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 Hiroaki Kuze finished the graduate school of the 
University of Tokyo in 1982, obtaining the Ph.D degree in 
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 After working as a post-doctoral researcher for the 

Institute of Physical and Chemical Research (RIKEN), in 
1984 he became a research assistant and in 1986 an 
associate professor in the physics department, faculty of 
liberal arts, Shizuoka University. 
 During 1987-1988, he stayed at the Institute for 
Quantum Optics, Max-Planck Institute in West Germany 
as a visiting scientist.  

 From 1995 to 2004, he worked as an associate professor with the Center 
for Environmental Remote Sensing (CEReS), Chiba University, and in 2004 he 
became a professor.  
 Between 2010 and 2014, he served as the director of CEReS. 
 Since 2014, he is the president of the Remote Sensing Society of Japan 

(RSSJ).  
 His major research field is the optical remote sensing of the atmosphere.  
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Development, Launch, Operation, and Data Use of Satellite Sensors 

  RS  
  http://www.kantei.go.jp/jp/singi/utyuu/RSSkentou/dai1/siryou2.pdf 2 
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Meteorological Satellites (Geostationary Orbit) 

Himawari-8 
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Earth Observing Satellites in Japan 
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‚ GEOSS
 

‚ GEOSS
 

 
The GEO is coordinating efforts to build a Global Earth Observation System of Systems 
(GEOSS). GEOSS is an international public infrastructure using land, sea, air and space-
based Earth observation systems to provide comprehensive environmental data, 
information and analyses. 
 

The GEOSS nine societal benefit areas  
 - Natural and human-induced disasters. 
 - Environmental factors affecting human health and well-being. 
 - Management of energy resources. 
 - Understanding, mitigating and adapting to climate variability and change. 
-  Water resource management. 
-  Weather information, forecasting and warning. 
-  Protection of terrestrial, coastal and marine ecosystems. 
-  Sustainable agriculture and combating desertification. 
-  Understanding, monitoring and conserving biodiversity. 
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NASDA (National Space Development Agency  

 Being based on the Japanese Space Development Program enacted 
by the Minister of Education, Culture, Sports, Science and Technology 
(MEXT) NASDA was responsible for: 

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

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

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

 The National Space Development 
Agency of Japan (NASDA) was 
established on October 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. 

  1969 - 2003 
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The Pencil Rocket was developed 
by a prominent engineer, Prof. 
Hideo Itokawa of the University of 
Tokyo. The rocket was launched in 
March 1955. Length 23 cm, 
diameter 1.8 cm, and weight 200 g. 

Ohsumi satellite : Launched on Feb. 11, 
1970 with a Lambda-4S rocket. Weight 24 
kg, power 10.3 W. Perigee 350 km, apogee 
5140 km, Decay date Aug. 2, 2003. 

First rocket / First satellite 
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 In October 2003, Japan Aerospace Exploration Agency (JAXA) was 
established as an Independent Administrative Agency by merging three 
aerospace organizations: 
 The Institute of Space and Astronautical Science 

     (ISAS, ) 
 The National Aerospace Laboratory 

    NAL,  
 The National Space Development Agency of Japan 

     
     

JAXA (Japan Aerospace Exploration Agency )   
    2003 - present 

2003  JAXA 
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1989                                2000                          2010 

1b USD 

JAXA Budget 

Space Industry 
(Rockets, Satellites, 
Ground Systems, ...) 

http:// www.cosmotec-
hp.jp/column/future4.html 
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ALOS (Advanced Land Observing Satellite, 2006 ) 

 The Advanced Land Observing Satellite "DAICHI" (ALOS) was developed to 
contribute to the fields of mapping, precise regional land coverage observation, 
disaster monitoring, and resource surveying.  
 

 It enhances land observation technologies acquired through the 
development and operation of its predecessors, the Japanese Earth Resource 
Satellite-1 (JERS-1, or Fuyo) and the Advanced Earth Observing Satellite 
(ADEOS, or Midori). 
 

 ALOS has three sensors: 
 Panchromatic Remote-sensing Instrument for Stereo Mapping (PRISM),    

    which is comprised of three sets of optical systems to measure precise land    
    elevation 
 Advanced Visible and Near Infrared Radiometer type 2 (AVNIR-2),  

    which observes what covers land surfaces;  
 Phased Array type L-band Synthetic Aperture Radar (PALSAR),  

    which enables day-and-night and all-weather land observation. 

http:// global.jaxa.jp/projects/sat/alos/  13 



 It was launched by the H-IIA launch vehicle No.8 from the Tanegashima 
Space Center (TNSC) in January 24, 2006. 
 

 Since its launch in 2006, 5!L/ILΨǎ observation data were used in various 
areas including disaster mitigation through observing regions damaged by 
earthquakes, tsunami, or typhoons, as well as carrying out forest 
monitoring, natural environment maintenance, agriculture, and compiling 
a 1/25,000 topographical map.  
 

 When the Great East Japan Earthquake hit Japan in 2011, the DAICHI 
took some 400 images over disaster-stricken areas to provide information 
to all parties concerned. 

ALOS (Advanced Land Observing Satellite, 2006 ) 

 On April 22, 2011, a power generation 
anomaly caused a communication loss. 
At 10:50 a.m. on May 12, 2011, JAXA sent 
a command to stop its operation. 
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ALOS PRISM (Panchromatic Remote-sensing 
Instrument for Stereo Mapping) 

http:// www.alos-
restec.jp/en/staticpages/ index.php/abo
utalos-prism 

 PRISM has three independent optical 
systems for viewing nadir, forward and 
backward producing a stereoscopic image 
along the satellite's track.  

 PRISM observes earth surface with 2.5 
m spatial resolution. It is used for 
mapping, urban planning, monitoring 
designated area etc.  

Digital 3D map image example of Mt. Everest 
(image credit: JAXA) 
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ALOS  AVNIR-2 (Advanced 
Visible and Near Infrared 
Radiometer type 2) 
Band 1 : 0.42 to 0.50 mm 
Band 2 : 0.52 to 0.60 mm 
Band 3 : 0.61 to 0.69 mm 
Band 4 : 0.76 to 0.89 mm 
Spatial Resolution  10 m (at Nadir) 
Swath Width 70 km (at Nadir) 
Pointing Angle - 44 to + 44 degree 

http:// www.alos-restec.jp/en/staticpages/ index.php/aboutalos-avnir2 
https:// directory.eoportal.org/web/eoportal/satellite-missions/a/alos 

AVNIR-2 image of the Sahara desert in 
Algeria on January 28, 2011 (image 
credit: JAXA, ESA) 

Mount Kenya, 
acquired with the 
AVNIR-2 instrument of 
ALOS on February 25, 
2011 (image credit: 
JAXA, ESA) 
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ALOS PALSAR (Phased Array type L-band 
Synthetic Aperture Radar) 

 PALSAR is an active microwave sensor using L-band frequency, provides 
higher performance than the JERS-1's synthetic aperture radar (SAR). It 
enables to conduct cloud-free and day-and-night land observation.  

 PALSAR has fine resolution in a conventional mode, plus Scan SAR mode 
that can extract a 250 to 350 km width of SAR images at the expense of 
spatial resolution. It is utilized to make digital elevation map (DEM) and to 
monitor designated area. 

17 



Synthetic aperture 
radar measurement 
of land displacement 

The ALOS/PALSAR 
observation has revealed that 
there has been a movement 
toward the eastern direction 
by more than 4 m, an 
unprecedented value in 
previous earthquakes. 

http://www.jaxa.jp/article/special
/antidisaster/yamanaka_j.html 18 



 Advanced Satellite with New system Architecture for Observation 
(ASNARO) is a research and development project for internationally 
competitive advanced small satellite system.  

 It has been executed by NEC Corporation and Japan Space Systems under 
the contract of Ministry of Economy, Trade and Industry (METI).  

ASNARO (Launched in November 2014) 

http:// www.jspacesystems.or.jp/en_project_asnaro/  

 The goal of the project 
is to establish a new 
system architecture to 
realize a low-cost, high-
performance and small-
sized satellite with short 
delivery time.  

 Though it is a 400 kg 
class satellite, its perfor- 
mance is equivalent to 
medium/large sized com-
mercial satellites with 
ground res. of 0.5 m.   
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http://www.meti.go.jp/policy/mono_info_service/mono/space_industry/ 

ṡASNARO -1ṢḲ צּ צּ
ḭ פּ ︡ḭ
קּ Ḯṕ  10  km ḭ  450  kg ḭ  0.5 m Ṗ 

ASNARO -1 
ṕAdvanced Satellite with New system Architecture for Observation Ṗ 

 2014 11 6 ḭ פּ
ẖ ṇ)בֿ )  
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 ṕ ṇ Ṗ ︡ 1 50cm
︡ 60kg Ḯ 
 ṇ ḭ ṇ ḭMEMS ḭGPS
צּ אל ףּ 3 לּ ḭפּ אל

︣  Ḯלּ
 6.7m ḭ 28 km קּ צּ
אל ḭ 500km פּ Ḯ 

︡1  Hodoyoshi - 1  

https://www.axelspace.com/solution/hodoyoshi1/  
https://www.axelspace.com/special/20150731/ 

ṕ Ḳ2015 -06-21 
10:30UTC Ṗ 
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JAXA Advanced Optical Observation Satellites 

http:// www.mext.go.jp/b_menu/shingi/gijyutu/gijyutu2/059/shiryo/__icsFiles/afieldfile/
2014/10/01/1351678_4.pdf 

Aiming at much 
higher 
performance 
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GCOM-W (Launched in May 2012) 
  The "Global Change Observation Mission" (GCOM) aims to construct, 

use, and verify systems that enable continuous global-scale observations 
(for 10 to 15 years) of effective geophysical parameters for elucidating 
global climate change and water circulation mechanisms. 

  The GCOM mission is a two series of satellites, GCOM-W for observing 
water circulation changes and GCOM-C for climate changes.  

  The GCOM-W with a microwave radiometer onboard will observe 
precipitation, vapor amounts, wind velocity above the ocean, sea water 
temperature, water levels on land areas, and snow depths. 

 The Advanced Microwave Scanning 
Radiometer 2 (AMSR2) is a sensor to observe 
radiometers, or microwaves emitted naturally 
from the ground, sea surface and atmosphere, 
using six different frequency bands ranging from 
7 GHz to 89 GHz.  
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LƳŀƎŜǎ ƻŦ IǳǊǊƛŎŀƴŜ ά!ǊǘƘǳǊέ ƻƴ July 3, 2014 acquired by MW observation of AMSR2 on 
GCOM-W1 (left) and by infrared observation (right) [Image credit: NOAA and NRL] 

  The cloud image captured through infrared observation (right) cannot clarify the 
internal structure of a typhoon or hurricane, but the MW observation (left) clearly shows 
the dual structure of the eye and surrounding rain bands of Hurricane Arthur off the U.S. 
East coast. 

https:// directory.eoportal.org/web/eoportal/satellite-missions/g/gcom 

GCOM-W AMSR2 
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AMSR2 Archive 20121001-20130331  

http://suzaku.eorc.jaxa.jp/GCOM_W/monitor/gallery_img/amsr2_archive_121001-
130331_j.html 

Sea Surface Temperature 

Sea Surface Wind Soil Moisture 
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GCOM-W1 in A-Train 

http:// www.jpl.nasa.gov/images/earth/oco/20140703/oco20140703-full.jpg 

 These five Earth-observing satellites carry more than 15 scientific instruments in total.  
Called the Afternoon Constellation, or A-Train, these satellites work as a united, powerful 
tool for advancing our understanding of Earth's surface and atmosphere. 26 



GCOM-C     (to be launched in FY 2016) 

 The purpose of the GCOMGlobal Change Observation Missionproject 
is the global, long-term observation of ǘƘŜ 9ŀǊǘƘΩǎ ŜƴǾƛǊƻƴƳŜƴǘΦ 
 

 GCOM-C (climate) carries a SGLISecond generation global imager, 
which conducts surface and atmospheric measurements related to the 
carbon cycle and radiation budget. 

 SGLI is an optical sensor observing at 
wavelengths from near-UV to thermal 
infrared wavelengths 380 nm to 12 
µm . 

 Also, SGLI has polarimetry and 
forward / backward observation 
functions. 

 Global data are obtained once every 
2 or 3 days, with resolutions of 250 m 
to 1 km. 

http:// global.jaxa.jp/projects/sat/gcom_c/  27 



GOSAT (Greenhouse gases observing satellite, 2009 )   

 The Greenhouse gases Observing SATellite (GOSAT) Project is a joint 
effort promoted by the Japan Aerospace Exploration Agency (JAXA), the 
National Institute for Environmental Studies (NIES) and the Ministry of 
the Environment (MOE).  
 

http:// www.gosat.nies.go.jp/ index_e.html 

 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 the H-IIA on January 
23, 2009 from Tanegashima. The satellite flies at an 
altitude of approximately 666 km and completes 
one revolution in about 100 minutes. The satellite 
returns to the same point in space in three days.  

28 



 The observation instrument onboard the satellite is the Thermal And 
Near-infrared Sensor for carbon Observation (TANSO). TANSO is 
composed of two subunits: the Fourier Transform Spectrometer (FTS) and 
the Cloud and Aerosol Imager (CAI). Tables 1 and 2 summarize the target 
gas species, spectral coverage, and other specifications of these two 
instruments. 

GOSAT  TANSO-FTS & CAI  

 GOSAT observes infrared 
light reflected and emitted 
from the earth's surface and 
the atmosphere. Column 
abundances of CO2 and CH4 
are calculated from the 
observational data. The 
column abundance of a gas 
species is expressed as the 
number of the gas 
molecules in a column 
above a unit surface area. 

29 



GOSAT  SWIR vs. TIR 

https:// directory.eoportal.org/web/eoportal/satellite-missions/g/gosat 

 The reflective 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 the TIR (Thermal Infrared) ranges.  

30 



Band 1-4 radiance spectra of TANSO-FTS  (SWIR) 
observed on April 23, 2009, over Tsukuba, Japan  

http:// global.jaxa.jp/press/2009/10/20091030_ibuki_e.html 31 

Band 1 

Band 2 

Band 3 



http:// www.eorc.jaxa.jp/en/ imgdata/topics/2009/tp090319.html 

 The SWIR bands mainly observe in the daytime because they measure the solar 
ǎǇŜŎǘǊŀ ǊŜŦƭŜŎǘŜŘ ŦǊƻƳ ǘƘŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜΦ  

 TIR is able to observe both in the nighttime and daytime because it measures 
the spectra of Earth radiation.  It has been confirmed that TIR could observe the 
absorption spectra of carbon dioxide and methane during both day and night. 

GOSAT  TIR  

32 



https:// directory.eoportal.org/web/eoportal/satellite-missions/g/gosat 

GOSAT  CO2 mixing ratio  

 Monthly Global Map of the CO2 column-averaged volume mixing ratios 
in 2.5 deg by 2.5 deg mesh August 2013 Ver.02.21 (image credit: NIES) 
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GOSAT  mission schedule 

https:// directory.eoportal.org/web/eoportal/satellite-missions/g/gosat 34 



http:// www.nec.com/en/global/solutions/space/earth_oservation/  

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

NEC / Earth Observation Sensors 
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http:// www.mitsubishielectric.com/bu/space/satellite/observation/index.html 

 GOSAT-2:  GOSAT-2 is the successor of IBUKI (also known as 
GOSAT). It is expected to play a major role in the international 
framework for space-based greenhouse-gas observation. 

 ALOS-2: Advanced Land Observing Satellite-2 (ALOS-2) follows 
in the footsteps of ALOS, which monitored changes on Earth 
between 2006 and 2011. It's equipped with the PALSAR-2 
panchromatic L-band synthetic aperture radar observation 
device. 

 Himawari-8, 9: Japanese meteorological satellite which are 
essential to the climate forecast of Japan. They will be the 
successors to MTSAT-2 (Himawari-7). 

 MTSAT-2: MTSAT-2 carries out an aviation mission, such as 
successful air traffic control, as well as a meteorological mission. 

 ADEOS-II: Advanced Earth Observing Satellite-II: ADEOS-II 
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. 

Mitsubishi Electric / Earth Observation Satellites 

36 



http:// severe.worldweather.wmo.int/TCFW/JMAworkshop/4-3.Himawari8-
9_YIzumikawa.pdf 

Third Generation Meteorological Satellites, Himawari -8 & 9 

 Himawari-8 was launched on October 7, 2014. 
 The launch of Himawari-9 for in-orbit standby is scheduled in 2016. 
 Himawari-8/9 will be in operation around 140 degrees East covering the    

   East Asia and Western Pacific regions for 15 years 

37 



Himawari-8/9: Specification of Observation 
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CEReS NICT JMA Himawari-8 Official YouTube 

β2005 7 7 8 MTSAT-2 8
 HRIT   ->  -> 

 
"MTSAT" 8  39 



http:// www.jma-net.go.jp/sat/data/web89/himawari8_sample_data.html 

Himawari-7 (MTSAT) : every 1h                     Himawari-8 : every 10 min 

MTSAT vs. Himawari-8  

40 



TRMM (Tropical Rainfall Measuring Mission,1997) 

 Launched in November 1997, the TRMM (Tropical Rainfall Measuring 
Mission) was jointly developed by JAXA and NASA aiming at observing 
tropical precipitation.  

 The PR (Precipitation Radar) was the world's first satellite onboard 
precipitation radar developed by Japan. 

http:// global.jaxa.jp/projects/sat/trmm/ 

PR ς 3-dimensional observation of rainfall 
is measured with a microwave radar 
operated at  13.796 and 13.802 GHz. 
Swath: 220 km 
Resolution 250 m (depth), 4.3 km 
(horizontal) 

 The TRMM satellite completed its post-
mission operation on October, 2014. The 
TRMM has been in its 17th year of operation, 
well exceeding its design life expectancy of 
three years and two months.  

http:// www.eorc.jaxa.jp/TRMM/about/observation/images_j.htm 41 



GPM (Global Precipitation Measurement ) 

 GPM is a joint mission between JAXA and 
NASA as well as other international space 
agencies to make frequent (every 2ς3 hours) 
ƻōǎŜǊǾŀǘƛƻƴǎ ƻŦ 9ŀǊǘƘΩǎ ǇǊŜŎƛǇƛǘŀǘƛƻƴΦ  

  Dual-Frequency Precipitation Radar (DPR) - a 
radar providing 3-dimensional maps of storm 
structure. DPR has two frequencies: the Ku-band 
radar, similar to the PR on TRMM, covers a 245 
km swath. Nested inside that, the Ka-band radar 
covers a 120 km swath. 

  GPM Microwave 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.  

Launched in Feb. 2014 

http:// en.wikipedia.org/wiki/ Global_Precipitation_Measurement 

http:// www.eorc.jaxa.jp/ imgdata/topics/2014/tp140902.html 

42 



ASTER  

https:// asterweb.jpl.nasa.gov/  

  ASTER is an imaging instrument onboard Terra, the flagship satellite of 
NASA's Earth Observing System (EOS) launched in December 1999.  

  ASTER is a cooperative effort between NASA, Japan's Ministry of 
Economy, Trade and Industry (METI), and Japan Space Systems (J-
spacesystems).  

 ASTER data 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.  

(Advanced Spaceborne Thermal Emission and Reflection Radiometer ) 

 Spatial Resolution: 
15 m (Bands 1 3) 0.52 - 0.86mm 
30 m (Bands 4 9) 1.60 - 2.43mm 
90 m (Bands 10 14) 8.125 - 11.65mm 

 Swath width: 60 km 
 Total coverage in cross-track 

direction by pointing function: 232 km 

43 



ASTER G-DEM (Digital Elevation Map)  

 Release: 2009 ς 
 Data: 2000 ς 
 Posting: 30 m 
 DEM accuracy: 7-14m 

ASTER GDEM is an easy-to-use, highly accurate 
DEM covering all the land on earth. It can be 
used to display a bird's-eye-view map or run a 
flight simulation. 

http:// www.jspacesystems.or.jp/ersdac/GDEM/E/1.html 44 



 Spatial Resolution:  30 m 
 Swath Width:  30 km 
 Spectral Bands:  185 

(VNIR:57 SWIR:128) 
 Range:  0.4 - 2.5 µm 

 (VNIR:  0.4-0.97 µm, SWIR:0.9-2.5 µm) 
 Resolution:  10 nm (VNIR), 12.5 nm 

(SWIR) 
 Signal to Noise Ratio (30% albedo) 

    җ прл 620 ƴƳΣ    җ 300 2100 nm 
 Dynamic wŀƴƎŜ җ мл ōƛǘǎ (design=12bit) 

Pointing /ŀǇŀōƛƭƛǘȅ Ғ 3  ( 30 km)  

Hyperspectal Imager Suite (HISUI) 

http:// hyspiri.jpl.nasa.gov/downloads/2011_Workshop/day2/23
.1108_HISUI_HyspIRIWS_06.pdf 

 HISUI is being developed by Japanese Ministry of Economy, Trade, and Industry 
(METI) as its 4th spaceborne optical imager mission. 
 1) OPS onboard JERS-1 satellite (1992 ς 1998) 
 2) ASTER onboard NASA's Terra satellite (1999 -) 
 3) ASNARO (2012-)  

45 



Superconducting Submillimeter-Wave Limb-Emission Sounder (SMILES)   

 The SMILES investigation aims to globally map stratospheric trace gases 
by means of the most sensitive submillimeter receiver.  

 Although SMILES 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.  

http:// www.nasa.gov/mission_pages/station/research/experiments/638.html 46 
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1956   Science and Technology Agency  (-2001) 
1969  NASDA  (-2003) 
1970   Ohsumi  
1972 ERTS1 (-> Landsat) 
1978 EOC (Earth Observation Center)/NASDA 
  ά      1st PGSD (Policy Guideline for Space Development) 
          -> MOS satellite 
1989 2nd PGSD    ->  ADEOS, ISS 
1990 Japan-US Bilateral Agreement on Satellite Procurement 
          --- άC¢!έ ŦƻǊ ƻǇŜǊŀǘƛƻƴŀƭ ǎŀǘŜƭƭƛǘŜǎ 
1995 EORC (Earth Obs. Res. Center)/NASDA 
2003  JAXA 
2004    Strategy for Promotion of Earth Observation 
2005 GEOSS (Global Earth Obs. System of Systems) 10 y project 
2008  Basic Space Law 
2009   BPSP  (Basic Plan for Space Policy) 
2013 2nd BPSP   (http://www8.cao.go.jp/space/english/index-e.html) 
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Study on atmospheric aerosols 
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Radiance components observed by a satellite sensor 

Scattering due to both 

air molecules and 

aerosol particles is 

added to the radiance 

directly reflected from 

the ground surface 
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Simulation of radiance at satellite sensor 
(reflection from vegetation covered surface) 

 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.  
57 



Simulation of upward and downward radiance 

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 km 
58 



 
Radiative transfer equation (RTE) 

 radiation transfer 

in a volume with particulate/gas scatterers 

IdsnIdsdI extext s-=a-=

aext [m
-1]  extinction coefficient 

n [m-3]    scatterer number density 

sext[m
2]  extinction cross-section 

I I+dI  
 RTE 

IJ
ds

dI

n
-=

sext

1
J :  source function 
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 Optical thickness t 
 J=0   

Vertical radiation transfer when J = 0 

I
dz

dI
a-=

constant Ŭ 

t

a

-

-

=

=

=

eI

eI

TII

z

0

0

0

Lambert-Beerôs law 

0I

t-eI 0
 t =Ŭ z =ns z :   

          optical thickness   

t =1      I  = 0.37I 0  
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 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 

Column Integrated AOT from December 2001 through November 2002  
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Vertical optical thickness due to scattring and absorption 
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Extinction of oceanic aerosol
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Wavelength dependence of aerosol extinction coefficients: 
effect of relative humidity 

Extinction of urban aerosol
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Extinction of rural aerosol
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Spectral response functions of a satellite sensor (Himawari-8) 

http://www.data.jma.go.jp/mscweb/ja/himawari89/space_segment/spsg_ahi.html 65 



Global distribution of PM2.5 

(mg/m3) 

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

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 µg/m3.   
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