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Satellite remote sensing
on inundation/phenology

# white pixels
Not-inundated

Arai et al., 2018

Satellite rice remote sensing 
-> Very well discussed yesterday already!



Inundated paddies
detected by ALOS-2

low cost UAV  & IoT tech.
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Monitoring by farmers!
Reporting   by farmers!
Verification by farmers!



# Note
- Composites of SPs with varied incidence-angle (0-85 degree) and delay time were plotted here without any of   

correction/normalization/QC    -> delay/incidence-angle mapping and correl. Power analysis, altimetry approach
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Drone, Finally! - preliminary GNSS-R test -

SNR (dB)

Galileo E5b (1207.14MHz) CF     (inun. paddies)

AWD (inun. +
non-inun.)

9th and 12th Jan. 2024
40 - 43 DAS 
(reproductive stage)

GPS L2 (1227.60MHz)

SNRi (dB)

Towards RADAR remote sensing by farmers !



Low cost  Waterlevel & CH4 automated wireless chambers

Noboru Yamazoe, Kengo Shimanoe, Basic approach to the transducer function of oxide
semiconductor gas sensors, Sensors and Actuators B 160 (2011) 1352-1362

R =

All electrical components
commercially available for VN farmers

y = 1x - 0.0001
R² = 0.9603
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CH4 emission observation from a Rice-fish rotation system 
w/ low-cost wireless automatic chamber
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Fish-catch 
(5-25 g/m2 of fish taken out at each catch)

Towards Monitoring/Reporting/Verification by farmers !
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Inundated paddies
detected by ALOS-2

Satellite remote sensing
on inundation/phenology

Cyber-LCA coupling system
w/ high spatio-temporal resolution models 

low cost UAV  & IoT tech.

Crop-physiology
Biogeochemistry

Hydrology

Electromagnetic
scattering

Simulated values of water level
(cm below soil surface)

Data from 5 sites x 5 plots x 10 seasons

inundated

Time

W
at

er
 le

ve
l

Soil-surface

Lampayan et al., 2015
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DNDC-rice-SWAT 2/3D model for Hybrid optimization system 
w/ SAR&GNSS-R observations

-> optimization by different scale
observation GNSS-R and SAR 
simultaneously   

・lateral seepage   ->3D simulation 
・soil water suction/swelling scheme extension

dynamic hydraulic conductivity
dynamic bulk density



Simulation
4th order runge kutta + 2nd order Lax-Wendroff

Spatiotemporal noise on 2 parameters (g,f)
(50 percent gaussian noise)

Preparation of non-autonomous hydrological model experiment for rice paddy

percolation, et   -> g: Gravity
seepage              -> f:  Coriolis



Localization on extended-DMD for non-autonomous rice system

Dilated Convolution & interpolation!
Approx. of K-eigen function Approx. of K-operator

Memory saving!

No need to obtain V -> compatible with randomized SVD 

W (U) W(U)*

residual

Inspiration from Li & Jiang 2023



truth

Localized-EDMD  (10% SVD-truncation, 2 grid strides/interpolation)

U V H vorticity



Inundated paddies
detected by ALOS-2

Satellite remote sensing
on inundation/phenology

Cyber-LCA coupling system
w/ high spatio-temporal resolution models 

Integrative multi-parameters 
optimization

Data quality control
Noise filtering support

Pixel-based (50m-res.) Inversion of 
Daily waterlevel/GHG fluxes, 

rice growth/yield and Nitrogen-usage 

Artificial Intelligence

low cost UAV  & IoT tech.

Crop-physiology
Biogeochemistry

Hydrology

Electromagnetic
scattering

Simulated values of water level
(cm below soil surface)

Data from 5 sites x 5 plots x 10 seasons
Arai et al., RSE 2022 
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Bias/non-linearity (i.e., truth - EDMD surrogate)
-> Back ground error covariance computation in flow dependent 
-> for rejuvenation of LPF

Approx. of K-eigen function / operator -> dimension reduction

 Resampling in reduced dimension for LPF
 TLM/ADJ/Simplification operator for 4DVAR
 Hybrid LPF-EDMD-4DVAR!

U V H



Hybrid with deep dictionary learning
DA w/ parameter estimation

- changes in the attractor

States updated by DA
- separation from the attractor

Prediction of DA-increment on eigen-function and K-matrix
-> deep dictionary learning
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How deep the field water was dropped by next irrigation?
– Estimation by DA model parameter estimation -



AI algorithm designed for rice, the non-autonomous dynamic system

-> can be used not only for improvement of simulation/model optimization with RS data, 
but also for tractors’ system-identification/automatic-driving, decision-making with carbon credit

AI/ML for rice
Non-

autonomous
dynamics



Remote sensing & AI System for agricultural Extension (RAISE)
- calling for an AI scientist globally -



RAISE

To International 
Network

Modified from Osaki 2015

Community 
members

collaborators



Conclusion
The problem/gaps of current public/commercial MRV systems

- Lack of Transparency and permanence

Technology to address and what it can help
- Low cost IoT monitoring system development and implementation by farmers.
- Satellite/IoT data based digital-twin technology to evaluate/project anthropogenic impacts.
- Real time decision making support with different scale stake-holders.

What’s next
- Decision support system based on evidence/BIG-data
(seamless integration from monitoring to decision-making among different scale stake holders).

- Multi-variate decision making criteria across different disciplines/scales.
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