ILMATIETEEN LAITOS
METEOROLOGISKA INSTITUTET
FINNISH METEOROLOGICAL INSTITUTE

Compensating O, absorption effects for vegetation

fluorescence retrievals at proximal sensing using
the O2_TRANS software Hn |

.‘_

NEUS SABATER!', P. KOLMONEN', A. KUKKURAINEN?,
T.H. VIRTANEN', L. ALONSO?, S. VAN WITTENBERGE?, A.
LIPPONEN', A. AROLA", T. JULITAS3, S. COGLIATI4, A.
PORCAR CASTELLS, and J. MORENO?




Outline

O, absorption

TOC correction
& SIF retrieval

ILMATIETEEN LAITOS
METEOROLOGISKA INSTITUTET
FINNISH METEOROLOGICAL INSTITUTE



Tower-mounted measurement

o Downward sensor-target

o Upward target-sensor
oxygen transmittance T} oxyagen transmittance T
0, 0>
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Tower-mounted measurement

.1, o Downward sensor-target oxygen transmittance T

San v" Main dependency on SZA
v' Secondary dependency on (T, p)

02-A region
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secondary and not indicated in the figure. Maximum T
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Tower-mounted measurement

o Downward sensor-target oxygen transmittance T
v" Main dependency on SZA
v' Secondary dependency on (T, p)

Oxygen
Sensor-target downward transmittance T¢=f(SZA,T, p)
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Tower-mounted measurement

o Upward target-sensor oxygen transmittance T
v" Main dependency on (T, p)

Target-sensor upward transmittance TT=f(T »P)

i | I
>

T T T T T 60
— 09 026 ]
2 50 55
N e}
© ogp 024 = 1 B
8 ¥ 50
0.22 B
'-g 0.7+ @O 8 7 u
T 4¢] ]
§ 02 & 45
= 06F 0.2 0.22 0.24 y =
o <
5 8
s O 20.74 ' | | ' : |
§~ @ : = 135
o [ & % |
g 04 / & 0.72 XE
& 8
=] = 30
2 o3 c2 L SYels i
-
— 0.68
02 & P - 25
: 0.68 0.69 0.7 0.71 0.72 0.73
01 1 | 1 | 1 | 1 L 20
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
1 ; °
T A(500_780) early morning (at SZA 23))

(b)

v" (1,1) corresponds to the transmittance values outside the O,
absorption regions.
v" This scatter plot cover from 500-780 nm, i.e. O,-B and O,-A
v Is NOT a linear scaling factor but changes are more subtle that 6

due to geometry.
Maximum T variation registered is around 8°C




(T, p) effects on oxygen regions

Temperature and pressure seasonal variation will produce a seasonal change in the

02 absorption region depth.

0,-A absorption band 0,-B absorption band
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Figure 14. Spectral oxygen transmittance variation for the O»—A (a) and O,-B (b) absorption bands for
the T and p conditions registered at 30 m tall tower at the Hyytiild Forest Field Station in Finland.

Sabater, N. et al. (2018). Compensation of oxygen transmittance
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O2-B (b) absorption regions. The acronym DOY refers to the Day Of Year from 1-365.

o temperature and pressure seasonal
variations, could have a significant
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Figure 15. Variation in radiance units computed as Lsen (DOY)-Lsen (DOY=1) for the O;—A (a) and the



Tower-mounted measurement

o On SIF retrievals, the correction of the upward transmlttance T has a larger
impact than the correction of the downward transmittance T

T . | .
T correction has >> T correction has
a larger impact a smaller impact

Lup—sen = (IOLin—senTl + F)TT

Sample: 190321 | T'(SZA) Sample:190321 | THSZA)

24:.00

24:.00

o o
[ )

20:00 -10 20:00

o
=

16:00 -20 16:00

©c o o
- N ow

12:00

S 12:00

o

08:00 -40 08:00)

s

-50 04:00

O Transmittance diurnal variation [%]

~ 0.2

5
w

-60
750 755 760 765 770 775 780

Wavelength [nm]

O2 Transmittance diurnal variation downward [%]

760 762 764 766 768 770 o:00 8

Wavelength [nm]




Oxygen transmittance estimation

(T [K], p [mbar],h[m]) | B meut. cxc)

Transmittance o2A.txt

Transmittance o2B.txt

(VZA [°], SZA [°]) INPUT GEO.txt

% ILMATIETEEN LAITOS O Source code: available in FMI-ISI GitHub (open after paper publication)
METEOROLOGISKA INSTITUTET 9
FINNISH METEOROLOGICAL INSTITUTE MATLAB code and binary files available to be run for non-

license users



Oxygen transmittance estimation

o O2_TRANS tool is a set of functions (and a simple GUI) that makes use of the oxygen-
related information available in HITRAN to compute the oxygen transmittance at a certain
temperature and pressure conditions for a given optical path geometry (dry air conditions).

o

v" Isotopologues 016016, 016017, 016018

r
E. -
& o2 Trans

Il ~ux
L, - HITRAN
L» mol_const
—> D main_o2trans.m
read inputs.m
configure settings.m
air _density.m
02 density.m
02 _optical depth.m

.. [Others]

— £ INPUT_example.txt
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INPUT file a @ AUX folder

9 Fleasa, pick the input file containing £]m], pimbar], TKD 9 Pick tha ding. of the ALRE

oK

0K

a o0 Plotting options

9 D vou want 1o plot intermediate resulis?

e Plotting options ]
o
—————————- » 9 Do you want to sawe plots {*.png,* eps*.fig)?
' YES ' NG
- T

! e Saving directory

I

I

L PFleasa, Fick the directory to save the figures
HITRANonline VAN s

Home Data Access Documentation Conferences Links About
10

I.E. Gordon, L.S. Rothman, R.J. Hargreaves et al., "The HITRAN2020

molecular spectroscopic database", Journal of Quantitative Spectroscopy
and Radiative Transfer 277, 107949 (2022)



Oxygen correction

Meteorological data B O2 transmittance — SIF
correction calibration
(T, p, 2) (@] o2_TrRANS corectan librati S
(o

Lin

\6/
\ N

\EAt the sensor
level

< L'r'ef—sen >

Papp-sen =

L‘inc—sen >

@ At the Top-Of-Canopy
(TOC) level

< Lref—TOC' >
< L’inc—TOC >
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Papp-TOC =




Oxygen correction

Meteorological data O2 transmittance — SIF
correction calibration
(T, p, z O2_TRANS e .
P.2) (T" and T*) retrieval

;,

\
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?TOC level using
sensor-level data

<L'ref—sen>
<TL >
O3

ﬁapp—TOC =
< Linc—sen >< Tcl)z >

o Why do we need any extra calibration
correction?

< X > Sensor resolution

<X >Ly>#<Xx-y>

12



Calibration correction
o)

£ (error function)

<Lraf—sen>
<T82>

ﬁa,pp—TOC =
< Linc—sen >< T(l)z >

p < Lref—TOC >
app-TOC —
< Line-ToC >

o Example of the error function £, and f for a sensor resolution of 0.3 nm

of FWHM at different illumination angles (SZA).

P app at the 02-B at SR of 0.3 nm
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Papp at the O2-A ata SR of 0.3 nm
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Calibration correction

o How to estimate the calibration correction?

v' By generating a calibration |Look-up-Table (LUT)) which depends mainly on
the spectral resolution (SR), optical path, and p tabulated values.

8(< Lyes-roc >)? LS Lyef-roc >2 8(< Line-Toc >)?

< Lt’nc—TOC >2 < Linc—TOC >4

S io0-
~—] (pa,pp—TOC) =

v Using an empirical approximation making used of the ng and ng oxygen

transmittance.

« Implicit dependency on (T, p) on the geometry (height, SZA)
s Only requires outputs from O2_TRANS
s This approximation results convenient but not as accurate as a dedicated LUT.

Optimization results for a SR of 0.3 nm results in x = 2.5

l i
Foul = (TOQ(SZA))

T
To,

ILMATIETEEN LAITOS
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Calibration correction

o How to estimate the calibration correction?

v Using an|empirical approximation

making used of the Tj, and T/, oxygen

transmittance.

!
Foul = (T02(SZA)

T
To,

)m

v' Simulated reference f = p,,,—roc @and oxygen corrected and calibrated

fe = ﬁapp—TOC- feal

02'B
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Impact on SIF retrievals

o Accuracy level achieved on the oxygen correction and calibration of the
acquired signal (L;,, Eref) will distinctly propagate in SIF estimates depending
on the retrieval strategy used.

— Linc

L Two family-methods evaluated:

% Differential absorption technique - Peak Height
method -

7

% Relating the SIF contribution to the Peak Height in apparent
reflectance taking as a reference the lower envelope of g,

@ oxygen free
Papp OXygen corrected (as TOC) and calibrated

X8 Spectral flttlng technique — Minimizing the fitting
between simulated and measured p,,,,, in the full fluorescence
interval 650-780 nm
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Impact on SIF retrievals

Peak height method SIF,

SIF estimates from the Peak Height method evaluated against a constant simulated O reference of 1
mW/m2-srnm
Comparison of three scenarios: (a) No correction, (b) Oxygen and calibration correction

applied
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Impact on SIF retrievals
Spectra fitting method

« SIF estimates from the spectral fitting method evaluated against a
constant simulated reference (black solid line) +10% (black dashed line)

« SIF estimates under distinct illumination conditions (blue-red color bar)
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Impact on SIF retrievals

Spectra fitting method

« SIF estimates from the spectral fitting method evaluated against a
constant simulated reference (black solid line) +10% (black dashed line)
« SIF estimates under distinct illumination conditions (blue-red color bar)

Tower
corrected
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Impact on SIF retrievals
Spectra fitting method

« SIF estimates from the spectral fitting method evaluated against a
simulated reference (black solid line) +10% (black dashed line)

 The SFM can be optionally weighted by the inverse of the reflectance
as a weighting in the optimization routine
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Impact on SIF retrievals

Spectra fitting method

« SIF estimates from the spectral fitting method evaluated against a
simulated reference (black solid line) +10% (black dashed line)

 The SFM can be optionally weighted by the inverse of the reflectance
as a weighting in the optimization routine

Tower

weighted in the SFM 0
corrected with: S
<1 5
1/ reflectance
-10
600 T00 800
Anml
0.023 —0, cor and calibrated
0.022
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Oxygen correction planned work... %'

o Measuring non-vegetated targets under different illumination conditions

v Using the top roof facilities of FMI
headquarters to validate TOC oxygen
absorption correction. Measurements using
FLOX. T

v' Complementary atmospheric measurements ra i i
available (if required for validation)

o Conduct seasonal measurements focus on Nordic ecosystems (TBD) in Hyytiala
and/or Sodankyla, thanks to the close collaboration with

v" FMI Greenhouse Gases and Satellite Methods
group (Prof. Hannakaisa Lindqvist) ﬁ
v University of Helsinki Optics of Photosynthesis
Laboratory (Prof. Albert Porcar)

o Processing some datasets in the frame of FLEX campaign activities

v’ Assessment of the TOC oxygen correction for X 5
fluorescence retrievals. Intercomparison &
between three alternative TOC strategies for ?A 22

SIF retrievals.
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Calibration correction

o Following the error propagation formula and neglecting correlations
between variables, error in pg,,_roc results for different sensor

resolutions and different illumination angles (SZA) at the O,-B and O,-A
regions.

. 5(< Lyef-roc >)? < Lreg-roc >2 8(< Linc-Toc >)?
O(Papp-TOC) = . + -
pp 7 2 i A
< Ljine-TOC > < Lijne-TOC >

Error in P app at 687 nm 103

Error in Papp at 760.5 nm
60 — : . ¥

60

&p uﬂ[_]
SZA[]
e
o

20 i R 20 R
0.2 04 0.6 0.8 1 0.2 04 06 0.8 1

SR [nm] SR [nrﬁ]
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Fixed VZA
(dependency on the
air density)

SZA (shortest path
at nadir)

This variability is This variability is
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Calibration correction

o Algebra with high resolution and convolved functions

900

800

700

600

500

400

300

200

Solar irradicance at TOC [mW/m 2/sr.’nm]

100

=
_<Etot >

*<T
_<Etot> <T*>

07\\II|I\\\|I\\I|\\I\‘II\\‘II\\|\II\‘\II\‘IIII|\\II‘\\I

759

760 761 762 763 764

765 766 767 768 769

A [nm]

Ideally,

Papp TOC{HR} =<

o

Lye f S
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Linc.

‘To,1" To,t

770

Our computation,

Papp TOC =

Papp_ ToC(HR} = Papp_Toc * [ cal(nry

< Lyes >

< Linc->' <T02J, ° TOZT >
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Impact on SIF retrievals

o Accuracy level achieved on the oxygen correction and calibration of the
acquired signal (L;,, Eref) will distinctly propagate in SIF estimates depending
on the retrieval strategy used.

L:
= inc 6. Two family-methods evaluated:

% Differential absorption technique - Peak Height

method -
% Relating the SIF contribution to the Peak Height in apparent
reflectance taking as a reference the lower envelope of

F— 1 (ﬁ 5 ) Etoco * Etoc
— __\Fapp — Fapp,0) & =
n Eroco — Etoc

@ oxygen free
X oxygen corrected (as TOC) and calibrated

X8 Spectral flttlng technique — Minimizing the fitting
between simulated and measured p,,,,, in the full fluorescence
interval 650-780 nm

ILMATIETEEN LAITOS
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Impact on SIF retrievals

Peak height method SIF,

SIF@o,-B|T' T

21:00

F = 1 (,5 ,5 ) ETOC,(Z) ) ETOC
— \Fapp = Fapp,@) & 5
n Erocpy — Etoc

@ oxygen free
X oxygen corrected (as TOC) and calibrated

SIF@O,-A|T' T

‘ 21:00
3 _ 2 Region of ‘
2.5 Reg_mn pf 25 confidence ‘
= confidence ‘ T, usedin the time | oo
E 2] usedinthetime j16:00 £ series plots
R series plots & s
?E' N M E s
o 05 "l-t-‘ - L )
05 | \\ p
L7 762
~ 687.6 -9 on 761.5 _
- ‘s_: L _6:_ " o 687.4 06:00 Decimal day [ _:,:_ :".": 0 7605 P 06:00
Decimal day [-] %~ “®° 0 gg7 ’ A [nm] '
+ The Peak Height method estimates SIF at each individual wavelength within the
oxygen absorption feature.
e . . 28
« Channels more sensitive to pressure changes or noise are discarded.

Papp,a and Eroc; estimated through interpolation using the absorption vicinities



Impact on SIF retrievals

Peak height method SIF,

SIF estimates from the Peak Height method evaluated against a constant simulated O reference of 1

mW/m2srnm

Comparison of three scenarios: (a) No correction, (b) Oxygen correction, (c) Oxygen and calibration

correction

applied

No correction
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Impact on SIF retrievals

Peak height method SIF,

0o4p————————————————————————1000
: { g 5
E o :‘“w © ; & papp(OZ)
— 0.3F 4750 = A
L - ] 8 papp,@(no 0;)
8 3 m ) ¢ Interpolation points
8 0.2F 4500 §
(®] C ] e
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