Japanese AQ missions and activities

Yasko Kasail>3, and Japan Society of Atmospheric Chemsitry

! National Institute of Information and Communications Technology (NICT)
2 Tokyo Institute of Technology

3 Global ICT Strategy Bureau Technology Policy Division, The Ministry of Internal Affairs and
Communications




gggg GMAP-Asia Passed JAXA mission Definition Review

Jan 20111 APOLLO air pollution mission

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

2353 UVSCOPE Selected as top 2 candidate for ISS middle class
mission by JAXA Earth observation commission

Current:

1. Data analysis system for synergy analysis using HIMAARI-8 satellite with
several other satellite datasets

2. micro-satellite for NO2 hot spot with 1x1 horisontal resolution.

“Iouds )

CcCO, CO:, HCN H-O s
2 23 CHa., N2O, CFCs
—B{CEE R - —BR{EEERR AR Os, CO,0CS, HCHO, HCI, NH 7N e KA T

2SS AN I ND2 I = = R A

H
- "
R S : -
Biomiass Burning HRTH A SHE 5

. ¥
Human Activites
A B05E 8

Pollution




PM2.5 prediction
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Figure 1. Total deaths (‘000) attributable to AAP in 2012, by region
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AAP: Ambient air pollution; Amr: America, Afr: Africa; Emr: Eastern Mediterranea

Western Pacific; LMI: Low- and middle-income; HI: High-income.

n, Sear: South-East Asia, Wpr:

In Kyusu iland, more than 70% of pollution come
from outside of Japan.

WHO report (2014): Globally, 3.7 million deaths
were attributable to ambient air pollution (AAP)
in 2012. The Western Pacific and South East
Asian regions bear most of the burden with 1.67
million and 936’000 deaths, respectively. About
236’000 deaths occur in the Eastern
Mediterranean region, 200’000 in Europe,
176’000 in Africa, and 58’000 in the Americas.
The remaining deaths occur in high-income
countries of Europe (280’000), Americas
(94’000), Western Pacific (67°000), and Eastern
Mediterranean (14°000).

Serious damage: How about to provide
a prediction of detail health index for
Fukuoka-city in 1km level?




Project

A Pollution prediction system in Fukuoka, Kyushu, Japan
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In Kyusu iland, more
than 70% of
pollution come from
outside of Japan.

There are many
ground-based
observation base for
pollution species.



Project

A Pollution prediction system in Fukuoka, Kyushu, Japan
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Model: Stretch NICAM-Chem|[Goto et al., 2015] responsibility Takeshi Kuroda

‘ O, in boundary layer, PM, :NO, for 1h x 1km2
Fukuoka Distribution of Air Quality Health Index : AQHI
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1km x 1km 7km x 7km
(APOLLO Target) Other satellite observations
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Responsibility T. O. Sato

Joint data processing system
for ozone, aerosol, NO,
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Joint satellite data processing system
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synergy observation

ISS orbit

Full spectrum
Synergy obs.
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UT (100 < p < 400 [hPa]): 7.8250013




O3 Averaging Kernel
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O3 Averaging Kernel

Synergy (UvVis & IR & MWI)
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Current:

2. micro-satellite for NO2 hot spot with 1x1 horizontal resolution.
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Collaboration with University of Bremen

Mission concept: A microsatellite with high horizontal resolution

In this study, we present a feasibility study for observation precisions of NO,
—Synthetic spectra are calculated using SCIATRAN (RTM) with two geometries.

—Slant column densities (SCDs) are derived by DOAS method and converted to
vertical column densities (VCDs).

Scientific requirement

Products Standard: NO,,O,

Detection limit 3.0x 10 (5%)

(NO; column density) [molecules/cm?] (about 0.6ppb in boundary layer)
(ex) Tropospheric NO, column amount 6.0 x 1016 (Boundary layer 4.7 x 1016)
[molecules/cm?]

IFOV 1 km x 1km (2 km x 2 km)

Vertical resolution Tropospheric column

Swath width approx. 200 km
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Cooling / Mounting Plate

g

ICU & IPU

Flight Direction (FD)

Xer 13,5

Expected S/N ratio

Alb. 90%, SZA 0 deg
Alb. 25%, SZA 45 deg
Alb.”5%, SZA 80 deg

400 450 500

Wavelength (nm)




Parameter setup in this study

Setup of each parameter

Parameters The number of Elements of parameters
parameters
Wavelength range 2 Reference : 425 -450 (conventional region)
460-490
Seoul (as polluted area)
Area 2 Hokkaido (as clean area)
Season 1 Winter(Jan.)
Altitude of satellite 1 300 km
Spectral resolution (FWHM) 1 0.4 nm
Sampling step 1 0.1 nm
Detector size 1 0.064 mm
Aperture size 1 0.74 cm
Read noise 1 10
2
IFOV 2 Lx1km

2 X 2 km?




Input profile data - Area selection

Area
=Seoul (37.3 N, 127.0E)
— as polluted region
*Hokkaido (43.3 N, 143.3 E)
— as clean region

130 140 = Google earth
Andreas et al., (2005) nature




Results — Expected SNRs for each IFOV case

SNRs expected in each wavelength and spatial resolution

Spatial resolution Expected SNR Expected SNR

Wavelength [nm] Dark current SNR  Expected SNR (all)

[km?] (Electronics) (Shot)
1x1 1642 691 2806 621
480
(460 - 490)
2x2 9287 1954 11222 1885
1x1 1411 620 2518 554
450
(425 - 450)
2x2 7983 1753 10073 1688

-We assumed that the detector was Si-CMOS 2D array sensor and the optical efficiency
and quantum efficiency was 0.43.

- In both cases of wavelength, expected SNRs of 2 x 2 km? were about three times larger
than them of 1 x 1 km?.



Results and discussion
Winter (Jan.), Alt. of satellite =300 km, FWHM = 0.4, 460-490 nm, AA =0.1 nm
Left : Seoul Right : Hokkaido
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Results and discussion
Winter (Jan.), Alt. of satellite =300 km, FWHM = 0.4, 425-450 nm, AA =0.1 nm
Left : Seoul
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Current:

1. Data analysis system for synergy analysis using HIMAARI-8 satellite with
several other satellite datasets

2. micro-satellite for NO2 hot spot with 1x1 horizontal resolution.

» Scientific requirement of NO2 observation is about 5%

« Spatial resolution of 1x1 km? provided SNR about 500 and the measurement precision to
be 9% in this simulation.

« Spatial resolution of 2x2 km? provided SNR about 1700, and a measurement precision
was about 4%.

- further lower orbit
- change the detectors
- more broader frequency resolution
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Current satellite horizontal resolution is about 7-25km, which is not enough to
estimate the inventory from the “large stationary emission source”, such as

transport sector (car, ship), agriculture region, industrial region, and city.

ISS altitude will give higher horizontal resolution than any of past/future missions
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