From EddyPro to Tovi:
Advanced Analysis of Flux Results
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Introduction

= LI-COR is in the business of innovation.

We work closely with our research partners to understand their needs,
applying our scientific and engineering talents to develop innovative
solutions to address those needs.

= LI-COR mission: “Impacting Lives through Science.”

Together we will move toward a deeper understanding of our fields of
Interest and make an impact on the world.
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Eddy Covariance Data/Workflow Pipeline

Raw Data Data Post-Processing L
. . . Publication
Collection Processing and Analysis

10 or 20 samples/sec=
36,000 records/hour

(.ehg files)
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Data Processing

= Computing
Fluxes

Raw data

Quality check - hard flags

}

De-spike

}

Time delay removal

}

Coordinate rotation

}

Uncorrected flux computation

|

Sonic temperature correction

}

Frequency correction

|

WPL correction

Corrected fluxes - with QA/AC flags

}

Footprint

Option
Crosswind correction:

Processing Options

Axis rotation for tilt
correction:

Turbulent fluctuations:

Time lag
compensation:

Statistical Tests

Spike count/removal:

Amplitude resolution:

Drop-outs:

Absolute limits:

Skewness and
kurtosis:

Settings

Not applied in EddyPro; assuming the correction was
applied by the sonic anemometer.

Double rotation

Block averaging

Covariance maximization

Maximum number of consecutive outliers: 3
Accepted spikes: 1.0%

Replace spikes with linear interpolation: Yes
Plausibility ranges:

*W: 5.0 [0]

+ CO,: 3.5[d]

* H,0:3.5[d]

* CH4: 8.0 [d]

- 4t Gas: 8.0 [0]

+ All other variables: 3.5 [d]

Range of variation: 7.0 [o]
Number of bins: 100
Accepted empty bins: 70%

Percentile defining extreme bins: 10
Accepted central drop-outs: 10.0 [g]
Accepted extreme drop-outs: 6.0%

Minimum Maximum
+U:-30.0 [m/s] +U:30.0 [m/s]
* W:-5.0 [m/s] *W: 5.0 [m/s]
* T4 -20.0 [°C] * T4 50.0 [°C]

+ CO,: 200 [pmol/mol] *+ CO,: 600 [pmol/mol]
* H,0: 0.0 [mmol/mol] * H,0: 40.0 [mmol/mol]
* CH4: 0.170 [pmol/mol] |+ CH,4: 1000 [pmol/mol]
- 4*h Gas: 0.03 [umol/mol] - 4t Gas: 1000

[pmol/mol]

Hard-flag threshold Soft-flag threshold

+ Skewness lower limit: + Skewness lower limit:
-2.0 -1.0

+ Skewness upper limit: + Skewness upper limit:
2.0 1.0

* Kurtosis lower limit: 1.0 |- Kurtosis lower limit: 2.0
+ Kurtosis upper limit: 8.0 |+ Kurtosis upper limit: 5.0
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Data Processing: EddyPro Software

= A collaboration with the community:

LI-COR collaborated with the IMECC consortium, the ECO,S
team, the Univ. of Tuscia (ltaly), and scientists around the
world.

- EddyPro data processing software:

Open-source software developed, maintained, and supported
by LI-COR Biosciences.

Computes high-quality gas (CO,, H,0, CH,,...) and energy fluxes
with the Eddy Covariance method.
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Data Processing: EddyPro Software

= A community standard:

Widely adopted by researchers with over 5,000 individual
downloads in 176 Countries and 400+ citations in peer-
reviewed Journals.

Adopted as the standard software for data processing by
Flux networks including ICOS, AmeriFlux, the Chinese
Ecosystem Research Network (CERN), and others.

= Available for free: download from LI-COR
at www.licor.com/eddypro

Over 5 0 0 0 free

downloads in 176 countries.

$, : Download for Windows® ]

3. i Download for Mac*® ]

Version 6.2.1 | Released 10/26/2017

[EddyPro Help ] [ EddyPro Forum ]

[Source Code ] [ Sample Data Files ]
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Eddy Covariance Data/Workflow Pipeline

Raw Data D Data D Post-Processing D Publication
Collection Processing and Analysis

10 or 20 samples/sec = 30 minute files =
36,000 records/hour 17,500 records/year
(.ehg files) (“full output” file)
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Data Analysis: Common Post-Processing steps

= Quality Contro
= Meteorological Gap Filling

= Averaging Replicates and/or Redundant Variables

= Friction Velocity (u*) Threshold Detection
= Flux Gap Filling
«  Flux Partitioning

= Energy Balance Closure/Analysis
= Footprint Analysis
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Is there a Market? (Data Analysis Pain Points)

Note: For whichever
‘pain point’ the
Interviewee listed, it

nod

mary:
save me time

save me money
make It easier
make it
reproducible

consumed 20-30
| their time... _
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Post-Processing: Community Collaboration

= Post-processing software goals, in line with EddyPro
strategy and our mission statement:

= Collaborate with the community.
= Assist in the furthering of scientific discovery.

= Help scientists expand the reach of their new developments to
a larger community (wider usage) and citing their work
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Post-Processing: Community Collaboration

= Post-processing software goals, in line with EddyPro
strategy and our mission statement:

= Pull everything together in a single platform.

= Design an easy-to-use Ul, a highly-visual experience.

- Build a robust software.

= Provide support through scientific staff and documentation.

= Reproducibility, Transparency (open-source), Citable Documentation.

= Continual additions, improvements, innovations...
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Introducing: Tovi Software

e
Tovi

Go ahead and get it now!
WWW.tOVI.IO
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http://www.tovi.io/

Eddy Covariance Data/Workflow Pipeline

Raw Data Data Post-Processing L
. . . Publication
Collection Processing and Analysis

a «

~
Tovl.

10 or 20 samples/sec 30-minute files
36,000 records/hour =17,500 records/year
(.ehg files) (“full output” file)
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Tovi Software Collaboration Efforts

Began design and development two years ago.
Collaboration with OzFlux
= QC Screening

= Meteorological Gap Filling -
= Averaging
* [saac, P. etal.,, 2017

Collaboration with ICOS, AmeriFlux, Euroflux
= U* Threshold Detection and Flux Gap Filling ®
* Reichstein, M. et al., 2005 TOV I
Collaboration with world-class individual scientists h
= Footprint Analysis
* Kljun, N. et al., 2015.

LI COR



Tovi Software: Live Demonstration

~
Tovi

LI COR



Tovi Software: Coming Soon

~
Tovi
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|ICOS Quality Check In Development

v Unsupervised, scalable, reproducible QC scheme. Collaborating with:

v' Generates a binary quality assessment to reject or retain data.

INTEGRATED
CARBON
OBSERVATION
SYSTEM

v Developed and engineered at Univ. of Tuscia, Viterbo, Italy.

v Publication is in preparation by D. Vitale et al.

ICOS ETC, Univ. of Viterbo, Italy

100 -
o ”LL*W”WW M\ L WﬁWWM& »——#MWW«WWH“W
—~ :;Zz : — Uncleaned NEE with 0.9 % of missing data
c,vm 50 - .
S0 leneanedRig ‘@W;W’)f s P '..»m i s
\3 -~ Severe flag filtering 27.7% of missing data e Qutliers Flagged (226)
SN il ua,.:. k,
% kY M}MW s tia
source. :gg | Cleaned NEE 28.7 % of missing data e Outliers Retained (35)

Vitale et al., 2017, EGU J F M A M J J A S O N D ‘/’ﬂﬂl



u* Threshold - CPD Method In Development

v' Change Point Detection algorithm after Barr et al., 2013(¥). Collaborating with:

INTEGRATED
CARBON
OBSERVATION
SYSTEM

v" Developed in collaboration with AmeriFlux and ICOS networks.

U = 0.120 ms~?!

=
=]

=
=

ICOS ETC, Viterbo, Italy

=
[N}

AmeriFlux Data Team, LNBL, CA,
USA

o L
o [=]

o
o

Normalized NEE [Adimensional]

0.4

0.2 JAS

° ut < u¥: y = 4.983x2.757 x + 0.258+0.228 ASO

ut > U y = 0.325+0.492 x + 0.846+0.140 ® SON

0.0 T T T . . . .
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

u* [ms]

(*) Barr A. et al., 2013, Agr For Met, doi: http://dx.doi.org/10.1016/j.agrformet.2012.11.023 ‘ /'am



Footprint-Based Flux Allocation

v Footprint fractions from a given land cover type can be used to
Interpret the data.

v Fluxes can be allocated to a given land cover type, based on

Distance from tower [m]

-~
110

Z

footprint fraction.

Land class | (SN weightad)
-

Distance from tower [m]

.,
p
:

P
4
-
0

adl

Distance from tower [m]

source: Kljun et al. 2018, OPTIMISE
Final Conference

wetland contribution to landscape flux footprint [%)
20 40 60 80
160

140

-t ek
3 8 8

2 .-
FCH 4_LAND [nmol m™ s™']
& 8

0 50 100 150
2 -1
FCH 4 WET [nmolm™s ]

source: Helbig et al. 2017, GCB 23,
2413-2427

In Development

Collaborating with:

Prof. Natascha Kljun Lund

Univ.
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ICOS/AmeriFlux NEE Partitioning In Development

v’ NEE partitioning into GPP and Reco. cellieamils i

INTEGRATED
CARBON
OBSERVATION
SYSTEM

v “Night-time” and “daytime” methods.

v Python code developed by AmeriFlux and ICOS data teams.

10 ICOS ETC, Viterbo, Italy
RE

AmeriFlux Data Team, LNBL, CA,
USA

0. ; OONS =74 24.00

-
v

CO, flux (umol m=2 s™')
5

Source:
GPP Bhattacharyya et al. 2013, Current science 104(1):67-

Local time (h) 73
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REddyPrOC (*) Coming Soon

R library for EC flux post-processing. Collaborating with:

Developed by the Biosphere-Atmosphere Interactions and | ~
Experimentation at Max Plank Institute for Biogeochemistry. MPI-BGC |

Engine of the “MPI-BGC online gap-filling and partitioning” tool.

u* threshold detection, flux gap-filling and partitioning,
uncertainty estimation. Max Plank Institute Jena,
Germany

u* threshold

detection gap-filling | partitioning pum
NEE NEE, u* > u*t NEE, ga‘p_ﬂ“ed v

(*) Wutzler T. et al., 2018, Biogeosciences, https://doi.org/10.5194/bg-2018-56 ‘ /'a ﬂl@



Bigleaf

v R library for Physical and Physiological Ecosystem Properties
from Eddy Covariance Data.

v Developed by Jirgen Knauer at Max Plank Institute for
Biogeochemistry, Jena, Germany.

If “big-leaf” assumption:
Jy = Pngclo_G

Atmosphere level

Canopy level

--------- b= sumn+ (L) s> Arodynamic Properties
)
........ ) e > Surface Conditions

T lavel > Evapo-transipration

W =W, - J R,
>  Water Use Efficiency

Soil level

> Physiological Variables

Input &

Bigleaf: https://cran.r-project.org/web/packages/bigleaf/index.html

Coming Soon

Collaborating with:

"MPI-BGC |

Max Plank Institute Jena,
Germany
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Phenopix (*) Coming Soon

Collaborating with:

v R library for Physical and Physiological Ecosystem Properties
from Eddy Covariance Data.

v' Developed by Jiirgen Knauer at Max Plank Institute for [ MPI-BGC

Biogeochemistry, Jena, Germany.

ARPA

Valle d’Aosta

ARPA Val d’Aosta, Italy
Max Plank Institute Jena, Germany

et LA
c. LPE

Green chromatic coordinate (Gee)
036 038 040 042 044 046 036 038 040 042 044 045

036 0.38 040 042 044 046 0.36 0.38 040 0.42 044 045

0 100 200 300 0 100 200 300
Time (DOY)

(*) Filippa et al. 2016, Agr For Met, doi: https://doi.org/10.1016/j.agrformet.2016.01.006 ‘/'am



Tovi Software: Free

= WWW.TOVI.IO

= Several options

™

Trials or Purchase

Free Trial

Try Tovi free fer 15 days. Example data and instruct

powerful features.

| videos are available for you to learn all of Tovi's

Download Free Trial

Academic & Government

Lock in pricing for up to five years. Purchase today and save 50%.%

License Options

o T-year

o Available for purchase from within Tovi Software
® 3-year
® S-year

*off the Commerdial license price
All updates and new features included with Academic & Government licenses,

Commercial

Flexible options are available for the duration of a project. Lock in
pricing for up to five years.

License Options

® -year
® 3-year
® S-year

All updates and new features included with Commercial licenses.

Group & Institutional

Group License Options

One-year liceanses are transferrable between members.

* 3-Person
* 5-Person

Institutional License Options

Purchase made by institution. One-year licenses can be distributed to
faculty and researchers.

* 10-Person

All updates and new features included with Group 8 Institutional licenses.

Classroom

Short-term licenses for educational purposes.

License Options

e Student licenses purchased with textbooks, '‘Course Access
Code’ required.
o 5 month
¢ Instructor licenses, discounted for bulk purchase. Distribute to
students.
o Per-5tudent, 5-Month
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Tovi Software: Free Trials or Purchase

= WWW.TOVI.IO

= More Video Tutorials
= Full-year Data Set

Tovi.
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Tutorials = wwww.tovi.io

Tutorial Videos

Site Creation

Creating a site and importing EddyPro
output files and SmartFlux summary
files.

Part 1 - Importing EddyPro Files
Part 2 - Importing SmartFlux Files

QC Screening

Screening data in groups of related
variables and by dependent variables.

Part 1 - Group View
Part 2 - Dependency View

Averaging Variables

Averaging redundant measurements
into a single variable.

U* Threshold Detection

Finding the threshold where fluxes do
not depend on the friction velocity.

Flux Gap Filling

Using the MDS (Marginal Distribution
Sampling) gap filling tool.

-~
N~~
-~
-~

Creating a Timeline and
Analysis

Viewing data coverage, gaps, and
fingerprints.

Merging Data: Meteorological
Gap Filling

Merging data to gap-fill
meteorological variables, P4

d
4
Footprighﬁlalysis
Seﬁ'm;’up the footprint tool, exploring

#he results, and screening data.

Part 1 - Setup
Part 2 - Results

Part 3 - QC Screening

Analysis History, Traceability,
and Branching

Tracing the history of your work and
branching an analysis.

~§
-~
-~
~
-~
-~

‘ i [T

~
Custom Codlngﬁmhﬁ;l'aolbox

Customizing Tovi with Python Code. N~~

-~
~~~
~
-~
-~

Home

Pricing Tutorials

¢
T Tovi

Edt Help
*

New Site

vk Download

o % |[AliE &
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Questions




