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Global Greenhouse Gas Monitoring by GOSAT Series
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Current and Future Climate Change (IPCC ARG6 Synthesis Report, 2023)

Global surface temperature has increased by §oc 7
e o 1.1°C by 2011-2020 compared to 1850-1900 e Global temperature has increased by
| ‘ | 1.1 deg C by 2011-2022 compared to
15 color S;‘ladérsl ;h;)\gs
- S BESEETT pegs| 1850 —1900.
1.0 , cpsro| 4 - 5 deg C increase is predicted in the
. Observed 3 worst-cage scenarios. |
2 » Future climate change is projected to
e 11 2 SSP12.6 increase the severity of impacts across
05 | T SSPI-LS natural and human systems including
; food production.
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Changes (/of)nl]n yl%ljé 4Prmected reaional impacts reflect biophvsical responses to chanaina temperature, precipitation, solar radiation, humiditv. wind. and CO,
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Current Status of CO2
Global fossil CO, emissions: 37.0 + 2 GtCO, in 2023, 66% over 1990
(a) ‘ c ®Projection for 2024: 37.4 + 2 GtCO,, 0.8% [-0.3% to +1.9%] higher than 2023
- 6 o
4004 | —— Mauna Loa (MLO) a Global Fossil CO, Emissions
South Pole (SPO) ) 40 Gt
—_— U
75 - c COs, 2010-19 Projection 2024
g_ 375 - 4 o +0.9%/yr 37.4 Gt CO,
= uO:J -/\/ A 0.8% (-0.3% t0 1.9%)
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v" GHG concentrations and emissions are still increasing.
v" Need to stabilize GHG concentration ASAP to keep 1.5 deg
— i target in the Paris Agreement.
Cround.baeBH sites anel ship mggggiémfémgﬁﬁl:\zﬂjg - v" Need to evaluate global and country-wise GHG emissions.
, ' v' More GHG data are required for emission evaluations.
WMO WDCGG / Japan Meteorological Agency 2019-02 B7F .
v" But ground-based GHG measurement sites are so sparse...
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’ Vi - el ] : ~ — >
%ffé S@C @E ’B”t/ /)71‘, : ENVI/SARscape1—HH>J7L 2 22025(20254%11 A6 H)
Satellite Observation Center EHAERREEZANELIREMER G282 %— #KIEH (matsunag@nies.go.jp)



2010 FE LI DRENEANRAHEDHFR
BEDIHREE -NDCIZEDLFANE - IPCCLF) A DEFEE

70

21005 D
_\:IJII].J:;'I'%I,J]

o
o
-
.
.
L
L
L
L
L
.
A
L
-
T
-
-
L
-
L
.
.
o
.
.
.
L
-
.
-
-
r
.
o
-

Historical $5P2-4 5
NDC: EAVRET HEER "**e 2.7(2.1-3.5)°C
INDC:NDCD H#hk

v
o

&
o

wJ
o

N
o

1.8 (1.3-2.4) °C

GHG emissions
(Gt CO2 eq/year using GWP-100 from the AR6)

S

NDCsin 2030
o X fl,;f ng | |,|‘_'.::;P

1.4 (1.0-1.8) °C

2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060

https://unfccc.int/documents/619180

NIES S@C * ﬁﬂzﬁﬁ,/ﬂl t 24 9 i ENVI/SARscape 1—HH2T7L 2 X2025(2025%11 A6H)
Satelite Observation Center E R A AR EHET S2ERAtE 44— KRB (matsunag@nies.go.jp)




What is GOSAT Series ?

2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033

A Paris Agreement A1st GST A2nd GST A3rd GST
AIPCC AR4 AIPCC AR5 AIPCC ARG6 AIPCC AR7
Development Nominal Operation Extended Operation
GOSAT Development Nominal Operation Extended Operation
GOSAT-2 Development Nominal Operation

s GOSAT-GW

GOSAT-GW was successfully
launched on June 29, 2025.

GosAT-2(201®-) @

GOSAT-4?

GOSAT Series is Japanese earth observation satellites with high spectral resolution spectrometers for the global
monitoring of greenhouse gases. More than 16 years of GHG data have been acquired so far.

B GOSAT (2009 -) Fourier transform spectrometer (FTS) for CO, and CH,4

B GOSAT-2 (2018-) FTS-2 for CO,, CHy4, and CO

B GOSAT-GW (2025 -) Grating imaging spectrometer (TANSO-3) for CO,, CH,4, and NO,

® Joint projects by MOE NIES, and JAXA
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Successful Launch of GOSAT-GW and First Light of TANSO-3
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GOSAT. GOSAT-2, GOSAT-GW® 3
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Spectrometers used for column GHG measurement from space

Fourier Transform Spectrometer Grating Spectrometer

Moving mirror

\‘?‘r

Source and Lo B
collimating I
I f,., Interferogram

Source and
collimating optics

X Stationary mirror

: V- . — l | ‘ A <. " Focusing optics and

I-o.cusmg —.I l-nur~1cr —»| |l | . ) 1 detector

optics and transform ——

Spectrum A
v' Time domain => Spectral domain v Spatial domain => Spectral domain
v" High spectral resolution v Low spectral resolution
v Easy to extend the spectral coverage v" Difficult to extend the spectral coverage
v" Moving parts v" No moving parts
v" Difficult to obtain images v Easy to obtain images
v GOSAT and GOSAT-2 v OCO-2, TROPOMI, and GOSAT-GW
Figures are from https://spie.org/publications/spie-publication-resources/optipedia-free-optics-information/
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How to measure GHG concentrations from satellites

Wavenumber (cm-1)
—~ 2000015000 12000 10000 8000 7000 6000 5000 4000

| | | | | | [T ]
mmmm Absorption band of water vapor(H20)
s Absorption band of carbon dioxide(CO2)
BN Absorption band of methane(CHg4)
s Absorption band of oxygen(O2)
mmmm Absorption band of ozone(03)
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High spectral resolution spectrometers onboard
GHG satellites observe the sunlight reflected at
land/ocean surfaces or scattered by clouds and
aerosols in the atmosphere with hundreds or
thousands of spectral bands.

Vertical average concentrations of GHGs can be
obtained from wavelengths and depths of absorption
lines caused by molecules of GHGs and O, in 0.7,
1.6 and 2 um regions.
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GOSAT-2 XCO2, XCH4, and XCO monthly maps (V02.20, 2.5 x 2.5 deg):

January 2022 to December 2023

GOSAT-2 TANSO-FTS-2 SWIR L2 Column-averaged Dry-air Mole Fraction Product (CO,)
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GOSAT-2 TANSO-FTS-2 SWIR L2 Chlorophyll Fluorescence and Proxy-method Product (CH,4)
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GOSAT-2 CO2, CH4, and CO maps in Asia (April, August, and December, 2020) 15
GOSAT-2[Z&5CO,. *2> (CH,) . —Egib 3 (CO) D [EFFER 8l (20204 )

| August 2020 |
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GOSAT Whole-atmosphere annual mean CO2 concentration vs GOSAT Whole-atmosphere annual mean CH4 concentration vs
"World" data in Meinshausen et al. (2020) "World" data in Meinshausen et al. (2020)
+% - gissltgozri\;ear 1to0 2014 +1?1 Sgg;; 895 ——T1 - History Year 1 to 2014 —e-T3-SSP1-1.9
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How to estimate GHG fluxes from concentration data i
(Top-down approach)

At the local level Globally
Technology and buiking blocks 1or Op-down Monitoring
CO, measurement CO, measurement are readily available, but are not currently being utiized
420 PP . 418 PP in routine, sustained mode for policy-driving purposes

-,_\ Locally, fluxes can be
. estmated from
« — measurements of

greenhouse gas
concantrations and the

aimosphenc llow

Many (thousands) of
CO, measurements

Giobally, luxes can be estmated from large §
number of gréeanhouse gas concaniration
medsurermems in conjunclion with information
about the atmaspheric flow provided by a
numancal waathar predicson model

Top-down approach combines observations of atmospheric greenhouse gas concentrations with
atmospheric modelling to estimate net fluxes.

Prior flux data are modified (optimized) to better fit observed concentration data.

Satellite GHG concentration data are being used in this process.

https://wmo.int/activities/global-greenhouse-gas-watch/global-greenhouse-gas-watch-programme
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GOSAT L4A V02.09 CO, Fluxes (2020/09)

GOSAT L4A v02.09 CO, Region:32 Temperate Asia NE GOSAT L4A V02.09 CO, Region:30 Temperate Asia SE
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2016 — 2022 Methane Inversion Using Surface, Airborne, and

GOSAT Data (Niwa et al., ACP, 2025)
(c) GOSAT

35N et S b e

10N SEstiag, ----3 - ‘

158 e T

120E 180 120W 60W

[gCH,myr"]

0 60E
8 6 -4 2 0 2 4 6 8

Figure 4c Spatial patterns of the total net CH, emissions increase
(AfCH,) from 2016—2019 to 2020-2022 in the GOSAT inversion,
The increase of emissions from Wetland in Tropics
and Agriculture / Waste in North Low-latitude made a
significant contribution to 2021 methane surge.

https://acp. copernicus org/articles/25/6757/2025/
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Figure 5 Year-to-year variations of total net CH, emissions
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2009 — 2022 Anthropogenic and Wetland Methane Emission Maps
Derived from NTFVAR Inversion Using GOSAT Data

Total Anthropogenlc Posterior Wetland emission
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5.11 Estimation of CH, Fluxes During 2011-2017 Using Top-down Modeling and Observations https://unfccc.int/docume
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Anthropogenic methane fluxes from inversion analyses of GOSAT data(Janardanan et al. 2024) and UNFCCC Data
https://esd.nies.go.jp/ghg-information/
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2009 — 2020 Anthropogenic Methane Emissions (Korea and Japan) |
Derived from GOSAT Data (Janardanan et al., 2024)
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GOSAT-GW 2
The third satellite in GOSAT Series

GOSAMT=
/.
Global Bbserving\/ ISATeIIite lfor !Greenhouse rlas Ie ’s r“d\Water cycle

.
¢ /BT E2 N S —_— .
S NO.O Tﬁ]f@ﬁﬁ” 2T — ENVI/SARscape 1— 41> 77> 22025(20254 11 A68)
Satelite Observation Center EiMRFAEZIAELRERRR BESFAtLL 22— WXKIEHE (matsunag@nies.go.jp)




GOSAT-GWI[Z}55
L1887 R E—

<L -TANSO-3IZ &5 m
~EFRREERE—F

TANSO-3[LEEAE—F

o ;‘\‘

TANSO-3t5 & &8 E—F

EEJMEEE]
ZEfEl s fi#RE: 1 - 3 km
£ AP 3 SAMITHI905EE

90 x 90 km

BERBAT—FICEHBAIANDI—H
MO DECAERICEDUV-BUBIETEIZfHE-
TEHEMICERSNFE T,
BRSN=T -2 FRET-RARFINET,

NIES

AS S@C’Tﬁé‘e%ﬁgltfg_

ERARBRIZDONT: 2

TANSO-3IZ&ARFEELID
CO A (>=alb—3V)

139°E 139.5°E 140°E 140.5°E 141°E

XCO; [ppm]

JAMSTECE & K124t
ILIOFEA (2024) BARYE—h VDU TEREE

ENVI/SARscape1—HHh> 7712 X2025(2025%11A68)

ENAERAREZAENLIRBEAERR #HEHAtE 72— Wk 1EH (matsunag@nies.go.jp)




29

Simulated GOSAT-GW TANSO-3 L2 GHG Product (Wide Mode)

Carbon Dioxide (XCO2) Methane (XCH4)
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GOSAT-GW TANSO-3 covers the entire globe every three days.
GHG data source: GOSAT L4B Concentration products (April — June 2018)
Cloud data source: GEWEX Cloud Assessment
Animation time step: One day (= one L2 product = 14 — 15 path/day)
. t N — T :
%é S@C ﬁiﬁh\ 9 ENVI/SARscape1—HHhr77L 2 X2025(2025F11 H6H)

Satelite Observation Cente EHEEREANEIBEMER SEEt %— HWKIEH (matsunag@nies.go.jp)



30

Thank you for your attention “

Website
https://www.nies.go.jp/soc (NIES Satellite Observation Center)
https://www.gosat.nies.go.jp (NIES GOSAT Project)
https://www.gosat-2.nies.go.jp (NIES GOSAT-2 Project)
https://gosat-gw.nies.go.jp (NIES GOSAT-GW Project)

GOSAT and GOSAT-2 standard products are freely available from
GOSAT Data Archive Service (GDAS: L1B, L2, L3, L4)
https://data2.gosat.nies.go.jp
GOSAT-2 Product Archive (L1B, L2, L4)
https://prdct.gosat-2.nies.go.jp
Tellus (GOSAT L2, L3, L4 and GOSAT-2 L2, L4)
https://www.tellusxdp.com/en-us/

GOSAT-GW TANSO-3 standard products will be freely available from
GOSAT-GW TANSO-3 Product Archive (G3PA: )
https://product.gosat-gw.nies.go.jp/
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