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IPCC Methodologis

Tier 1
– Simplest method
– Activity data available to all countries

Tier 2
– Technology-specific emission factor

Tier 3
– More detailed or country-specific methods

From IPCC methodologies and reporting principles by Kristin Rypdal, 
CICERO & IPCC author 

Each country must submit INDC (Intended Nationally

Determined Contributions) to UNFCCC before 2020
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１．Background & Objective 

2．Ground observation of greenhouse gas emission 

and semi-empirical modeling

3. Satellite remote sensing of GHG emitters

- Cropping calendar & the adjacent fallow length

- Paddy soil/water covered by rice plants

- Top down verification with GOSAT
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Yan et al.2009 Xuan and Matsui, 1998

alluvial soil

1.1 Mha, 28%

acid sulfate soil

1.1 Mha, 28%
potentially acid sulfate

0.5 Mha, 13%
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Characteristics of the Mekong delta

Arai et al., 2018
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Characteristics of the Mekong delta
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- Reduction of irrigation rate & GHGs (2012-2016)
- Increase of rice grains and its quality
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１．Background & Objective 

2．Ground observation of greenhouse gas emission 

and semi-empirical modeling

3. Satellite remote sensing of GHG emitters

- Cropping calendar & the adjacent fallow length

- Paddy soil/water covered by rice plants

- Top down verification with GOSAT



Straw incorporation time
and amount

Water regime prior to 
rice cultivation

Water regime during
rice cultivation

A. ①

②

B. 

③

CROPflood

CROPNon-flood

CROPNon-flood

>30 days

<180 days

CROP30days

CROP30days

>180 days

IPCC guideline (Tier1)
[Emission factor × Scaling factor in IPCC guideline]
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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

0  days  non-flooding fallow 
5 days non-flooding fallow 

30 days non-flooding fallow 
60 days non-flooding fallow 
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ALOS-2/PALSAR-2
– Lband-Synthetic Aperture Radar –

Xuan and Matsui, 1998
30paddies × 1village

5paddies × 4villages

Alluvial soils

1.1 Mha, 28%

Acid sulfate soils

1.1 Mha, 28%
potential acid sulfate soils

0.5 Mha, 13%

Strip map

SCAN SAR

Coherency matrix [T3] 
generation

Polarimetric decomposition

Speckle filtering
LEE refined

(7×7)

Sampling (25-30pixel）
from each ROI

&
Statistical analysis

Modified from Avtar et al. 2012
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Co-registration
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Rice paddy masking
&

Statistical analysis

Classification of inundated paddies and non-inundated paddies
which is covered by rice plants
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SCANSAR (intensity - HHσ0)
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Flooding season (2015 Oct. 23)Dry season (2015 Apr. 10)
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Double bounce detection by SCANSAR (intensity - HHσ0)
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Dry season (2015 Apr. 10) Rainy season (2015 Jul. 03 )

Flooding season (2015 Oct. 23)Flooding season (2015 Oct. 30)     -LANDSAT-8-



Full-polarimetry (3m)SCAN-SAR (25m)

Fallow paddies
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y = 1.00x + 0.31
R² = 0.63

0

2000

4000

6000

8000

10000

0 2000 4000 6000 8000 10000

100%

80%

60%

40%

20%

0%
0% 20% 40% 60% 80% 100%

Estimated daily ALOS2-LSWC (10km-res.)

O
bs

er
ve

d 
A

LO
S2

-L
SW

C
 (1

0k
m

-r
es

.)

= (ALOS2floodability*ω+ ζ )* exp(AMSRNDFI*δ-MODISLSVC*δ)

Daily ALOS2-LandSurfaceWaterCoverage estimation
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Need to be
VERIFIED 

with GOSAT!

Estimate daily CH4 emission
with sowing date data 
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Inverse estimation of the emission using 
NICAM-TM(Chem)-LETKF

with AMSU, PREPBUFR and GOSAT data

Nonhydrostatic ICosahedral

Atmospheric Model-TM(Chem)

Local Ensemble Transform

Kalman Filter

Miyoshi., 2005

Terasaki et al., 2014

Observation operator 

development

for GOSAT



Flux estimation from 

atmospheric concentration

by omitting multi-collinearity

• No direct emission or 

apriori info. is required!

Transparent MRV!!

Back ground covariance matrices
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