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Japanese activity of satellite missions 
for the air quality



Problems

People of Death Number of the people of death cause by air
pollution become 4.20million over the world which is 3 times more
than death people of traffic accident Feb 2017Health Effects Institute（ＨＥＩ）report, WHO report 2014

2



3

Our final target is Air Quality Weather Forecast
with HIMAWARI 10-11, or 12-13

Assimilation

Observation

GEO Sat

◎Life scale (5km mesh 、 every 10min）

◎LOCAL CITY

滝川ほか(JAMSTEC) ADMER-PRO (産総研・井上氏）を利用



4

SDG action plan in Japan 

Air quality and health

Kasai et. al., 2018  

IF O3 mixing ratio > 60 ppbv, N1=5 (SO2, NO2, CO, SPM, O3), N2=0 
Else N1=4 (SO2, NO2, CO, SPM), N2=1 (O3)

ʻClean Air Indexʼ for 
1740Japanese local cities

1= Good quality
0= Bad quality 



Health-tourism 
Air quality and Health

熊野古道健康ウォーキング
（和歌山県熊野古道）

森林浴お出かけツアー
（大分県別府市）

越後薬膳ツーリズム
（新潟県）

Visitors from 
outside of Japan

Health tourism · · · Health · undise · sick people, also from the elderly, adults to 
children all the people, Based on scientific evidence Evidence Based Health (EBH) 
philosophy, Contribute to promotion, maintenance, recovery, disease prevention

(From Japan Health Tourism Promotion Organization HP)



‘Clean Air MAP’ for all municipalities in Japan

Using WRF-CMAQ(NCAR/EPA)
Domain 1 (40km res.)

for East Asia
Domain 2 (20km res.)

for Japan (ex. Okinawa)

• Anthropogenic emission (SO2, NOx, PM, VOC, CO, NH3): from MIX Asian 
emission inventory (based on 2010 data with annual correction for each 
country to estimate the emissions in 2015)

• Boundary conditions of air quality are taken from MOZART4 global model

• Plant emission (VOC): from MEGAN simulation 
(Plant Functional Type definition from MODIS database)

• Nudging NCEP FNL reanalysis data for T, u, v, q
(Resolutions: 1 deg in horizontal, 6 hours in temporal)



‘Clean Air Map’ for all municipalities in Japan
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Clean Air Index (temporary definition, still under consideration)

Materials Environmental Limit 
(day-mean)

SO2 40 ppbv

NO2 60 ppbv

CO 10 ppmv

SPM 100 μg/m3

O3 60 ppbv

If O3 mixing ratio > 60 ppbv
N1=5 (SO2, NO2, CO, 

SPM, O3)
N2=0

Else
N1=4 (SO2, NO2, CO, 

SPM)
N2=1 (O3)

(then O3 becomes a ‘clean air    
material’ which is needed for 
cleaning air, and the ‘clean air 
standard’ of O3 is set to be 30 
ppbv)

(From Japanese Ministry of the Environment)

Results of ‘Clean Air 
Index’ for April 2016

Index
(average)

Places

0.9213 Betsukai, Hokkaido

0.9207 Nakashibetsu, Hokkaido

0.9205 Shibetsu, Hokkaido

0.9197 Shibecha, Hokkaido

0.9183 Rausu, Hokkaido

Monthly Best ‘Clean Air’ 
Municipalities



Properties for specific days
04/05/2016 (urban air pollution)

Index Places

0.952 Zamami, Okinawa

0.952 Tarama, Okinawa

0.944 Tokashiki, Okinawa

0.943 Miyakojima, Okinawa

0.941 Kitadaito, Okinawa

Daily Best ‘Clean Air’ Municipalities

NO2

O3

[ppbv]

[ppbv]



Properties for specific days
04/10/2016 (cross-border effects)

Index Places

0.967 Ogasawara, Tokyo

0.954 Toyotomi, Hokkaido

0.953 Horonobe, Hokkaido

0.945 Nakatonbetsu, Hokkaido

0.945 Eniwa, Hokkaido

Daily Best ‘Clean Air’ Municipalities

SPM

CO

[ppbv]

[μg/m3]



Properties for specific days
04/25/2016 (volcanic effects)

Index Places

0.985 Nishiokoppe, Hokkaido

0.985 Takinoue, Hokkaido

0.981 Nakashibetsu, Hokkaido

0.980 Monbetsu, Hokkaido

0.979 Oumu, Hokkaido

Daily Best ‘Clean Air’ Municipalities

SO2

O3

[ppbv]

[ppbv]



経緯
Dec 
2009

GMAP-Asia  Passed JAXA mission Definition Review

Jan 
2011

APOLLO air pollution mission 
Selected as top 2 candidate for ISS large class mission by JAXA 
Earth observation commission 

Dec 
2013

uvSCOPE Selected as top 2 candidate for ISS middle class 
mission by JAXA Earth observation commission 

2017
Air quality observation mission was selected TOP3 satellite mission from 
“remote sensing task force”  

Current: Concept study of micro-satellite for NO2 hot spot with 1x1 horizontal 
resolution

We have been trying・・・
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UV/VIS Imaging spectrometer 

LEO

2019

GOSAT-III
NO2

〜2028
HIMAWARI 10, 11

Or
〜2038

HIMAWARI 12,13

Swath	width

approx.	200	km

flight	direction

7.7	km/sec

1	x	1	km2

• 2-D	CMOS	array	sensor

2048	pixels

2048	pixels

Wavelength

Field

Altitude

300	km

Area SZA

Beijing (40.4oN, 115.3oE) 61.0o

Hokkaido	(43.3oN,	143.4oE) 64.9o

Tokyo	(34.9oN,	140.6oE) 56.8o

Concept study finished 
(CEOS AC-VC 15 Poster)

波⻑範囲 425–497 nm
分光分解能 0.4 nm
検出器 2D-CMOS array
素⼦数
素⼦サイズ

2048 × 2048素⼦
6.5μm× 6.5μm

⼨法(mm) 約500X400X300
F値 3.5
データレート 約3MBps

Satellite Comm. of 
Japan Society of Atmospheric Chemistry

GEO

Load MAP

Micro satellite size

Fujinawa et al
Concept of small satellite UV/visible imaging 
spectrometer optimized for tropospheric NO2 
measurements in air quality monitoring
• Acta Astronautica 160 · May 2019

〜2022

https://www.researchgate.net/journal/0094-5765_Acta_Astronautica


1km x 1km
(APOLLO Target）

7km x 7km
Other satellite observations

NOx emission data by Kannari et al.,EAGrid2000, JCAP  

139.95E

←Car Industry

←Air line street

←Metal 
industry

←Metal shop

←Road

←Gas industry

1km2
7km2



Radiative transfer calculation

• Atmospheric profile: Monthly mean of CHASER model for the tropospheric profile. Beijing as high 
polluted area, Hokkaido as clean area at January in 2010 with largest amounts of NO2 in boundary layer.

• Reasonable sensitivity for 2D CMOS array sensor (provided from Kuze-san/JAXA)
• Altitudes of satellite are at 300 km and 600 km 
• Lambertian surfaces with constant albedo of 0.05 and 0.1.
• Nadir viewing geometry 
• Simulated backscattered radiance intensity between 401 nm and 500 nm with a step of 0.01 nm.
• Annually mean of SOCRATES model results were interpolated from tropopause to 100 km.

Fig. (left) Vertical profiles of NO2 and the other gases used in SCIATRAN and (right) the 
geometry of simulated satellite instrument

~ 600 km



Error estimation for uvSCOPE measurements

The measurement errors of slant 
column densities of NO2 
calculated 
(a) in Beijing at 300 km of 

satellite altitude,
(b) in Beijing at 600 km of 

satellite altitude,
(c) in Hokkaido at 300 km of 

satellite altitude and,
(d) in Hokkaido at 600 km of 

satellite altitude.

The differences of colors and 
symbols indicate the differences 
of fitting window and surface 
albedo, respectively. The solid 
symbols indicate the SNRs 
calculated using given sensor 
specification, and the open 
symbols the constant SNRs.



ここまでGEMS会議資料
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UV/VIS Imaging spectrometer 

LEO

2018

〜2022
GOSAT-III

NO2
〜2028

HIMAWARI 10, 11
Or

〜2038
HIMAWARI 12,13

Swath	width

approx.	200	km

flight	direction

7.7	km/sec

1	x	1	km2

• 2-D	CMOS	array	sensor

2048	pixels

2048	pixels

Wavelength

Field

Altitude

300	km

Area SZA

Beijing (40.4oN, 115.3oE) 61.0o

Hokkaido	(43.3oN,	143.4oE) 64.9o

Tokyo	(34.9oN,	140.6oE) 56.8o

Concept study finished 
(CEOS AC-VC 15 Poster)

波⻑範囲 425–497 nm
分光分解能 0.4 nm
検出器 2D-CMOS array
素⼦数
素⼦サイズ

2048 × 2048素⼦
6.5μm× 6.5μm

⼨法(mm) 約500X400X300
F値 3.5
データレート 約3MBps

Satellite Comm. of 
Japan Society of Atmospheric Chemistry

+
+

GEO

Load MAP



経緯

25 Jan. 2014



経緯

Important issue
For space policy
4 Janu . 2019



経緯

Thank you so much for your attention!


