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TRMM Precipitation Radar and Its Observation Results

Ken’ichi OKAMOTO'® and Shoichi SHIGET
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Tropical Rainfall Measuring Mission(TRMM)
™I

TRMM Microwave Imager
10, 19, 21, 37,85 GHz

VIRS

Visible Infrared Scanner
0.63,1.63,3.75, 10.8,
12.0 um

Precipitation Radar

13.8 GHz

LIS

Lightning Imaging Sensor
0.77765 pm

CERES

Clouds and Earth’s Radiant Energy System
0.3-5, 8-12, 0.3-50 um

(Lauch: Nov.28,1997)

Orbit Inclination: 35 degs.
Altitude:350km

(402.5km from August 2001)

01 TRMM OO
Fig.1 TRMM satellite.
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Table 1 Mission requirement for the TRMM
precipitation radar.

Frequency 13.8GHz
Satellite altitude 350km
Scan swath 215km(contiguous mapping)
Scan angle +17°

Range resolution <250m

Horizontal resolution around 4 km at nadir
Minimum measurable rain rate 0.5 mm/h at storm top
Observation Range at nadir 15 km + 5 km(mirror image)
other than at nadir 15 km / cosf ,
(0 ,is the maximum scan angel)
Number of independent samples around 64
Antenna sidelobe level low enough to suppress the effect of

ground clutter for low rain rates
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02 TRMMUOOOOOOOOOO
Table 2 Main system parameters of PR.

Ttem Description
13.796 GHz, 13.802 GHz
S/N per pulse =0 dB for 0.5mm/h at rain top

Frequency
Sensitivity
Swath width 215 km

From surface to the height 15km, 5km mirror
image at nadir

4.3 km(at nadir)

Range resolution 0.25 km

Observable range

Horizontal resolution

Antenna type
Gain 474 dB

0.71" X0.71 " (at nadir)
21m X21m

Planar array, 128-element slotted waveguide

Beam width
Aperture
+17 " (cross-track direction)
Transmitter/Receiver type SSPA and LNA(128 elements)
Peak power 708 W

Pulse width 1.67 us

PRF 2776 Hz

Noise figure 5.1dB

Dynamic range 79 dB

Scan angle

Independent sample number | 64
93.4 kbps
Mass 465 kg

Power consumption 21TW

Data rate

03 ODoooOoOoOoooooboooooooboooooo
gooooo
Table 3 Summary of radar data collection parameters
in four observation modes.

Type of radar echo Description

Normal rain and surface echoes Surface to at least 15 km altitude, 250 m

interval.

Mirror image echoes 0-5 km altitude, 250 m interval, nadir
only.

Surface echo peak = 0.5 km, 125 m

Oversampled surface echoes

interval, scan angle +10° .

Oversampled rain echoes Surface to 7.5 km, 125 m interval, scan

angles over *£3.5° .
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Block diagram of the TRMM PR
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02 TRMMOOOOOOOO
Fig.2 Block diagram of the PR.
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TRMM Precipitation Radar Algorithm Flow
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(Rain Type, BB)
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Monthly Statistics of PR Products ‘
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Space-Time Averages of Rain
Rates by Threshold Method

03 TRMMOOOOOOOOOOOOOO
Fig.3 TRMM PR algorithm flow.

04 TRMMOOOOOOOOOOOOO
Table 4 TRMM standard PR algorithms.

Product No. Name Products

1B21 PR calibration Total received power, Noise Level, Rain/No rain,

Clutter contamination flag.

1C21 PR reflectivities Profiled Z,, (radar reflectivity factors without
rain attenuation correction).
2A21 Surface scattering Path integrated attenuation (PIA) of 6" (in case

coefficient o of rain) and its reliability. Data base of 6 (ocean/

land, in case of no rain)

2A23 PR qualitative Detection of bright band, Bright band height,
strength, width, Rain type classification,
Detection of shallow isolated rain. Output of

rain/no rain flag, height of storm top.

2A25 3-D PR profile Range profiles of attenuation-corrected radar
reflectivity factors, rainfall rate. The estimated
near surface, and surface rainfall rate, and
average rainfall rate between the two predefined

altitude(2,4 km).

3A25 Monthly statistics of | Space-time averages of accumulations of 1C21,

PR products 2A21,2A23,2A25.

3A26 Space-time averages | Rain rate statistics over 5 degree x 5 degree x 1

of rain rates by month space-time regions using a multiple

threshold method thresholding technique.
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Fig.4 An example of the three dimensional observation of the typhoon by TRMM
PR on 30 August 2006. Joint project by JAXA /NICT/NASA (Provided by
JAXA). Left image: Horizontal distribution of rain rate at the altitude of
2km. Right image: Vertical distribution of rain rate in the vertical plane

including the eye of typhoon.
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Table 5 Main system parameters of GPM DPR.

Item

KuPR Description

KaPR Description

Frequency
Sensitivity

Swath width

Observable range

Horizontal resolution

Range resolution
Antenna type
Gain

Beam width
Aperture

Scan angle

Transmitter/Receiver type

Peak power

Pulse width

PRF

Noise Figure
Dynamic range
Independent sample
number

Data rate

Mass

Power
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=245 km

From surface to the height
18 km, 5 km mirror image
at nadir

5km

250 m

Planar array, 128-element
slotted waveguide

47.4 dB

0.71° x0.71° (nadir)
21mxX21m

+17 " (cross-track
direction)

SSPA and LNA(128
element)

=1013.5 W

1.60 us
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=5.1dB

=70 dB

=100
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<410kg
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