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Metrology for climate action



ICRM2023 LL-WG IFIN-HH Bucharest  2023-03-31Stefan RöttgerStefan Röttger

ICRM-LLRMT 2022

International Conference on Radionuclide Metrology 

– Low-Level Radioactivity Measurement Techniques
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ICOS Scientific Conf. 2022

https://www.icos-cp.eu/event/1242
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ICRM Conf. 2023
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Introduction – Why ?

Climate change is one of the greatest challenges of our time.

The temperature rise of the atmosphere of our planet, due to the

greenhouse effect, is caused by the increase of GHG emissions.

➢ ICOS: Monitoring of GHG emissions, the dispersion of GHGs and

the resulting GHG concentrations in air, is of utmost importance for

appropriate climate change mitigation measures.

➢ EURDEP: Collection and exchange of radiological monitoring data

between participating countries of the radiation in the environment.

Both networks could profit from radon measurements at the outdoor

level. But traceability to the SI system is not established yet.

Stefan Röttger
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Introduction – For whom?

ICOS Atmospheric 

Station Specifications:

Radon monitor: “At the

present stage, Radon-222

measurements are not

mandatory in ICOS.

However, Radon-222 is

recognized as a very

valuable measurement, in

particular for trace gas flux

estimates.“

➢ Determine source 

terms of GHG

Why is Radon an issue in climate observation?

➢ GHG flux measurements are difficult though GHG concentration measure-

ments are established.

➢ With radon activity concentration and radon flux measurements GHG fluxes 

can be traced!
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Introduction – What ?

Traceability to the SI system

Stefan Röttger
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Radon Tracer Method

1. To develop traceable methods for the measurement of outdoor low-level radon

activity concentration in the range of 1 Bq m-3 to 100 Bq m-3, with uncertainties of

10 % for k = 1, to be used in climate monitoring (…) .

2. To develop the capability for traceable radon flux measurements in the field,

based on the development of a radon exhalation reference system “exhalation bed”

and a transfer standard (…) .

3. To validate current radon flux models and inventories by the new

traceable measurements of radon activity concentration and radon flux

(…).

Flux
Concen-

tration
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222Radon and climate

➢
222Rn is generated in the ground and takes part in atmospheric transport 

processes, but has only one well-defined sink (radioactive decay) because it is 

inert

➢ Temporal / spatial distribution is determined by atmospheric transport

➢ Ideal proxy / tracer for modeling atmospheric processes

➢ Validation / improvement of transport models

Radon Tracer Method (RTM):

➢ The strength of the correlation 

allows the GHG fluxes to be 

estimated when the radon flux 

is known

➢ Comparability only with 

traceable calibration!

Röttger et.al. Strahlenschutzpraxis 2021
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https://adgeo.copernicus.org/articles/57/37/2022/adgeo-57-37-2022.pdf

1: New activity standards
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https://doi.org/10.1016/j.apradiso.2023.110726

2: Extending the range 
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https://iopscience.iop.org/article/10.1088/1361-6501/ac298d

3: New calibrations
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https://doi.org/10.1016/j.nima.2021.165927 

4: New comparisons
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https://doi.org/10.1016/j.apradiso.2021.110093 

5: Advanced technology
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https://doi.org/10.3390/ijerph19020840 

6: New innovation
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https://doi.org/10.5194/adgeo-57-63-2022  

7: New field instrument
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https://doi.org/10.3390/ijerph19020662 

8: New approaches for
member states
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https://doi.org/10.3390/ijerph19074213  

9: Field intercomparisons
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https://doi.org/10.3390/atmos13122005  

10: New maps
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https://doi.org/10.3846/jeelm.2022.17411  

11: Campaigns for
authorities
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https://doi.org/10.5162/SMSI2021/D3.3

F =

−λ222Rn λ222Rn −λ222Rn 0
0 −λ226Ra 0 0
0 0 0 1
0 0 0 −γ

Radioactive system 

Assumptions about 𝜂

𝑝 𝑥𝑡 , 𝑦𝑡 ∝ 𝑁
𝜇𝑥𝑡

𝐾𝑙𝑡𝜇𝑥𝑡
,

Σ𝑥𝑡 Σ𝑥𝑡𝐾𝑙𝑡
𝑇

𝐾𝑙𝑡Σ𝑥𝑡 𝐾𝑙𝑡Σ𝑥𝑡𝐾𝑙𝑡
𝑇 + 𝐽𝑙𝑡 + 𝑅𝑡

Klt = Hන

0

lt

eFτdτ

Propagation factor to 

account for integrating

Jlt = H න

−lt

0

න

0

τ

න

0

τ

eFaLQLTeF
Tbda db dτHT

Additional variance from integrating the  stochastic 

part of the process (scary, in our case symbolically, 

Numerical  Algorithms are available)

𝑅𝑡

Measurement noise Variance. Estimated from 

observed counting statistics  (e.g. 𝜎 = N)

12: Mathematical Procedures
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Special Issue
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Aim: on all continents

Stefan Röttger

Last continent reached: Antarctica!
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Thanks…

… to the traceRadon-project partners:

… to the traceRadon-project collaborators:

… to the traceRadon-project Stakeholder Committee, Stakeholders, MSU,  

EURAMET,

… and for your attention!
This project 19ENV01 traceRadon has received funding from the EMPIR programme co-financed by the Participating States and from the European Union's Horizon 2020 

research and innovation programme. 19ENV01 traceRadon denotes the EMPIR project reference.


