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Citing RingdateR
Reynolds, D.J., Edge, D.C., Black, B.A., In submission. RingdateR: A Statistical and Graphical tool for
Crossdating.

RingdateR Overview

RingdateR is an open source crossdating application constructed using the R programming language as an
interactive shiny application. RingdateR is designed to facilitate visual and statistical crossdating of annually
resolved measurement time series (e.g. tree rings widths, mollusc and otolith growth increments). RingdateR
has a focus on facilitating crossdating dead-collected samples, with unknown antiquities, either against each
other or against an existing absolutely dated chronology. The tools within RingdateR are designed to
facilitate the easy identification of missing or false rings within measurement time series to facilitate the
rapid development of robustly crossdated measurement time series. As such RingdateR is designed to
operate closely with measurement programmes, such as CooRecorder and Image Pro.
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As RingdateR is a crossdating application it has not been designed for the construction of chronologies and
as such does not contain facilities for performing regional curve standardisation or signal free detrending or
tools for combining measurement time series into robust mean chronologies.
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Fig 1: A) A schematic showing the general position of RingdateR in the overall chronology construction
workflow. B) A generalised schematic of the RingdateR workflow. 1) User defines the options for the
analyses (i.e. detrending method, lag range; Step one of Starting Point page). 2) Individual series and
chronology data are loaded (Step two of Starting Point page). 3) These data are detrended and lead-lag
analyses performed (Step four of starting point page). 4) The results of the lead-lag analyses are displayed
along with running lead-lag correlation analysis heat maps. At this point it is possible to view the results of
the matches between each sample (Pairwise Comparison and Chronology Analysis Results pages
respectively). 5) The results are filtered using statistics and sample names to select a subset of samples to
align in time. It is then possible to evaluate if any of the selected samples contain potential problems relative
to the arithmetic mean chronology built with replacement. 6) The aligned data are then plotted and the
corresponding Rbar and expressed population statistics calculated. These results are displayed on the
Aligned Data and New Chronology pages for the Pairwise and Chronology Analysis Modes respectively. 7) It
is also then possible to save the aligned crossdated timeseries as non-detrended or detrended CSV files or
create an RWL file to transfer the analysis to other programmes such as COFECHA. It is also possible to save
the undated series that did not crossdate into a separate .csv file and to save the arithmetic mean
chronology in two column (year/chronology) format.

Chronology data
Either two column

Detrend series & start analyses

Operation of this document

This document sets out the operation of the RingdateR application. The document is structured to closely
mirror the order of operations in running the RingdateR app. In addition to the text and standard figures,
this document also contains interactive panels. To more clearly distinguish between the interactive panels
and figures, which do look very similar, the interactive panels have been given a Panel title and a strong
black border (see example below).

Note, the interactive panels only operate in the online version of this document and not in the pdf version.

Each of the interactive panels have example data that can be loaded by clicking on the buttons displayed in
the top left corner of each panel. Text will then display once the data is loaded. When required, additional
information will also display with additional instruction. These data allow the interaction with the panels in
the same manner as if operating the RingdateR app.

Whilst these interactive panels are near identical to the pages within the RingdateR app, to make this
document quick to operate, the settings for the analysis which would normally be set on the Starting Point
page have been pre-set. For reference, these settings are: the data are detrended with a 21 year spline,
running correlations are calculated over 21 year running window with a 20 year period of overlap, lead-lag



limits are set to £20 years and RingdateR is operating in Chronology Analysis Mode. The example data are
annually resolved tree ring width data from douglas fir.

Example Interactive Panel

RingdateR =

DATA

Data loaded - A meszage will now let you know if you need to do anything else.

A

Interactive panel 1: An example interactive panel with the load example data button located in the top left
corner of the page. Once the data is loaded the message “Data Loaded - ” will display. If necessary a second
message will also appear with further instructions.

Running RingdateR
RingdateR can be run either directly as a web page or locally using RStudio. The sections below provide
information about launching RingdateR in both the online and offline modes.

Launching RingdateR app online

RingdateR Online is launched via the RingdateR web page (https://ringdater.github.io/ringdater/). Clicking
the Launch RingdateR Online button on the right side of the RingdateR home page will launch the RingdateR
Online launch window. From the launch window, click the Launch RingdateR Online button to launch a new
session on an available server.

RingdateR online is identical to the offline (local) version of RingdateR, that runs directly in R. It should be
noted, due to server space limitations, RingdateR online will automatically time out after 30 minutes of
inactive use. Any analyses that are displayed on the screen after this time will be lost. It is advisable, that
users who intend to use RingdateR regularly should run the offline version of RingdateR. The offline
version operates in the exact same way as the online version and there are no time out limits on the
offline version of RingdateR.

Launching RingdateR app offline
To run RingdateR on your own computer, both R (https://www.r-project.org/) and R Studio
(https://www.rstudio.com/) should already be installed.

RingdateR can be downloaded and installed directly from Github by running the following code in Rstudio:

install.packages("devtools")
library(devtools)
devtools::install_github("ringdater/ringdater_pkg")

Requirements

RingdateR requires R version 4.0. There are also a number of dependencies, listed in the help file, that will
automatically install when the RingdateR package is first installed. If you are currently using an older version
of R, you can automatically install the latest version using the following code:

install.packages("installr")
library(installr)
updateR()
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Installing the package will automatically install any package dependencies (listed at the end of this
document) not already installed.

Once RingdateR is installed, to launch the RingdateR app use the following code:

library(ringdater)
run_ringdater()

The run_ringdater() function will automatically launch RingdateR in the systems default web browser.
Alternatively, RingdateR can also operate in R console. For more information on this see the Pairwise Mode
Vignette and the Chronology Analysis Mode vignette (https://ringdater.github.io/ringdater/help.html) .

General navigation in RingdateR
The RingdateR app operates in a similar way to a web page. The navigation bar at the top of the page can be
used to navigate between pages.

There is also a toggleable menu on the left of the page containing options for modifying plots. The = button,
next to the RingdateR title, can be used to show and hide the plot option menu. The plot options accessed
on this menu will change the settings for every graph in RingdateR, however, the plot options may have
limited use in this help file.

RingdateR Navigation Panel
RingdateR =

Plot options Starting point  Loaded Data  Detrending plot  Results  FullHeatMap  Aligned data

Plot Text size

Plotted line
thickness

/

Interactive panel 2: A panel showing the general structure of the RingdateR app. The Plot option panel on
the left of the page is toggleable using the = button.

Access to help
Additional help can be found throughout RingdateR by using the
panel with more information about that part of the application.

IIIII

buttons. Each button will bring up a text

Example Help Panel )

RingdateR =

Click the Button to access additional help ->

J
Interactive panel 3: An example help button. Pressing the | button makes a text panel display with additional
help. You can scroll to view the whole panel. Clicking anywhere off the text panel will make it disappear.

Step by step overview of running analyses in RingdateR
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To run analyses in RingdateR:

: Set basic analysis settings using the Step one: analysis settings box on the Starting Point Page

: Load you undated measurement time series

: (optional step) Load the dated chronology — only required if using Chronology Analysis Mode.

: Check the detrending applied on the Detrending Plot page and adjust as necessary.

: On the Starting Point Page select analysis pathway in the Step four box.

: click Run Analysis and automatically jump to Results Page

: Using the options menus on the results page manually check the results of the lead-lag analyses.
: Apply statistical filter check to reduce the number of analyses to examine by removing non-significant
matches.

9: Begin to align the data by selecting a target sample and check for potential problematic samples.
10: Repeat the problem sample check using varying window lengths.

11: Select the samples to align.

12: Click the Align data button and evaluate the aligned data on the aligned data page

13: If necessary, perform the secondary problem sample check

14: Output the aligned data.

CONO UL A WN K

Starting Point page

The Starting Point page can be considered RingdateR’s home page. From here users can select the
detrending and correlation settings, load their own data or select to use example data, and select which
analysis pathway to analyse the data with (Pairwise or Chronology Analysis mode).

Step one box: Set the detrending method to use and the limits for the range of leads and lags to analyse the
data over

Step two box: Load undated series box is for uploading individual measurement time series and floating
chronologies. The load a dated chronology box is for loading an absolutely dated chronology for use in the
Chronology Analysis mode. Alternatively, the Use example data box allows users to load both undated and
dated series.

Step three box: Display the IDs of all the series that are loaded into RingdateR.

Step four box: Set the analysis mode to use and a button to start the analyses.



ringdateR Starting Point Page Panel
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Interactive Panel 4: The Starting Point page interactive panel. On this page users can set the analysis
settings, loaded undated and dated measurement time series or use preloaded example data. The step three
box displays the sample ID’s of the loaded data. The clear all data button can be used to remove the loaded
data and reset RingdateR to default settings. Note, as this panel is purely to demonstrate the layout of the
Starting Point page, the run analysis, stop RingdateR and load example data buttons have been disabled in
this panel.

Loading data - acceptable data formats

A variety of data formats can be loaded into RingdateR. The following sections (4.1 to 4.4 gives an overview
for the acceptable file types as well as the corresponding formatting for the data for both the online and
offline versions of RingdateR as well as the console version. The RingdateR app provides summary tables of
all the data that has been loaded into RingdateR on the Loaded Data page.

Compiled file formats — chronology data and individual measurement time series

Excel (.xIsx), text tab delimited (.txt), comma separated value (.csv) and .rwl files can containing compiled
measurement time series either aligned as a chronology or aligned by ontogenetic age. These data can be
loaded in as dated chronologies, undated (floating) chronologies or undated individual series (i.e. not
crossdated) using the corresponding file browsers on the Starting Point page of the RingdateR app. It should
be noted that RingdateR sometimes has issues loading data from .rwl files due to the inconsistent formatting
of these files.



All compiled file formats, except .rwl, should be formatted such that the first column contains either year
values or ring numbers (in ascending order; e.g. Table 2). Each of the following columns should contain a
uniquely named measurement series. The first row of the compiled file should contain the sample
numbers/names. Each sample number/name must be unique. Samples cannot contain missing values within
a measurement series. Years that do not contain data for each sample, i.e. years before or after growth in a
dated chronology (e.g. Table 2A), can contain either NA values or simply be left empty.

It is possible to load multiple compiled files in as undated series, either as undated floating chronologies or
as compiled files containing individual undated measurement time series. However, only one dated
chronology can be loaded.

Example data, to check formatting, can be accessed from https://ringdater.github.io/ringdater/. In addition,
the RingdateR app has preloaded example data which can be used in both the Pairwise and Chronology
Analysis Modes.

Table 1: Compiled data sets can either be loaded in as (A) date aligned or (B) ontogenetically aligned data.

A B

Year | Series_1 | Series_2 | Series_3 Ring | Series_1 | Series_2 | Series_3
1901 | NA NA 0.45 1 0.51 0.06 0.45
1902 | NA NA 0.99 2 0.34 0.76 0.99
1903 | NA 0.06 0.20 3 0.02 0.13 0.20
1904 | NA 0.76 0.08 4 0.64 0.78 0.08
1905 | NA 0.13 0.33 5 0.26 0.64 0.33
1906 | 0.51 0.78 0.38 6 0.57 0.09 0.38
1907 | 0.34 0.64 0.01 7 0.76 0.77 0.01
1908 | 0.02 0.09 0.41 8 0.52 0.64 0.41
1909 | 0.64 0.77 0.83 9 0.60 0.08 0.83

Non-compiled file formats

In addition to compiled file formats, it is possible to load in multiple files containing data from one sample
per file, as undated series, through the Load Undated Series file browser. The sections below provide more
information about each of these file formats.

Using Image Pro Line Profile Series files (.Ips)

Measurement series created in Image Pro as a line profile series can be loaded into RingdateR as an undated
series. The .lps files can contain more than one line profile. RingdateR will automatically detect that more
than one measurement series is in the file and load them as separate measurement series with the sample
ID set as the file name (minus the extension), for example file_name_I1, file_name_I2 etc. As the .Ips files
contain cumulative growth data, RingdateR converts the cumulative growth data into absolute growth
increment series.

RingdateR automatically detects that an .Ips file has been loaded and will allow users to then load multiple
Ips files. When multiple .Ips files are loaded RingdateR compiles the data into a single data frame. The series

in the data frame are aligned by ontogenetic age.

Figures 2, 3 and 4 show the process of creating .Ips files in Image Pro for use in RingdateR.
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Fig 2: To start the Line profile series, once an image has been loaded and calibrated, use the Line Profile tool
(box A).
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Fig 3: When using the line profile, the Manual measurement option (box A) provides the most consistent
results for creating measurement series that can be incorporated into RingdateR.
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Fig 4: When saving the .Ips file ensure that the results window is set to the third tab (Box A: displays the
cumulative growth measurements in the first column). The save icon (box B) will then allow you to save the
measurements as an .Ips file.

Using CooRecirder files (.pos)

Measurement timeseries created by CooRecorder (.pos) can be loaded directly into RingdateR. As each .pos
file contains measurements from one series, multiple .pos files can be loaded in as undated series. These
files can then be used in either the Pairwise or Chronology Analysis Modes. AS no date values are included in
.pos files, when the files are loaded into RingdateR, the data are aligned relative to the measurement
corresponding to the youngest ontogeny of each series.

Two column text tab delimited files (.txt)

Multiple two column txt files, with the first column containing either a year or ring count value and the
second column containing the measurements, can be loaded as undated series. The file should not contain
headers, l.e. the first row of the file should contain the first measurement.



Loading floating chronologies as undated series

The Starting Point page provides users the ability to load both dated and undated measurement time series.
The undated measurement time series can either be individual measurement time series, i.e. measurements
from an individual core, or from a collection of measurement time series aligned in time relative to each
other but not yet absolutely dated, i.e. a floating chronology. Using the undated series loading browser it is
possible to load multiple floating chronologies as undated series for comparison either against other floating
series or dated chronologies.

To load floating chronologies as undated series, first set the type of undated data selection option to “Load
undated chronologies”. Each chronology should be contained in a separate compiled file (see above for
acceptable formats). It is important that prior to loading the chronologies that the detrending mode is
selected. Unlike loading individual measurement time series, the detrending mode cannot be adjusted after
the data are loaded if analysing undated chronologies. This is because as the data are loaded, the individual
series contained in each chronology are automatically detrended and an arithmetic mean chronology
calculated. As multiple files can be loaded, these arithmetic mean chronologies are then compiled ready for
analysis.

If multiple undated chronologies are loaded the series can be analysed against each other using the Pairwise
Analysis Mode, or against a dated chronology through the Chronology Analysis Mode. The dated chronology
should be loaded through the Dated Chronology file browser. The operation of RingdateR is identical for
analysing multiple undated chronologies and multiple individual measurement time series.

Detrending

RingdateR includes seven options for detrending the raw measurement time series. Firstly, the “Do nothing
to my data” option leaves the data undetrended. Secondly, whilst not technically detrending, the data can
be converted to z-score anomalies. The spline, modified negative exponential, Friedman and modified
Hugershof detrending curves are applied using the detrend.series function in dpIR (Bunn et al., 2010). The
first difference of the measurement series is the final detrending approach available. The first difference of
the data is generated by calculating the difference between measurement years.

Detrending is performed by dividing the raw measurement series by the detrending curve, to standardise
variance through time.

A 21-year spline is set as the default detrending method in RingdateR. Adjusting the length of the spline can
lead to a greater/lesser proportion of lower frequency variability being removed from the measurement
time series.
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Fig 5: Comparison between applying a 7-year spline detrending (A1-C1) and a 21-year spline detrending (A2-
C2). A1-2) Raw measurement timeseries plotted with the fitted detrending curve (thin and thick black lines
respectively). B1-2) the residuals calculated by dividing the raw measurement times series against the fitted
detrending curve. C1-2) Plots showing a comparison between the autocorrelation calculated over the full
record for both the raw data and detrended data (black and red lines respectively). Plots generated on the
Detrending Plot page in RingdateR.

Once data has been loaded, it is possible to evaluate the impact of the detrending options before
committing to starting to run the analyses by viewing the detrended data on the Detrending Plot page (see
below). It is also possible to view basic statistics of the loaded data, pre and post detrending, as well as to
download the detrended data on the Loaded Data page via the Detrended Data tab.

Detrending Plot Page

The detrending plot page allows users to evaluate the impact of the selected detrending options on each
individual measurement timeseries loaded as an undated series. The menu panel on the left of the page
allows users to modify the detrending method. The change in settings made here automatically updates the
detrending method set on the starting point page.

Once data is loaded the plot will automatically generate. The menu on the right of the page will allow users
to change the detrending that is applied. The detrending method set on this menu will be the detrending
method applied for the analysis.

Once satisfied the detrending is suitable, the analyses can be initiated on the Starting Point page.

Detrending Plot Page Panel
RingdateR =
Plot °pti°n5 Load some example data
Plot text size
An example plot An example Menu
Crhon_smp_1 raw data. Thick black line = the detmeding curve applied Select first sample
Plotted line = Crhon_smp_1
thickness E 47
£ 24 Choose a detrending method
:
s 19 Spline detrending
Axis line 01— T - ‘ T i T T T -
e 1826 1846 1866 1886 1906 1926 1946 1966 1986 Select & spline window {only
£ -4 Increment number applies to spline detrendning
Detrended data option)
e 21
=
Text display g L]
settings 5
£
g 14
Select font £
size 0 T T T T T T T T T
1826 1848 1866 1886 1906 1926 1946 1966 1986
Black line = raw data auto correlation; Red line = detrended data autocorrelation
1.00
_.0.75-
c
— 0.50
e
3 0.25+
0.00] EPPT PP oy’
T T T T T T T T T T T
] 1 2 3 4 5 6 7 8 9 10
lag (Year)

Interactive panel 5: The Detrending plot page. This interactive panel allows users to experiment with the
different detrending techniques on preloaded data. The plot options menu also works to modify the visual
appearance of the plot.
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Crossdating - The Results Page

Crossdating overview

crossdating in RingdateR is a multi-step process. After setting the analysis options, loading in the data and
initialising the analysis by clicking Run the Analysis button on the Starting Point page, RingdateR performs
lead-lag analysis between every pair of individual measurement time series in Pairwise Analysis Mode, and
between the loaded chronology and each individual measurement time series in Chronology Analysis Mode.
The results of these analyses are then presented in both graphical and tabular form on the Results page.
Given that large numbers of analyses can be conducted during lead-lag analysis, a Bonferroni correction is
applied to the probability values for each of the lead-lag analyses. The Bonferroni correction is derived based
on the total number of correlations calculated between two samples, which is dictated by the total range of
lags evaluated.

Once the lead-lag analyses have been completed, RingdateR provides users with a series of graphs designed
to facilitate the interrogation of the lead-lag results to determine, if significant correlations are identified,

whether identified crossdates are spurious or if there are possible missing or false rings in the measurement
time series. The following sections provide more information on each of the plots and corresponding menus.

Results Page The large results table

The large results table (Fig. 6) provides the statistics for the three most probable crossdates between the
analysed measurement time series. The table is fully interactive and can be filtered/ordered by clicking the
headers in the table (to change the order of the column from ascending to descending) or using the
statistical and sample ID filters in the menus provided (Fig. 7). The results table can be downloaded as a
comma separated values (.csv) file.

Results from the table can also be easily plotted. In the sample selection menu, on the right of the Results
page (Fig. 8), set the “Selection Option” to “select row from results table”. This changes the samples to be
plotted from manual selection to a user defined row from the table. Once the Selection option has been
changed, to select which row is plotted simply click on a row in the table, the plots will then automatically
update.

Show |10 *|entries Search:

Sec_lag Sec R Sec_p Sec_Overlap Third_lag Third_R Third_P Third_Overlap

355 1.57

258 152 0.212

2110 10

Fig 6: An interactive results table displaying the statistics associated with the best three matches for each
pair of measurement time series analysed.
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Step 1: Filter results by statistics

“ Filter by stats

Rvalue

0.5

Significance value

0.01

Overlap

50

Step 2: Filter results by series name
i

“ Select target sample/filter table
by sample

Mean_chronology -

Filter using Series 2

Sample_b v

Fig 7: Two menus displayed on the Results page to facilitate the filtering of the large results table. These
filters allow the table to be filtered to show only results that pass user defined statistical thresholds as well
as to only show results for user specified samples. To apply the filters the check boxes in each of the

respective menus must be checked.

Sample selection  Plot options
Selection options
Manually choose samples
Manually select first series
Sample_A
Manually select second series
Sample_C
Select lag
Best match

Enter value for custom lag
0

Sample selection  Plot options

Normalise the data in the plot
Select colour scale

Blue-Grey-Red

adjust x axis scale line plot

Max X axis value
1

Min X axis value

0

Fig 8: The sample selection and plot options menus from the Results page. These menus allow the user to
manually select the samples plotted on the Results page, the lag with which the second sample is plotted
with as well as general plot settings for both the line plot and the running correlation heat map.

Results Page Line plot

The line plot displayed on the Results page presents the two selected measurement time series aligned in
time based, initially, based on the best possible crossdate identified by the lead-lag analyses. The second
sample (plotted in red) is always the sample that is moved in time relative to the first sample (plotted in
black). The Sample Selection menu (Fig. 8) provides options to change the lag that the second series is
plotted with from either the three best possible matches or a user defined lag. Samples plotted can either be
selected manually or by selecting a row from the large results table using the sample selection menu (Fig. 8).

Sample_A (black line) and Sample_B lagged by -7 years (red line)

Standardised increment width

1470 1490 1510 1530 1550 1570

1590 1610 1630 1650 1670 1690 1710 1730

Year

Fig 9: A line plot showing the comparison between two measurement time series aligned in time based on

the most likely crossdate.

Results Page Heat Map
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The heat map displayed on the Results page (Fig 10) presents the running correlations calculated between
the two selected measurement time series over a +10 year lead-lag range. The correlations are calculated
over a defined window (21 years by default) set on the Starting Point page (analysis settings menu). The
running correlations are calculated with an overlap one year less than the window length. The heat map
automatically centres the lag on the selected lag with which the series are plotted in the line graph (Fig. 9).
Due to the fact the heat maps are based on correlations, there is a minimum threshold of data required to
produce the plots. Therefore, measurement timeseries with an insufficient overlap between the series will
result in no plot being generated. An error message will display to communicate this error.

Whilst the running correlation heat map displayed on the Results page is limited to a +10 year lead-lag
range, it is possible to produce heat maps over the full lead-lag range on the Full Heat Map page (see Full
Heat Map section below).

3_
T N
PAE
o
E -3 =
5 | CCe——
o -5
5§ -7 | —————— e
e o
§ 117
S 13
LTS
.17_
1480 1490 1500 1510 1520 1530
Year
- ]
Comel-{R) 450 4% 0.0 05 1.0

Fig 10: A heat map showing the running correlations calculated between the two measurement time series
plotted in The running correlations in the heat map are calculated over a 10 year lead-lag range centred
around the lag with which the second sample is plotted with in Fig 9.

T-value bar chart

As the correlation heat map and results table provided on the Results page do not provide the results of the
full range of leads and lags analysed, RingdateR provides bar graphs which display the T-values for the lead-
lag correlations calculated over the full range of leads and lags being analysed (e.g. Fig 11). The bar graphs
are automatically generated when running in either Pairwise or Chronology Analysis Modes. The graphs plot
the lags with positive correlations and highlights the best three matches with red, blue and green bars
respectively. The bar charts are accessed from the lead-lag results tab.
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Fig 11: Bar graphs displaying the T-values for the correlations between two measurement time series. Plots
only show the positive correlations. The red, blue and green bars show the first, second and third best
matches respectively. Panels A and B show a comparison between the appearance of the bar graphs when A)
he two measurement time series either don’t crossdate or possibly contain errors; and B) when the two
measurement time series likely crossdate, highlighted by the best match containing a stand out T-value
relative to all other leads and lags.

Checking for Problematic Samples

For series which pass the statistical tests (set up by applying the statistical filter in Fig. 7) RingdateR provides
the facility to automatically evaluate for potential problematic samples. To use the problem sample checker,
apply both the statistical filter and select a target sample. The problem sample check can then be applied.
The problem sample check aligns all of the data automatically aligns, based on the best match, all the
measurement time series that pass the user defined statistical thresholds against the target sample. Running
correlations are then calculated, with 50% overlap, with replacement against the arithmetic mean
chronology derived using the aligned data (i.e. the chronology is calculated excluding the sample being
correlated against it). RingdateR utilises the corr.rwl.seg function from the dpIR package to evaluate if
individual series exhibit instabilities in their correlation with the mean chronology (Bunn et al., 2010).

It should be noted that samples can be flagged as problematic for two principal reasons. Firstly, If the
measurement time series contain missing or falsely identified rings the running correlations will contain a
phase shift corresponding to the number of missing or falsely added rings (e.g. Fig 12 A2-B2). Secondly, the
correlation between the measurement time series and the mean chronology could be variable through time
(e.g. Fig 12 A1-B1). These fluctuations in the amplitude of the correlation, which are flagged as problems,
may not necessarily mean there is a problem with the measurement time series. The problem checker is
designed to flag potential problems and therefore takes a conservative approach.

These analyses are highly sensitive to the bin size that is used to perform the analysis. It is therefore
recommended that these analyses are replicated using multiple window lengths. This can be done simply by
changing the window length that the correlations are performed over several times and re-evaluating the
outputs.

RingdateR also provides a second opportunity to evaluate for problem samples on the Aligned Data page.

The secondary evaluation works in the same manner as on the Results page. However, there is added
functionality. On the Aligned Data page it is possible, if the secondary problem check finds potentially
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problematic samples, to generate a running correlation heat map between the identified problematic
sample and the arithmetic mean chronology constructed from the aligned data excluding the potentially

problematic sample.

Allaligneddata  Sample depth plot  Evaluate problematic samples

Star dardised growtr irdex

Star dardised growtt irdex
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Fig 12: Example plots demonstrating the correlation characteristics of two pairs of measurement time series
that have been flagged as containing potential problems. Al and A2) Line plots of the two respective pairs of

measurement time series. B1 and B2) Running correlation heat maps between the two respective pairs of

measurement time series. The analyses plotted in B1 contains strong positive correlations between the two

measurement time series at zero year lag. However, there are two intervals which show decreased

correlation. This drop in correlation is sufficient to flag this sample as a problem. However, evaluation of the

correlations in adjacent lags indicates that this sample likely does not contain problems. The heat map
plotted in B2 shows a phase shift of the strong correlation from zero year lag to a lag of two years. This
sample likely does contain an error. The actual measurements for this time series should therefore be re-

evaluated.

These analyses are highly sensitive to the bin size that is used to perform the analysis. It is therefore

recommended that these analyses are replicated using multiple window lengths. This can be done simply by

changing the window length that the correlations are performed over several times and re-evaluating the

outputs.
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DATA

Data loaded - Now click the 'Run the Analysis' button to run the analyses.
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Interactive panel 6: An interactive panel showing the Results page.
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Full Heat Map Page

To produce full heat maps, first load data in the same manner as if performing full Pairwise or Chronology
Analysis Modes. When the data is loaded, if selected, the data is automatically detrended. It is then possible
to jump straight to the Full Heat Map page to generate the heat map. For comparison against a chronology,
it is required that the Chronology Analysis Mode is selected on the Starting Point page. However, the

analyses do not need to be initiated on the Starting Point page.

Note the full heat maps do not centre on the best possible crossdate. However, the menus displayed below
the plot can be used to refine the x- and y-axis as required. It is also possible to modify the colour scale.

(Eull Heat Map Page Panel N
RingdateR =
Full Heat Map
Load example data
DATA
Data loaded - Mow click the 'Run the Analysis' button to run the analyses.
i
Mean_chronology vs Sample_a
20 |
154
1
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=
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o
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= 104
1 1]
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Download plot as png
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Interactive panel 7: An interactive panel showing the Full Heat Map page.
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Automatically aligning data
Samples that significantly crossdate can be aligned either against each other, in Pairwise Analysis Mode, or
against he loaded chronology data.

Before aligning the data, whilst on the Results page, the user must apply the statistical filters (Fig. 10 step 1),
select a target sample (Fig. 10 step 2) and perform the problem sample check (Fig. 10 step 3). In the menu in
the Step 4 (Fig. 10), users then have the option to align all the samples that are displayed in the large results
table, to align all the samples in the large results table excluding any sample which has been identified as a
problem sample, or to only align samples that have been manually selected. It should be noted that only
samples that pass the significance tests against the target sample can be aligned. The results of aligning the
data are then displayed on the Aligned Data page.

Step 1: Filter results by statistics Step 2: Filter results by series name Step 3: Check for Problematic Step 4: Align samples
Samples
i i i
i ’ .
“ Filter by stats “ Select target sample/filter table Series selection method

Set window to evaluate for problem

by sample =
Rvalue y ' samples (Years, must be even) All series
2
M T T . 30 Manual sample selection
0.5 Mean_chronology
3 g z . Crhon_smp_1
Significance value Filter using Series 2 Check for problematic samples
0.01 Flagged Align selected data
Sample_b . sample Flagged interval
Overlap Crhon_smp_4 1910 to 1939, 1925 to
50 1954

CrhorLsmpﬁ 1940 to 1969, 1955 to
1984

Sample_b 1700 to 1729

Fig 13: The menus from the Results page highlighting that, once the statistical filter is applied, the target
sample selected and the problem checker run, the data can be aligned. The Align samples menu allows users
to define which samples are aligned: All samples — aligns all samples that pass the significance tests against
the target sample; All samples, excluding problematic samples — aligns all samples that pass the significance
tests against the target sample excluding samples which are defined as potential problems; Manual sample
selection — User can manually select samples to align that pass the significance tests against the target
sample.

Once the first three steps from the results menus have been completed users can select which samples are
aligned in the Align samples menu (Fig. 13).

All samples — aligns all samples that pass the significance tests against the target sample.

All samples, excluding problematic samples — aligns all samples that pass the significance tests against the
target sample excluding samples which are defined as potential problems.

Manual sample selection — User can manually select samples to align. Only samples which pass the user
defined statistical significance thresholds against the target sample will appear in the list of samples to
manually select.

Once the sample selection is made, clicking the “Align selected data” button will align the data and
automatically navigate the user to the Aligned Data Page.

The Aligned Data page
The Aligned Data page displays the results of the alignment process for both the Pairwise and Chronology
Analysis Modes.

Whilst RingdateR is not a chronology construction application, the Aligned Data page facilitate the
evaluation of the common signal amongst the measurement time series that have been aligned. This is done
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through the evaluation of the mean running correlation between all the series aligned (Rbar) and the
expressed population statistic (EPS; Fig. 14). Both the Rbar and EPS statistics are calculated using a default
25-year window with a 50% overlap. The length of the window can be adjusted using the options menu (Fig
15). The Rbar and EPS analyses are conducted using the rwi.stats.running function from the dpIR package
(Bunn et al., 2010).

In both the Chronology and Pairwise Analysis Modes, it is possible to move back and forth between the
Results page and the Aligned Data page. This allows for the evaluation of, for instance, the impact of
including different combinations of measurement time series into the chronology.

Black lines = individual aligned series; red line = arithmetic mean chronology

Standardised increment width

Rbar and EPS
o
(-]

o
o

0.4

1660 1680 1700 1720 1740 1760 1780 1800 1820 1840 1860 1880 1900 1920 1940 1960 1980
Year

Fig 14: A line plot showing all of the detrended measurement time series (black lines) plotted with the
arithmetic mean chronology (red line). 2) A plot of the running Rbar and expressed population statistics (EPS;
red and black lines respectively). The dashed red line marks the 0.85 EPS threshold.

Potential problem samples Plot options
Evaluate for problem samples Adjust X axis
Flagged Min X value
sample Flagged interval

Crhon_smp_4 1910 to 1939, 1925 to
1954

Min X value
Crhon_smp_6 1955 to 1984
Sample_b 1700 to 1729
Select window to calculate Rbar
Set window size for problem and EPS
analysis (years; must be even)
25
30 .
window must not be greater than
Select problem sample to evaluate the length of the series
sample_b = Sample ID size

5
Plot problem samples

Fig 15: Options for performing a secondary check for problematic samples. 6) An options menu for modifying
the line plots and modifying the window used for calculating the EPS and Rbar statistics.

In addition to the Rbar and EPS statistics, RingdateR evaluates the mean correlation between each sample
and the arithmetic mean chronology with replacement (i.e. the correlation between each sample and the
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mean chronology constructed excluding the measurement time series being correlated against it). These
correlations are provided in a table at the bottom of the Aligned Data page (e.g. Fig. 16).

Correlations between individual series and mean chronology with replacement

Series ID FirstRing Lastring Rvalue Pvalue Overlap with chronology
Crhon_smp_1 1826 1992 0.89 0.00 167
Crhon_smp_2 1828 1992 0.91 0.00 165
Crhon_smp_3 1821 1992 0.71 0.00 172
Crhon_smp_4 1664 1992 0.80 0.00 329
Crhon_smp_5 1755 1992 0.83 0.00 238
Crhon_smp_6 1810 1992 0.77 0.00 183
Crhon_smp_7 1798 1992 0.90 0.00 195
Crhon_smp_8 1792 1992 0.88 0.00 201
Crhon_smp_9 1780 1992 0.87 0.00 213
Crhon_smp_10 1824 1992 0.82 0.00 169
Crhon_smp_11 1827 1992 0.83 0.00 166
Crhon_smp_12 1821 1992 0.92 0.00 172
Crhon_smp_13 1809 1992 0.91 0.00 184
Sample_a 1671 1930 0.81 0.00 260
Sample_b 1664 1734 0.64 0.00 71

Fig 16: A table containing summary statistics for each sample contained in the chronology. The correlations
are calculated with replacement.

The Sample Depth plot tab on the aligned data page provides a plot showing the position of every individual
measurement timeseries that have been aligned (Fig 17). If the secondary problem sample check has been
performed, samples that are identified as potentially containing problems are highlighted with red lines.
Samples that do not contain problems are highlighted with black lines.

Allaligneddata  Sample depth plot ~ Evaluate problematic samples
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Fig 17: Plot showing the distribution of each of the series that have been aligned through both the Pairwise
and Chronology Analysis Modes. samples that are identified as potentially containing problems are
highlighted with red lines. Samples that do not contain problems are highlighted with black lines.

Secondary Problem Sample Check
The Aligned Data page provides the option to perform a secondary problem sample check. The secondary
problem sample check is performed in the same manner as the primary problem sample check (see Checking
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for Problematic Samples section above). However, the secondary check allows more in-depth analyses. If
problematic measurement time series are found, it is possible to compare the potentially problematic
measurement time series against the mean chronology constructed using only samples that do not contain
potential problems (e.g. Fig. 18).

Allaligneddata  Sample depth plot  Evaluate problematic samples
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Fig 18: Example plots demonstrating the correlation characteristics of two pairs of measurement time series
that have been flagged as containing potential problems. A1 and A2) Line plots of the two respective pairs of
measurement time series. B1 and B2) Running correlation heat maps between the two respective pairs of
measurement time series. The analyses plotted in B1 contains strong positive correlations between the two
measurement time series at zero year lag. However, there are two intervals which show decreased
correlation. This drop in correlation is sufficient to flag this sample as a problem. However, evaluation of the
correlations in adjacent lags indicates that this sample likely does not contain problems. The heat map
plotted in B2 shows a phase shift of the strong correlation from zero year lag to a lag of two years. This
sample likely does contain an error. The actual measurements for this time series should therefore be re-
evaluated.
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(Aligned Data Page Pancl

RingdateR =

Aligned data

*
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Data loaded - Now click the 'Run the Analysis’ button ta run the analyses, Then go through the menus below (steps 1-4) to align the data
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Correlations between individual series and mean chronology with replacement

Series ID FirstRing Lastring Rvalue Pvalue Overlap with chronology
Crhon_smp_1 1826 1982 089 000 167
Crhon_smp_2 1823 1992 081 000 165
Crhon_smp_3 1821 1992 071 000 172
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Interactive panel 8: An interactive panel showing the Aligned Data page.
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Saving Data

Download buttons are located throughout the application and allow both data and plots to be saved. All
saved files are automatically saved to the default download location used by your web browser. This is

usually the downloads folder. Figures are saved as png files. Data are saved mostly as csv files however there
is also the option to create an rwl file of the newly aligned data.
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