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Who are NMI?
Applying agronomic research since 1934

• Located in Wageningen (NL)

• Independent group of researchers

• Well known experts in the field of soils and 
agriculture 

• Providing knowledge as a service for 
farmers, advisors, policy makers, product 
managers and business analysts
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NMI & GEE
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Sustainable 
Agriculture with 

healthy soils



What is a healthy 
soil?
A healthy soil can provide 

various ecosystem 
services for which it is 
used and is resilient to 

external forces.
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How to assess soil health
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Soil health

Soil indicatorsSoil Functions

Soil Properties
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Soil properties
How to obtain the input data for soil health assessment?
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Challenges with soil data 

Soils are 
heterogeneou
s in space (and 
sometimes in time 

too)

Sampling  
+ Analysis 

is 
expensive

Lack of 
detailed 
soil data
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Leveraging remote 
sensing
• BodemSchat6

• Mapping 24 soil parameters for every 
agricultural field in NL

• Collected over 150 covariates per 
field

• Training based on NABA

• Next version:
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Challenges with upscaling



Challenges
Extending 
coverage 
to rest of 

Europe and the 
World

Enable in-field 
variation 

by increasing 
the resolution

Requirements 
for 

infrastructure 
increases 

and becomes a 
limiting factor

Earth Engine 
enables us to 
solve the 
infrastructure 
issue



How we use Google Earth Engine
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Example: Carbon
How do we accurately and cost-effective monitor carbon stock at farm level?
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Why do we want to know carbon content of 
soil?
• Carbon is related to various soil processes:

• Soil fertility
• Water retention
• Workability
• Disease preventions

• Soils are major sinks of carbon
• Relevant for Corporate Sustainability Reporting Directive (CSDR) and for Science Based 

Targets initiative (SBTI)
• Insetting & Offsetting
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Step 1: Select fields
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Step 2: Forecast carbon stock 
with Quickscan
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Step 3: Create sampling design
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Step 4: Calculate carbon stock



Step 1: Initial carbon stock assessment
Predict SOC stocks with 
global model
• Model based >250,000 sites from 

open datasets and 123,668 in-
house validated analyses

• Covariates o.a. Sentinel I, II 
MERIT and WorldCover (no 
SoilGrids)

• Global predictions at 10m 
resolution

• Model for SOC and bulk density
• Trained with XGBoost using 

Bayesian optimization for 
hyperparameter tuning

• Resolution is often not fine 
enough to capture variation at 
farm level: 10m resolution 
instead of 250m
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Step 2: Going beyond bird’s-eye view
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What?

Ensure reliable 
carbon stock 
estimate

&

Minimize number of 
samples required

How?

Prevent sampling at 
similar locations

Try to create a 
distribution that 
represents reality

With?

Conditioned Latin 
Hypercube sampling 
with Global Model 
prediction as input

Minasny & McBratney, 
2006



Step 3: Measure the soil
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Obtain the residuals from global model
• Use NIR scanner to reduce analysis costs and 

thus enables to take more measurements
• Measure each sampling location individually 

(no mixture sampling) to reduce random 
device error

• HH AgroCares gives reliable and unbiased 
estimates of SOC and BD Note: used for C stocks on farm level. No point 

comparison

Kok et al. (in 
press)



Step 4: Go local
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Simulate measurement errors and small 
sampling design adaptions to calculate 

confidence interval on farm C stocks

Residuals

Covariates

Prediction

Uncertainty

Local 
model

Measurements

Global model 
predictions



Proven technology
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The winning solution should be:
• Accurate
• Scalable
• Reliable
• Cost-effective
• Fast

Aligned with VMD0042 Aligned with SBTi
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Behind the scenes
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Behind the scenes
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• Runs fully on Google Cloud:
• Cloud Run Services
• Cloud Run Jobs
• Cloud SQL
• Cloud Storage
• Cloud Scheduler

• Accessible via NMI API (REST)
• Stateless Docker containers



Behind the scenes
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Step 1: Process POST request
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Behind the scenes
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Step 2: Perform calculation
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Behind the scenes
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Step 3: Process GET request

1

2

3
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Our experience and outlook
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Our experience with Earth Engine
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Achieved

• Global mapping of 
Carbon at 10m 
resolution 

• Faster development 
of new covariates 
and models 

• Reliable product with 
limited time spent on 
maintaining 
infrastructure

Current development

• Mapping for other 
elements:
• Nitrogen (N)
• Phosphorus (P)
• Potassium (K)

• Extending advices to 
other ecosystem 
services

Challenges

• Difficult to estimate 
cloud consumption

• Takes some time to 
learn

• Misses sometimes 
full integration with 
Google Cloud



Our experience with Earth Engine
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Sustainable 
Agriculture with 

healthy soils

Earth Engine provides us the tools to advice 
farmers, policy makers and analysts on the 
transition to a sustainable agriculture with 
healthy soil
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Thanks for your attention!
✔sven.verweij@nmi-agro.nl

✔linkedin.com/in/sven-verweij/

✔github.com/SvenVw

✔researchgate.net/profile/Sven-Verweij

mailto:sven.verweij@nmi-agro.nl
https://www.linkedin.com/in/sven-verweij/
https://github.com/SvenVw
https://www.researchgate.net/profile/Sven-Verweij
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