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Rice farmers participatory field observation
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Characteristics of the Mekong delta

Arai et al., 2018
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Straw incorporation time
and amount
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DAS←days after sowing

β ←acid sulfate・coastal sandy soil coefficient

CH4 emission on a specific date
= γ * carbon_management / non-inundated_fallow / inundated_fallow * water_management *α*β

carbon_management (Michaelis-Menten KINETICS)
=[exp(-DAS*δ)-exp(-DAS*(δ+ω))+κ]

non-inundated_fallow (OXYDATION CAPACITY)

= [1+EXP(-1* ζ *(DAS – ι* days of nonflooding days of the former fallow))]

inundated_fallow
= EXP(ε * days of flooding days of the former fallow)

water_management
= EXP(η * inundated days during the last 10days)

γ, η, δ, ε , ω , ζ , ι, κ←constant (>0)

α ←straw incorporation coefficient

Semi-empirical daily CH4 flux (mg C m-2 hr-1) Model
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5 days non-flooding fallow 
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ALOS-2/PALSAR-2
– Lband-Synthetic Aperture Radar –

Xuan and Matsui, 1998
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Modified from Avtar et al. 2012
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Our data integration scheme



Simulation scheme with 25m-spatial resolution
- Hysteresis of soil matric potential energy-

flood flood
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https://slideplayer.com/slide/5038747/

Irrigation, potential energy  >>  Side flow, ground water flow



Implicit RK4 integration model

Irrigation (init./boundary)

inundated

Not-
inundated

Matric-potential at irrigation index (Di) = Σ(soil inundation rate before the irrigation, 
days after sowing, clay content)・αi

t = days after irrigation

𝑾𝑳 = field water level 

Gravitational-potential at irrigation index (G) = field water level after irrigation *β

𝑑𝑾𝑳

𝑑𝑡
= 𝜸∗exp δ ∗ 1 − log exp Di ∗ t − G + 2 + exp −Di ∗ t − G ∗ Di ∗ t − G

−
δ ∗ exp Di ∗ t − G − exp −Di ∗ t − G ∗ Di ∗ t − G

exp Di ∗ t − G + 2 + exp −Di ∗ t − G

+ Di ∗ 1 − log exp Di ∗ t − G + 2 + exp −Di ∗ t − G + rain-fall

Irrigation function
if 𝑾𝑳 < threshold :

irrigate (i.e., 𝑾𝑳 += X)

Irrigation (init./boundary)

Parameter update 
by the analysis with EO data

https://slideplayer.com/slide/5038747/
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NICAM-TM(Chem)-LETKF
with AMSU, PREPBUFR and GOSAT/Sentinel-5P

Direct comparison between GOSAT and emission data is meaningless…

→GOSAT data assimilation with NICAM-TM! 

Nonhydrostatic ICosahedral

Atmospheric Model-TM(Chem)

Local Ensemble Transform

Kalman Filter

Miyoshi., 2005

Terasaki et al., 2014

Observation operator 

development

for GOSAT



Implementation of variable localization scheme in 
NICAM-TM-LETKF (PREPBUFR&GOSAT)

Back ground covariance matrices

Kang et al., 2012 → Flux parameter estimation!
2014051718-1803 Glevel 6, Inflation with RTPS=1

Increment of XCH4 (ppb, 950 hpa) w/ VL 

Increment of XCH4 (ppb, 950 hpa) w/o VL 



Economic assessment of GHG mitigation under 
various uncertainties

Kalnay et al. 2017
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Transparent MRV system on 
baselines/mitigation-effects with 

satellite data is the key !


