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Proposal Cover Sheet
JAXA PMM Research Announcement

WA FlE <

Proposal No.

(Leave Blank for JAXA Use)
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category
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O
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O

Principal Investigator
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Department
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Country
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BUDGET SUMMARY
Direct Cost only
1. Personnel Expenses unit: yen in thousands)
2013 2014 2015 Total
2. Purchases
2.1 Computers / Peripheral Equipment unit: yen in thousands)
ITEM 2013 2014 2015 Total
2.2 Software (unit: yen in thousands)
ITEM 2013 2014 2015 Total
2.3 Expendable Materials and Supplies unit: yen in thousands)
ITEM 2013 2014 2015 Total
3. Subcontracts unit: yen in thousands)
ITEM 2013 2014 2015 Total
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4. Travel Expenses

(unit:yen in thousands)

Departure Point — Destination 2013 2014 2015
5. Observation Equipment unit: yen in thousands)
ITEM 2013 2014 2015 Total
6. Satellite Data (unit: yen in thousands)
Name of Cost
Satellite / Distributor Purpose
Sensors 2013 2014 2015 Total
7. Other Data (unit: yen in thousands)
Name of . Cost
Data Sets | Distibutor | Pupose a7 2014 | 2015 | Total
8. Others (unit: yen in thousands)
ITEM 2013 2014 2015 Total
| TOTAL (unit: yen in thousands) |
* Remarks “Overhead Cost” (q.v. 3.4(1)C) of this RA)

Please check either of the following boxes:

[0 Unnecessary

[0 Deductible with special procedures (e.g. submission of certain application form from JAXA)

O Indispensable (Reason(s):



1.

2.

BUDGET SUMMARY (EXAMPLE)

Personnel Expenses

unit: yen in thousands)

2013 2014 2015 Total
Part-time job for DSD data analysis 320 160 800 1280
(40x8) (20x8) (100x8)
Purchases
2.1 Computers / Peripheral Equipment unit: yen in thousands)
ITEM 2013 2014 2015 Total
2.2 Software (unit: yen in thousand)
ITEM 2013 2014 2015 Total
2.3 Expendable Materials and Supplies unit: yen in thousands)
ITEM 2013 2014 2015 Total
8mm tape (112m) 50 50 50 150
CD-R 100 120 120 340
MO (640MB) 15 10 10 35
A4 Paper (package of 500 sheets) 2 1 1 4
CD-RW Drive 50 50
Subcontracts (unit: yen in thousands)
ITEM 2013 2014 2015 Total
Software development for DSD data 1,500 600 600 2,700
analysis




4. Travel Expenses

6.

(unit: yen in thousands)

Departure Point — Destination 2013 2014 2015 Total
Tokyo - Washington, D.C. 600 600
Tokyo - Paris 650 650 1,300
Tokyo - Paris 650 650 1,300
Tokyo - Osaka 35 35
Observation Equipment unit: yen in thousands)
ITEM 2013 2014 2015 Total
Micro Rain Radar 1,500 1,500
Satellite Data (unit: yen in thousands)
Name of Cost
Satellite / Distributor Purpose
Sensors 2013 2014 2015 Total
Other Data (unit: yen in thousands)
Name of . Cost
Data Sets | Disuibutor | Pupose o014 | 2015 | Toul
Others unit: yen in thousands)
ITEM 2013 2014 2015 Total
TOTAL (unit: yen in thousands) | 4,787 2,241 2,266 9,294
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JAXA DATA REQUIREMENTS

1. JAXA-Archived Satellite Data Sets

(JERS, ADEOS, TRMM, Aqua, ADEOS-II, GOSAT, GCOM-W1, ALOS)

TS FlEES

Name of Satellite / Sensor

Quantity (scenes)

Purpose
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B.1 Instructions for Budget Summary

Provide a budget summary by cost element (Personnel Expenses, Computers/Peripheral
Equipment, Software, Expendable Materials and Supplies, Subcontracts, Travel Expenses,
Observation Equipment, Satellite Data, Other Data, and Others), sorted by Japanese fiscal year as in
the example attached to this form. An annual summary budget should also appear on the last line.

()

2

(&)
(C))
(©))

()
)

®
®

Personnel Expenses

Enter expenses for part-time workers here as the total cost calculated by multiplying the unit
cost per day by the number of days. For part-time workers, use your own cost estimates.
Computers/Peripheral Equipment/Software

Enter the lease and rental cost of computers and/or peripheral equipment. Note that JAXA has
the right to change specifications of all equipment. Also enter the cost of software here.
Expendable Materials and Supplies

Enter the quantity of each item, following the example.

Subcontracts

Provide the cost of subcontracts to outside companies or organizations here.

Travel Expenses

Describe proposed domestic and/or international travel including information on destination
and number of days/number of times (or travelers).

Observation Equipment

Enter costs of observation equipment including installation cost.

Satellite Data

Investigators requesting satellite data other than JAXA-owned or archived data (listed in the
next section) should provide cost information here.

Other Data

Enter costs for data other than satellite data.

Others

Enter costs for publication and others here.

B.2 Instructions for Data Requirements

JAXA-owned satellite data includes TRMM data and other satellite data listed below. JAXA will
provide requested data judged necessary for the proposed research, subject to availability of data
processing.

- Japanese Earth Resources Satellite (JERS) (global)

- Advanced Earth Observing Satellite (ADEOS)

- Tropical Rainfall Measuring Mission (TRMM)

- Advanced Microwave Scanning Radiometer for EOS (AMSR-E) aboard EOS-Aqua
Satellite

- Advanced Earth Observing Satellite-1I1 (ADEOS-II)

- Greenhouse Gases Observing Satellite (GOSAT)

- Global Change Observation Mission 1st - Water (GCOM-W1)

- Advanced Land Observing Satellite (ALOS) (10 scenes from JAXA archives)

Data availability can be checked on JAXA’s Earth Observation Satellite Data Distribution Service
(linked from EORC website, http://www.eorc.jaxa.jp/en/about/distribution/index.html).
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THE GLOBAL PRECIPITATION MEASUREMENT (GPM)
AND
THE TROPICAL RAINFALL MEASURING MISSION
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“Precipitation” is one of most important environmental parameters. Changes in its amount and
distribution may affect our everyday life, and they may cause serious damages to human lives and
properties. Too much precipitation causes floods, and too less of it causes droughts. Agricultural
production depends on precipitation. It is one of the three foremost weather prediction variables along
with temperature and wind. Precipitation is a true global variable that determines the general circulation
through latent heating, which is an "engine" for circumglobal winds, and reflects climate changes. It is a
key component of air-sea interaction and eco-hydrometeorological modeling.

1. Introduction

Although there is no doubt that precipitation is such an important component of our environment, it is
one of the least known physics components of cloud, weather and climate prediction models. Because of
its large variability in space and time, its distribution over the globe is not accurately known. Knowledge
of the spatial and temporal distribution of global precipitation is a key to improving our understanding of
weather and climate systems.

The Tropical Rainfall Measuring Mission (TRMM) satellite, which is still flying and archiving
tropical/subtropical rainfall data more than 11 years, is a joint Japan-US mission. TRMM, launched in the
end of November 1997 by the Japanese H-II rocket, focuses on measuring tropical/subtropical rainfall
and their diurnal variations, and covers latitude from 35S to 35N. TRMM has three precipitation sensors:
the Precipitation Radar (PR), the world first space-borne precipitation radar developed by Japan, and the
TRMM Microwave Imager (TMI) and the Visible Infrared Scanner (VIRS) developed by the U.S.,
which enables observation of rainfall structures by multiple sensors, simultaneously.

Because of the success of the TRMM satellite, several requirements for the successor mission emerged
from the science and operational user community. The Global Precipitation Measurement (GPM)
mission was proposed to fulfill those requirements. GPM is a satellite program to measure the global
distribution of precipitation accurately in a sufficient frequency so that the information provided by this
program can drastically improve weather predictions, climate modeling, and understanding of water
cycles. Its feasibility has been studied at Goddard Space Flight Center of the National Aeronautics and
Space Administration (NASA) and the Japan Aerospace Exploration Agency (JAXA). Accurate
measurement of precipitation will be achieved using the Dual-frequency Precipitation Radar (DPR)
installed on the GPM Core Observatory. The DPR on the GPM Core Observatory is being developed by
JAXA and the National Institute of Information and Communications Technology (NICT).

2. The Tropical Rainfall Measuring Mission (TRMM)

The Tropical Rainfall Measuring Mission (TRMM) satellite (Figure 1) was launched by H-II rocket No.
6 in November 1997, and continues its observation more than 14 years later.

Major characteristics of the TRMM satellite are described in Table 1. TRMM is joint mission between
Japan (JAXA (former NASDA) and NICT (former CRL)) and the U.S. (NASA). The major objective of
TRMM is to determine accurate rainfall amount associated with tropical convective activities, which is a
drive source of global atmospheric circulation. To this purpose, the TRMM satellite focuses on rainfall
observation, and carries the world's first satellite-borne Precipitation Radar (PR) developed by Japan, in
addition to conventional instruments such as infrared imager and microwave imager (TRMM Microwave
Imager: TMI). The combination use of PR and TMI has greatly improved the estimation of rainfall
amount and has succeeded in observing climate changes, as with El Nifio and La Nifa. Since the
three-dimensional structure of rainfall over the land and ocean can be derived from PR, TRMM has also
revealed the three-dimensional structure of typhoons over the ocean, which was rarely observed before
TRMM. The success of TRMM shows the potential of satellite remote sensing contributions for
understanding the water cycle on Earth and improving weather forecasts.

The TRMM satellite also targets rainfall observation in the tropics and sub-tropics. In order to measure
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tropical rainfall that has large diurnal variation, it flies in non-sun-synchronous orbit with an inclination
angle of 35°. Although the designed lifetime of the satellite was about 3 years, the satellite altitude was
boosted from 350 km to 402.5 km in August 2001 to extend the lifetime by reducing atmospheric drag.
In March 2009, more than 11 years after the satellite’s launch, it continues its excellent observation and
provides valuable meteorological and climatological data relating to precipitation, through long-term
observation of the current status of rainfall in the tropics and sub-tropics, for understanding water cycle
mechanisms.

HTMI

VIRS

T ]

Visible Infrared Scanner  }

Precipitation Radar

| B CERES

---------------------------------------------

Clouds and Earth's Radiant Energy
System

R

----------------------------------------------------

Lightning Imaging Sensor

Figure 1 Overview of the TRMM Satellite and the Five on board Sensors

C-3



Table 1 Major Characteristics of the TRMM Satellite

Launch weight Approx. 3.62 ton
Launcher H-II rocket
Launch date November 28, 1997
6:54 AM (JST)
Altitude Approx. 350 km
(402.5 km since August 24, 2001)
Orbit Circular orbit (Non-sun-synchronous)
Inclination Approx. 35 degrees
Shape At lift-off: 5.1 m (length), 3.7 m (diameter)
In orbit: 5.1 m (length), 14.6 m (in paddle direction)
Weight Total: 3,524 kg
Fuel: 890 kg
Dry weight: 2,634 kg
Power Ave. 850 W
Attitude control Zero momentum three-axis stabilized
Attitude control Zero momentum three-axis stabilized
Data transmission Via TDRS
32 Kbps (real time), 2 Mbps (play back)
Design life 3 years and 2 months
Mission instrument Precipitation Radar (PR)
TRMM Microwave Imager (TMI)
Visible Infrared Scanner (VIRS)
Clouds and Earth's Radiant Energy System(CERES)

3. The Global Rainfall Measurement (GPM)
6. 3.1 From TRMM to GPM

As accuracy of satellite precipitation estimates improves and observation frequency increases, application
of those data to societal benefit areas, such as weather forecasts and flood predictions, is expected, in
addition to research of precipitation climatology to analyze precipitation systems. There is, however,
limitation on single satellite observation in coverage and frequency. Currently, the Global Precipitation
Measurement (GPM) mission is scheduled under international collaboration to fulfill various user
requirements that cannot be achieved by the single TRMM satellite.

One major characteristic of GPM as follow-on and expansion of TRMM is to operate the GPM Core
Observatory, which will carry an active precipitation radar and a passive microwave radiometer, with a
non-sun-synchronous orbit as a calibrator to other satellites. The other is a collaboration with a
constellation of several satellites developed by each international partner (space agency) that will carry
passive microwave radiometers and/or microwave sounders, to increase observation frequency. Although
the TRMM satellite focused on observation of the tropics, the GPM mission covers broader areas,
including high latitudes.

3.2 Concept of the GPM Mission

TRMM is single satellite mission for scientific research. On the other hand, the GPM mission (Fig. 2) is
an international mission to achieve high-accurate and high-frequent rainfall observation over a global
area. GPM is composed of a TRMM-like non-sun-synchronous orbit satellite (GPM Core Observatory)
and multi-satellites carrying microwave radiometer instruments (constellation satellites). The GPM Core
Observatory carries the Dual-frequency Precipitation Radar (DPR), which is being developed by JAXA
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and NICT, and the GPM Microwave Imager (GMI) provided by NASA, and will achieve more accurate
but narrower observation as a calibrator to other constellation satellites. Constellation satellites, which
carry a microwave imager and/or sounder and are planned to be launched around 2014 by each partner
agency for its own purpose, and will contribute to extending coverage and increasing frequency.

To take over the results that have been achieved by TRMM and to facilitate development of those results,
the GPM mission is planned to meet user requirements that cannot be achieved by TRMM or are
expected to be improved in GPM: 1) expansion of observation coverage; 2) increase of observation
frequency; and 3) improvement of observation accuracy.

Core Satellite
Objective:
» Understanding the horizontal and

vertical structure of precipitation ,
system

» Drop size distribution measurement

» Improvement of precipitation rate
accuracy with constellation satellites

« DPR (JAXA, NICT) (13.6, 35.5GH?z)
* GMI (NASA)
e Launch in early 2014 by H-IIA

* Non-Sun-synchronous orbit, inclination:
65deg., altitude: 407 km

Constellation Satellites

Objectives:

» Observation frequency

» Science, social applications

» Cooperation with constellation
satellite providers; JAXA,
NOAA, ISRO/CNES, etc.

* 3 hourly observation of 80% of
the globe.

e Launch around 2014 by each
organization

* Mainly sun-synchronous orbit
with altitude 600~800 km

i » Generation and dissemination of
. global map of precipitation rate with
high frequency and accuracy

< > ; 8 - Various applications such as weather,
L ecmamen®  flood forecast, agriculture, etc.

Figure 2 Overview of the GPM Mission

7. 3.3 Overview of the GPM Core Observatory

The GPM Core Observatory (Table 2 and Figure 3), which is being jointly developed by Japan and the
U.S., is scheduled to be launched in early 2014. The core satellite carries a Dual-frequency Precipitation
Radar (DPR) developed by Japan, and a GPM Microwave Imager (GMI) developed by U.S. The orbit of
the core satellite is non-sun-synchronous with an inclination angle of 65°. This orbit was selected to meet
certain requirements, such as to measure diurnal variation of rainfall in mid- and high-latitudes as well as
the tropics for around 2 months.

Table 2 Major Characteristics of the GPM Core Observatory

Orbit Non-sun-synchronous

Inclination 65 degrees

Altitude 407 km

Mission instrument Dual-frequency Precipitation Radar (DPR)
GPM Microwave Imager (GMI)

Mission life 3 years (target: 5 years)

Launch date early 2014
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The Dual-frequency Precipitation Radar (DPR) on board the GPM Core Observatory is composed of two
radars: a Ku-band (13.6-GHz) Precipitation Radar (KuPR) and a Ka-band (35.5-GHz) Precipitation
Radar (KaPR). KaPR aims at sensitive observation, and can detect weaker rainfall and snowfall that
cannot be measured by KuPR. Since KuPR can detect heavier rainfall, simultaneous observation of
KaPR and KuPR will enable accurate measurement of precipitation from heavy rainfall in the tropics to
weak snowfall in high latitudes. Rain echo is affected by precipitation attenuation, and its amount
depends on radar frequency and raindrop size. By matching position of radar beams and timing of
transmitted pulses for KuPR and KaPR, and measuring precipitation particles at the same place
simultaneously by dual-frequency, size of precipitation particles (raindrop size distribution) can be
estimated by differences in precipitation attenuation. This information cannot be obtained by
single-frequency radar, such as TRMM’s PR, and will improve accuracy of precipitation estimation. It is
also expected to identify rainfall and snowfall by using differences in precipitation attenuation for
dual-frequency.

The GPM Microwave Imager (GMI) instrument on board the GPM Core Observatory is a multi-channel
conical-scanning microwave radiometer developed by NASA, and it is based on the TMI on board the
TRMM satellite. The major role of the GMI is to improve accuracy of rainfall/snowfall estimates by
simultaneous observation with the DPR, and to work as a bridge between highly accurate observation by
the core satellite and frequent observations by the constellation satellites. GMI is also expected to serve
as a 'radiometric standard' for the other microwave radiometers on board the GPM constellation satellites,
and to reduce differences in rain rate estimation arising from biases of instruments. The GMI is
characterized by thirteen microwave channels ranging in frequency from 10 GHz to 183 GHz. In addition
to carrying channels similar to those on the TRMM Microwave Imager (TMI), the GMI carries four high
frequency, millimeter-wave, channels of about 166-GHz (‘window’ channel) and 183-GHz (water vapor
channel). Addition of those high frequency channels is expected to contribute to improvements in
accuracy of weak rainfall and snowfall estimates, especially over the ocean and land in high-latitudes.
With a 1.2 m diameter antenna, the GMI will provide significantly improved spatial resolution over TMI.

The roles of the GPM primary satellite are to collect as much microphysical information as possible for
accurate rain estimation by performing synchronous observation with the GMI and the DPR and to
provide calibration standards for the other microwave radiometers on the constellation satellites.

T or M
S % 407 km altitude,
’ 85 deg inclination

Flight direction
 —

Range resolution DPR

=250m and 500m

[

DPR (Dual-frequency
precipitation radar)
consists of

KuPR (13.6GHz radar)
and

KaPR (35.5GHzradar)

[ R

KUPR (13.6 GHz) KaPR (355 GHEY | A7) Microwave radiometer | - g
Fwath width=245 km || swath width=120 km swath width =000km [ ;=]

Figure 3 Overview of the GPM Core Satellite and Concept of Precipitation Observation
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In the case of low orbital satellites, such as TRMM and Aqua, single-satellite cannot observe frequently
at each local point. To overcome this weakness and achieve frequent observation, the GPM mission will
work with other satellite missions in the world. Figure 4 shows how the observation area covered in 3
hours by microwave radiometers on polar-orbiting satellites increases with the number of satellites. As
the number increases, the coverage for a given time increases, and hence the sampling interval at a given
point decreases. In the GPM era, eight sun-synchronous polar-orbiting satellites enable global
observation of precipitation every 3 hours. In the GPM era, one primary satellite and eight constellation
satellites will produce 3-hour global precipitation maps that will be delivered to users in near real time.

8. 3.4 Collaboration with Constellation Satellites

Constellation of several satellites developed by each international partner (space agency) will carry
passive microwave radiometers and/or microwave sounders and be in operation around 2014. The DPR
and GMI instruments on board the core satellite will serve as a ‘calibrator’ for data obtained by
constellation satellites.

Cy |'05:'06:'07:'08:i'09:'10:'11 :'12:'13{'14 '15:16 {'17 :'18
S ________TRMM(35) | A SO
synchro 5 5 5 5 5 RGO, ..........
nous ; : :
| Megha-Tropiques(2d). 5.
AM orbit [ DMSP-FI3 ~ DMSP-F19
P DMSP-F17 WSS
NOAA-M : :
Mid DMSPF16 T DD | DMSP-F20
Morning — 7 ; . — — ;
orbit | EFY-&;‘\ ! | EFY-3CE, ! | .FY-3E.
MetOp-A — ’ e
| : ! EMetin-B —1 MetOp-C_ |
PM orbit Aqua/AMSR-E | | [_Gcom-wi GCOM-W2
z : i i L — |
| | - EFY-BB | FY-3D |
NOAA-18 :
| NPP | |

IEEEEAMESSl [ MWimager | [ MWwSounder |

Figure 4 Worldwide Missions for Satellite Precipitation Observation (2005-2018) as of July 2012
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JERS 199249 H 1 H~ 2Bk
(Japanese Earth Observation Satellite) 1998 4510 A 11 H

ADEOS 1996 £ 10 A 15 H~ 4Bk
(Advanced Earth Observation Satellite) 1997 456 A 29 H

ADEOS-II 2003 4= 1 H~ AR
(Advanced Earth Observing Satellite-1I) 2003 4£ 10 A

ALOS 2006 45 J1 16 H~ 42k
(Advanced Land Observing Satellite) 2011 &£ 4 A 22 H

GCOM-W1 2012 R~ IR
(The Global Change Observation

Mission 1st-Water)

TRMM 1997 4F 12 A ~ AER(PR:FAAEAD 36 £~ Lk

(Tropical Rainfall Measuring Mission)
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AMSR-E
(Advanced Microwave Scanning
Radiometer for EOS-Aqua satellite)

200246 H 19 H~
2011 4£ 10 A 4 H

AEER

GOSAT
(Greenhouse Gases Observing Satellite)
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AER
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