
Remote Sensing and Modeling to Verify 
Improved Rice Farming to Scale in 
Vietnam

IRC2018 Singapore – 14.30- 16.00 Monday October 15th 

Contact persons: 
Dr. William Salas, Verifier Lead
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AgResults Vietnam Emissions Reduction Challenge Project

Overview

• AgResults originated from the 
call of leaders of  G20 Summit 
in Toronto and Mexico  

• Co-funded by Australia + 
Canada + the UK + the US + 
Bill & Melinda Gates 
Foundation

Founders & Donors

1. Overall Objectives:
1) Overcome market failures 

impeding agricultural 
innovations

2) Test the effectiveness and 
efficiency of pull financing 

2. Timeline: 5 years (2016 -2021)

Overall Objectives & Timeline

• 1. Rice creates jobs and 
livelihoods for >70% Vietnam 
population

• Rice farming produces >80% 
GHG emissions in South and 
Southeast Asia

• Low income of rice farmers

Rationale for Vietnam

(1) Reach up to 25,000 SHFs
(2) Reduce up to 375,000 tCO2e
(3) Provide cost savings of around 15% to SHFs 
(4) Define and recommend advanced & sustainable technologies

EXPECTED OUTPUT

Vietnam Rice Outlook - 2017

Total export for (ton) 1,442,072
Total value (in billion USD) 3.24
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End-of-Phase Prizes

Weighted Prize Criteria

Vietnam Project Overview

Phase II: Scale (2.5 Years)Phase I: Test (1.5 Years)

Reduced 
GHGs
60%

Increased 
Yields
40%

Reduced 
GHGs
20%

Increased 
Yields
20%

Smallholder 
uptake

40%

Repeated 
Use
20%*

1st
2nd

3rd

$400,000
$750,000

$200,000
1st

2nd
3rd

$30,000
$50,000

$20,000

Interim Prizes

$500,000 proportional to results, repeated 
for three crop cycles.

$55,000, shared proportionally among the 9 
implementers that met contest requirements

*except for crop 1
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Pilot Phases
Year 1 (2017) Year 2 (2018) Year 3 (2019) Year 4 (2020)

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Pre-Phase 1
Project Launch Event  
RFA and Implementer Selection 

Phase 1: Testing
Crop 1 (Summer 2017) Field Tests
Interim Lessons Learned Event

Crop 2 (Spring 2018) Field Tests
Phase I Final Awards/ Lessons Learned

Pre-Phase 2
Finalize/ test data collection tools (apps)
Calibrate DNDC and ORYZA models
Finalize uncertainty quantification system

Phase 2: Scale Up
Crop 1 (Spring 2019)
Crop 2 (Summer 2019)
Interim Lessons Learned Event

Crop 3 (Spring 2020)
Crop 4 (Summer 2020)
Phase II Final Awards/ Lessons Learned

The Project is Transitioning to Phase 2













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Verification Team

Applied 
GeoSolutions

GHG 
Measurement 
DNDC GHG 
Model/SAR 
Monitoring

IAE
Validation

Field Yield & 
Direct GHG 

Measurement

Land IQ/AGS
Yield 

Measurement
Satellite – Based 
Yield Monitoring  

Legend:
SAR: Synthetic Aperture Radar

DNDC: DeNitrification DeComposition Model 

RS: Remote Sensing 

Pilot 
Overvie

w
Solvers Government 

Approval
Provinc

e
Prize 

Design Verification Summa
ry

Necess
ary 

Approv
als

Verifier Role:

 Quantify GHG reductions
 Assess yield impacts
 Quantify uncertainty in GHG 

and yield estimates
 Verify that management 

practices were implemented
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Verification Approach
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GHG: Measurements of Paired Technology and Control

Water trench

I

C

30m

50
 m

30 m

Edge

I3

I2

I1

C3

C2

C1

Chamber

Brigde

Implementer 2

AgResults received 24 proposed technologies, selected 11.
Measured GHG emissions from 11 AgResults technologies
Each technology had a control plot with baseline management 
Methane and Nitrous Oxide Measurements
Static flux chambers with 3 replicates per treatment
GHG measurements frequency: weekly plus event based sampling 

(fertilizer applications and drain events)
Seasonal GHG emissions were calculated by integrating daily 

measurements
Net changes in GHG (control – technology)
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CH4

CH4

CH4

CH4
CH4 CH4

Water

Soil

CO2+4H2 → CH4 +2H2O
CH3COOH+H2 → CH4 + CO2

Methanogenesis

CH4+2O2 → CO2+2H2O
Methane oxidation

CH4

CH4

Rice: CH4 production and emission

Labile C →
source

(REDOX < -100 to -200 mv)

CO2CH4 Ebulation

Slide from Will Horwath

DNDC Models 3 Pathways
 Plant mediated transport
 Ebullition, diffusion
 Soil out gassing 

DNDC Process Modeling: Rice Methane Emissions
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GHG: Measurements & DNDC Modeling Platform

 The DeNitrification-DeComposition Model is known as DNDC
soil biogeochemical process model 
used for quantifying soil carbon, GHG emissions, soil erosion and N leaching from 

agricultural soils
Works in both upland and wetland agroecosystems.
extensively calibrated & validated for modeling soil carbon dynamics, N2O & CH4  in 

rice agro-ecosystems
DNDC applications include: GHG inventories; Supply chain reporting, voluntary and 
compliance GHG offset protocols (ARB, CAR and ACR). 

Dr. Changsheng Li 
DNDC Model developer
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Integrating DNDC and ORYZA2000
—Direct linkage between GHG and Yield Outcomes

 ORYZA2000 rice growth and yield module is an additional option for simulating rice 
growth, and can be switched at runtime through the modeling configuration. 

 The crop growth subroutines of ORYZA2000 was translated from FORTRAN into 
C++.
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Calibration of new crop model for AgResults

RMSEn (%)
Average 

Difference 
(%)

Maximum 
Difference

(%)

Minimum 
Difference

(%)

9.28 5.25 27.46 0.25
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AgResults Phase 2 Data Collection Tools

 Phase 2 looks to incentivize competitors to scale technologies to 
at least 20,000 farmers.

 Challenge: Need scalable data collection tools to:
 Map the location and boundaries of each field
 Gather information on farmers adopting technologies.
 Enable the Competitors and their farmers to provide timing 

of management events (planting date, fertilizer, residue, 
flood/drain events, etc) for each field in the program.

 Solutions: Build tools for efficient and consistent data 
collection:
 WebGIS data management system to identify field locations
 Mobile apps for field level data collection to document 

events, including photo protocol to document practices.
 Operational remote sensing to verify that rice was grown on 

each field and general information on planting and harvest 
dates and flood/drain information.

 Outcome: Field specific data to drive the Phase 2 
quantification tools
 DNDC for quantifying GHG emissions on 20,000+ fields
 DNDC-ORYZA for quantifying yields on 20,000+ fields
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Field Data Collection for Cal/Val Remote Sensing Models
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Remote

Crop calendar (1st crop planting DOY)

LULC / Rice Extent

  

  

  

  

  

  

  

  

Used Sentinel-1 SAR data to map rice extent, crop calendar, hydroperiod (duration of 
flooding) for Red River Delta

Remote Sensing of Rice Extent and Management
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Mapping Rice Water Management
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AgResults MRV System

Low Cost MRV: Field to 
Province Scales

 Mobile apps for 
management

 RS for cropping 
systems and 
management

 Field data collection 
for model cal/val

 Biogeochemical 
Modeling
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Long Term Outcomes from AgResults Vietnam Project

 Innovative rice production technologies that are scalable, reduce GHG 
emissions and enhance yields.
 Data collection tools for verifying yield increases and GHG reductions.
Tools will have been tested, refined and improved during the pilot.
Operational remote sensing platform
Overall platform designed and demonstrated
Designed to be scaled from Thai Binh Province to entire Red River Delta, Mekong 

Delta or even all of Vietnam.
Quantification and verification system that has been developed based on carbon 

markets protocols for quantification and verification of monetizable carbon credits
Overall MRV (Measurement, Reporting and Verification) system to support climate 

finance and NDC reporting.
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