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Recap: Frequency corrections
F' _ * High-frequency flux attenuation due to:

* (Sonic path averaging of wand T)

* (IRGA path averaging of c and h)

* Sensor separation

* Air flowing through the rain cap/filter/tube




Recap: Frequency corrections

* Experimental correction strategy :
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Initial motivation

From the ICOS Science conference in Lund (2024):

“Bridging the gap between historical and ICOS
ecosystem flux data series”
7™ ~w| » Excessive denoising
on spectra explained
half of this
- discrepancy
- | * Processing pipeline
adapted for the L2
release 2025

Bridge the gap — 10% , "\ )



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

2) Under which conditions?
3) Whatis the best practice?

* 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

4) How does it compare to the ICOS (EddyPro) implementation of
spectral corrections?
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Cut-olf frequency |Hz)]

Spectra vs co-spectra (our implementation
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| Spectravsco-spectra
Spectra vs co-spectra (our implementation) |,

* Comparison made on cumulative (non gap-filled) fluxes 1 Ayl

* Similar for CO, (worse is 5.1%), especially for “high measuring 1
sites”

More divergent for H,O (can reach 10%)
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| Spectravsco-spectra
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| OurstudyvsicOs
What about the ICOS fluxes?

« Comparison made on cumulative (non gap-filled) fluxes
* |COS uses spectral approach (EddyPro)

* |COS vs our study (x and x)
* Reaches 11% for CO, and 32% for H,O!
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Why these #7? -
* Thresholds for flux filtering and transfer {E'— f:
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Why these #7?

e Comparison on CF
e Oursvs those extracted from the ICOS L2

* SCF (ETC)
o  SCF (fgr-spectra)
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Why these #7?

e Comparison on CF
e Oursvs those extracted from the ICOS L2

* SCF (ETC)
o  SCF (fgr-spectra)
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A python tool : FregCor

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

#  Welcome to FREQCOR Documentation View page source

Installation

Quick Start

Batch mode (CLI)
Configuration
Running the Example
Outputs

Contact

Version History

Software Architecture

API Reference

Welcome to FREQCOR Documentation

FREQCOR (FREQuency CORrection) is a Python toolbox to compute and apply spectral/cospectral
correction factors to eddy covariance fluxes.

It produces:

= cut-off frequency look-up tables (LUTs), and
= correction factor LUTs (stable/unstable), which can then be applied to half-hourly flux time
series.

Two types of inputs are currently supported: (i) outputs from an EddyPro run (binned (co)spectra
and the full_output file), or (ii) outputs from the GEddySoft software, a flux computation toolbox
developed by the same research team (https:/github.com/BernardHeinesch/GEddySoft). Handling
of other input formats can be easily implemented by replacing the FREQCOR_Read routine by your
own

The workflow implemented in FREQCOR follows a classical frequency-domain approach:

1. read and quality-screen binned (co)spectra and associated flags,

2. estimate transfer functions and cut-off frequencies from ideal vs real (co)spectra,
3. compute correction factors by integrating degraded vs ideal reference (co)spectra,
4. apply the resulting correction factors.

This tool has been written by Ariane Faurés, from the BioDynE research axis, Gembloux Agro-Bio
Tech, University of Liége in Belgium and its version 1.3 has been used in the study “A multi-site
comparison of spectral and co-spectral approaches for correction of turbulent gas fluxes with ICOS
set-up', to appear soon in the Atmospheric Measurements and Technologies joumnal peer-review
process.
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Conclusions

* Spectravs Co-spectra (our implementation)
* Similar for CO,, especially for “high measuring sites”
* More divergent for H,O (can reach 10% on cumulated fluxes)
* ... provided applied with the latest developments

* As Pls, we choose the co-spectral approach, at least for CO,

* |COS spectral corrections higher than ours (diff can reach 10% for CO,
and > 30% for H,0...

* Think about Carbon budgets, Energy balance closure, etc...

17



