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Counter measure: Intermittent irrigation
The necessity of quantifying GHG mitigation effect and rice productivity 
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Multi-year study conducted on farmer fields in the Mekong Delta 

AWD has been based on research works carried out 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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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

G
ro

un
d 

m
ea

su
re

d 
ra

tio
 o

f
R

ic
e 

yi
el

d/
A

bo
ve

-g
ro

un
d-

bi
om

as
s

Simulated Nitrogen re-translocation 
index

Too much water 
and nitrogen

Not enough water 
or nitrogen0

0.2

0.4

0.6

0.8

1.26 1.28 1.3 1.32 1.34

Adequate
water and nitrogen

good

bad

Arai et al., Springer, 2021



-30

-25

-20

-15

-10

-30 -20 -10 0

-30

-25

-20

-15

-10

-30 -20 -10 0
-30

-25

-20

-15

-10

-30 -20 -10 0

V
V

VH VH

VH

V
V

0-10 days after sowing 11-20 days after sowing

Fallow season
Inun. Not Inun.

0-5 days after sowing
5-10 days after sowing
11-15 days after sowing
15-20 days after sowing

Fallow 

Within 3-days after wet-leveling 

C-band Sentinel-1 rice monitoring
-inundation detectable at early rice growing stages-
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L-band PALSAR-2 rice monitoring
-inundation detectable in the whole stages-



69 days after sowing, 6th May 2016

σ0 based 
inundation 
detection 

with 
ALOS2-HR 

data



# 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)

0

-5

-10

-15

-20

-25

-30

Sim
ulated field w

ater level
w

ith  A
LO

S-2/PA
LSA

R
-2

(cm
 below

 soil surface)

5

10

(d)

8th Apr. 2016

2nd Dec. 20168th Apr. 2016

(h)

1st Jul. 2016

1st Jul. 2016 13th Jan. 2017

13th Jan. 2017

SAR data assimilation of field water level simulation
-binding cyber space and real space-

Arai et al., RSE
under revision



Estim
ated field w

ater level before the irrigation
(cm

 below
 the soil surface)

(d) 30th June, 2017

inundated

W
at

er
 le

ve
l

Time Field water level
before the irrigation

5 sites x 5 plots x 10 seasons
-25

-20

-15

-10

-5

0

5

10
-25 -20 -15 -10 -5 0 5

Estimated 
field water level before the irrigation

(cm below the soil surface)

G
round observed

field w
ater level before the irrigation

(cm
 below

 the soil surface)

Dry season Rainy season

Field waterlevel (cm)

10 5 0 -5 -10 -15 -20 -25 -30

How deep the field water was dropped by next irrigation?
– Estimation by DA model parameter estimation -

Arai et al., RSE
under revision



-30

-25

-20

-15

-10

-5

0

5

10

15

15/11/201415/01/201517/03/201517/05/201517/07/201516/09/201516/11/201516/01/201617/03/201617/05/201617/07/201616/09/201616/11/201616/01/2017

Fi
el

d 
w

at
er

 le
ve

l 
(c

m
 b

el
ow

 so
il 

su
rf

ac
e)

Ground-observed field waterlevel

Mean values of simulated field waterlevel 
( 4×4 pixel windows 
around the ground observation point)

Mean values of estimated irrigation threshold
model parameter ( 4×4 pixel windows 
around the ground observation point)

The temporally local minimum water level 
around the data-assimilation date ± 10days

(13)(11)(9)(7)(5)(3)(1) (15)

(2) (4) (6) (8) (10) (12) (14)

ALOS2 
observation

Filter 
cycles

15th Nov.
2014

15th Mar.
2015

15th Jul. 15th Nov. 15th Mar.
2016 

15th Jul. 15th Nov. 

WS SS SA WS SS SA WS

A sample of validation result with ground observation data 
–semi dyke system-

Field waterlevel (cm)

Arai et al., RSE
under revision



Simulated field water level
(cm below soil surface)
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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



1. AWD practices recognised to be a good option for mitigation of GHG emissions from rice fields:

- positive environmental impact, 
- adapted to climate change (water scarcity), 
- ensure food security, 
- preserve affordability of food  

2. EO data can  provide geospatial information on rice growth (S1) and field inundation status (ALOS-2-PALSAR-2), 
necessary for  GHG accounting and for monitoring of food production

3. The  requirements for future space observations will be for L-band SAR with systematic acquisitions and high temporal 
frequency (beyond ALOS 4 and NISAR, of 12-14 day repeat cycle, ROSE-L).

4. Future operational application  could be used by local stake-holders with low- computing cost but advanced process-
based simulation model which considers local difference of soil parameters and high spatio-temporal resolution EO 
data.

To summarise and conclude
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