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2. Inversion system settings
2.1. System name
NISMON-CO2 ver. 2026.1
(Refs. Niwa et al., 2017a,b, 2021, 2022)
2.2. Transport Model
NICAM-TM (Niwa et al., 2011; Niwa et al., 2017a)
Horizontal resolution: glevel-5 (~223 km)
Vertical layers: 40 (up to ~45km)
Meteorological data: horizontal winds are nudged towards JRA3Q (Kosaka et al., 2024)
2.3. Flux Model
The surface CO2 fluxes that are input to NICAM-TM can be described as:


Where x and t represent flux location and time respectively. Fluxes from fossil fuel use and cement production, gross primary production (GPP) and respiration (RE) of terrestrial biospheres, biomass burning, and oceans are denoted as , , , , and  respectively. Other minor fluxes (e.g., land use change) are denoted as , which are not optimized in the inversion. The above fluxes are prescribed by flux datasets, prepared in advance and have monthly temporal resolution here.  variables are optimized in the inversion; their temporal resolutions are all set monthly except for the ocean flux . The coefficients  and  are scaling factors that reproduce diurnal variations; they distribute fluxes at 3-hourly resolution from the monthly fluxes.
2.4. Optimization method
PopuLar scheme (Fujii (2005); Niwa, Fujii, et al. (2017)) which is a quasi-newton BFGS method.
2.5. Prescribed fluxes
Fossil fuel: GCP-GridFEDv2024.1 (Jones et al., 2024)
https://doi.org/10.5281/zenodo.13909046 
Terrestrial Biosphere (GPP, RE, LUC): VISIT (Akihiko (2021))
Air-sea exchange: JMA air-sea data (Iida et al, 2021)
https://www.data.jma.go.jp/kaiyou/english/co2_flux/co2_flux_data_en.html 
Biomass burning: Global Biomass Burning Emission Inventory (Shiraishi et al., 2021; Shiraishi & Hirata (2021b)). https://www.nies.go.jp/doi/10.17595/20230124.001-e.html.
Please note that for the year not having data (e.g. 2025), either climatology (e.g. biomass burning) or the last available data (e.g. Fossil fuel, biospheric and air-sea fluxes) is used.
2.6. Analysis period
January 2010 – December 2025. GOSAT data is available since April, 2009 onwards and therefore 2009 is considered as spin-up and excluded from the analysis.
3. Main changes
Inversion setup is mostly similar to the earlier, but te present version is designed primarily for satellite inversion. In addition, a new biomass-burning dataset, GBEI (Shiraishi et al., 2021; Shiraishi & Hirata (2021b)) is used here. The transport model is forced with JRA-3Q meteorological data (Kosaka et al., 2024).
4. Observations
This experiment uses GOSAT-1 observations of the column-averaged dry-air mole fraction of atmospheric CO2 (XCO2), which have been available since April 2009 and are distributed as monthly archives of version 03.05 of the NIES GOSAT FTS Level 2 product (Yoshida et al., 2011, 2013; Someya et al. 2023). In this study, we used land-only GOSAT data during 23 April 2009–28 February 2025.
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