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Introduction ¢

Flux calculation

Raw data ‘
l QA/QC routines

Quality-checked raw data |COS plpellne ‘
di i .
%?;’; gﬁi;ﬁiﬁ,‘;’;‘&on * Protocol by Sabbatini et al. 2018
Trend removal « Vitale et al. 2020 for QC
Oncorrected fluxes » Package RFlux ETC on GitHub
___________________________________________________________ | (https://github.com/icos-etc/RFlux/tree/master)
i Spectral corrections
Corrected fluxes ~Use of EddyPro
Gapfilling and partitioning
algorithms
GPP, RECO

[ T X )
I C 0 S | ICOS Spring MSA, Antwerp 21-23 May 2024 2


https://github.com/icos-etc/RFlux/tree/master

Theory reminder : spectral corrections  §

Low pass fillered
—riginal signal

The measured fluxes are therefore ‘
— systematically underestimated :
need to correct them ‘

EC system acts as a low-pass
filter

cospectral density o

Aubinet et al. 2012

frequency (log axis)

Visualisation in the frequency domain : use of (co)spectra

1 4 This curve comes from
sonic anemometer —— ldeal (Ww'T" is close)

. —— Modeled using transfer functions

n Natural frequency

e Measurement height

z Cn)  Cospectrum

,:c.,- w'x"  Flux covariance

= - Area under the curve represents flux d Zero-plane displacement
u Mean horizontal wind speed

This curve comes from sonic & Actual H,0, CO,, CH,flux cospectra
0.01 anemometer and gas analyzer

v

Scales: Logarithmic
0.0001 +— nzdfy — 1 10 Units: Usually non-dimensional
low high Burba 2022
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INTEGRATED
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Theory reminder : spectral corrections  §

Correction procedure: ‘
1. Evaluation of losses: transfer function approach

« Experimental approach - spectral/co-spectral

No flux lost here

Some flux Total Transfer Function:
. lost here . . M
’ e * Use of sonic temperature (co)spectra as
Al flux T,=0: 100% flux lost at these frequencies
reference
0.01 >
WO e eth ——s 1 « Ratio of real over ideal normalised (co)spectra

Cospectra

——  Ideal (WT is close)

——  Modeled using transfer functions Rea | (CO)S pectl’u m

n Natural frequency
A z Measurement height
Z * C(n)  Cospectrum
%. ‘W Flux covariance Sh m (_r ] 1.
= . Area under the curve represents flux d Zero-plane displacement H ] [R OC UCC } = =
. u Mean horizontal wind speed 5“' (j‘-} ] + Lf/f }2
. Actual H,0, CO,, CH, flux cospectra / C
001 Fratini et al. 2012
> Scales: Logarithmic \
| [z-d)/ 1 10 its: -dimensi .
0.0001 T niz-d)/u Tghb Units: Usually non-dimensional Tra nsfe r fu nCtI on ' : .
Ideal (co)spectrum Fit function to find cut-

off frequency

¢ Transfer functions describe how each sampling problem would affect the ideal cospectra at each frequency

ICOS

Burba 2022
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Theory reminder : spectral corrections

Correction procedure:

2. Correction factor computation

No flux lost here

Some flux
. lost here
=
Al flux
lost here
0.01 >
0.0001 +—— nzdu — 1 10
low high
b
T
2
=
o
=
001
0.0001 +— nfedfuy —— 1 10
low high

Total Transfer Function-

T,=1: no flux lost at these frequencies
T,=0.5: 50% flux lost at these frequencies
T,=0: 100% flux lost at these frequencies

Cospectra

——  Ideal (WT is close)

——  Modeled using transfer functions
n Natural frequency
z Measurement height

Cin)  Cospectrum

‘WX Flux covariance
d Zero-plane displacement
u Mean horizontal wind speed
. Actual H,0, CO,, CH, flux cospectra

Scales: Logarithmic
Units: Usually non-dimensional

¢ Transfer functions describe how each sampling problem would affect the ideal cospectra at each frequency

Burba 2022
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Ratio of degraded (through TF) to ideal covariances

fmax

COy(f)df __—— I|deal cospectrum

f=fm'm

Fy =
fmﬂ.}(
e / COu(F)/Hm T df

Correction factor o
F=fmin Fratini et al. 2012

|deal cospectrum*TF =
degraded cospectrum




10

102

Aslan et al. 2021

Denoising

10 102 10?
f(Hz)

Risk : removal of true signal thus artificially
attenuating it. cof decreases, CF increases
- Fluxes are overcorrected

I C 0 S ‘ ::E:;‘{:Z'I‘i"?‘::" ICOS Spring MSA, Antwerp 21-23 May 2024

Noise : potential bias in TF computation for
spectral approach

Removal option:

1. fit unconstrained linear equation in a defined
frequency range where only noise is present

2. extrapolation to all the frequencies

Limitations:
« Assumption of white noise
 Visual inspection for frequency range selection

« Assumption of absence of signal in the selected
range

ICOS : default denoising at 1 Hz. OK?

o, H.0 CH. 4" Gas

Removwal of high frequency noise

Lowest naise frequency : | 1.0000 [Hz] B (o000 B (10000 Ha B (1000 B




Materials and methods . B : :

1 Id Name Site type Low site
2 |BE-Bra Brasschaat evergreen needleleaf forests 0
. 0 Hz (no denoisin 3 |BE-D Dori land 1
ETC dataset : ICOS (Class 1 and 2) (no denoising) {BE-Dor | Dorinne grasslands
. L. 4 BE-Lon Lonzee croplands 1
sites, three denoising thresholds 1 Hz (EP default) 5 |BE-Maa  Maasmechelen closed shrublands 1
: 6 |BE-Vie Vielsalm mixed forests 0
| | Flux calculation 5Hz (O|d EP defaUIt) 7 |CH-Dav Davos evergreen needleleaf forests 0
Raw data B
8 CZ-BK1 H . G 0
QA/QC routines B
9 |[Ci&lnz L 26 sites 0
‘ . 10|pe-ceb ¢ 11 low-measurement sites 1
11 |DE-HoH H H 0
Uncorrected fluxes e 0 1 5 fo re St Sltes
| spectral comrections | 12 | DE-RuS S 1
Corrected fluxes ‘ 13 |DE-Tha  Tharandt evergreen needleleaf forests 0
lGapfiHingandpartition'\ng 14 |DK-Sor  Soroe deciduous broadleaf forests 0
algorithms —
: 15 |DK-Vng  Voulundgaard cropland 1
i :
m 16 |Fl-Hyy Hyytiala evergreen needleleaf forests 0
17 |FI-Sii Siikaneva permanent wetlands 1
. . o 18 |FI-Sod Sodankyla evergreen needleleaf forests 0
/npUtﬁ/eS (EP) y Full OUtpUt - 19_ FR-Bil Bilos evergreen needleleaf forests 0
Spectral assessment file .
. Passive gases ensemble spectra 20 |[FR-FBn  Font-Blanche evergreen needleleaf forests 0
2 P 21 |[FR-Fon  Fontainebleau-Barbeau deciduous broadleaf forests 0
22 |FR-Gri Grignon cropland 1
Data C/eanlng . ° FC>15o0or FC <-70 “mp|m_25_1 23_ FR-Hes Hesse deciduous broadleaf forests 0
« gc== 24 |[FR-Lam  Lamasquere croplands 1
R Unstable : Zeta <= 0 ;g_ EE—tqu taq};euille zrass:an:s 1
-Lus usignan rasslands
° N > —
voe Stable : Zeta>0 27 |[FR-Pue  Puechabon evergreen broadleaf forests 0

I C 0 S | ICOS Spring MSA, Antwerp 21-23 May 2024 7



Results: white noise?

BE-Lon: denoising

ICOS|:

eoee
INTEGRATED
RBON
OBSERVATION
SYSTEM

pfvar

f_nat*s

denoising spectra: 1 Hz

10° 5 N
] b
Y
Ay
*
A
1 \
] '..l....l'..
', gggedtt ""'"l!\\\
101 4 Y
] .
I. .....
v\
1072 4 R
L ]
1072 1
1074 4
1 Hz threshold
5 Hz threshold
10754 =+ avrg_sp(T)
1 =+ avrg_sp(co2)
+ denoised =-1.15x + -2.20
| = todenoise R-squared: 0.98
—== denoising line
106+ — T e rr
103 1072 1071 10" 101

Natural frequency [Hz]

ICOS Spring MSA, Antwerp 21-23 May 2024

pfvar

f_nat*s

10° 5

1071 5

1072 4

,_.
)
&

107 4

107°

106

denoising spectra: 5 Hz

Natural frequency [Hz]

LY
AY
A
A
A
%
IIFIT ™
...I. 8
LY LY """'llg \\
H
B
l.'...
o'y [ T ]
.‘.‘
%
-
»
1 Hz threshold
5 Hz threshold
« avrg_spiT)
= avrg_splco2)
= denoised =-1B7x + -1.87
e to denoise R-squared: 0.95
=== denoising line
T T TrrrTT T T
103 1072 1071 100 10!




Results: white noise?

1Hz 5 Hz

BE-Bra -0.73(0.37) 0.44(0.95)
BE-Dor -0.99(0.99) -0.54(0.58)
BE-Lon -1.15(0.98) -1.37(0.95) I I I
BE-Lon Lastosy om0 Assumption of white noise for
BE-Vie -0.12(0.07) 0.18(0.17) denoising procedu re
CH-Dav -0.17(0.50) 0.53(0.95)
CZ-BK1 -0.73(0.81) 0.40(0.86)
CZ-Lnz -0.55(0.85) 0.47(0.94)
DE-Geb -1.29(0.84) -1.45(1.00)
DE-HoH -0.34(0.75 0.55(0.86 . .
DERS 040050 0 e(098) Slope of unconstrained linear
DE-Th -0.22(0. .89(1. .
i 0090009 Na o) equation should be = 1
DK-Vng -1.15(0.98) -0.28(0.50)
FI-Hyy 0.01(0.01) NA
FI-Sii -0.48(0.98) NA
FI-Sod -0.11(0.25) NA
FR-BIl -0.28(0.44) 0.56(0.94)
FR-FBn 0.04(0.02) 0.94(1.00)
FR-Fon -0.18(0.31) 0.75(1.00)
FR-Gri -0.78(0.97) 0.04(0.05)
FR-Hes -0.38(0.50) 0.59(0.98)
FR-Lam -0.68(0.99) NA
FR-Lqu -1.00(0.98) -1.22(1.00)
FR-Lus -0.80(0.92) 0.62(0.65)
FR-Pue -0.25(0.42) 0.90(0.99) Table: slope of linear regression (R? value)
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Results : impact of denoising

BE-Lon: effect of denoising on average CO2 spectra

10" 5
3 « o 2 0 B g H
S E R A Ptrriaa,,, _~ Ideal (sonic T)
1071 4 ! ! H §le |
] = i, /
* ¥ .
1072 4 ——> Not denoised (co2)
L_ ] . 5
©
=
-
o
(V)] -3
¥ 1073
4
©
c
o
1074 4
1 Hz threshold
10-5 5 Hz threshold
3 avrg_sp(T)
avrg_splco2)
denoised_avrg_splco2)_1_Hz
denoised_avrg_sp(co2)_5_Hz
1076 ——— . .

10-3 w2 e e 101
Natural frequency [Hz]
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Results : impact of denoising

1COS|:

eoee
INTEGRATED
ARBON
OBSERVATION
SYSTEM

BE-Lon: CO2 sc_f unstable
cof run 0_ S .

Hz = 4.2
cofrunl Hz = 1.13 Hz ° e °
Hz = 3.0

1.6 -
cof run 5_

1.5+

P2
E
1

co2 scf [-]

1.2+

114

1.0

o ——— mean ws
normal

denoised_1_Hz
denoised_5_Hz

wind speed [ms-1]

ICOS Spring MSA, Antwerp 21-23 May 2024

10

scf = spectral correction factor.
Final flux will be given by FC * scf




Results : impact of denoising

BE-Lon: FC cumulative fluxes

run_0_Hz
— run_1_Hz
— rn_5_Hz

50 4

=50 -

=100 4

13% relative difference

—150 1

cum CO2 fluxes [gCm-2]

—200 1

run 0_Hz = -103.44 gCm-2
-250 run1_Hz = -117.19 gCm-2
run 5 Hz = -105.36 gCm-2

T T T T T T T
2023-01 2023-03 2023-05 2023-07 2023-09 2023-11 2024-01
Time
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Results : low measuring sites

cum CO2 [gCm-2]

i i i
» — mn 1 He w0 — mun 1 He
i i i
a0 & E o, H
- -0
0 - 35726 acr-2 o enere-amaseeme 0tz = 34,00 gcm 2 w0z = 36e4gEE B
run 1THz = 45816 gEm 2 250 run 1-Hz = -117.19 gCm 1% | 4 gim 2 run 1_Hz = -400.31 gCm 2 run 17Hz = 62,05 gEm 2
300 run S7Hz = 37019 gEm-2 run 5Hz = -105.36 gCm-2 run S7Hz = 9224 gCm-2 run 57Hz = -368.64 gCm-2 run S7Hz = -38.38 gCm-2
e e
o un_i_Hz un_i_Hz . un_i_Hz
w“
-
-
H \ 0
\ -
”
0
U 0_Hz = -179.28 GCr-2 10 e 0_HE . fun 0_Hz = 43141 gCrm-2 00 184.24 -2 -0 1UR 0_HZ = -208.17 GCr-2
i S 3 s ot i T s - da st i - 35 pens
b e i RN b S i RSN b e
0 ,m
e e
.
o
7
£ -0
g
0 e = 45775 g2
e T i 0e Semed
I e e ]
TR o wmw i mmn v
o
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Results : forest sites

BE-Bra BE-Vie CH-Dav

-LNZ

o 2
-100
200
-0
200
00 400
H H w0 H
400 e
00
0
0
s00
w0 _Hz = 35149 101 0_Hz = 460,63 acm-2 Un 0_HE = 474,07 gC-2 oz w0z
run 1_Hz = -343.95 gtm-2 run 1Hz = 46210 gCm-2 run 1z = 482 53 gCm 2 run 17Hz = 733236 gEm 2 o0 un 1Hz
run 57Hz = -353.49 gCm-2 run 5 7Hz = 46241 gCm-2 run 5Hz = -475.18 gCm-2 eoo run S 7Hz = 79183 gCm-2 run 5 7Hz = -554.27 gl
st s
v ey waim oo R wn vy R i i e e R ey v e wwaim oo R wn vy R i i e e R ey R i i e e R ey
Time Time Time
o s o
“ —niH o
o
00 -
s
“30 -
o
E 80
200 o
00
run 0 Hz = -368.33 gCrn 2 h rum 0_Hz = 640,96 gCm-2 run 0_He = -526 B gCrm-2 - rum 0_Hz = 23038 gCm-2 un 0_Hz = 5112 gOm-2
run 1 Wz - 372 51 gem 2 T 1 Wz - 65189 gem 2 ecn{ run1hzo 5334850m2 run iz - 24217 gem 2 e = 5343 gem.2
run Wz = 370 74 gCm 2 Tun 5 He = 650.29 gem 2 rum 57He = 526,64 9Cm 2 Tun 5 He = 23938 gem 2 2 2 8112 gom 2
0
wBm whm w230 Wi 230y w50 e ) w0 o 2z w50 m o wBm whm w230 Wi 230y w50 e ) w0 o ey w50 m o W mmes  mnon wes | om0 mnae  mam msn 0w
Tme Time Tme Time Time
.
o g — i o
e .
™
100 - o .
- - _ -0
= £ i
2 S £ 0
] ¥ g 200
g -0 & -0 E
H H £ s
o0
o 200
un 0_He = 491 26 gCm-2 10 0_Hz = 413,90 gcm-2 wo| 0 He = 19665 gCm2 100 He = 443,87 gCm2 run _He = -133.05 gCm-2
run 1 Wz - 501 21 gem 2 o Uiz - 42448 g0m 2 19638 5Cm 2 Tun 1 Wz - 45008 gEm 2 14147 gcm 2
] STHEs as2iagem? a Tun 5 He = 41389 gem 2 19597 gem.2 gl MmSTMzo ddd12gEm2 15667 3cm 2
20
wBm whm w230 Wi 230y w50 e ) w0 o 2z w50 m o wBm whm w230 Wi 230y w50 e ey 00503 wror 02509 wn o 2301 02303 i asor o wsn e
Tme Time Tme Tine e
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Results : H20

The same denoising procedure is applied
to H20 (for each RH class). OK?

1. Check presence of white noise through
|: slope of linear regression

Not found

— 2. Impact of denoising on fluxes?

Stronger attenuation for H20 in the high
_ frequencies (lower cof than CO2)

- less/no true signal artificially removed

> less impact on fluxes

IIIIIIIIII

5355::&.““ ICOS Spring MSA, Antwerp 21-23 May 2024

Spectral corrections calculated

and applied by RH class

RH class :35% -45% 1 Hz 5Hz
BE-Bra -1.60(0.73) -0.04(0.01)
BE-Dor -1.14(0.79) 0.29(0.04)
BE-Lon -2.25(0.99) -1.15(0.92)
BE-Maa -2.01(0.99) -1.15(0.96)
BE-Vie -1.51(0.99) -0.72(0.86)
CH-Dav -1.44(0.98) -0.38(0.92)
CZ-BK1 -2.21(0.99) -1.84(0.99)
CZ-Lnz -1.97(0.99) -1.43(0.95)
DE-Geb -2.07(0.98) -2.41(1.00)
DE-HoH -1.54(0.99) -0.56(0.79)
DE-RuS -2.10(0.99) -0.97(0.90)
DE-Tha -1.55(0.96) 0.07(0.09)
DK-Sor -0.37(0.21) NA
DK-Vng -1.87(0.86) 0.95(0.96)
FI-Hyy -1.56(1.00) NA

FI-Sii -1.69(0.99) NA

FI-Sod -1.55(0.98) NA

FR-BIl -1.82(1.00) -1.11(0.95)
FR-FBn -1.13(0.88) 0.58(0.96)
FR-Fon -0.78(0.70) 0.81(0.99)
FR-Gri -2.15(0.99) -2.16(0.99)
FR-Hes -1.69(0.99) -0.97(0.95)
FR-Lam -1.91(1.00) NA
FR-Lqu -2.11(0.98) -3.04(1.00)
FR-Lus -2.45(0.99) -1.45(0.78)
FR-Pue -1.23(0.87) 1.02(0.99)

15

Table: slope of linear regression (R? value)



Results : H20

BE-Grm: WD cumulatoee s

BE-Dor: HZO cumulative fluses

BE-Lon: 420 cumuls

v fuses

BLMaa: W20 curistive fures

FRcPum: M2 cumulative fluzes.

— e

— e
run 0_Hz = 39716 menalm 26 1
Fun 1410312 60 rrenolm-25-

i = 10107 56 mennim 251

BEVie: 42O cumulative fluxes

Fhelus: W20 cummlatrve fluxes

€D, M2 cumudative fues

run 0z - 18627.63

— s

— s

fun 0 i = 12713.16 i 251 U 0_Hz = 8473.43 me 1
Fun 1z = 1878 ru Wz = 12053 3ol 2s-1 ru Wz = 12303 Bzwnoir-2e-1
56 menaim 251 e T2 menaim 2x 1 fur, maim s 1
e e e e e e
CZAKL: HID curmlatre flures €24z HID cumulative fses. DE-Geb: M2 curistive fures DEHoH: WIO cumulatere fluves DR W0 cumulative fumes DETha: W30 cumudative fuses
— e
— s
o
1ueo

i
H
g
E
L]

fun 0_Hz = 15400.57 menl
o ¥z = 13503

un 0 Hz =
run 1z = 1

121311 menolm- 261

£ T~ T~ e e e
DXsor 2O curmatvs uees DXAn: W20 cumtve s Pt W20 comutie tusms 14500420 cumulative tuses S0t 20 cmutative fues PR 120 cumsstive uses
e — i e ==
— e ey — i = =
i
@ ¥
]
§
TR pe— 0 i = 7288.02 menci 2 e - 336 im0 iz - 1351711 sl 361
o s = 73 38 o 1 - T 82 m T 2 12 fin Mz 1355y e 2511
| milEs nn nmil | 35 o 251
T~ e e e - -
Furan ot G 420 cumutate fuses s 20 cumusative uees ) FhLam: 120 oo s
— i ' S| =i
ey . ey
>
)
oson !
)
£ o s
é »
5 B
£ ]
§ . v
. s
20
. .
0 s = 3085028 memoim. 251 0 e = 35135 10 0Fom. 251 ) s 31an283
iy Sa0836 11 memoim 21 e 2 T T 10198 gafomolm 251
. 2 T80 o1 e 251 X ) it = . menaim 2l
£ e £ e =

e



Conclusions

* Tricky to apply the denoising procedure with a default threshold : potential
major impact on fluxes

 OQverall, no white noise detected in LI7200 for CO2 and H20
« Suggestion:

Option | : deactivate denoising procedure

Option Il : implement Aslan et al. 2021 approach (documented, tested). No need of visual
inspection but need to know the type of noise!

...0Other?
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What's next ¢

« Denoising is a non-issue when using co-spectra : noise does not correlate

with wind speed ‘

« Qur historical procedure uses co-spectra: can it explain the differences we
still see ?

« (Can either the spectral or co-spectral method be considered more robust
than the other?

Work in progress ... for ICOS SC 2024 !

[ T X )
I C 0 S | ICOS Spring MSA, Antwerp 21-23 May 2024 18



Thank you!

TTTTTTTTTT
CCCCCC
OOOOOOO



	Slide 1: ICOS vs PI processing 
	Slide 2: Introduction
	Slide 3: Theory reminder : spectral corrections
	Slide 4: Theory reminder : spectral corrections
	Slide 5: Theory reminder : spectral corrections
	Slide 6: Denoising
	Slide 7: Materials and methods
	Slide 8: Results: white noise?
	Slide 9: Results: white noise?
	Slide 10: Results : impact of denoising
	Slide 11: Results : impact of denoising
	Slide 12: Results : impact of denoising
	Slide 13: Results : low measuring sites
	Slide 14: Results : forest sites
	Slide 15: Results : H2O
	Slide 16: Results : H2O
	Slide 17: Conclusions
	Slide 18: What’s next
	Slide 19: Thank you!

