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HiroakiKuzefinished the graduate school dhe
University of Tokyan 1982, obtaining thé”h.Ddegree Iin
physics in the field of quantum electronics.

After working as a postoctoral researchefor the
Institute of Physical and Chemical Research (RIKHEN)
1984 he became a resear@ssistant and in 1986 an 2
associate professor in the physics department, faculty of g
liberal arts, Shizuoka University

During 19871988, he stayed at the Institute for
Quantum OpticsMax-Planck Institutein West Germany
as a visiting scientist.

From 1995 to 2004, he worked as associate professor with the Center
for Environmental Remote Sensin@ERe5 Chiba Universityand in 2004 he
became a professor.

Between 2010 and 2014, he served as the directoC#ReS

Since 2014, he is the president of tiiemote Sensing Society of Japan
(RSSJ).

His major researclfield is the optical remote sensing of the atmosphere.



Development, Launch, Operation, and Data Use of Satellite Sens
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Meteorological Satellites (Geostationary Orbit)
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EarthObservingSatellitesin Japan

Name Launch Weight (kg) Rokcet Type

GMS 14-Jul-77 315 Delta 2914 The 1st Meteorologucal Geostationary Satellite

GMS-2 11-Aug-81 296 N-11-8

GMS-3 3-Aug-84 303 N-1I-13

EGS or EGP 13-Aug-86 685 H-1-15 Mirror ball (2.15 m diameter) Experimental Geodetic Satellite
MOS-1 19-Feb-87 740 N-1I-16 Marine Observation Satellite

GMS-4 6-Sep-89 325 H-1-20

MOS-1b 7-Feb-90 740 H-1-21

JERS-1 11-Feb-92 1340 H-1-24 L-band Synthetic Aperture Radar

GMS-5 18-Mar-95 345 H-11-3

ADEOS 17-Aug-96 3500 H-11-4 Advanced Earth Observing Satellite (OCTS, AVNIR, POLDER, etc.)
TRMM 28-Nov-97 3500 H-11-6 Tropical Rainfall Measuring Mission

ASTER 18-Dec-99 450 Atlas-l Advanced Spacebome Thermal Emission and Reflection Radiometer
ADEOS-I 14-Dec-02 3700 H-11A-4

MTSAT-1R 26-Feb-05 1600 H-NIA-7 Meteorologucal Geostationary Satellite with Aviation Controlling Capability
Al OS 24-Jan-06 3900 H-11A-8 Advanced Land Observing Satellite (PRISM, AVNIR, PALSAR)
MTSAT-2 18-Feb-06 2400 H-11A-9

GOSAT 23-Jan-09 1750 H-11A-15 Greenhouse gases observing satellite

GCOM-W 18-May-12 1991 H-11A-21 Global Change Observation Mission

GPM 28-Feb-14 3750 H-11A-23 Global Precipitation Measurement

HIMAWARI-8 7-Oct-14 1300 H-11A-25 Third generation Meteorologucal Geostationary Satellite

ASNARO 6-Nov-14 450 Dinipro Advanced Satellite with New system Architecture for Observation




: GEOSS

, GEOSS

The GEO is coordinating efforts to buildzobal Earth Observation System of Systems
(GEOSS). GEOSS is an international public infrastructure using land, sea, air and sp

based Earth observation systems to provide comprehensive environmental data,
information and analyses

TheGEOSSine societal benefitareas

- Naturaland humaninduceddisasters

- affecting human health and welbeing.

- Managementof

- Understanding mitigating and adaptlng toclimate variability andchange
- Water resourcemanagement.

- Weatherinformation, forecasting and warning.

- Protectionof terrestrial, coastal and marinecosystems

- Sustainableagricultureand combating desertification.

- Understanding monitoring and conservingiodiversity.




NASDANational Space Development Agency
1969- 2003

The National Space Development
Agency of Japan (NASDA) was
established onOctober 1, 1969
under the National Space
Development Agency Law, to act as
the nucleus for the development of &
space and promote the peaceful use
of space. -

Beingbased on the Japanese Space Development Program enacted
by the Minister of Education, Culture, Sports, Science and Technology
(MEXTD NASDA was responsibler:

Development of satellites (including space experiments and the
space station) and launch vehicles, launching and tracking the cratft.

Development of methods, facilities and equipment required for the
above.

http://global.jaxa.jp/about/history/nasda/index_e.html 9



First rocket / First satellite

L. D

Ohsumisatellite : Launched ofreb. 11,
1970with a Lambda4S rocket. Weight 24
kg, power 10.3 W. Perigee 350 km, apogee
5140 km, Decay datéug. 2, 2003

The Pencil Rocket was developed
by aprominent engineer, Prof.
Hideoltokawa of the University of
Tokyo.The rocket was launched in
March 1955 Length 23 cm,
diameter 1.8 cm, and weight 200 g.

10



JAXA (Japan Aerospace Exploration Agency )

2003- present

In October 2003 Japan Aerospace Exploration Agency (JAXA) was
established as an Independent Administrative Agency by merging three
aerospace organizations:

The Institute of Space andstronauticalScience

(ISAS, )
The National Aerospace Laboratory
NAL,
The National Space Development Agency of Japan
ISAS 1964 1981
wx . mo e
s » ’f::;iﬁ:)ﬁ » xs?:ﬁ-]};gg
NAL 1958
me‘;;s;:%g"'ﬁﬁs* ;;Z&mﬁm@&m 2003 JAXA
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NASDA »

1964 1969

H#&%ﬁ? o FENRBED
(BHEAN)
CRL

wus WRH » ws BT

11



JAXA Budget
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ALOSAdvanced Land Observirtsatellite, 2006 )

TheAdvanced Land Observing Satellite "DAICHI" (Al2&)developed to

contribute to the fields ofmapping precise regionaland coverageobservation,
disastermonitoring, andresourcesurveying.

It enhances land observation technologies acquired through the
development and operation of itpredecessorsthe Japanese Earth Resource

Satellitel (JERS, or Fuyo) and the Advanced Earth Observing Satellite
(ADEOSor Midori).

ALOShas three sensors

Panchromatic Remoteensing Instrument for Stereo Mappin@@RISN,
whichis comprised of three sets of optical systems to measure precise land
elevation

Advanced Visible and Near Infrared Radiometer typ€AVNIR2),

which observes what covers land surfaces;

Phased Array type-band Synthetic Aperture Ri#ar (PALSAR

which enables dayand-night and altlweather land observation.

http:// global.jaxa.jfprojects/sat/alod 13



ALOSAdvanced Land Observirféatellite, 2006 )

It was launched by the HIA launch vehicle No.8 from théanegashima
Space Center (TNSC)Jmnuary 24, 2006

Sinceits launch in2006 5 ! L / dbsel/dtion datawere used in various
areas includinglisaster mitigationthrough observing regions damaged by
earthquakes, tsunami, or typhoons, as well as carrying éwest
monitoring, natural environment maintenance, agriculture, and compiling
a 1/25,000 topographical map

Whenthe Great East Japan Earthquah# Japan in 2011, the DAICHI
took some 400 images over disaststricken areas to provide information

2

to all parties concerned N

OnApril 22, 2011 a power generation
anomaly caused a communication loss. J py-UE /]
AL10:50 a.m. on May 12, 2011, IAXA sent, (s, i
a command to stop its operation. e



ALOS PRISM (Panchromdiiemotesensing
Instrument for StereoMapping)

PRISMhas three independent optical
systems for viewinghadir, forward and
backwardproducing a stereoscopic image
along the satellite's track. Moy

PRISMbobserves earth surface wit.5
m spatial resolution It is used for
mapping, urban planning, monitoring
designated area etc.

Backward

http:// www.alos

restec.jgen/staticpagesindex.phgabo
utalos-prism 15




ALOS AVNIR (Advanced
Visible and Near Infrared
Radiometer type2)

Bandl : 0.42 to 0.50mn
Band 2 : 0.52 to 0.60m
Band3 : 0.61 to 0.69mm

Band4 : 0.76 to 0.89m AVNIR? image of the Sahara desert i
Spatial Resolution10 m(at Nadir) Algeria on January 28, 2011 (image
Swath Width 70 km(at Nadir) credit: JAXA, ESA)

PointingAngle -44 to + 44 degree

Mount Kenya,
acquired with the

ALOS on February 254
2011 (image credit:  §
JAXA, ESA)

EN
Sub-satellite track
fb———— 1.500km —

http:// www.alosrestec.jgern/staticpagesindex.phgaboutalosavnir2
https:// directory.eoportal.orgweb/eoportalsatellite-missions/aalos 16



ALOS PALSAR (Phagedhy type Lband
Synthetic ApertureRadar)

PALSARs anactive microwave sensousing Lband frequency, provides
higher performance than the JERSs synthetic aperture rada(SAR. It
enables to conduct cloudree and dayand-night land observation.

PALSARas fine resolution in a conventional mode, plus SCcGARMode
that can extract a 250 t@50 kmwidth of SAR images at the expense of
spatial resolution. It is utilized to makeligital elevation map(DEM)and to

monitor designated area.

Mode

Fine Scan SAR

Center Frequency

1270 MHz(L-band)

Chirp Bandwidth

28MHz 14MHz 14MHz,28MHz

Polarization

HH or VV HH+HVY or HH orVV
VV+VH

Incident angle

8 to 60 deg. 8 to 60 deg. 18 to 43 deg.
P —

Range Resolution

Observation Swath

ﬁto 44m\14 to 88 m /100m (multi Ic&\
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ASNARQ@Launched in November 2014)

AdvancedSatellite with New system Architecture for Observation
(ASNARO) is a research and development project for internationally
competitive advancedsmall satellite system

It has been executed by NEC Corporation and Japan Space Systems und
the contract of Ministry of Economy, Trade and Industry (MET]I).

IS to establish a new
system architecture to
realizealow-cost, high-
performanceand smalt
sized satellite with short

The goal of the project

Life Time over 3 years (target 5 years)

Total 495kg

*Mission 200 kg
M *Bus 295 kg (wet)

<Maximum Propellant Mass 45 kg>

Pt Power Generation: 1300 W (after 3years)

Mission Power Supply: 400 W
Pointing Nadir +45deg. Conical Area
Agility 90deg/90sec (Average 1deg/sec)

delivery time.

Though it is &00 kg
class satellitgits perfor-
manceis equivalent to
medium/large sized com
mercialsatellites with
ground res. 0f0.5m.

e | 5555 ———— |
Optical Sensor Panchromatic/Multi-spectrum(6¢ch)
(Visible and Near-infrared) TDI CCD (TDI: Time Delay Integration)
@ 504km Altitude Ground Sampling Distance (GSD) :
<0.5m (Panchromatic) . <2m (Multi)
Swath: 10km

http:// www.jspacesystems.orjpn_project_asnarb 19



ASNARO -1
p Advanced Satellite with New system Architecture for Observation
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http://www.meti.go.jp/policy/mono_info_service/mono/space_industry/

20
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https://www.axelspace.com/solution/hodoyoshi1/
https://www.axelspace.com/solution/hodoyoshi1/

JAXA Advanced Optical Observation Satellites

2010 2020

%%ityﬂ

MOS-1, MOS-1b JERS-1  ADEOS AVN|r§-2 sfEx2ag (BR/TLF)
7 ' 10m (< JLF) <« 0.8~10m (BR)

i\, . A
' AVNIR
S EREM £

PRISM

MESSR : OPS 8 (Eg) !
5 AERE: $350m  #918m lg“m(.\,,jm 2.5m (BR)
a2 )
Aiming at much
higher
performance
U J

(AVNIR-2)

(MESSR)

http:// www.mext.go.jgb_menu shingi gijyutu/gijyutu2/059/shiryd __icsFilesafieldfile/
2014/10/01/1351678 4.pdf

22



GCOMW (Launched in May 2012)

The"Global Change Observation Mission" (GCOM) aims to construct,
use, and verify systems that enable continuous gloisable observations
(for 10 to 15 years) of effective geophysical parameters for elucidating
global climate changandwater circulationmechanisms.

TheGCOM mission is a two series of satellit€sCOMW for observing
water circulation changes an@COMCfor climate changes.

TheGCOMW with amicrowave radiometeronboard will observe
precipitation, vapor amounts, wind velocity above the ocean, sea water
temperature, water levels on land areas, and snow depths

TheAdvanced Microwave Scanning
Radiometer ZAMSRY isa sensor to observe
radiometers, or microwaves emitted naturally
from the ground, sea surface and atmosphere, [
using six different frequency bands ranging frontsA:
7 GHz to 89 GHz. g




) GCOMW AMSR2
LYl 3Ssa 27F | dzZNNNOF2¢18acquireddy MW zdhEervatighof AMSR2 on

GCOMWI1 (left) and by infrared observation (rlgbt[lmagecredlt NOAA ancNRL]

Maval lol‘nch Lab e, nlluy mw dl/nl,ploducu tml
BN Boightness 'l'o-p (Kalvin) -

Thecloud image captured through infrared observation (right) cannot clarify the
internal structure of a typhoon or hurricane, but thMW observation(left) clearly shows
the dual structure of the eyand surrounding rain bands of Hurricane Arthur off the U.S.
Eastcoast.

https:// directory.eoportal.orgweb/ eoportalsatellite-missions/ggcom 24



AMSR2 Archive 20121001-20130331

e — iy
@ 1
= s

Sea Surface Temperature

§ L ———

e
- 2013/03/31

Soil Moisture

http://suzaku.eorc.jaxa.jp/GCOM_W/monitor/gallery _img/amsr2_archive 121001
130331 _j.html 25



GCOMW1 In ATrain

_ CALIPSO
CloudSat At
— -n ‘ o GCOM-W1
2 - i‘) > e a3
“V“ ‘. — . ~ N 1 :‘ NS 'v"..,"« .
) 12 e AN
103 sec. >

These flveEarthobservmg satellitesarry more than 15 SC|ent|f|c mstruments itotal.
Called theAfternoon Constellation or A Train, these satellites work as a united, powerful
tool for advancing our understanding of Earth's surface and atmosphere. 26



GCOMC (to be launched in FY 2016)

Thepurpose of the GCOMGSlobal Chang®©bservation Missionproject
is the global, longerm observation ofii KS 9 NI KQ&a Sy @A NP\

GCOMC (climate) carriea SGLISecondgeneration global imager,
which conductssurface and atmospherimeasurements relatedo the
carbon cycle and radiatiobudget.

SGLlIs anoptical sensombserving at
wavelengths from neatUV to thermal
infrared wavelengths 380 nmto 12
um .
Also,SGLI hagolarimetry and
forwa_trd / backwardobservation .. AP
functions. (SGLI-IRS)

Gobal data are obtained oncevery =gzt
2 or 3 days, with resolutions af50 m o
to 1 km.

B4R « ARG EHER
(SGLI-VNR)

http:// global.jaxa.jfprojects/sat/gcom_¢ 27



GOSAT (Greenhouse gasdsserving satellite, 2009

TheGreenhouse gases ObserviB@\Tellite(GOSAT) Project is a joint
effort promoted by the Japan Aerospace Exploration AgendgfX4A, the
National Institute for Environmental Studies\{E$ and the Ministry of
the Environment VIOE.

NIES organized the research team dedicated to
the GOSAT project within its organization in April
2004, and since then has been working for the
research and development with respect to GOSAT
"IBUKI".

GOSAT was launched using thdlA onJanuary
23, 2009%rom TanegashimaThe satelliteflies at an
altitude of approximately 666 km and completes
one revolution in about 100 minutes. The satellite
returns to the same point in space itinree days

http:// www.gosat.nies.go.jpndex_e.html



GOSAT TANSEXS & CAl

Theobservation instrument onboard the satellite is th&éhermal And
Nearinfrared Sensor for carbon ObservatigfANSO). TANSO is
composed of two subunits: thé-ourier Transform SpectrometdFTS) and
the Cloud and Aerosol ImagdCAl). Tables 1 and 2 summarize the target
gas species, spectral coverage, and other specifications of these two
instruments.

GOSAT observesfrared
light reflected and emitted
from the earth's surface and
the atmosphere.Column
abundances of CCand CH
are calculated from the
observational data. The
column abundance of a gas
species is expressed as the

number Of the gaS X-band Antenna/c::;l.'.
molecules in a column Ehundnivan)

above a unit surface area.

Technical Data

Monitor Camera(CAM) Gcqu;J)\s)ltlon Equipment

X-band Antenna

"/ TANSO-FTS:
Greenhouse Gasses

Solar Array Panel

29



GOSAT SWIR vs. TIR

vA g .
-« = %’7 P -
" ATEN SWIRFTS  TIR-FTS h"
\ = \ "E;L \ o A A A
w : =]
\ ,/ / \\ / / Stratospheric " - .
VO R TR UTRS $ el R P T OIS e O BN T aer050| ,\-f‘-.:]-'?‘c 2}':“.‘3-‘..\'~J"=7-‘M.
Cloud =~—"=->=> } -
GHG . -
ST S .
\ TrOPOSphenc aerosol s
' & Mol R sy £ Wl
Earth’s surface

Thereflective radiative energy is covered by the VIS and SWIR (Shortwave
Infrared) ranges, while the emissive portion of radiation from Earth's surface
and the atmosphere is covered by thER(Thermal Infrared) ranges.

https:// directory.eoportal.orgweb/ eoportalsatellite-missions/ggosat 30



Band 14 radiance spectra ofANSGFTS (SWIR)
observedon April 23, 2009, over Tsukuba, Japan
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http:// global.jaxa.jfpress/2009/10/20091030 ibuki_e.html
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GOSAT TIR

Dayside i Point 1: Pacific Ocean (S57 45, W168.47) at 8:23 am. (JST)
’ 3 \\ .\A._ " ( 10y
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igntsiae
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[ y * Red bar shows gas absomtion bands. biyeiis

{

TheSWIRbands mainly observe in thdaytime because they measure the solar
ALISOGNF NBTESOGSR TNRY (GKS 9F NIKQ& & dzNJ
TIRIis able to observe both in the nighttime and daytime because it measures
the spectra of Earth radiationlt has beenconfirmed that TIR could observe the
absorption spectra of carbon dioxide and methane during both day and night.

http:// www.eorc.jaxa.jpen/imgdatdtopics/2009/tp090319.html 32




GOSAT Cfnixing ratio
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Monthly Global Map of the C@Ocolumn-averaged volume mixing ratios
In 2.5 deg by 2.5 demesh August 2013 Ver.02.21 (image cretNES)

https:// directory.eoportal.orgweb/ eoportalsatellite-missions/ggosat




GOSAT mission schedule

2009 2010 2014
121 1| 213 |4 |9 |6 | F|E&IBI10 |11 11211 ]| 2 1.0 2|
Jan. 23 Alniﬁal
Launch  Checkout
Initial
21'@':1*@!‘15’9; |
check [l
| : -
Critical Level 1 (Observation spectra) to public
phase
Level 2 (SWIR CO, and CH, of column averaged
dry air mole fraction global distribution) to public
Nov. 2010 Level 3 (SWIR CO, and CH, column averaged dry air mole fraction
global distribution in monthly mean) to public
Oct. 2011 Level 4A (CO, flux in 64 global region) to RA PI
Mar. 2012 Level 2 (TIR CO, and CH, density profile global distribution) to public

Summer 2012 Level 4 will be released to public.

https:// directory.eoportal.orgweb/ eoportalsatellite-missions/ggosat




NEC / Earth Observation Sensors

1987 1992 1996 1998 2002 2005

_— OPTIC OPS (JERS-1) ASTER (EOS-AMI) PRISM (ALOS) Hyperspectral
: ! Qptxcel Sexzors Athn':s:l Spe rt- -r ' Tlmru {"zc:;:;;c' 1:;1:; fgime"s'e,;s‘g% &Multispectral
Radomete .
MESSR (MOS-1) @ @ *
MeXipectas) Electiorar Selff \ /
Scannine Racho mreter TANSO (GOSAT
| OCTS (ADEOS) X OCT (ROCSAT-1) Thom A,d,,f,_ red ) SGLI (GCOM)
Ocean Coloy end Temperatuwe Scenrey Qcean Color Imager Dﬁot tos c-:.‘bu.qC%;mna é’f“h‘:l‘]&.‘l‘; ,“Dh
' RADAR SAR Elec. (JERS-1) PALSAR (ALOS)
RN Syntdetic Aperture Radu Phaced Ammay (/pebﬁ-s.d
:)ﬂd‘lh: Aperfure Radu
- \ PR (TRMM < DPR (GPM)
M:p l(o 190 aP:S::D m}'xvgexn
X-hand Airborne SAR .
L-band Airborne SAR
— B

Thesensors mounted on earth observation satellites for monitoring natural
resources and the environment can be broadly classified as optical sensors or
microwave driven radars.

http:// www.nec.comen/global/solutions/spacegarth _oservation



Mitsubishi Electric /Earth Observatiorbatellites

GOSATR2: GOSARIs the successor of IBUKI (also known a
GOSAJ It is expected to play a major role in the international
framework for spacebased greenhous@as observation.

ALOS2: Advanced.and Observing Satellit@8 (ALOL) follows
In the footsteps of ALOS, which monitored changes on Earth
between 2006 and 2011. It's equipped with the PALSAR
panchromatic kband synthetic aperture radar observation
device.

Himawari8, 9: Japaneseneteorological satellite which are
essential to the climate forecast of Japan. They will be the
successors to MTSAT (Himawari?).

MTSAT2: MTSAT2 carries out an aviation mission, such as
successful air traffic control, as well as a meteorological miss

ADEOSI: Advancedearth Observing Satellitd: ADEO3
takes over ADEOS's mission of monitoring climate changes,
expansion of the ozone holes, and global environmental changes,
as well as investigating the causes of these phenomena.

http:// www.mitsubishielectric.cotbu/space/satellite/observationihdex.html 36



Third Generation Meteorological Satellites, Himawa8 & 9

Transition of Operational Satellites

s SR S B 6 T S I o I S T N I e | MTM e IR S T 5 T N T o T S TR S I S B S TR L I L T e T S T T |
o QO QO Q9 Q o O O O oo o o o 0 o o0 o o0 0o 0 o0 o o o o
o O O O O P P P PP P P P P P P KN R BRSO RN N
un ~] 0O WO O k= MOoOW e L O - 00 W O = N W s Uy ~ 00 W
MTSAT-1R : : .
Meteorological Mission g "6 Operatlﬂnal |n_0rb|t Starpby
MTSAT-2 In-orbit standb Operational In-orbit standb
Meteorological Mission y y p rF y
Launc ' . :

; . _ Operational In-orbit standb
Himawari-2 Manufacturing &e : : Y
Himawari-9 Launchlﬂﬁ; n-orbit standby Operational

A

Himawari8 was launched oroctober 7, 2014

The launch of Himawat® for in-orbit standby is scheduleth 2016

Himawart8/9 will be in operation around 140 degredsast coveringhe
EastAsia and Western Pacific regions for 15 years

http:// severe.worldweather.wmo.itf CFWJIMAworkshoi-3.Himawari8
9 Ylzumikawa.pdf
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Himawart8/9: Specification of Observation

Channel Central Wavelength Spatle?l P
[m] Resolution P :
1 0.43-0.48 1 km RGB e
2 0.50-0.52 1 km omposite ¥, A
3 0.63 - 0.66 05km | True Color o
Image i ol
4 0.85-0.87 1 km
5 1.60 - 1.62 2 km
6 2.25-2.27 2 km B
7 3.74-3.96 2 km
8 6.06 — 6.43 2 km
g 6.89-7.01 2 km Water
Vapor

10 7.26-7.43 2 km Full disk
H 8.44-8.76 2 km SOz Interval: 1 0 minutes (6 times per hour)
12 9.54-9.72 2 km O3

Japan area
13 10.3-10.6 2km Interval: 2.5 minutes (4 times in 10 minutes)
14 11.1-113 2k Atmospheric | Dimension: EW x NS: 2000 x 1000 km x 2

' ' m Windows

15 12.2-125 2 km Target area

Interval: 2.5 minutes (4 times in 10 minutes)
16 S ZLL CO2 Dimension: EW x NS: 1000 x 1000 km

Number of Channels: 55)16

Interval: 30/60 min. £)>10min.

V0O



CEReSIICT JMA Himawa8 Official YouTube
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CEReS, Chiba University
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MTSAT vs. Hmawa#

MTSAT-2 VIS 03, APR, 2015 05:00UTC Himawari—-8 03, APR, 2015 05:30UTC

Himawart7 (MTSAT) : every 1h Hima@/aevery 10 min

http:// www.jmanet.go.jp'sat/data/web89/himawari8 sample data.html




TRMM (Tropical Rainfall Measuring Mission,1997)

Launchedn November 1997the TRMM(Tropical Rainfall Measuring
Mission) wagointly developed by JAXA and NASA aiming at observing
tropical precipitation.

ThePR(Precipitation Radaryasthe world's first satellite onboard
precipitation radar developed by Japan

TheTRMM satellite completed its post
mission operation orOctober, 2014 The " )
TRMM has been in its 17th year of operation, =~ Z g
well exceeding its design life expectancy of ”‘ e,
three years and two months.

PR¢ 3-dimensional observation of rainfall
IS measured with a microwave radar
operated at 13.796 and3.802GHz.
Swath: 220 km

Resolution 250 m (depth), 4.3 km
(horizontal)

http:// global.jaxa.jfprojects/sat/trmm/
http:// www.eorc.jaxa.jpl RMM/about/observationimages_j.htm 41



GPM(Global Precipitation Measurement )

GPMis a joint mission between JAXA and
NASA as well as other international space
agencies to make frequent (everyc3 hours)
20aSNWFGAZ2Yya 2F 9F NI KQa FEINB C

DuaklFrequency Precipitation RaddDPR) a Launched in Feb. 201«
radar providing 3dimensional maps of storm
structure. DPR has two frequencies: tlixerband
radar, similar to the PR on TRMM, covers a 24 B8
km swath. Nested inside that, th&aband radar S
covers a 120 km swath &

GPMMicrowave Imager(GMI) - a passive
sensor that observes the microwave energy
emitted by the Earth and atmosphere at 13
different frequency/polarization channels.
These data allow quantitative maps of
precipitation across a swath that is 885 km
wide.

http:// www.eorc.jaxa.jpimgdatatopics/2014/tp140902.html
http:// en.wikipedia.orgwiki/ Global_Precipitation_Measurement i




ASTER(Advanced Spaceborne Thermal Emission and Reflection Radiometer

ASTEHRS an imaging instrument onboard Terra, the flagship satellite of
NASA's Earth Observing System (EOS) launch@&eiember 1999

ASTERs a cooperative effort between NASA, JapaMsistry of
Economy, Trade and Indust{MET), and Japan Space Systems (J
spacesystems

ASTERata are used to create detailed maps of land surface temperature,
reflectance, and elevation. The coordinated system of EOS satellites,
Including Terra, is a major component of NASA's Science Mission
Directorate and the Earth Science Division.

Height: 3.5 meters
Length: 6.8 meters
Weight: 5,190 kilograms

Power: 2,530 watts (average)
Instrument Data Rate: 18,545 kilobytes
per second (average)
Design Lifetime: 6 years

Spatial Resolution:

15 m (Bandd 3) 0.52-0.86mm

30 m (Bandgl 9) 1.60-2.43mm

90 m (Bandd0 14)8.12511. 65mm
Swath width: 60 km
Totalcoverage in crossrack ... Vg

direction by pointingfunction: 232 km

" X-BAND BROADCAST
ANTENNA

https:// asterweb.jpl.nasa.gav 43



ASTER -®EM (Digital Elevation Map)

..........

ASTER data
(60km x 60km)

Generation of seamless

DEM using all ASTER data -, a -

ever acquired over the 4 ' ' R s 4 =

target area ol S5 SR "
Automated processing Red-colored area: ASTER coverage

(available area for GDEM generation)
(Deeper red indicates more frequent observations,

3 sgamless mde-coverage thus providing higher accuracy)

Easy to use, allowing for
|
_>| ASTERGDEM "> il et

e 'p'blied to all land a
Release: 2009 ASTER GDEM is an edsyuse, highly accurate
Data: 2000 DEM covering all the land oearth. It can be

used todisplay a bird'seye-view map or run a

Posting: 30 m flight simulation.

DEM accuracy:-14m
http:// www.jspacesystems.or.jprsdacGDEM/E/1.html
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Hyperspectalmager Suite (HISUI)

Spatial Resolution: 30 m
Swath Width: 3km
Spectral Bands185
(VNIR:57 SWIR:128)
Range:0.4-2.5 pm
(VNIR: 0.9.97 uym,SWIR:0.2.5um)
Resolution: 10 nm (VNIR), 12.5 nm
(SWIR)
Signalto Noise Ratio (30% albedo
X 0 peady Yz 300 2180 nm
Dynamicw | Y 3 S  xdesign=12bk Hyperspectral Imager
Pointing/ I LJ- 6 A B A { &0 Km)

HISUls being developed by Japanese Ministry of Econoiimade, andndustry
(METI) as its 4th spaceborne optical imager mission
1) OPS onboard JERSatellite (1992; 1998)
2) ASTER onboard NASA's Terra satellite (1999
3) ASNARO (201p

http:// hyspiri.jpl.nasa.gaddownloads/2011_ Workshop/day2/23
.1108_HISUI_HyspIRIWS _06.pdf 45



Brightness Temperature [K]

International Space Station

Superconducting Submillimetewave LimbEmission Sounder (SMILES)

The SMILES investigati@mms to globally map stratospheric trace gases
by means of the most sensitive submillimeter receiver.

AlthoughSMILES stopped atmospheric observation due to instrumental
failures since April 2010, highly sensitive data obtained for a half year
provides accurate global datasets of atmospheric minor constituents
related to ozone chemistry. Orore]

Band A (091012000062) /§’§;\ \< e
/ i "..,_,,"\..""\'\\ .

2009/10/12 03:22:14, N23.30 E173.83, SZA 55.8 deg at 30km

g ' 0,
r HYCI >
e : Okvh]) ;
CH»,CN !,-_OOO o_‘ 2) i
HOCI HNO, HNO, V 7
10{ ; HOCI
BrO
1 L . ' ! ! I \ | : .’-
' ” h ' u‘, l .\! \f
A o )(‘ s ' ‘ ‘1' ' L '
Ll il
0v1
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Frequency [GHz]
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http:// www.nasa.golmission_pagéstation/research/experiments/638.html 46



Earth Observation using the GAIA-l and GAIA-Il  ¢p_sAR onboard microsatellite
GNSS-RO onboard microsatellite (GAIA-I) : | %A-II)

using GNSS-RO sensor using CP-SAR

*Investigation of relationship of global land
deformation and electrondensity change in
ionosphere

*Mapping of Earth surface temperature,
water vapor, sea surface wind, sea surface

sensor

. Investigation of global land
deformation precisely

height (tsunami), gravity etc -\~ :

-Investigation of earthquake precursor and 2 GAIAI class

: ot 2P (CP-SAR) , tellit USA- GPS
its mechanism in wide area and low Chiba Univ + Lapan

resolution =

M EU- Galileo

‘|

(GNSS-RO) ‘ o |
Chiba Univ R A F Japan- QZS
//% // R~ v - T :

GAIA-I

,v

GAIA- -
Wide area and low resolution of -
land deformation monitoring using GNSS-R§

FLLIN

.~ CHIBA



Roadmap of Chiba University Microsatellite Missions

Basic Research /\ Advanced Research /\0 peratlonf Missions

2013-2017 LAPAN- \k_ \< 2\ U [ —
Chiba University - LAPAN GAIA-II ‘,, \ ChIBEIURIVETSItY]

-

Chibasat (360 Millions . - :
- Chibasat (LAPAN-AS / GAIA- \2 vk me o
::'I‘I'" ciltas )LBand SR; Polar, i LHETEETE
illions Yen ) |
) 100 kg W Weas, Chiba University — Alway:; Aim
\ Higher

Ly A
v—.&) Ajou University, Korea

= polar, 100 Kg
- LAPAN)

b w# Chiba University - LAPAN
/\\ Equatorial, 100 Kg
\

\@j‘,"’n

Chiba Univ., Kyoto Univ., JAXA,
Taiwan- NCU, Polar, 50 Kg
a.\ GPS-RO onboard Microsatellite

&
T GAIA-I

Josaphat Laboratory Ground Experimental JPnitoring
Synthetic Aperture Radar onboard ity)
Unmanned Aerial Vehicle (JX Series) B

L Band SAR C/X Band SAR Smmyy Band SAR Multiband SAR Mission

2010-2015 2016-2020 2021-2025 2026-2030 2031-2035




1956 Science and Technologdgency (-2001)

1969 NASDA -2003)

1970 Ohsumi

1972 ERTS1XLandsat)

1978 EOC (Earth Observation Center)/NASDA

& 1st PGSD (Policy Guideline for Space Development)

-> MOS satellite

19892nd PGSD -> ADEOS, ISS

1990 JaparJS Bilateral Agreement on Satellite Procurement
—QCe¢! ¢ F2NJ 2LISNFGA2yFE &alFadStt Al

1995 EORC (Earth Obs. Res. Center)/NASDA

2003 JAXA

2004 Strategy for Promotion of Earth Observation
2005GEOSS (Global Earth Obs. System of Syst&yg)project

2008 Basic Space Law

2009 BPSP (Basic Plan for Space Policy)

20132nd BPSP(http://lwww8.cao.go.jp/space/englishindex-e.html)

49
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GOSAT

NO2
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PRISM
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Study on atmospheric aerosols




Radiance components observed by a satellite sensor

Sensor
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' ' od pm ol
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added to th
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the ground

Target Environment
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Simulation of radiance at satellite sensor
(reflection from vegetation covered surface)

0.05

Radiance at the top of the atmosphere (V=10km)

o

_

=
1

o

-

|
T

o

o

=k
1

Radiance (Wm st 'nm )

0.00 '
200 400 600 800 1000 1200

Wavelength (nm)

Radiance due to atmospheric scattering tends to be dominant at
wavelengths shorter than 700 nm, while the surface reflectance is
much more important for longer wavelengths when the surface is
covered with vegetation.
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Simulation of upward and downward radiance

250:.- T T T T T T T T = 10.1km —— | 0.1km
| Ocean +10km — | 10km

150}

Radiance (mW/m?/sr/nm)

400 500 600 700 800 900 1000
Wavelength (nm)

Resolution 1nm, Mid-latitude summer, maritime aerosol, vis =20 km, SZA = 20

deg, S-E distance 1AU (April), TOA =99 km, Ground = 0.1 km, Airplane = 10 km58



Radiative transfer equation (RTE)

radiation transfer
In a volume with particulate/gas scatterers

dl =-a_,/lds=-ns_lds
8., [Mm7] extinction coefficient
n[m-3] scatterer number density
Se[M?] extinction cross-section
O
RTE
I @ O I1+dl
1 di |
=J-1 J: source function
ns,, ds

59



J=0

Optical thicknesb

Vertical radiation transfer when J =0

di | const an|t:Tl1Jo
dz "4 E— :|Oe"5'Z
s = Ioe'f
Lambert-Be er 0 S
& t=Uz=nsz:

optical thickness

{=1==> | =0.37,

a W
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Column Integrated AOT from December 2001 through November 2002

JneAugust Sepfember November

Aerosol Optical Depth

T S
0 0.25 0.5 75 1.0
Global summaries of aerosol optical thickness at 558 nm from MISR
(Multi -angle Imaging SpectroRadiometer )
MISR algorithms retrieve aerosol amount from the variation in scene

brightness over nine different view angles and four wavelengths.
The maps include aerosol particles of various sizes and from multiple
sources, including biomass burning, mineral dust, sea salt and regional

industrial pollution. http://earthobservatory.nasa.gov/IOTD/view.php?id=3516



Vertical optical thickness due to scattring and absorption
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dN/dlog r

Aerosol size distributions
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Normalized extinction coefficier

Normalized extinction coefficier

Wavelength dependence of aerosol extinction coefficients:

effect of relative humidity

Extinction of oceanic aerosc
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Spectral response functions of a satellite sensor (Himaw&ri

SRFs of Himawari-8/AHI Visible Bands (September 2013)

3 Band number
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Wavelength ( um)
RGB VALUES FOR VISIBLE WAVELENGTHS by Dan Bruton ( http://www.physics.sfasu.edw/astro/color/spectra.hitml )
Measured SRFs of Himawari-8/AHI Near Infrared Bands (September 2013)
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http://www.data.jma.go.jp/mscweb/ja/himawari89/space segment/spsg_ahi.html 65



Global distribution of PM2.5

(my/m°)

The global ground-level PM2.5 concentrations are mapped using total column
aerosol optical depth (AOD) from the MODIS and MISR satellite instruments and
coincident aerosol vertical profiles from the GEOS-Chem global chemical
transport model. Global estimates of long-term average (1 January 2001 to 31
December 2006) PM2.5 concentrations at approximately 10 km 10 km
resolution indicate a global population-weighted geometric mean PM2.5
concentration of 20 pg/m3.

Donkelaar et al., http://ehp.niehs.nih.gov/0901623/ 66



