
The  MRV sys te m  of 
gre e nhouse  ga se ous  e m iss ion

in  the  world  h igh-ca rbon  re se rvoirs

Pixel-bas ed evaluation of rice production and related 
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of SAR data and ground obs ervations
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Counter measure: Intermittent irrigation
The necessity of quantifying GHG mitigation effect and rice productivity 

 

0

20

40

60

80

100

Are a Popula t ion Nitroge n

Fe rt iliza t ion

Agricu ltu ra l

GHGs

e m iss ions

Rice

production

GHGs from

pa ddie s

FAO-STAT

%
 o

f w
or

ld
 to

ta
l

Source: CEA analysis based on: Alexandratos and Bruinsma, 2012
Jhanvi Saini and Rajan Bhatt Current Journal of Applied Science and Technology · April 2020

Area Population N-
fertilization

GHG-emi. Rice
production

GHG-emi.
From rice



3Ara i,  STOTEN 2022

Multi-year study conducted on a farmer’s fields in the Mekong Delta 

AWD has been carried out based on research works in last decades
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AWD reduces methane emission,  water demand,  with slightly
improved grain yield and quality (2012-2016 experiment)
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AW

D





Sentinel-1 to monitor rice growth Simulated daily CH4 fluxes
(kg C km-2 h-1)

Rice phenology and satellite data pixel based simulation of CH4 emission
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C-ba nd Se n t ine l-1  rice  m onitoring
- inunda t ion  de te cta b le  a t  e a rly rice  growing s ta ge s-



Arai et al., RSE 2022

L-ba nd PALSAR-2  rice  m onitoring
- inunda t ion  de te cta b le  in  the  whole  s ta ge s-

0-20 days after sowing + fallow

21-60 days after sowing

61-105 days after sowing



69 days after sowing, 6th May 2016

σ0 based 
inundation 
detection 

with 
ALOS2-HR 

data



GNSS s igna ls  a va ila ble  for inunda t ion  de te ct ion

500m



Ka lm a n  filte r product  (500m _re s ,  15 -da ys  re solu t ion)

Γ (dB)

Γ (dB) : Global

No more ad hoc parameter setting! Everything adaptive!!
We can use all specular signals！
Spatio-temporal pattern clearly appears!
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# Note

2nd Dec. 2016

(a) (b) (c) SAR observation

submerged
paddy soil

pixels

Non-submerged
paddy soil

pixels

(e) (f) (g)

Lite blue: Not submerged (i.e., water level is lower than 0) Blue: submerged (i.e., water level is taller than 0)
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How de e p  the  fie ld  wa te r wa s  droppe d  by ne xt  irriga t ion?
– Est im a t ion  by DA m ode l pa ra m e te r e s t im a t ion  -
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Simulated field water level
(cm below soil surface)
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MANAGEMENT

Transparent MRV system on 
baselines/mitigation-effects with 

EO data should be enhanced.

Clear cost/benefits and 
actual farmers’ participation are

the keys to the adoption of 
new technologies by farmers.

Economic assessment of GHG mitigation measures
under large uncertainties



Drought 
Irrigation status / soil moisture 

- SAR/GNSS-R (QZSS)
Land surface temperature

- Advanced Himawari Imager

Saline intrusion
3D salt intrusion simulation coupling with crop/soil model

- bathymetry data around river mouth 
- vertical profile of salt concentration in river
- discharge

Adaptation for Drought and saline intrusion

Eslami et al., 2021

Yield change
( t/ha)

Effect of 2 C warming on potential rice yield in Asia
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