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Outline: Integrating Measurements and Modeling 
for a Land Carbon and GHG Estimation System

1. What do we need to estimate?

2. Which methods do we have?

3. Way forward
1. Integration of different methods into a digital system

2. Improvement of the different methods for a common goal
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A farmer growing Italian ryegrass 

under the main crop to store carbon 

in soil 
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Improved land management effects on soil 
carbon and greenhouse gas emissions (CH4, N2O)
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FAO. 2020. A protocol for measurement, monitoring, reporting and verification of soil organic carbon in agricultural

landscapes – GSOC-MRV Protocol. Rome. https://doi.org/10.4060/cb0509en

SSM = Sustainable soil management

https://doi.org/10.4060/cb0509en


Attributes of 
monitoring, reporting 
and verification

1. How much carbon is 
sequestered, or GHG 
emissions are avoided?

2. How much of this is 
additional?

3. For how long does the 
improvement last?

4. How is it accounted for in 
various business models?
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Farmer and photo: Juuso Joona, Tyynelä farm. October 2018
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Chamber measurements of greenhouse gases ↑ Satellite measurements and other

remote sensing techniques ↑Direct measurements of soil carbon ↓

Continuous measurements of greenhouse gases ↓



Issues with the carbon 
and GHG quantification 
methods

Direct measurements

• Temporal change in soil carbon stock is small 
compared to spatial variability

• Business-as-usual references are impractical

Satellite measurements and other remote sensing

• Unable to measure soil carbon or GHGs by field

Emission factor methods

• Cannot capture spatial and temporal heterogeneity  

Process-based modeling

• Lack some necessary processes

• Uncertainties in model parameters and structure
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Guan et al. 2023. Earth-Science Reviews. https://doi.org/10.1016/j.earscirev.2023.104462

https://doi.org/10.1016/j.earscirev.2023.104462


Way forward

1. Integration of the different quantification methods into a digital 
system

2. Development of the quantification methods for the common goal
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MRV system

Model-data fusionSatellites

Reference sites

ICOS, ENVRI etc.

Ordinary fields Applications

Fieldobservatory.org



Calibrating BASGRA 
ecosystem model 
using data from a 
reference site in 
Finland
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Leaf area index

Carbon dioxide flux between the field and the atmosphere

- Carbon sink

+ Carbon emission

Sentinel-2 satellite

Automatic flux measurement equipment

Calibration period Validation period



Real-time carbon balance monitoring 
and forecasting in Field Observatory
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- carbon sink during the days

+ carbon loss during the nights

Carbon loss 

forecasted for 

the next 15 days 

www.fieldobservatory.org

http://www.fieldobservatory.org/
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Advancing Soil Carbon Measurement Efficiency: Field 

Applications of Laser-Induced Breakdown Spectroscopy for 80%* 

Cost Reduction

*Laboratory work causes 80 % of soil carbon analysis costs. Mäkipää et al. 2008.

Photo: Jari Liski Photo: Pekka Heikkinen Dwivedi et al. 2023. Geoderma. https://doi.org/10.1016/j.geoderma.2023.116550

https://doi.org/10.1016/j.geoderma.2023.116550


Improving Yasso model’s soil carbon 
estimates with state-data assimilation 
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tn C ha-1

Viskari ym. 2020. Geosci. Model Dev. https://doi.org/10.5194/gmd-13-5959-2020

Dots: soil carbon measurements

Lines: model simulations informed by simulation-start

measurements

https://doi.org/10.5194/gmd-13-5959-2020


Thank you.

Contact: jari.liski@fmi.fi

25.9.2023
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