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Recap: Frequency corrections
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Spectra vs co-spectra PI vs ICOS The tool: FREQCORRecap

• High-frequency flux attenuation due to:

• (Sonic path averaging of w and T)

• (IRGA path averaging of c and h)

• Sensor separation

• Air flowing through the rain cap/filter/tube



Recap: Frequency corrections
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Spectra vs co-spectra PI vs ICOS The tool: FREQCORRecap

• Experimental correction strategy : 

transfer function (TF)                                         correction factor (CF)

• Sensor separation
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Different strategies
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• Experimental (vs theoretical)

• Several choices possible

• Focus on spectra vs cospectra

ConsPros

Needs theoretical description of 

sensor separation

Pure signal 

(not polluted by w)

spectra

Noise removal needed in some cases

TF determination could be difficult 

because of � pollution � of IRGA signal 

by w

Time lag compensation

No denoising needed

No sensor separation 

description needed

Cospectra

Spectra vs co-spectra PI vs ICOS The tool: FREQCORRecap



Initial motivation

5

PI vs ICOS The tool: FREQCORSpectra vs co-spectra

From the ICOS Science conference in Lund (2024):

“Bridging the gap between historical and ICOS 

ecosystem flux data series”

Recap

• Excessive denoising 

on spectra explained 

half of this 

discrepancy

• Processing pipeline 

adapted for the L2 

release 2025 



1) How much do spectral and co-spectral methods diverge?

2) Under which conditions?

3) What is the best practice?

4) How does it compare to the ICOS (EddyPro) implementation of 
spectral corrections?

Objectives
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PI vs ICOS The tool: FREQCORSpectra vs co-spectraRecap

• limited to the ICOS set-up

• data-driven, relying on established spectral and cospectral

approaches (no new theoretical developments but latest 

developments included)

• multi-sites



Dataset + M&M
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PI vs ICOS The tool: FREQCORSpectra vs co-spectra

• All 38 ICOS Class 1/2 
stations

• One full year (2024)

• Different behaviours 
observed for “low- and high-
measuring sites”

• Implementation of the most 
up-to-date findings on 
frequency-corrections (e.g. 
Aslan 2021, Peltola 2021)

• Use of look-up tables for the 
dependencies of cut-off 
frequencies and correction 
factors on U, RH, WD

Recap
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Spectra vs co-spectra (our implementation)

Cut-off frequencies Correction factors Cumulated fluxes
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PI vs ICOS The tool: FREQCORSpectra vs co-spectraRecap

• Comparison made on cumulative (non gap-filled) fluxes

• Similar for CO2 (worse is 5.1%), especially for “high measuring 

sites”

• More divergent for H2O (can reach 10%)

Spectra vs co-spectra (our implementation)



Why these ≠?
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PI vs ICOS The tool: FREQCORSpectra vs co-spectra

CO2 correction factors

• Spectra > Cospectra

• Sensor separation is largely 
dominating the correction
Spectra >> Spectra (no HL09)

• Spectra can reach unrealistically  
high values (in stable conditions)

=> we tend to prefer Cospectra
(but impact small and even negligible 

over forests)

Recap



Why these ≠?
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PI vs ICOS The tool: FREQCORSpectra vs co-spectra

H2O correction factors

• Spectra > Cospectra

• RH effects dominate (not shown)

• Noise almost always detected

• Problem of spectral similarity, more 

pronounced on spectra

Recap



What about the ICOS fluxes?
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The tool: FREQCOR

• Comparison made on cumulative (non gap-filled) fluxes

• ICOS uses spectral approach (EddyPro)

• ICOS vs our study (x and x)

• Reaches 11% for CO2 and 32% for H2O !

Recap Our study vs ICOSSpectra vs co-spectra



Why these ≠?
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The tool: FREQCOR

• Thresholds for flux filtering and transfer 

function fitting

• Use of look-up tables for cof and CF 

dependencies on WS, RH, WD 

• Horst and Lenschow equation 13 vs 16

• Denoising systematically unactivated for ICOS 

but found present and removed in many cases

• Use of �� according to Peltola 2021

To be investigated further…

Recap Our study vs ICOSSpectra vs co-spectra



Why these ≠?
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The tool: FREQCOR

• Comparison on CF

• Ours vs those extracted from the ICOS L2

Rehearsal Our study vs ICOSSpectra vs co-spectra

CO2



Why these ≠?

15

The tool: FREQCOR

• Comparison on CF

• Ours vs those extracted from the ICOS L2

Rehearsal Our study vs ICOSSpectra vs co-spectra

H2O



A python tool : FreqCor
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PI vs ICOS

• https://github.com/BernardHeinesch/FreqCor

Rehearsal The tool: FREQCORSpectra vs co-spectra



Conclusions
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The tool: FREQCOR

• Spectra vs Co-spectra (our implementation)

• Similar for CO2, especially for “high measuring sites”

• More divergent for H2O (can reach 10% on cumulated fluxes)

• … provided applied with the latest developments

• As PIs, we choose the co-spectral approach, at least for CO2

• ICOS spectral corrections higher than ours (diff can reach 10% for CO2

and > 30% for H2O…

• Think about Carbon budgets, Energy balance closure, etc…

Rehearsal Spectra vs co-spectra PI vs ICOS


