal location. Figure 2b shows that
the strong El Nifio disappears and a colder than normal (blue) SST year occurs over the central and eastern Pacific.
This corresponds to the light rainfall region in Fig. 1b, and indicates the EI Nifio cold event (La Nifia).

Such a shift of the maximum rainfall region in the tropics linked to convective activity variations, caused by El Nifio
and La Nifia events, should significantly affect world weather.



LIS Images

NATIONAL SPACE DEVELOPMENT AGENCY OF JAPAN

.0 H :
A R ks ol
178,0 1740 130.0 1350 1320 1330 134,0 13,0 136.0 157.0 1.0 13,0
froits 1 ¥ 310 8 328 350 100 150
e 19 i
foaks . % EI----D-EI---- Lightring
i Flash scale magng
Grouy 1933 Serer
Ew:-:: i TRHM_L T5._5C. 04, 0_2000, 165, | 4956 Sne0
2000-165T07: 3323, 7530 — 2000-105T07: 36158, 7575 NASA/MSFC
O TR B0 Veralon Dd.0 JTies stederd TAESS July O, Z000

Fig.1 Lightning activity over western Japan during Baiu-Season
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LIS Images
Figure 1

Lightning activity over western Japan during a late Baiu-Season observed by the Lightning Imaging Sensor (LIS) on board on
the Tropical Rainfall Measuring Mission (TRMM). Thunderstorms from July 2 through 4, 2000, were quite active all over Japan.
Figure 1 presents the lightning activity captured by LIS as it passed over western Japan from 16:33 to 16:37 JST July 3. The active
cumulonimbus clouds and lightning flash locations are found to be coincident. The cumulonimbus clouds seemed to develop along
the Baiu front from Kyusyu district to the Kii Peninsula. An isolated thundercloud in Kanto area is also seen and lightning activity is
noticed there. LIS recorded 132 lightning flashes over 19 thunderclouds during these 4 minutes.

Figure 2

Comparison of Precipitation Radar (PR) and LIS. TRMM satellite observations give us the unique simultaneous observations of
radar reflectivity and lightning activity. Lightning activity captured by LIS is superimposed on the horizontal cross section at 2km
above sea level in Fig 2. The vertical cross sections at lightning flash locations are also given in Fig. 2. The lightning flashes
occurred in regions of strong convection. These results are expected to provide a comprehensive understanding of the mechanism
of lightning discharges. The world’s first 3D radar echo and lightning flash location without any time delay is presented in Fig. 2.
This suggests the necessity of continuous satellite observations for the future deeper understanding of lightning discharge
mechanisms.

Figure 3

Statistical lightning activity near Japan. The last two-year observations by LIS indicate that thunderstorms are active over land
during summer and active over the Pacific Ocean during winter. The lightning activity seems to migrate with the season, and this is
an interesting new result. Since it has been noticed that winter thunderstorms are active along the Hokuriku Coast and over the Sea

of Japan, Fig. 3 presents a new discovery.
(Courtesy of Osaka University's Kawasaki Lab. in cooperation with NASDA)
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Land Surface Observation by TRMM/PR
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Red : correspond to arid / desert areas (14 to 18 degree)
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Land Surface Observation by TRMM/PR
— False color composites map —

These images are the false color composites showing the land surface observed by the Precipitation Radar (PR) aboard the
Tropical Rainfall Measuring Mission (TRMM) satellite for February (above) and August (below) 1998. PR observes backscatter from
rain and Earth’s surface. It scans 17 degrees across the track. Since the backscatter from 3 to 8 incident angles is highly affected
by the absorption (scattering) by vegetation canopy over the land, weaker backscatter corresponds to dense vegetation. Therefor,
dark green is used for low backscattering areas to express more dense vegetation. Since more reflectance is observed from a
wetter surface at incident angles of 9 to 13", blue corresponds to stronger backscatter. At 14 to 18 degrees, weaker signals are
from smoother surfaces such as deserts with mirror like surface. Dark red is used for weaker backscattering.

Thus in these false color composites,

* Green areas correspond to the areas with dense vegetation,

* Blue corresponds to wet surfaces,

* Red represents arid and desert areas, and

* Yellow represents dry grasslands (opposite to blue).

In dry areas, the color may change from green, yellow or orange to red, according to the vegetation amount. If the area is wet
enough, blue may be mixed and change to purple (less vegetation) or cyan (more vegetation). These color changes are shown
schematically as a triangle diagram in the figures.

Comparing the false color composites for February and August, the distribution of tropical rain forests in the Amazon river basin
in South America, in the Asian Monsoon region, and in the Congo river basin in Africa is clearly seen. The increase and decrease of
wet (blue) and vegetated (green) regions according to the rainy season are apparent as well.

Red, which corresponds to deserts and arid areas, is seen in the Sahara desert in Northern Africa, the Rub’ al Khali desert in the
Arabian Peninsula, and the Great Victorian desert in central Australia. Blue, which expresses soil wetness in cultivated fields and
grasslands or water surface, is seen in Sahel in Northern Africa, cultivated areas in India, Thailand and Vietnam in the rainy
season.

The black region in Northwestern Australia indicates the missing PR observation data due to a frequency conflict. Areas thought
to be water surfaces from PR observation, such as oceans, big lakes and wide rivers, are shown in black.

(Courtesy of Oki Lab. (IIS, University of Tokyo) in cooperation with NASDA)
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Soil Wetness Estimated from TRMM/PR

Backscattering data from the Precipitation Radar (PR) aboard the Tropical Rainfall Measuring Mission (TRMM) satellite includes
not only the information of soil wetness but also vegetation amount and land surface roughness. Using the information of NDVI from
visible and infrared sensors and the theory of microwave scattering, the effects from vegetation and roughness were first
subtracted, then soil wetness was estimated. The upper panel is the estimated soil wetness for February 1998 and the lower panel
is for August 1998.

Comparing the estimates for February and August, the Amazon River basin in South America is wet in February during the rainy
season and dries up in August, corresponding to the dry season. The Orinoco river basin, which is adjacent to north of the Amazon,
behaves in the opposite manner. Wetting in the Asian Monsoon region is dominant as well.

In the false color composite maps of PR backscattering, various patterns are recognized in desert areas. However, the Sahara
desert and the Rub’ al Khali desert are classified as arid regions in these quantitatively estimated soil wetness maps. In some
mountainous areas where the scattering theory of dependency of incident angle can not be applied due to the effects of steep
slopes and in some tropical rainforest areas where the forest is extremely dense, soil wetness cannot be estimated by this
algorithm. Such regions are shown in black as missing data areas.

The black region in the Northwestern part of Australia indicates missing PR observation data due to the frequency conflict.
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Mozambique

These are monthly composite maps of PR backscattering from incident angles of 3° to 8°, which are sensitive to the land surface
wetness. More black indicates stronger backscattering, (i.e., black corresponds to a wet area.) The area is near the Northeast coast
of Africa and Mozambique and is located on the opposite side of the Madagascar islands, which are located in the right part of each
figure. The left most figure is for February 2000, when a major flood occurred in Mozambique. The middle figure is for February

2000, and the right one is for February 1998. The extension of the flood is clearly seen in February 2000.
(BH: RRAF EERMARAR FHRE)
(Courtesy of Oki Lab. (IIS, University of Tokyo) in cooperation with NASDA)
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Tropical Cyclone PAM (PR)
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Tropical Cyclone PAM (PR)

Figure 1 shows the single-orbit observation on Dec. 8 ,1997(UT) when the PR observed the tropical cyclone PAM (inside the
white rectangle). TRMM passed over Okinawa and observed the center of the cyclone PAM which can be seen to the northeast of
New Zealand at 18:00 on Dec. 8. The orbit in this figure shows a swath width (about 220km) of PR observation. The infrared
images in this figure are from geostationary meteorological satellites of Japan (GMS), the U.S. (GOES) and Europe (METEOSAT).

Figure 2 shows a close-up rainfall image at a height of 2.0km inside the white rectangle in Fig. 1. Red indicates the highest
rainrate. The vertical cross section of rain along the lines AB and CD are shown in Fig. 3 and Fig. 4.

Figure 3 shows a clear view of the vertical cross section of vortex-like rain bands around the center of the cyclone. The rainless
column about 175km from A seems to be a part of the eye of the cyclone.

Figure 4 shows the three-dimensional structure of rain rate along line AB in Fig. 2. Rainfall at a height of 10 km is observed near
the eye of the cyclone.
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TRMM Precipitation Radar Products
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Space-Time Accumulations
using a Statistical Method

(a) 1B-21 PR Calibration

This routine involves converting the count values of radar echoes and noise
levels into engineering values (powers); it outputs the radar echo power and
the noise power separately. This routine appends geometric information and
the calibration constants for converting the received powers to reflectivity
factors.

(b) 1C-21 PR Reflectivities
This routine will convert the power and noise estimates from 1B-21 to radar
reflectivity factors (Z-factors).

(c) 2A-21 Sigma 0

This routine estimates the path attenuation and its reliability using the surface
as a reference target. It also computes the spatial and temporal statistics of
the surface scattering coefficients (sigma 0), and classifies the coefficients
into land/water, rain/no-rain categories.

(d) 2A-23 PR Qualitative

This routine will output the rain/no-rain information. When rain is present, its
height and type will be given. It also tests whether a bright band exists in rain
echoes and determines the bright band height when it exists.

(e) 2A-25 PR Profile

This algorithm estimates rain rate profiles for each radar beam. The rain rate
estimate is given for each resolution cell (4 km by 4 km by 250 m) of the PR
radar. This routine will also output an average rain rate between two height
levels (2 and 4 km) for each radar beam.

(f) 3A-25 Space-Time Accumulations of Radar Products
This routine will accumulate several important parameters derived in 1C-21,
2A-21, 2A-23 and 2A-25. It will calculate the statistics of the parameters over
a space-time region. The most important output products are the monthly
rainfall accumulations and monthly average rain rates over 0.5 deg. by 0.5
deg. and 5 deg. by 5 deg. boxes at fixed heights of 2 and 4 km.

(9) 3A-26 Space-Time Accumulations using a Statistical
Method

This routine will compute rainfall accumulations and rain rate averages over

0.5 deg. by 0.5 deg. and 5 deg. by 5 deg. by 1 month boxes using a statistical

method (multiple threshold method).
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Sea Surface Temperature Observations from TMI and VIRS

Those figures show that sea surface temperature (SST) observations near Japan from the Tropical Rainfall Measuring Mission
(TRMM) satellite on February 13, 2000 (8UTC). Upper figure shows SST observation by the TRMM Microwave Imager (TMI), and
lower by the Visible Infrared Scanner (VIRS).

SST is often estimated using infrared sensors such as the Advanced Very High Resolution Radiometer (AVHRR) on the NOAA
series of spacecraft. Since infrared sensors cannot measure SST under clouds, it is hard to obtain information for SST during
cloudy seasons or over convective regions. Although SST observation by microwave sensor has coarse horizontal resolution (30 to
40 km) compared to that by infrared sensor, there is a major advantage that microwave sensors are not influenced by clouds. As
seen in those figures, a microwave sensor (upper panel) can measure SST in almost all regions with missing value (white) from
infrared observation (lower panel) because of clouds. SST observed by TMI is expected to be used for forecasts of fisheries.
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Two-year Global Rainfall Distribution Measurements Using the TRMM PR

These figures show the global rainfall distribution of odd months for 1998 and 1999, measured by the Precipitation Radar (PR)
aboard the Tropical Rainfall Measuring Mission (TRMM) satellite. This is a graphic representation of monthly accumulated rainfall
data near the surface. Unlike existing satellite sensors, a major characteristic of PR is its ability to measure rainfall three-
dimensionally and to make quantitative measurements over both the land and ocean, thereby making it possible to comprehend
seasonal changes and annual fluctuations in the distribution of rainfall.

It is clear that heavy rainfall in low latitudes is zonally concentrated in the summer hemisphere in these figures. In addition to
such seasonal changes, heavy rainfall areas that are normally observed in the western Pacific shifted to the central Pacific during
early 1998 because of the El Nifio event. In May 1998, the amount of rainfall in the Asian monsoon region rapidly increased with the
onset of the monsoon season. Also the El Nifio event rapidly decayed at this time. Rapid changes of the location of the Inter-
Tropical Convergence Zone (ITCZ), which is a zonal heavy rainfall area in the tropics, occurred during this period. Comparison of
the same month in 1998 and 1999 shows obvious effects of EI Nifio and La Nifia on the global rainfall distribution.

An El Nifio phenomenon, which is warmer sea surface temperature than normal years over the eastern equatorial Pacific,
occurred in 1997 to 1998. When an El Nifio event occurs, locations of active convective areas can be changed. Latent heat is
released into the atmosphere during the process, generating rainfall. Differences in location and altitude of latent heat release affect
atmospheric circulation, and, as a result, abnormal weather is known to occur around the world. PR has made it possible for the
first time to quantitatively measure the three-dimensional distribution of rainfall. Since it will be possible to understand the driving
source of atmospheric circulation more accurately from those observations, they should be useful for future understanding of the
climate, such as El Nifio and abnormal weather.
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TRMM Level 3 Monthly Rainfall Products
Figures 1 to 6 show monthly accumulated surface rainfall in May 2000, selected from the Tropical Rainfall Measuring Mission

(TRMM) Level 3 standard products (monthly and latitude-longitude grid); the Precipitation Radar (PR), the TRMM Microwave

Imager (TMI), the PR and TMI combined algorithm (COMB) and "TRMM and Others Combined" algorithm. Figure 7 on this page

compares zonal mean monthly rainfall over ocean only for 5° x 5° products (Figs. 1, 2, 4 and 5). Each algorithm is briefly described

below.

(a) 3A11, "TMI Emission," produces 5° x 5° monthly oceanic rainfall maps (Fig. 1) using TMI Level 1 data.

(b) 3A25, "PR Rainfall," computes monthly mean rain rate from PR Level 2 data at both a low horizontal resolution (5° x 5°
latitude/longitude for near surface and five vertical layers) and a high resolution (0.5° x 0.5° latitude/longitude for near surface
and three vertical layers). Note that Figs. 2 (low resolution) and 3 (high resolution) show monthly accumulated rainfall calculated
from original data in order to compare with other Level 3 products.

(c) 3B31, "Rainfall Combined," uses the high-quality retrievals done for the narrow swath in combined Level 2 (2B31) data to
calibrate the wide swath retrievals generated in TMI Level 2 (2A12) data. It calculates monthly accumulated rainfall at each 5° x
5° latitude/longitude box for near surface (Fig. 4) and 14 vertical layers. Monthly accumulated rainfall at each 5° x 5°
latitude/longitude box for near surface (Fig. 5) and 14 vertical layers calculated from 2B31 is also included.

(d) 3B43, "TRMM and Other Data Sources," provides a "best" precipitation estimate in the TRMM region from all global data
sources, namely TRMM, geosynchronous IR, and rain gauges, at each 1° x 1° latitude/longitude box. Note that Fig. 6 shows
monthly accumulated rainfall calculated from original data (monthly mean) in order to compare with other Level 3 products.
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Global Storm Height Distribution Observed by the TRMM Precipitation Radar

These figures show the global distribution of storm height from sea level observed by the Precipitation Radar (PR) aboard the
Tropical Rainfall Measuring Mission (TRMM) satellite in January 1999 (upper panel) and July 1999 (lower panel).

As observed in Africa and other continents in the lower panel, the storm height over the land is higher than that over the sea
because ground surfaces tend to be heated and convections are more easily developed over the land than over the sea.

The storm height gradually increased in the south Pacific as the distance from the coast of South America increased. Such
trends have been partly reported from ship observations, but this is the first observation on such a large scale.

In addition, rainfall is observed in high elevation areas such as the Tibetan plateau in the summer season. The latent heat
release at high elevations with rain generation has a considerable effect on the monsoon and other atmospheric circulations.

While it has been possible to observe cloud height by using weather satellites, PR directly observes the rain top height inside
clouds for the first time. It is expected to contribute not only to scientific research of the atmosphere but also to various fields such
as the design of satellite communication systems affected by rainfall attenuation.
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PR and TMI observations of Typhoon No. 18, 1999 “Bart”

NATIONAL SPACE DEVELOPMENT AGENCY OF JAPAN
GV/W/-
RESEARCH L

2) 4.

Fa

) PR2A25 Near Surface Rain
e L nni-immtr d-6 muihr

S @A-2mmbr <6 B-16mmnr -
L7 @2-tmmihe 8 a= 16mmbr

31

30

29

28

27

26

25

[0.] 1SS

24

23

22

21

20

Fig.1 Rainfall Observation of Typhoon “Bart” by PR and Related Sea surface Temperature Variation by TMI
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PR and TMI observations of Typhoon No. 18, 1999 "Bart"

Figure 1 shows horizontal distributions of rain rate near the surface (unit is mm/hr) observed by the Precipitation Radar (PR)
aboard the Tropical Rainfall Measuring Mission (TRMM) satellite for Typhoon "Bart" (No. 18) in September 1999. Typhoon "Bart"
developed on September 19, and PR observed it five times as it passed through near Japan. Organized rainfall distribution east of
the Philippines was also observed by PR before the typhoon developed. The storm track of Typhoon "Bart" is shown as the red line
in the Fig. 1, and red dots indicate the center of the typhoon at 00UTC (09JST) in each date. There are changes of rainfall
distributions as the typhoon moved north, and heavy rainfall developed at the slopes of mountains in Shikoku and Kyushu islands.

Figure 2 shows variations of sea surface temperature (SST), retrieved from the TRMM Microwave Imager (TMI), related to the
typhoon passage. The figures show the three-day mean SST from September 13 to 15 (before the typhoon developed), from 18 to
20 (just after the typhoon developed), from 21 to 23 (typhoon passing), and from 23 to 25 (after typhoon passed). The red solid line
indicates the past and present storm track of the typhoon in each figure, and the blue dashed line indicates future ones. It is clear
that SST along the storm track decreased as the typhoon passed. In particular, the SST around the Southwest islands decreased
about 3 °C after the typhoon passed.
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3-D Virtual images of Typhoon No. 18, 1999 "Bart" (22 September 1999)

These are virtual images of Typhoon No. 18 observed by TRMM Precipitation Radar (PR) at 1817 JST on 22 September 1999.
The center pressure was 930hPa. This typhoon was in the strongest stage, and wind speed at Naha exceeded 30m/s. This typhoon
brought disaster to the Japan Islands. A flood tide killed 18 people at Shiranui-cho, in Kumamoto prefecture and large tornadoes
appeared at Toyohashi, Aichi prefecture, with the approaching of the Typhoon.

A clear eye of the typhoon and surrounding high clouds can be detected in the cloud image revealed by Geostationary
Meteorological Satellite (GMS). Very high and strong rain developed just around the eye, and a rain-free area existed just around
the strong rain. Spiral rainbands also developed around the rain-free area. Clear walls of rainbands can be seen in three-
dimensional images from various points of view.
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Heavy Rains in West Japan on June 29, 1999

These are images of concentrated heavy rain over western Japan observed by TRMM Precipitation Radar (PR) on June 29,
1999. Much damage was brought by this heavy rain caused by the activated seasonal rain front (Baiu front).

TRMM observed western Japan twice at 15:57-16:00 (Fig. 1a and 2a) (local time) and 17:32-17:36 (Fig. 1b and 2b) (local time) in
the afternoon on that day. In these two images, heavy rain bands crossing from northeast to southwest were moving in the
eastward direction. The three-dimensional images of rainfall show the rain height reaches approximately 7km. Although the rain top
is not so high, it brought very heavy rain.

In the PR observation, rain rates exceeding 60mm/hour were observed over Hiroshima (Fig. 2b). According to the AMeDAS rain
gauge observation, rain rates of more than 60mm/hour were recorded at Hiroshima. This shows that rain estimates by PR agree
with ground-based measurements.
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Evolution of Tropical Cyclone
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Evolution Tropical Cyclone

TRMM can detect various evolution stages of tropical cyclones. It is especially difficult to observe the occurrence and developing
stages over tropical oceans, where surface radars are not available. TRMM clearly shows the internal structure of the cyclone in
detail over such oceans. In these maps, the various evolution stages of the cyclone are shown by horizontal cross section of the
Precipitation Radar (PR) rain maps at an altitude of 2.0 km superposed on cloud maps of the meteorological satellites.
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Formation and developing stage

These images show a tropical cyclone that formed at the southwest of Taiwan on 8 July
1998. Light rain is indicated in blue, broadly north and east of eye (left image). It then
gathers and develops after 16 hours (right image). It has some strong rain parts indicated
red color. After 10 hours, this cyclone grew to become Typhoon No. 1 in 1998.
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The Mature Stage

Left image shows a strong tropical cyclone west of the Indian Peninsula. The structure
of rain is similar to that in Typhoon PAKA. This indicates that the structure is typical for
mature tropical cyclone. The cloud image is not clear because this area is located at the
edge of the meteorological satellite observation area. The right image shows the typhoon
PAKA that did great damage to the Guam Island in December 1997. There is no rain in
the eye of this cyclone. The cloud was round, and rain existed only on the eastside of the
eye. There are several strong linear rain areas, called ‘rain bands’ around the eye and in
the rain area on the east side of the eye.
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Decaying stage

This image shows the cyclone PAM observed in the December 1997. This cyclone had
a clockwise spiral because it was located in the Southern Hemisphere. This tropical
cyclone had some rain bands in the eastern rain area like a mature-stage cyclone.
However, the eye and strong rain around the eye cannot be detected.




