== Time series data processing

Goal? Make methods for data processing in University of Helsinki
ecological research more accessible, save time Environmental Data Science
and standardize workflows.
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== Time series data processing

Relevance? Ecological research is becoming increasingly data-rich!
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Fig. Global distribution of sites with relevant tree physiological measurements. Time scale

Source: Peters (2018) doi: https://doi.org/10.5451/unibas-007085812
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== Time series data processing

Goal? Make methods for data processing in University of Helsinki
ecological research more accessible, save time Environmental Data Science

and standardize workflows.
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Typical data issues
Programming solutions
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== Typical data issues




= Typical data issues

Time series = A collection of values obtained Focus! Obtaining “clean” data usable for
over time data analysis

Properties of time-series data:
DavdS.Sffr = Large quantities;
Time Series = +Regular collection intervals;
= Often requires data aggregation.

Analysis and Its

Appllcatlons Processing such data is challenging:
= Data formatting issues;

= Timestamp and interval issues;

= Qutlier and sensor failure issues.

Fig. Examples of relevant reference for performing time series analyses, with a focus on
its application.

See also: Zuur et al. (2009) doi: https://doi.org/10.1007/978-0-387-87458-6

[09/02/2021] s [ [ O D O O s P s s e e e e [05/21]



== Typical data issues

Wide format

Data formatting issues Three typical examples @) - o x %
File Edit Format View Help H
—
Long format Index NOBAd_L1 ~ 2
@ - o x (1e/3e/67 13:06:68) Ma e ]
File Edit Code View Plots Session Build Debug Profile Tools Help (1e/38/07 14:00:08) 279
o . q gl & ” Go to file/function * Addins * ¥ Course - Time-series processing ~ (183‘383‘8? 15 H BB: BB) 2?5
dencre.catn 10 | ©01_astaceane - Assgnmentima % | 3 (5 | | Eaviconment | Mistory | Conne m 9 (1e/3e/07 16:00:00) 275
' Fiter Q © New Conrection 4 (16/36/67 17:00:80) 274
o & b Sornechn Jebs (16/36/67 18:00:80) 278
1 dendro_stem _birch_lennib LVDT 2015-01-01 00:00:00 - (13!33! B7 19:88: BB] 276
2 dendro_stem_birch_lennib_LVDT  2015-01-01 00:13:00 i )
3 dendro_stem_birch_Jennio_LVDT = 2015.01-01 00:20:00 ( 18""38"‘ @7 20:00: BB) 279
4 Oendro_stem birch_Jennib LVDT 2015-01-01 00:30:00 (13!33! a7 21:80: BB] 279 W
5 dendro_stem_birch_Jennio_LVDT  2015-01-01 00:40:00 < >
6 dendro_stem_birch_lennio_LVDT 2015-01.91 00:50:00 1[”]% U o I][ (LF_:l UTF-B
7 dendro_stem_birch_lennib_LVDT 2015-01-01 01:00:00
8 dendro_stem_birch_lennib_LVDT 2015-01-01 01:10:00
9 dendro_stem_birch_lennib_LVDT 2015-01.01 01:20:00 U
10 Gendro_stem_birch_enni_LVDT 2015-01.01 01:30:00 &J
11 cendro_stem_birch_Jennio_LVDT 2015-01-01 01:40:00 Bestand  Start Invoe Teker Pagir Form Gege Conti Beelc Help @ o
12 dendro_stem_birch_Jennio_LVDT  2015.01-01 01:50:00 . Q
13 dendro_stem_birch_Jennio LVDT = 2015.01-01 02:00:00 8666220 T ke 365 - g
14 gendro_stem_birch_Jennib_LVDT  2015-01-01 02:10:00 =
15 dendrc_stem_birch_Jennio LVDT 2015-01-01 02:20:00 )
16 dendro_stem_birch_lennib_LVDT 2015.01.01 02:30:00 . . . A A B C D E F
| | | |
17 cendro_stem_birch_lennio LVDT  2015-01-01 02:40:00 A Flg S|teS Wlth dendrometer and 1 |year Day time Larchl Sprucel P. sylvestri51|
18 dendro_stem _birch_Jennio_LVDT  2015-01-01 02:50:00 . sap flow data. 2 2000 1 0 NA NA NA E
Showing 1 to 19 of 381,650 entries, 3 total columns 3 2000 1 15 NA MNA MNA
— T - 4 2000 1 30 NA NA NA
Corsole 20 oo e K] [ 5 2000 1 a5 NA NA NA
& 2000 1 100 NA NA NA
T 2000 1 115 NA NA NA
8 2000 1 130 NA NA MNA |Z|
Foglio1 @ N 1 [
[&l Weergave-instellingen fH m -——s—+t
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= Typical data issues

Timestamp and interval issues Time zone and w0 GMT+2
the elephant in the room (daylight saving time...)
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Fig. Sites with global irradiance 300
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== Typical data issues

Outlier and sensor failure issues Removing
data should always be done with care!

What about spring data?

Toggle Lines

Outliers (dendrometer data) Sensor failure (sap flow data)
; 3
Toggle Lines Toggle Lines 3
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0.21
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0.2 1 timestamp
% 0.19 d Toggle Lines
@ 1000 = ] .
g } 0.18
18] 1
: 800 1-
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400
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== Programming solutions




== Programming solutions

Available software Excellent software is Focus! R is extensively used in
available to work with time-series data Environmental Sciences

Packages are key:
= 700;

= |ubridate;

= datacleanr;

packages <- (c( P 3
install.packages(setdiff(packages,

rownames (installed.packages())))
remotes: :install_github( )

Phyto-IT
library(datacleanr)

library(dplyr)

= and many more...

Fig. Examples of software available for performing time-series data processing. Within See also: www.datacamp.com/community/tutorials/time-series-r
this course we will focus on using R, RStudio, R Shiny apps and specific CRAN
packages.
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== Programming solutions

A novel R-based package A flexible and Jdata datacleanr Removing data should finally
efficient tool for interactive data cleaning NN be reproducible! — A.G. Hurley

Properties:

= Uses R (links with other packages);

* Freely available (avoid license costs);
= Uses R shiny (interactive approach).

Structure of the tool:

= Set-up & overview;

» Filtering;

= Visual cleaning and annotating;
= Extract.

[09/02/2021] [11/21]



== Programming solutions

Extract Reproducible recipe to cook up some
fresh data

Toggle Lines

datacleanr £ Set-up & Overview = Filtering & Visual Cleaning & Annotating E: Extract E Ccancel
2500
o
. 2 2 detralleonfog rhth detaclemr (1.0-4)
. 3 Reproducible Recipe # - Sun Feb @7 10:13:50 2821 ------ it
2000 i
x o @ Click for Help library(dplyr)
library(datacleanr)
All commands and operations in previous tabs
1500 are translated to code on the right, ensuring output_long <- readRDS("D:/Documents/UL - POSTDOC/82_ communication/Education - Finland/Course -
reproducibility.
# adding column for unique IDs;
output_long$.dcrkey <- seq len(nrow(output long))
Concise code?
o 1000
=] n . .
™ | [ Send to RStudio | 1 Copy to clipboard ¢ choerueEers G moell celeEEey (s o)
= output_long_outlier_selection <- readRDS("D:/Documents/UL - POSTDOC/@2_communication/Education
500 Set Output Locations
# create data set with annotation column (non-outliers are NA);
output_long <- dplyr::left_join(output_long, output_long outlier_selection, by = ".dcrkey")
__LEERAEC Sl Same folder for
cleaned data? # remove comment below to drop manually selected obs in data set;
0 # output_long <- output long %% dplyr::filter(is.na(.annotation))
Set and Save Outputs saveRDS (output_long, "D:/Documents/UL - POSTDOC/@2 communication/Education - Finland/Course - 1
Suffix: Cleaned Data 4 o
—500
cleaned
Suffix: Filter + Outlier Data
2015 2016 2017 2018 2019

meta_RAW
timestamp

Fig. Example of dendrometer data recorded for three trees and its resulting datacleanr recipe.
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== Programming solutions

Versatile Tested on multiple temporal- and
. . Measurements
spatial-specific data sets

XVar

Y Var ZVar
Plot Groups B3 Reset XCAL - YCAL_der - cA - m
Show 10 ~|entries search: |2007 @ Click for Help
Group YEAR_dcr ROW_dcr n obs. Toggle Lines
1 2007 0 198
1
2 2007 il 22 3 s 2 :
I S IR E ST R 1 Y
' ® . . . s g & H .
5! 2007 2 20 B osite . 4 s 9.2 e .-,::-' ° s 0 s b 2 8 :3
. H . .
P [ ] L] L e e [ ] . o ®
. [ ] L4 o ° [ [ ] %
4 2007 3 20 ° 2 . o ® * 4% ° e ®° o e %% .o *lxheg o
1100 5 O. ' KR ° @ ° * 9 e°* , °* e ® Y e % e ® ') ® s
- . . e o s ® ° e o 3 *2e° 3 - e ;
S 2007 4 19 ‘e ° LIS [ e ] ° . . e® L0 ® mie oo
S e,.," L] ° ° ° [ L
1000 S ® %00l e° o0 . e ® e e @ o]l mjpce .
6 2007 5 17 e o le . e ® * . o . . e ® o0 g @ oo ol mla®e :
[ ] ® o e * o e ® 10
[ . ® L L4 ® L . e .
7 2007 6 19 o % o . e o o 2% b e @ ® .-...'. ® .... ®u
900 .'o... . e © e 2 %0 ° ..'.o..... °® '..- ® 2
8 2007 7 22 .:-.. ® ° .. e L] ..-....... ° ’..o ®
[ ] s oe [ ] L] [ e ™ 14
° ] [} . [ ] e ®
9 2007 8 18 800 o ®e g, L4 ° .. L ° ".. .'.0 e ol ul® ® s
o ® g0 s @ ® : . [ eo @ : * ® o ® ® ® e° @ O w6
.
10 2007 [} 16 ':.GO L4 l. e 0 [ ] ':... .... 17
500 : e °° c0 ® o : eele ® e®e 18
Showing 1 to 10 of 34 entries (fiitered from 136 total entries) o 10
- -
T 2 o o mE 0 200 400 600 800 1000 1200
- ) Undo Iast selection A Clear al
Annotate last selection
@ Click for Help Show entries Search: ,—
check 4 Annotate SWTALL ROW POSITION MARKER max_length cumulative_year_length YEAR_dcr ROW_dcr YCAL_dcr .derkey .annotation
Auto-annotate 396 30 ] 672.739143504389 672739143504389 2007 30 718.748539359654 31 | check
355 30 2 672.739143504389 672739143504389 2007 30 798.09355342285 116 || check
P ~
Impact on distribution 367 30 3 672.739143504389 672.739143504380 2007 30 873.132060339785 204 || check
@ Click for Help
347 30 4 672.730143504380 672730143504380 2007 30 900 407866222049 254 || check

Fig. Example of wood anatomical data loaded into datacleanr. Each dot present a tracheid cell measured from a Pinus
cembra tree (available within the RAPTOR R package).
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== Monitoring examples

Hyytiala Forestry Field Station
Flux tower site in Finland

Fig. Sites with dendrometer and
sap flow data.

Fig. Examples of an linear variable differential transformator

(LVDT) dendrometer installed on a birch tree (top) and thermal
dissipation probes (TDP) installed on a Scots pine (bottom), to
measure stem radial change and sap flow, respectively.
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== Monitoring examples

Dendrometers Data

Toaale Lines
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== Monitoring examples

Dendrometers Stem radius changes of trees Usage Isolating growth and reversible
provide information on growth and drought stress tree-water deficit shrinkage
% ; W 77 ‘ :r ‘ ’.l{. ; A Stem radius fluctuations SR
AR e MR LR » N " T

Decreasing stem radius

Increasing stem radius

Period of GRO

Transformation of SR - into GRO and TWD

Increasing TWD  Accumulated GRO

Decreasing TWD

Fig. Examples of band and point dendrometers. Fig. Example of a method to extract growth and drought stress
indicators.

Source: Zweifel (2015) doi: https://doi.org/10.1111/pce.12613
[09/02/2021] [17/21]



== |Vonitoring examples

Sap flow Data

Toggle Lines
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== |Vonitoring examples

Sap flow Thermal dissipation probes to obtain
water use
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Heating probe
Temp. measurement

sap flux density
20
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Heating element

@ference probe

Temp. measurement

10

Fig. Schematics of thermal dissipation probes. y*""" “ Fig. Theory behind using thermal dissipation probes and how
T to obtain sap flux density measurements.
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== Time series data processing

Goal? Make methods for data processing in University of Helsinki
ecological research more accessible, save time Environmental Data Science

and standardize workflows.

Course

Introduction

Typical data issues
Programming solutions
Monitoring examples

(Sap flow + Dendrometers)

Fy = Sap flux density

AT

Assignments
01 _datacleanr

Time (24 hours)
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== Time series data processing

Why these measurements? Forests are anchor points in the global water and carbon cycle

Biosphere - atmosphere gas Gross primary Evapo-
exchange productivity transpiration

L
Flux tower n
7

>

uoneooyle 1ebns

Terrestrial
LIiDAR

Transpiration

E Quantitative
i wood anatomy

. Stem
respiration

Intra-annual growth

\%\:Stem / branch / root dendrometer
ARYAIANS T -

Belowground biomass

Soil respiration Sap flow

-

Ground radar

Soil water

Fig. Schematic of monitoring sites which aim at consistent observations of processes
that determine carbon allocation and water use.

Source: Babst et al. (2021) doi: https://doi.org/10.1016/j.tplants.2020.10.002



== Monitoring examples

Dendrometers Stem radius changes of trees

provide information on canopy water status D00 ht stress

1.0

- Daily stem diameter variations can predict the canopy water status
of mature temperate trees

e 2015

Lars Dietrich'#, Roman Zweifel and Ansgar Kahmen' A 2014
'Departmert of Emeronmental Soences - Botamy, University of Basel, Schosnbenstrasse 6, (4056 Basel, Swizertard; “Swess Federal Institute for Forest. Snow and Landcape =
Research (WSL). 24 111, 048903 & 5 ¢ g author (kr n plantphys fgnal om) 0.5

Received November 6, 201 7; accepted February 9, 201 8; publshed online March 15, 2018; handing Editor Fredenck Menzer

Carpinus betulus

Direct evid for the link b stem d iations (SDV) and the daily canopy water status, Le., daily water potentials (V),

is rare, particularly for tall trees. It thus remains unclear up to what degree SDV readings are useful to estimate dally canopy V. We g 2
measured SOV with point dendrometers at the stem base of tall, mature individuals of six European forest tree species in a near- . Fagussylvatlca
natural temperate forest and compared them with dally canopy 'V during the growing seasons of 2014 (wet) and 2015 (dry). Stem Larixdec’dua
di riations were de ded for growth with two different approaches leading to the so-called tree water defict (TWD). We

Relative tree water deficit

found that midday 'V can be predicted from TWD, independent of the growth-de- g procedure to obtain TWD from SOV, H 5
Further, daily TWD was a better ind: for daily midday ‘¥, p. larly under dry conditions, than max daily shrinkag: th Plcea ables
common quantity derived from SDV. Based on data from six temp tree sp we conclude that TWD d at the stem

» Pinus sylvestris

* Quercus petraea AN o
| | ] . =

0.0 S
35 -80 25 =20 -15 =10

Fig. Example of relevant literature related to using dendrometer measurements. Y ridday (MPa)
midday

base is a consistent proxy for daily canopy midday ¥ of tall trees over the entire range of measured conditions.

Keywords: drought, mature trees, maxk dally shrinkage, stem di tree water deficit, water potential.
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== Monitoring examples

Dendrometers Structure of the treenetproc R Availability
package and accessibility The R package treenetproc and all source code is available on GitHub

(https://github.com/treenet/treenetproc). In the R software (Team,
2019), the package can be installed with the following commands:

# install.packages("devtools")

library(devtools)
" [endrometersaa) [Temporatre aata e Fig. Workflow of treenetproc. devtools::install_github("treenet/treenetproc”)
; Functions of the package are shown
Formatinput ) (" Format inpat 7 enatory in rounded rectangles, including a .
(=) ( d?a ) description of the ?unctionality (?‘irst Ll n k
=0 : line) and the name of the function An R tutorial on the use of treenetproc is accessible via this link:
o — (second line). Outputs of the https://deep-tools.netlify.app/2020/11/21/treenetproc-intro/
’ { —— H — ) functions are shown as rectangles
- plot-t1 (data output) and octagons
(G () (graphical output). Solid arrows Structure
e indicate the regular workflow, The general workflow of treenetproc is composed of three main steps
o dashed arrows indicate the optional, including multiple functions [Fig.]. In step 1 (time alignment), the raw
Damotaaing  ( PAACRILONH Jrorerenenearananenea user-induced workflow. data of dendrometer is aligned to user-defined, regular time steps (L1
R —| data). In step 2 (data cleaning), outliers and shifts in the L1 data are
[ e e mmmn, b (o ) detected and corrected. In step 3, the L2 data is analyzed, and several
....................................................................................................................................... derlved Varlab|eS are Calculated
Step 3 (optional): -
oomng seasn | o
) e References
m— Zweifel et al. (2016) doi: https://doi.org/10.1111/nph.13995
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== Monitoring examples

Sap flow Thermal dissipation probes can extract
stomatal behavior

1.1

0.8 P

Co

1.0 1

b (kPa"%)

0.54

o

0.8 -

Boreal tree hydrodynamics: asynchronous, diverging, yet
complementary

Larix laricing Picea mariana

6

Christoforos Pappas ' '°, Ashley M. Matheryz Jennifer L. Baltzer®, Alan G. Barr’ T. Andrew Black®,
Gil Bohrer®, Matteo Detto" Jason Maillet Alexandre Roy', 0I|ver Sonnentag’ and Jilmarie Stephens'

G.(-)

'Département de géographie and Centre d'études nordiques, Universié de Montréal, Montréal, QC H2V 2B8, Canada; “Department of Geological Sciences, lacksan School of

Geoscences, University of Texas at Austin, Austin, TX 78712, USA; *Department of Givl, Emironmental, and Geodetic Engineering, Oio State University, Columbus, OH 43210, USA:

“Department of Biology, Wiid Laurier University, Waterloo, ON N2L 3C5, Canada; *Climate Research Division, Ervironment Canada and Global Institute for Water Security, Uriversity

of Saskatchewan, Saskatoon, SK S7N 3HS, Canada; *Facuity of Land and Food Systems, Biometeorology and Sail Physics Group, University of British Columbia, Vancouver, BC V6T

124, Canada; "Center for Tropical Forest Sci Giobal Earth Y. ian Tropical Research Institute, Panama 0843-03092, Repubiic of Panama; *Department

of Ecnbgy and Evdluticnary Biology, Pnncztnn University, Princeton, Ni 08544, USA; *School of Emi and ility, University of Saskatoon, SK S7N 508,
author

ca)

0.6 1

Received October 18, 2017; accepted April 17, 2018; published online May 8, 2018; handling Editor Nathan Phillips

Water stress has been identified as a key hanism of the p ,lncrensemtreemonahtyrausm northwestern North
America. However, a detailed analysis of boreal tree hydrodynamics and their i if is still lacking. Here we {} 4 4
examine the hydraulic behaviour of co-occurring larch (Larix laricina) and black spruce (Picea mariana), two characteristic boreal
tree species, near the southern Ilmrt of the boreal ecozone in central ('amda Sap fiux density (J.), concurrently recorded stem
radius fi i gl itions are used to quantify tree hy i ioning and to inize tree watt

Our analysus led asy y in the diel hydi i ofthe two species with the initial rise in J; occurring 2h
earlier in larch than in black spmoe lnteispeaﬁc dlﬁereﬂcs in larch and black spruce crown architecture explamed the observed . .

y in their hydraul the two species exibited diverging s with ® Larix laricina

larchandblackspruce ploying relatively isohydric and anisohy i ively. Such asynch and diverging |
tree-level hydrodynamics provide new |ns|ghts into the ecosystem-level complememamy in tree form and function, with implica-
tions for understanding boreal forests’ water and carbon ics and their resili to | stress. {} 2

® Picea mariana

0.5 1.0 1.5 2.0 2.5
Fig. Example of relevant literature related to using sap flow measurements. D {kPEl]

Keywords: boreal forest, crown | i isohydricity, Larix laricina (larch, tamarack), Picea mariana
(black spruce), plant hydraulics, sap flow.




== Monitoring examples

Sap flow Structure of the
TREX R package and accessibility

Import & assimilation (a)

Formatting Outlierdetection
isfrex() ] outlier()
! 1

!

I
!
Resolution "_ Gapfilling
dt steps() gap fill()

TDMdata
Timestamp| ATIAV

A 2

Data processing (b)

K to sap flux density
tdm_cal.sfd()

Heartwoodeffect | _
tdm_hw.cor()

Zero-flow condlition
tdm_dt max()

\
1. Pre-dawn Y

1. Literature calibration
2. Experimental data
3. Calibration formula

/
2. Moving window | . X /
3. Double regression \( Signaldampening ‘\/
4. Env. dependent tdm_damp()

Output & analyses (c)

Generate output
out data()

1. F4(sap flux density)
2. g.(conductance)

Show uncertainty Aggregation
tdm_uncertain() agg.data()

Availability
The R package TREX and all source code is available on GitHub (https://the-hull.github.io/TREX). In
the R software (Team, 2019), the package can be installed with the following commands:

# install.packages("devtools")
library(devtools)
devtools::install_github("the-Hull/ TREX")

Link
An R tutorial on the use of treenetproc is accessible via this link:
https://deep-tools.netlify.app/2020/11/23/trex-intro/

Structure

The general workflow of TREX is composed of three main steps including multiple functions [Fig.]. In
step 1 (import & assimilation), the raw sap flow data and the associated auxiliary meteorological data
are imported in R and the consistency of the time series object is tested and if necessary corrected
(i.e., regular time steps of time series objects, outlier detection, gap filling). In step 2 (data
processing), zero-flow conditions can be derived with several approaches, and corrections can be
applied (i.e., to heartwood correction and dampening). Then, sap flux density can be estimated using
user-specific or literature values of the calibration parameters. In step 3 (output & analyses), the
uncertainties associated with the sap flow pre-processing assumptions can be quantified with state-of-
the-art statistical methods, the temporal resolution of the generated data can be adjusted, and the
crown conductance to water can be estimated

References
Peters et al. 2020 doi: https://doi.org/10.1111/2041-210X.13524
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