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Organizations Promoting ¥ S
the GOSAT Project

€ Mission promoted by JAXA, MOE, and NIES.
AXA

MOEe
Japan Aerospace Exploration

Ministry of the Environment Agency

Sensor develop. (partly)
Validation funding,
Policy making

" NIES

National Institute for
Environmental Studies

Rocket launch, Satellite

and Sensor development &
operation, Data acquisition,
Calibration, L1 data processing,
Data distribution to major
organizations (NASA, ESA, ...

Developing & improving GHG retrieval algorithms,
L2 and higher level data processing, Data validation, Estimating
carbon fluxes, Data product distribution



Objectives of the GOSAT &>
Project

1. To obtain the global distributions of greenhouse
gas (GHG) concentrations (CO, and CH,) and
their temporal variations
» To visualize changing GHG global distributions

» Tofill out the gaps in the network of ground monitoring
stations

2. To improve accuracy of the carbon flux (net
sources and sinks) estimation on a sub-
continental scale

3. To develop technologies for future GHG
observing satellites = GOSAT-2



GOSAT Project —present status -

® GOSAT was launched on January 23, 2009 and has
been in operation for more than six years.

® GOSAT observations successfully filled out the gaps in
the ground-based monitoring network, except for around
the equator and the high-latitude regions.

® Uncertainties in monthly regional flux estimates of CO,
and CH, have been decreased by using GOSAT data.

[
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GOSAT Project —present status -

On 25 May 2014, rotation of one of the two solar paddles stopped.
However, electric power supplied from a single paddle is sufficient enough
to operate all of the onboard equipment nominally.

Observation recovered on 1 June 2014. GOSAT still survives with its
single lung.

® Uncertainties in monthly regional flux estimates of CO,
and CH, have been decreased by-using GOSAT data.

i
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GOSAT Project —present status -

On 25 May 2014, rotation of one of the two solar paddles stopped.

The FTS pointing mechanism became unstable since September 2014.

careful discussions and ground-based tests, and finally switched the
gimbal mirror system to the redundant sub-system on 26 January 2015
with consent of MOE, NIES, and GOSAT Science team members.

TANSO-FTS data have been renewed since February 2015 (with a
different sensor characteristics).

JAXA ceased TANSO-FTS observation on 16 December 2014, and made
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3.7mx1.8mx2.0m
(Wing Span 13.7m)

%‘/

TANSO (j%3%) = Carbon

Spectrometer : (Cloud and Aerosol Imager)
S8 Ultraviolet (UV) (0.38 micron),

¥ carth's surface = > Misibles(0.67 micron), NIR (0.87

MIR.(1.6 micron)

_outtosy GIAXA) T
- -

IR radiated from the ""#%_,ﬁ'
ground and t — Y



TANSO-FTS Level 1B spectra

- Band 1P
2

SWIR Band 1S
WC02 (1 .6 ],lm) Band 2P

Band 2S

SC02 (2-0 l,lm) Band 3P

Band 3S

(5.5 — 14.5 um)
TIR Band 4



Settled in 2005
GOSAT Standard Data Products

—

Level 1

Level 2 —

Level 3 -

Level 4 _



GOSAT Standard Data Products

Revised in March 2015

Level 1

Level 2 —

Level 3 -

—

Level 4 _
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GOSAT Standard Data Products

Revised in March 2015

Level 1

Level 2 —

Level 3 —

—

Level 4 _
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TANSO-FTS SWIR Level 2 (vo2.21)
XCO, & XCH,

XCO,

XCH,

April 2009 - May 2014

(by Y. Yoshida (NIES))
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55-month-long GOSAT XCO, and XCH,
(June 2009 — December 2013) ~

® Above movies are 1-month-moving average GOSAT XCO, and XCH,
with three-day interval. The mesh size is 2.5 degree.

® Various interesting features are shown in these movies such as annual
and seasonal variations of XCO, and localized anomalies of XCH,.

® GOSAT obtained XCO, and XCH, data for more than 6 years. Validation
results suggest that relative accuracies (variations) of XCO, and XCH,
are = 2 ppm (= 0.5%) and 12 ppb (= 0.7%), respectively.

13



Monthly Regional Averages S
of XCOZ (TANSO-FTS SWIR Level 2 (Ver.02.2*)
402

XCO, (ppm)

Annual trends (growth rates) of CO, observed by

398

GOSAT (2010 — 2013) are 1.9 — 2.0 ppm/yr

North America

394 | .

390 /‘ N A
386 \

W \ Australia
382 |

&
378 |

2009/(3)4 2010/04 2011/04 2012/04 2013/04
2009/06 Year/month

2014/03

2014/04
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Monthly Regional Averages 7S
of XCO,

(TANSO-FTS SWIR Level 2 (Ver.02.2%)

North America

N\

\ Australia

2009106 |
2014/06
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Schematic illustration of the GOSAT validation

Ground-based high-resolution FTS Aircraft measurements

Morino et al. (2011, AMT)
Yoshida et al. (2013, AMT)

A
\ X4
< >
* .
* ** Tsukuba, Rikubetsu, Saga
& d W
\ *
T " N A worldwide network of
; * . ground-based FTS
X * (TCCON; over 20 sites in

in NIES (Tsukuba) the world) 16



Validation of GOSAT (TANSO-FTS SWIR)
Level 2 Data with TCCON data (Ver.02.21)
(Apr. 2009 — May 2014, N > 1800, as of March 2015)

(cf, Yoshida, et al. (2013) amt-6-1533-2013)

410 |

GU(ppm)
w
[{e)
o

GOSAT SWIR L2 XCO2 V02.21 with screening for

400 |

380 |

370 “

A Bialystok
Bremen

A Orleans
ParkFalls
Lamont
Rikubetsu

O Tsukuba

O Saga

X Darwin

Wollongong

Lauder
y=x+b
- —y=ax+b
rBias = -0.5 ppm | —v=x
SD (0) = 2.21 ppm

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

S
1

370 380 390 400 410
TCCON FTS XCO,(ppm)

[Average of FTS data in GOSAT overpass time =30 min]

20

19

1.6

18

| XCH, A
i ' -

| ¥ Bias=-0.004 ppm

f SD(c) = 0.013 ppm

1.6 1.7 1.8 1.9 2.0

TCCON FTS XCH,(ppm)

verage of FTS data in GOSAT overpass time =30 min]

Bialystok
Bremen
Orleans
ParkFalls
Lamont
Rikubetsu
Tsukuba
Saga
Darwin
Wollongong
Lauder
y=x+b
y=ax+b

y=ax

®Slightly lower values (negative biases) of GOSAT

@ Standard Deviation is lower than 1 %, respectively
(by I. Morino & O. Uchino (NIES))
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Infrared Radiation measurements by
GOSAT(TANSO-FTS)

Near ared

Atmosphere




TIRL2 V01.00 CO, monthly average

April, 2010 (by N. Saitoh (Chiba U.))

700 hPa 500 hPa paust, 2010 300 hPa 3 50 grid average
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TIRL2 V01.00 CH; monthly average

April, 2010 (by N. Saitoh (Chiba U.))

700 hPa 500 hPa August, 2010 300 hPa *2.5° grid average
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CH, profiles from GOSAT/TIR (V01.0x)

(by N. Saitoh (Chiba U.))
TIRV01.0x CH, profiles

compared with HIPPO
QCLS CH, profiles.
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TIRV01.0x CH, vs. HIPPOS QCLS CH,

(by N. Saitoh (Chiba U.))
Low latitude: 20°N-10°S Mid-latitude: 10°S-40°S

a priori CH; == TIR CH,V01.0x HIPPO CH,
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Contribution of satellite P

data to carbon flux .

GHG data by IBUKI
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(CO, v02.03 released in Jan. 2015)
Monthly CO, Flux Estimates and Uncertainties

July 2010 July 2011 July 2012

Top: monthly-mean CO, data (input to flux estimation)
Squares: GOSAT XCO, gridded to 5° Xx5° cells
Circles: GLOBALVIEW data (212 sites)
Middle: Monthly flux estimate (GOSAT Level 4A CO,), Bottom: Flux uncertainty
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Time series of monthly regional flux estimates
Jun. 2009 — Oct. 2012 (41 months)

Green: Prior estimate
o Red: Posterior estimate by GV only
& Blue:Posterior estimate by GV + GOSAT
= Unit: gC m2 day'

Gray bar: Flux uncertainty reduction (%)

Red: Flux unc. (GV-only estimate)
Blue: Flux unc. (GV +GOSAT estimate)

\ 7
<
\

(by H Takagi (NIES)) 25
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Monthly CH, Flux Estimates and Uncertainties

January 2010 January 2011 January 2012

Top: monthly-mean GOSAT XCH, data gridded to 2.5° X 2.5° mesh (input to flux estimation)

Middle: Monthly flux estimates (GOSAT Level 4A CH,)

Bottom: Flux uncertainty * Anthropogenic, natural, and biomass burning
emissions are estimated separately for each region.
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The estimated annual CH, flux

using GOSAT data

30

0 -
=30 A 43
=80

-8 0 80 120 180

-10 0 10 20 % 40 50

CH, flux (Tg CH, region™' year™!)
Estimation of the annual flux in each region

K Sl i FAREEN I e L I
=30 4 a3 - ey -, | (EEREE ELI) r
=80 + T T T T L

-180 -1 -0 '} ' 120" 180

-15 -10 -5 0 5 10 15
Difference in CH, fluxes betwwon INV.L2 and INV.GB (Tg CH, region™ yr~')

Change in the annual flux of methane per region

The methane emissions in East
Asia and the Southeast Asia
region (Region No. 30, 32, and
34) are significantly high.

The methane emissions from
the Asian region (Region
No.32 and 34) and the
southern subtropical areas of
South America (No.9, 10, 15,
and 16) and Africa (No. 24)
became pronouncedly greater.
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GOSAT-2 CG L E)AT-2

CDR : May 2015
TRR : August 2016 Expected to be
PSR : May 2017 launched in early 2018

(by T. Matsunaga (NIES)) 29



Quick Overview of GOSAT and GOSAT-2

o | ——
OLEI)AL2

_ GOSAT Specifications GOSAT-2 Requirements

Launch year and life time

Satellite
(Main body size, mass, power)

Orbit (Type, altitude, repeat cycle,
equator crossing time)

Target gases

Fourier Transform Spectrometer
(Spectral coverage and IFOV)

Cloud and Aerosol Imager
(Viewing geometry, band center
wavelength, spatial resolution, and
swath)

New features of GOSAT-2 FTS-2

(by T. Matsunaga (NIES))

ﬂﬁ National Institute for Environmental Studies, Japan

Jan. 2009, 5 years

3.7x1.8x2.0m,
1750kg, 3.8KW (EOL)

Sun synchronous,
666 km, 3 days, 13:00

CO,, CH,, 0,, O, H,0

Band 1:0.76 — 0.78 ym
Band 2:1.56 —1.72 ym
Band 3:1.92 -2.08 um
Band 4 : 5.6 — 14.3 um

IFOV = 10.5 kmé

Nadir

B1 =380 nm
B2 =674 nm
B3 =870 nm
B4 = 1600 nm

B1-B3 =500 m / 1000 km,

B4 =1.5km /750 km

FY2017, 5 years

53x2.0x2.8m,
<2000kg, 5.0KW .

Sun synchronous, e
613 km, 6 days, 13:00£15 min

CO,, CH,, 0,, O, H,0, CO

Band 1:0.75—-0.77 ym
Band 2 : 1.56 — 1.69 um
Band 3:1.92-2.33 um
Band 4 :5.5—-8.4 uym
Band 5:8.4 —14.3 um
IFOV = 9.7 km¢

B1-5: forward, B6-10:backward
B1 =343 nm B6 =380nm
B2 =443 nm B7 =550 nm
B3=674 nm B8 =674 nm
B4 =869 nm B9 =869 nm
B5 = 1630 nm B10= 1630 nm

B1-B4, B6-B9=460 m / 920 km
B5, B10 = 920 km / 920 km

Intelligent pointing using FTS-2 FOV camera, fully programmable (target
mode) observation, extended AT pointing angle range, and improved SNR.

Japan Geoscience Union Meeting 2015, Chiba, May 24-28, 2015 30



Concluding Remarks -

@ Global distributions of greenhouse gases (GHGs) such as CO,
and CH, has been measured by GOSAT and analyzed in
sufficient precision (less than 1%).

€ These data are used to estimate regional monthly CO, and CH,
fluxes, and also used to detect GHG’s temporal and spatial
changes.

€ Most of the GOSAT data products have been released to the
general users.

€ GOSAT has been operating more than six years, and now in the
extended operation period. It is strongly expected that GOSAT
will survive for several more years. Long term GOSAT data will
contribute to GHG transport and carbon cycle sciences.
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