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Time series analysis

« a statistical technique that deals with time series data.

 accounts for the fact that data points taken over time may
have an internal structure (such as trend or periodicity)
that should be accounted for.

« Economic Forecasting « STEM (Science, technology,
 Sales Forecasting engineering, and
mathematics)

* Population Forecasting .
« Stock Market Analysis

* Yield Projections



Climate Time Series

Monthly average CO, at Mauna Loa Observatory, Hawaii
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Global benthic marine 8180 stack (global ice volume and temperature)
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http://mingsongli.com/acycle

What they say

“It is truly an amazing contribution to the geosciences
community ... It opens up much needed access to these
powerful tools for a wide audience in the sedimentary geology
and paleoclimate community. ... A really marvellous job."

—— Dr. J. Fred Read (Emeritus Professor, Virginia Tech)

"His Acycle software will become the standard tool for
time-scale applications by all international workers."

—— Dr. James G. Ogg (Professor, Purdue University)

“Not only is this software powerful and effective, it is also simple
to use and therefore benefits researchers and at all levels within

the paleoclimatology community, from novices to experts.”

—— Dr. Paul E. Olsen (Professor, Columbia University)




2. Getting Started

* Stand-alone versions of Acycle only needs Runtime, not MatLab

* MatLab Runtime is not MATLAB!

2% 1

* MatLab Runtime is free! “a  old versions

[5l  “Acycle2.0 Users Guide.pdf

Q
© Download “Acycle2.0-Mac-green.zip

z: 2 Bu  ~Acycle2.0-Mac-Installer.zip
‘ v Acycle2.0-MatlLab.zip

Dropbox OneDrive  saidu cloud

“Acycle2.0-Win-green.exe.zip

“Acycle2.0-Win-Installer.exe.zip

Dropbox | OneDrive | BaiduCloud | GitHub

] ~MatLabRuntime2019alsNeeded.txt

Read more

Wiki: https://github.com/mingsongli/acycle/wiki

*or: https://github.com/mingsongli/acycle/blob/master/doc/AC Users Guide.pdf
‘or: Acycle "Help" menu - "Manual”,

*or: /doc/AC_Users_Guide.pdf



https://www.dropbox.com/sh/t53vjs539gmixnm/AAC0BqTR0U5xghKwuVc1Iwbma?dl=0
https://1drv.ms/u/s!AuOnvtrY8aRzhG17NCoXG14eOVIS
https://pan.baidu.com/s/1D2iISOOhoYCUvMg9csKKTg
https://github.com/mingsongli/acycle/archive/master.zip
https://github.com/mingsongli/acycle/wiki
https://github.com/mingsongli/acycle/blob/master/doc/AC_Users_Guide.pdf

2. Getting Started

' ‘ Wlndows

Acycle for... MatLab Stand-alone **

Platform Mac Windows
Requirement MatLab Runtime 2019a (Free)
MatLab . : :
download Runtime for Mac Runtime for Win
Version Installer Green |Installer Green
Size 63.5 MB 97 MB 91MB 122MB 121 MB
How to install Acycle2.0_Users_Guide.pdf (Chapter 3)

** Need to install the MatLab Runtime 2019a (!!!)


https://ssd.mathworks.com/supportfiles/downloads/R2019a/Release/5/deployment_files/installer/complete/maci64/MATLAB_Runtime_R2019a_Update_5_maci64.dmg.zip
https://ssd.mathworks.com/supportfiles/downloads/R2019a/Release/5/deployment_files/installer/complete/win64/MATLAB_Runtime_R2019a_Update_5_win64.zip

Fast installation:

1. Install MatLab Runtime 2019a (free)

You don’t need to install MatLab (heavy and expensive)!
After the installation, you don’t need to run runtime yourself
If you have installed MatLab 2019a, this step can be skipped

2. Download Acycle2.0 GREEN version

No installation is needed.

3. Follow the next slide to start up Acycle 2.0.

** Need to install the MatLab Runtime 2019a (!!!)



Startup

FILE
<@ = &1 & [0/ » Users » mingsongli » git » acycle »
Current Folder ® Command Window

I Name 4 Git -
b | moqee ]
» (M data ' Option 1

" doc

x

=

=
0 %
READMEmd P Option2 *

Eiii iiitaik

double-click

A

Windows

1. Go to the installation folder

@] @) [ application
< == = &% =

application

Favorites ] Acycle L

FA licati Bl Adobe Acrobat DC -

: EREScetions Adobe Acro...t Reader DC
EarlyTriProxies ' Adobe Creative Cloud >
= Bl Adobe lllust..or CC 2018 »
PETM Bl fdaln Nkt aw PO ANT0 =

© th a =2 v Q
£
' appdata » B Acycle
& default icon.icns
| uninstall > readme.txt
run_Acycle.sh
“ splash.png

2. Right click “Acycle” file, choose “Show Package Content”

9 MacOS
= QEEvi#viEjlOoflh |l O 8 vjQ
MacOS
|| Contents > Info.plist M Acycle
IO W aoplauncher
|| Resources > M prelaunch

applauncher

3. Drag the applauncher file to the dock



Acycle Graphic User Interface (GUI)

Up Open

- - “unit”
»%"v% ToorS Pra hebax Tobot Software version pop-up menu
OO \ Acycle v2.0 ‘ )
Menu bar —e File Edit Plot Basic Series Math Timeseries Help
o - ® ® !
Toolbar —@ f - unit
Change —eo /Users/mingsongli/Dropbox/lectures/Acycle/demo ®— Address line

directory

List box —® |.DS_Store
Example-Guandao2AnisianGR-sue.txt
Example-Guandao2AnisianGR.txt
Example-HiRISE-PSP_002733_1880_RED-controlpoints.txt .
Example-HiRISE-PSP_002733_1880_RED-profile.txt ®— Datafiles
Example-HiRISE-PSP_002733_1880_RED.jpg
Example-Insol-t-0-2000ka-day-80-lat-65-meandaily-La04.txt
Example-LateTriassicNewarkDepthRank-rho1-mediantxt ©® = @ mingsongli — applauncher — Acycle — 80x24
Example-LateTriassicNewarkDepthRank-rho1-percentile-1( Last login: Wed Aug 28 12:49:34 on ttysee0

(base) Mingsongs-MacBook-Pro:~ mingsongli$ /Applications/Acycle/application/Acyc

Example-LateTriassicNewarkDepthRank-rho1-percentile-1C 1e.app/contents/Mac0S/applauncher ; exit;
Example-LateTriassicNewarkDepthRank-rho1-percentile-1C I
Example-LateTriassicNewarkDepthRank-rho1-percentile.txt
Example-LateTriassicNewarkDepthRank.txt

Don’t close this window!

Press CTRL + C keys to kill Acycle

=




Data Requirement

comma-, table- or space-delimited text (.txt)
comma-separated values files (.csv)

No header is permitted.

Most data files should contain two columns of series.

Acycle v0.3.2

Math Timeseries Help depth

Insolation #1 . )

unit .

Astronomical Solution 382 i or t| me Val ue

LRO4 Stack 84 pactRecord
| Sine Wave e

_ | Example-Launaloa-Hawaii-CO2-monthly-mean.txt ... —— O

Lingit e FIotse File Edit Format View Hel

Red Noise 83  0CO-log.txt fie Edrt Format View Help

20CO/fig 1958.208 315.71

t amples v ol > :Vlaulna.LoaOC(z)la m605n’5hly n;;an 1958.292 317.45
-C2-C1-sue-new-r o -wavelet. -
t-cg-c}-zuZ-new-rzgo.om T Lr;szoogﬂoon IMa Ea}rP Jun 1958.375 317.5
t-c2-c1-sue-new.ixt -
t~g2—g1-zgg-rsi)o.om-wavelet.ﬁg 1958.542 315. 86|
t-c2-c1-sue-rsp0.001.txt Red Noise rho=0.7 2000 points 1958.625 314.93
toooint 1958.708 313.2
t-c2-c1. . .
tod PETM Svalbard logFe
tNo.txt o 1958.875 313.33
[-controlpoints.txt Late Triassic Newark Depth Rank -
1-profile.txt Late Triassic Wayao gamma ray 1958.958 314.6
f"peg Middle Triassic Guandao2 GR 1959.042 315.62
nangepoint.txt
2gModel.txt Image from Mars' HiRISE camera Lnd Col 16 100% Windows (CRLF) UTF-8
\gepoint.ixt Image for Plot Digitizer 2 ° :




File Edit Plot BasicSeries Math Timeseries Help
00 iiu Basic Series Math

I Edit Plot Basic Serie
Plot 4D

New Folder
) ® Plot Pro #EP
New Text File &N
Plot Standardized
Save *.AC.fig Plot Standardized + 2

Open Working Directory Plot Swap Axis

Extract Data Stairs

CERNEIE Math  Timeseries

Sampling Rate
Data Distribution

Insolation 3

°
. . Astronomical Solution 882
Xe[id Plot Basi :

Signal/Noise Generator 383

Refresh 3R Ecoco Plot

LRO4 Stack ¥4
Rename

Examples » | Mauna Loa CO2 monthly mean
Cut Insolation 0-2Ma 65N Jun22
Copy La2004 0-2Ma ETP
Paste Red Noise rho=0.7 2000 points

Read Me

Delete PETM Svalbard logFe
Manual Late Triassic Newark Depth Rank
Find Updates Late Triassic Wayao gamma ray
Copyright Middle Triassic Guandao2 GR
Contact Image from Mars' HiRISE camera

Image for Plot Digitizer




Plot Pro

Data

Plot Type:

Line:

Marker:

Axis:

Acycle: Advanced Plot

Onoue2019rank-Digit-c2-c1-sue.txt

Line
- v
0

“ -1.71976

Click to set Y (or X) axis

1.0 Color -

-100
60 Face | [none | |
" -120
Linear § Normal

-0.0137839

XQIIPIE-Vayauuan Ianunu-Ispu.o004 1 -39 7oluWess-2pil
xample-WayaoCarnianGRO-rsp0.35341-35%lowess-2pil

. . " " xample-WayaoCarnianGRO0-rsp0.35341-35%lowess.txt
File Edit View Insert Tools Desktop Window Help "xample-WayaoCamianGRo-rspo.asaM.le

=" | & N | § @‘7 @ ‘H - 5\2 D »‘x’_‘agglg-WayaoCamlanGRO.m

A
[ NON ) Acycle: Plot Pro
0, - Data Example-WayaoCarnianGRO.txt B
Plot Type: Line

20

Line: - 0.2 B color -
N R -1

B

40

140

click to modify

ac
clear;



Insolation

() Acycle: Insolation

Insolation Type
© Daily

Time Scale

Mean

Choose the starting and final time:

from 1 step

Astronomical Solution

Laskar et al. 2004

1

to 1000 time unit  kyr

The series willhave 1001  points
Insolation parameters

Solar constant 1365 =~ W/m*2 @) Mean daily Max daily

Starting day 80  ordate March B 21 B

Ending day 266  ordate Septem... 23S
Latitude

© single latitude from 65 degree (N>0, S<0)

Latitude range to 80 step 1

Based on the MatLab code inso.m by Jonathan Levine (2001), UC Berkeley.

modified by Peter Huybers (Harvard)

modified by Mingsong Li (Penn State, 2018)

[ NON ) Figure 1
File Edit View Insert Tools Desktop Window Help
DEdde h AAOTDEA- 2 0EH O
210 Insol-t-1-1000ka-day-80-lat-65-meandaily-La04
T T T T T T T T T
I
— Fol I
«_ 200 -+ S I ‘ | [H
§ \ ﬁ i \" ‘” ;“ A\ |l \’v‘ ‘i‘ ‘ I ‘ﬁi‘ f "\l "ﬂ“ ‘H (l
| il | | W A | | i
Z190 f\( ‘M"‘HHHH[.“\'\\‘\‘H\““, ‘\‘,ﬂ‘ ‘.\\I“:‘/\“Hll"“'\ J‘”\"H!\H\ ﬁ‘,'v‘)\[‘l[\\'l‘\ ‘s'ﬁ‘.;\‘H"_
8 ol VU AT EAA RV AR A
= el UV WV VS VT Tk
8 U l‘ \ I \“ " H‘ v U \.J M 1‘,‘ I l‘\ ‘\' v L| ‘.1 ’ L‘J “\’ \ H H |
2170+ i U VY ' ) Bl
‘ |
160 1 1 1 1 1 1 1 1 1
100 200 300 400 500 600 700 800 900 1000
Time (ka)


https://github.com/mingsongli/acycle/wiki/4.5-Basic-Series

Astronomical Solution

0@ Acycle: Astronomical Solutions
Astronomical Time Interval ETP weight
La2004 From 1 k.a. Eccentricit
To t2 1000 k.a. .. 1
Astronomical Obliquity

Laskar, J., Robutel, P., Joutel, F., Gastineau, M., Correia, A.C.M., Levrard, B., 2004. A long-term
numerical solution for the insolation quantities of the Earth. Astronomy & Astrophysics 428,
261-285.

[ NON | Figure 1
File Edit View Insert Tools Desktop Window Help
NDadde bh AKGOPDLEA-2 0E a O

La2004-1E1T-1P-1-1000.txt
L L L L L

8! S — .
(-
4l 1 I | (=
]“‘ (‘f\”\ I H © i I ’i\[“:
N il A

2t AN Y. (ol
i W A I UV A 1 AR
| RAVAEAN Lol » [\ U ‘ TR
L \ | | 1 [ AVLENA | \‘\ | Lw"/\ /l I A v
oF AW WY A N AP AL ALY
VT A AN VA I A VAR B VAR WA R
1/ R B AR R [

_4 [l 1 1 \/\ 1 1 Il

, I B L I o C ]
100 200 300 400 500 600 700 800 900 1000
Time (kyr)


https://github.com/mingsongli/acycle/wiki/4.5-Basic-Series

Signal/Noise Generator

| NON J Acycle: Signal Noise Generator

AL 9EOE

X axis: Y axis: 0 2 y= 1 + 1 X o+ 1 X2 4+ 1 X3 4+ 1 x4
Polynomial
From 0 + 1 x5 + 1 X6 + 1 X7 o+ 1 X8
to 1000 .
© sine wave y= 1 *sin(X*2*pi/ 100 4+ 0 )4 O
step 1
White noise
mean O  Standard deviaton 1 Save Data

Red noise



https://github.com/mingsongli/acycle/wiki/4.5-Basic-Series

Math Time series

Acycle v1.0

relp

\"EY M Timeseries Help

i Delete-
mmm)  Sort/Unique/Delete-empty 38U s Detrending %1

‘ Interpolation 38l Pre-whitening >

Select Parts Spectral Analysis S

Evolutionary Spectral Analysis $E

Merge Series Wavelet transform

Add Gaps
Remove Parts mmm) Filtering $8F
Remove Peaks Amplitude Modulation
Clipping Build Age Model
. ‘ Age Scale
Smoothlng > Sed. Rate to Age Model
Changepoint
Sampling Rate Sensitivity Power Decomposition Analysis

Sedimentary Noise Model >

- Correlation Coefficient
Evolutionary Correlation Coefficient
Track Sedimentation Rates

Standardize

Principal Component
Log-transform

]

Derivative

TimeOpt
Simple Function eTimeOpt
Utilities >
Image >
Plot Digitizer

Case studies:
1. Insolation
2. Laskar 2004 astronomical solution
3. Carnian cyclostratigraphy (~235 Ma, Triassic)



https://github.com/mingsongli/acycle/wiki/Examples
https://github.com/mingsongli/acycle/wiki/Examples
https://github.com/mingsongli/acycle/wiki/Examples

Carnian cyclostratigraphy (~235 Ma, Triassic)

. North Chir

2
Siamo xi)

Indochina

" Block SO

T\ suture
E=H Yangtze Platform

E=] Nanpingjiang Basin

200 km
—

GR (cpm)
1000 2000 3000

b
Zhang et al., 2015 Palaeo-3

_— -
—
_—
-_—

Proxy: gamma-ray with higher intensities
indicating higher average clay contents

Target: learn typical data process steps

—_—

— —
—_— —

A
-300 0 300
Filter output (cpm)




61) Raw Data (*.txt ﬁIeD

@ e "Plot" -> "Sampling Rate"

Uniformly spaced?

I:l operation
D input/output

<> condition

yes

(2) "Sort/Unique/Remove-empty"

(3) Interpolation?

Uniform Sampling Rate Data

/ (4) Detrending /

Zero Mean?

| Detrended Data
|

o »/ Lomb-Scargle Periodogram /

Flowchart of the cyclostratigraphic
analysis in Acycle software (1)



https://github.com/mingsongli/acycle/wiki

¥

| Detrended Data

Conventional? / (7) Correlation Coefficient (COCO) /

/ evolutionary COCO /
/ (5) Power Spectral Analysis /

/ (6) Evolutionary Spectral Analysis /

¢ eTimeOpt
/ Wavelet Analysis /
|
Optimal sedimentation rate
Recognition of orbital cycles
/ (8) "Filtering": isolate orbital cycles /
¢ Flowchart of the cyclostratigraphic
/ "Buiid Age Moger” / analysis in Acycle software (2)

v

/ (9) Astronomical Tuning ("Age Scale") (10) Sedimentary Noise Model
L



https://github.com/mingsongli/acycle/wiki

Step 1. Load Data

| NON Acycle v0.3.1
File Edit Plot Math Timeseries Help
‘ Insolation #1 m
Astronomical Solution 32
/Usersimingsor ~ LRO4 Stack #4

I Sine Wave e 1
White Noise
Red Noise 83
Examples > Mauna Loa CO2 monthly mean

Insolation 0-2Ma 65N Jun22
La2004 0-2Ma ETP

Red Noise rho=0.7 2000 points

PETM Svalbard logFe
Late Triassic Newark Depth Rank

Late Triassic Wayao gamma ray

/Users/mingsongli/Dropbox/Acycle/test Middle Triassic Guandao2 GR

Image from Mars' HiRISE camera

Example-WayaoCarnianGRO.txt

[ NON ) Figure 1
File

GHdS RA0DE 0E

Example-WayaoCarnianGRO.txt
3500 T T T T T T

|
Alv }I“h”«" W V\J "“rvw_

E:ZZE_ | : The gamma ray data entitled

gj:zz;‘,,v.,_ AT I ”\«q “Example-WayaoCarnianGRO.txt”

LNV i ““""«‘m Mw"w” “.“VJ will be loaded and displayed in
w0 w0 maw (r:);o = 4'0 ETR the Acycle main window.



https://github.com/mingsongli/acycle/wiki/Examples

Step 2. Data Preparation (optional)

[ NON ) Acycle v0.3.1
File Edit Plot BasicSeriesTimeseries Help

I ) Sort/Unique/Delete-empty U

-+

He gy Select Parts

/Users/mingsongli/Dropbox/Acycl Merge Series

- Add Gaps
Example-WayaoCarnianGRO.txt Remove Parts

Remove Peaks

K oK ) Sort, Unique & Remove empty (1 = yes)

Sort data in ascending order?

; Users can sort data in ascending

order. Two or more values for the

Unique values in data? same time (or depth) may be

1 H n : n
averaged with the "Unique

Remove empty row? function.

1

Apply to ALL

0

OK Cancel


https://github.com/mingsongli/acycle/wiki/Examples

Step 3. Interpolation

Stratigraphic depth or time series are typically irregularly spaced due to
uncertain timescales or difficulty in data collection. This necessitates
interpolation to generate uniformly spaced time (or depth) series.

4[Y8 Basic Series Math  File
Plot D
Plot Pro 8P

Plot Standardized
Plot Standardized + 2
Plot Swap Axis

Stairs

Sampling Rate

Data Distribution

Ecoco Plot

@ @
File Edit Plot BasicSeries

Sde AKXOVOLE 0E
|
|50 . ooDepth. ("30 . 60
Acycle v0.3.1
\"EY M Timeseries Help

—*

/Users/mingsongli/Dropbox/Acycl

éxample-WayaoCarnianGRO.txt

Sort/Unique/Delete-empty U
Select Parts

Merge Series
Add Gaps
Remove Parts
Remove Peaks

Clipping

Interpolation #l

Smoothing >

[ ] o Figure 2: Sampling rate: distribution
File
dde ARKXO9ELE 0E
250 Example-WayaoCarnianGRO.txt: kernel fit of sampling rates
| m—max: 0.5; mean: 0.35341; median: 0.33333; min: 0.05
200 |
150 |
3
€
5
z
100 -
50 -
T
-20
4 In = O X

New sample rate (default = median):

33

0K Cancel

“‘Example-WayaoCarnianGRO-rsp0.33.txt".


https://github.com/mingsongli/acycle/wiki/Examples

Step 4. Detrending

Detrending is a critical step for power spectral analysis to ensure that data
variability oscillates about a zero mean, and to avoid power leakage from very
low-frequency components into higher frequencies of the spectrum.

o @ Acycle v0.3.1

File Edit Plot BasicSeries Math Help
! Detrending 3
= Pre-whitening >

/Users/mingsongli/Dropbox/Acycle/test Spectral Analysis 385

Evolutionary Spectral Analysis $E

xam ple-WayaoCarnianGRO-rsp0.33.ixt Wavelet transform

Example-WayaoCarnianGRO.txt

Ciltari QP
. = . . . Figurez 1 arinM
File
Detrending dde KK E OE
Window 61.5615 OR 35 % Raw data & 61.5615-m trend
2 L] ] 3000
Polynomial fit
v LOWESS
Mean
VIIECUESS v 1 order (Linear) 2500
v LOESS v 2order
EOESS 3  order S 2000 F
S
Select All Clear All “ Al
1500
Select & Save detrending Model
1000 [
Raw c
160 40 20 100 ; 0 40 20 .
Depth (m) .
Read More: Detrending

Example-WayaoCarnlanGRO -rsp0.33}80-LOWESS.ixt
Example- WayaoCarnlanGRO -rsp0.33 80-LOWESStrend.txt

Furmsmmcmala M aismaalM il MAON v NN



https://github.com/mingsongli/acycle/wiki/Examples
https://github.com/mingsongli/acycle/wiki/4.7.1-Detrending

Step 5. Power spectral analysis

Power spectral analysis evaluates the distribution of time series variance
(power) as a function of frequency. The primary use of power spectral analysis
is for the recognition of periodic or quasi-periodic components in a data series

| NN Acycle v0.3.1

File Edit Plot BasicSeries Math BEIUEHIEN Help
! Detrending *T
= Pre-whitening b

/Users/mingsongli/Dropbox/Acycle/test Spectral Analysis 385

Evolutionary Spectral Analysis H#E
Wavelet transform

Example-WayaoCarnianGRO-rspO.33-80-LOWES
Example-WayaoCarnianGR0-rsp0.33-80-LOWE(

[ ) ( } Figure 1: Example-WayaoCarnianGRO-rsp0.33-80-LOWESS.txt 2pi MTM
File /
dde AKRKLODE OEH
@ o Acycle: Spectral Analysis $ 210 __ 2mMTM-Robust-AR(1): p = 0.55143. S0 = 304037141 _
rllo‘:il'er thing 20%
~-~~ Median-smoothing 20%
Select method Multi-taper method 5[ Robust ARLT) 0% "
']/Q 02951=339m - = - Robust AR(1) 95%
- N Robust AR(1) 99%
3 T{ X'00‘2951 Robust AR(1) 99.9% ]
Method Plot: max frequency & Y ; h
- | Y
Num. tapers 2 2l Sy \
Nyquist 1.5152 i V \
Zeropadding @ 5 B LE[ )
© Input 1 S
534

Red noise Linear Y Log Y

Robust AR(1)
Classical AR(1)

Run Run & Save

1 Il Il 1 Il 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Frequency (cycles/m)

Read More: Spectral Analysis



https://github.com/mingsongli/acycle/wiki/Examples
https://github.com/mingsongli/acycle/wiki/4.7.3-Spectral-Analysis

Step 6. Evolutionary power spectral analysis

<« Acycle: Evolutionary Spectral Analysis - m}
Select method ’Fast Fourier transform (LAH) j
rInput for Evolutive FFT
Plot: Maximum Frequency Step Sliding Window
Freq. min.
= : ’ 033 ‘ ] Tips ‘ 40
Use Nyquist 1.5152
Use Input 7 E Unit Tips ‘
M Plot series Normalize each window Colormap
i Flip Y-axis
[J2pi MTM + red p ’ default Ny ‘
~Plot-dimension [ Log(frequency) — (0]7¢
@20 03D [ Log(power) Gid# | |
‘J 4\ Figure 1: Example-WayaoCarnianGRO-rsp0.33-80-LOWESS.txt: Running Periodogram - O X
File Edit View |Insert Tools Desktop Window Help N
Degde | @08 E
- Fast Fourier transform (LAH). Window = 40 unit; step = 0.33 unit
-160
-140
-120
T -100
=)
T -80
=]
-60
40 Read More
-20
0 1000



https://github.com/mingsongli/acycle/wiki/Examples
https://github.com/mingsongli/acycle/wiki/4.7.4-Evolutionary-Spectral-Analysis

Step 7. Correlation coefficient

To estimate the optimal sedimentation rate.

L IOK
File Edit Plot

Acycle v0.3.1

Basic Series Math BEGEHIEEN Help

; Detrending
e Pre-whitening
/Users/mingsongli/Dropbox/Acycle/ftest Spectral Analysis
1 Evolutionary Spectral Analysis

Wavelet transform

Example-WayaoCarnianGRO-rsp0.35-80-LOWE{
Example-WayaoCarnianGRO-rsp0.33-80-LOWE¢
Example-WayaoCarnianGRO-rsp0.33.txt
Example-WayaoCarnianGRO.txt

Filtering
Amplitude Modulation
Build Age Model

Age Scale
Sed. Rate to Age Model

Power Decomposition Analysis

Sedimentary Noise Model

Track Sedimentation Rates

BT

8S
8E

38F

>

Correlation Coefficient

Evolutionary Correlation Coefficient

timeOpt
N« - X
@
a Monte Carlo processing ... [CTRL + C to quit]
[

Read More: COCO/eCOCO

Similar tool: TimeOpt / eTimeOpt

[« Acycle: (Evolutionary) Correlation Coefficient / (€)COCO

Select Method

1ikyr

@®coco OeCOCO
Data
Data Example-WayaoCarnianGRO-rsp0.33-80-LOWESS
0 padding 5000
Periodogram of Data
Show period. Maximum Nurr_1ber 1 Remove red noise model
Frequency of slices classic AR1 (f-fred)
Test sedimentation rate
Minimum 4.29 maximum | 43.5111 step |0.13074, cm/kyr
301 test sed. rates: 4.290, 4.421, 4.551, ..., 43.511 cm/kyr
Target: Astronomical cycles
Middle age of data 230 Na Naxtiequency 008
© Berger89 solution 413.0123.095045736.021.317.8
@ Laskar04 Solution 405.0125.095.033.421.019.9174

O User-defined period 4051259541 22.43237519.18

Correlation method

O Spearman @® Pearson

Monte Carlo

500

times
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You will have the following figure and a log file saving all settings.

4 . 4. Figure 5 - O
File Edit View Inset JTools Desktop Window Help <~ File Edit View Insert Tools Desktop Window Help
Nade @ 08| K E Dede | @ 0E | {[E
X 106 . 2t
2 Correlation coefficient
0.4 i T T T T T T ]
e =02} :
@
3 1 of . . . . . . . ]
o 0 5 10 15 20 25 30 35 40 45
0.5 Sedimentation rate (cm/kyr)
% Null hypothesis
0 2 A 2 . ;
0 0.5 1 1.5 g 102}
Frequency ‘g
40D =
15 = 10 -% 0 1 1 1 1 1 1 1
10
eTs 0 ) 10 15 20 25 30 35 40 45
Sedimentation rate (cm/kyr)
_10 Number of contributing astronomical parameters
Q I T I I T T T
8 s RV W
5 £
| 0~ 0 5 10 15 20 25 30 35 40 45
0 0.5 1 1.5 Sedimentation rate (cm/kyr)
Frequency

It tells the most likely sedimentation rate is ~9 cm/kyr,
with a null hypothesis (no orbital forcing) significance level of <1%
All seven orbital parameters are used in the estimation.



eCOCO analysis to track variable sedimentation rate

-« Acycle: (Evolutionary) Correlation Coefficient / (€)COCO -

Select Method
Ococo @®eCOCO
Data
Data Example-WayaoCarnianGR0-rsp0.33-80-LOWESS
0 padding 5000 | 0 padding edge  |zero + M Flip Depth (y axis)

Periodogram of Data

i Remove red noise model
Show period. Maximum | 4 5957 | Number | 1

Frequency . of slices classic AR1 (f-fred)

Test sedimentation rate

Minimum 429 maximum 435111 step (0.13074| cmikyr

301 test sed. rates: 4.290, 4.421, 4.551, ..., 43.511 cm/kyr

Target: Astronomical cycles

| Middle age of data 230 Ma Max frequency 0.08 1/kyr
O Berger89 solution 413.0123.095.0457 36.021.317.8
@ Laskar04 Solution 405.0125.095.0 33.4 21.019.9 17.4
O User-defined period 405 125 95 41 22.43 23.75 19.18

Correlation method

O Spearman @ Pearson
Monte Carlo Sliding Window coco
- e plot
500 Size 45 m
times 220 m Track sed. rates

Similar tool: eTimeOpt
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eCOCO analysis to track variable sedimentation rate

4 Figure 4 - a
File Edit View Inset Tools

Ddde | &

Desktop Window Help

OE| &(E
COCO*H, SL

Depth (m)

-100
-120
-140

-160

5 10 15 20 25 30 35 40
Sedimentation rate (cm/kyr)

0 0.2 0.4

0.6 0.8 1

1.2 1.4 1.6

-

File Edit View |Inset Tools

AEFHE

Depth (m})

Desktop Window Help
OE| & E

eH, SL (%)

eCOCO

No. of orbital parameters

' N |

| 'ﬂim

10 20 30 40 O 20 30 40 10 20 30 40
Sedimentation rate (cm/kyr) Sedimentation rate (cm/kyr) Sedimentation rate (cm/kyr)

-:--:--:-

04 02 0 02 04 06 543215
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Step 8. Filtering

Filters are also essential tools to aid in the isolation of specific frequency
components in the paleoclimate data series.

[ NON | Acycle: Filtering | JON | Acycle v0.3.1
28 M9 e 0E S File Edit Plot BasicSeries Math [QEUENIICN Help
Detrending
Bandpass filter: frequenc - Power spectra plot Power spectra: Example-WayaoCarnianGl o~ Pre-whitening
Minimum  0.022 o 5 /Users/mingsongli/Dropbox/Acycle/test Spectral Analysis
Center 0028 «— | 0 Evolutionary Spectral Analysis
- (= : Wavelet transform
Maxi 0.034 Example-WayaoCarnianGRO-rsp0.33-80-LOWE(
aximum Y 2 1529464.4 Example-WayaoCarnianGRO0-rsp0.33-80-LOWES

Example-WayaoCarnianGRO0-rsp0.33-80- LOWE Filtering
£ Example-WayaoCarnianGRO-rsp0.33-80-LOWI Amplitude Modulation

Gaussian é-— Y1 0

Al | A - B .33-80-
LA |~/ |Example-WayaoCamianGRO-rsp0.33-80-LOWE!  Build Age Model
= 0.2 025 Example-WayaoCarnianGRO-rsp0.33.txt
Highpass and lowpass - Example-WayaoCarnianGRO.txt PP
© Highpass ‘ ' ' ' ‘ ‘
Lowpass |
Bandstop Save Data i
-- Select -- 1
-\ N il
% ALY o M
0 1 L 1 1 1 ~
0 005 04 02 025 03 035 04 045 05
Cycles/m
5
| NON ) Figure 1

File
Gde RLO09DE 0B

Example-WayaoCamlanGRO-rspO 33-80-LOWES$-gaus-0 028+—0 006 txt

®T
>

8S
BE

35F

2000

1500 -

1000

Read More

_1000:..}|....|....|‘...|....|...'|...'|....|....
-160 -140 -120 -100 -80 -60 -40 -20

Depth (m)
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Step 9. Age model and tuning

transform original data (usually in the depth domain) to tuned data
(usually in the time domain) when an age model file is available

Select “Example-WayaoCarnianGRO0O-rsp0.33-80-LOWESS-gaus-0.028+-0.006.txt”

| NON ) Acycle v0.3.1

File Edit Plot BasicSeries Math JREUENIEEN Help a, Build age model
| | Detrending 8T
= ' Pre-whitening > O @ Input period

/Users/mingsongli/Dropbox/Acycle/test Spectral Analysis 38S Enter period (kyr):

Evolutionary Spectral Analysis BE 405|
Wavelet transform

Examp:e-Wayaogarnianggo-rspO.SS-BO-tgwgi
xample-WayaoCarnianGR0O-rsp0.33-80- < I ) _ .0 - c
Example-WayaoCarnianGRO-rsp0.33-80-LOWE{  Filtering #EF Use 1 = peak; 0 = trough:
Example-WayaoCarnianGRO-rsp0.33-80-LOWES

Example-WayaoCarnianGRO-rsp0.33-80-LOWES Amplitude Modulation 1
Example-WayaoCarnianGRO-rsp0.33-80-LOWE S {11 [s W-Yo [0 " [eYs [
Example-WayaoCarnianGR0O-rsp0.33-80-LOWES OK Cancel
Example-WayaoCarnianGRO-rsp0.33.txt
Example-WavaoCarnianGRO.txt Age Scale
Example-WayaoCarnianGRO0-rsp0.33-80-LOWESS-gaus-0.028+-0.006tagemod-405-max.txt
K XK ) Acycle: Age Scale
Age Model b’ Age—scale
/Users/mingsongli/Dropbox/Acycleftest Example-WayaoCarnianGRO-rsp0.33-80-LOWESS-gaus-0.028+-0.(
1ianGRO-rsp0.33-80-LOWESS-1000sim-1slice-45win-ECOCO-log.txt Serias
1ianGRO-rsp0.33-80-LOWESS-1000sim-1slice-45win-ECOCO.AC fig
1ianGRO-rsp0.33-80-LOWESS-1000sim-1slice-COCO-log.txt

\ianGRO-rsp0.33-80-LOWESS-1000sim-1slice-COCOfig Example-WayaoCarnianGRO.ixt
1ianGRO-rsp033-80-LOWESS-gaus—0.028+-0.00G-agemod-4054\ax.b<t

1ianGRO-rsp0.33-80-LOWESS-gaus-0.028+-0.006.txt

1ianGRO-rsp0.33-80-LOWESS .txt

1ianGRO-rsp0.33-80-LOWESStrend.txt

1ianGRO-rsp0.33.txt

rianGRO.bxt 3
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Tuned data:
“‘Example-WayaoCarnianGRO-TD-Example-WayaoCarnianGRO-rsp0.33-80-
LOWESS-gaus-0.028+-0.006-agemod-405-max.txt”

209 Figure 2

E;eﬂ @ AR 9E O0E
- WMMWW fw\,, o P\M o M\M
jz M”MWWNMMJ&W o W/\“ \ Jm,JMMMJ ) WWn ’\\W




Mini robot i

® O Mini-Robot

Prepare Data

Remove NaN Remove Empty Sort Unique

Interpolation

Yes mean

Detrending
Yes lowess Window size: 35 %

Spectral Analysis

. A Max .
Yes  Multi-taper 9 Frequency 1.4148 red noise
Evolutionary spectral Wavelet
Yes Sliding window = 61.6 Yes Period from 0.706i to 176
Settings _
B2
Pause 05  second Save data V==

® O Acycl

Edit Plot BasicSeries Math Time

w B
x TAY — L

T v
== | i

ers/mingsongli/Dropbox/lectures/Acycle/demo
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Other useful tools

Sedimentary noise model

Lag-1 autocorrelation coefficient (p1)
dynamic noise after orbital tuning (DYNOT) model

‘e0e® DNSL j
_—lS({/\ de P% Q8O @0 -
nature y Dat: DNSL
e DNSL
COMMUNICATIONS ( ‘ ( )
-Data
Cutdata 4295 to 2500 =
ARTICLE Sample s 0253 0 2158 ka 1o N h
oren e o A AN ol 1)
; : , 5 WA A
Sedimentary noise and sea levels linked to Wi 100 0w | ; | \‘* Il 1 M (e LL‘\"MW m M M
. N N Time-halfbandwidth product 2 | to 2 8 Il \ I
1 land-ocean water exchange and obliquity forcing ————— T \ H \/ \ | WU lIJ \ HVMM ‘H"M‘ 1. il
Mingsong 523, Linds A Hinnov?, Chunju Huang & James G. Ogg™ Number of Monte Carlo Simulations | 10000 @ 1 \ U | u \ ||JU U‘L
7?:,:: menomﬁca\ cycles (space delimited, ka) 51;0 *0‘00 ‘5‘00 20‘00
- o . 405 125 95 40.9 23.6 19.1 DNSL
:‘,‘_m,_m.,;;f"“”f“ ;T,T::“;MMH Frequency ranges: +/- | 0.6 1o 0.8 x bandwidth
rmysery, we develop 3 sedimentary noise model for sesdevel changes that simultanecusly Cutoff frequencies 0.001 to 1  cyclesika
estimates geologic time and ses level from sstonomically forced marginal marine strati-
graghy. The ncise model invchves two complementary approaces: dynamic ncise after 7Pé‘:nﬁdence levels Median [ 50%

ortital turing (DYNOT) and kag-1 autocorrelstion coefficient (py). Noise modeling of Lower
Trisssic marine slope stratigraphy in South China revesl evidence for global sea-level var-
istions in the Early Trisssic hothouse that are anti-phased with continentsl water storage
varistions in the Germanic Basin. This supports the hypothesis that long-period (1-2 myr)
asstronomically forced water mass exchange between land and ocesn reservoirs & a missing
link for reconciling geclogicsl records and models for sadevel change during non-glacisl
periods.

68%

Interpolation 1000

80% 90%

95%

Shift plot grids 15

-Process

Numer of physical core will be used | 4

The first 50 itineraries to estimate process time
P

ress "CTRL" + "X" to cease the process; May 500 1000 1500 2000
type the following script to quite parallel
computing il necessary: delete(gop(nocreate’))

Mingsong Li, 2016
(imingsonglms @grmail.com)

- 2 "

Li et al, 2018 Ancient ocean  credit: Hewei Duan

Nature Communications
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Smoothing

O ®
File Edit View Insert Tools

\EYLU Timeseries
Sort/Unique/Delete-empty 38U

Interpolation
Select Parts

Merge Series
Add Gaps
Remove Parts
Remove Peaks

Clipping

Changepoint

Help

38l

Sampling Rate Sensitivity

Figure 1

Desktop Window Help

DEde h ACLATDEAL- 3 O

3~

I = O3

o)

O

Data

33.8983% loess regression
10 confidence intervals

20 confidence intervals

Moving Average
Moving Median
Bootstrap



‘image’ Tool

1. Select an image file

2. Select “Show Image” —

(4 Figure 1: Example-HiRISE-PSP_002733_1880_RED.jpg: Press "SHIFT"or"ALT" & select cursors now -

3. (Optional) Transfer an RGB

. . cgde|0E&E B — -
Image to Grayscale Image: 4\ Press "SHIFT"or"ALT" key & select 2 cursors X
113 \ -~ Steps: 1) click the "DataCursor” tool, 2) select two cursors; 3) press
Select “RGB to Grayscale” e o e i COMIAND i
45
Acycle v1.3
\"El W Timeseries Help
Sort/Unique/Delete-empty 38U unit
Interpolation ®;l -

Select Parts

Merge Series
Add Gaps
Remove Parts
Remove Peaks

Clipping

Smoothing >
Changepoint
Sampling Rate Sensitivity

Standardize

Principal Component
Log-transform
Derivative

Simple Function
Utilities >

Show Image
Plot Digitizer RGB to Grayscale

Image Profile
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‘image’ Tool

4: Image Profile
5: Press ALT key, select 2 cursors

6. Press “Enter” in the terminal window

Step 6

HIRISE-PSP_002733_1880 RED.browse-prof2pt.txt
HIRISE-PSP 002733 1880 RED.browse-profile.txt

[ NON ) Figure 2

SHS A9 R 0 E
Exam ple—HiRISE-PSP°02733 1le)RED-prc:pfile.txt
180 T T T T

Grayscale
8
T
ca ol b b b b b g b

20 T N S W TS S S T S S - - i i T R R PR R i n
50 100 150 200 250
Pixels

| NON ) 21 mingsongli — applauncher — Acycle » matlab_helper — 80x24

Select 1 data

>> Processing clipping:mergedseries.txt

2019-08-30 14:52:58.487 Acycle[26367:2665410] WARNING: NSWindow drag regions sho
uld only be invalidated on the Main Thread! This will throw an exception in the
future. Called from (

0  AppKit 0x00007fff31521607 —[NSWindow(NS |
Window_Theme) _postWindowNeedsToResetDragMarginsUnlessPostingDisabled] + 378

1 AppKit 0x00007fff3151e9f7 —[NSWindow _i
nitContent:styleMask:backing:defer:contentView:] + 1479

2 AppKit 0x00007fff3151e42a —[NSWindow in
itWithContentRect:styleMask:backing:defer:] + 45

3 libnativewindow_macosx.jnilib 0x000000012c06afae Java_jogamp_n
ativewindow_macosx_0SXUtil_CreateNSWindow@ + 382

4 77 0x00000001199ce758 0x0 + 4724680

536

)

>> See main window for amplitude modulation

>> Large dataset, wait ...

>> AC main window: see trend and detrended data
>> See main window for amplitude modulation

>> Large dataset, wait ...

>> AC main window: see trend and detrended data
Select 1 data

>> Press "Enter"f]

cursors no
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Plot Digitizer

00 Acycle: Plot Digitizer
1
— 3 ) ol 3 ’Hoclllbnb axis ! Undo (&
Start Point -200 o Linear Start Point 0 o Linear
End Point 1400 3 Logarithmic End Point 120 3 O Logarithmic Digitize | Grid Line
Auto-digitize { Save Data 5

Now Digitize the point, press RightButton to stop

AL T ™\ DUD.I I T, DU e IET)

2.4 y-axis max Example-PIotDlgltlzeerg

120 ¢
100
| BN DataExtractTab
8o
PO — | NO. | x | Y |
.“»%‘ 1 1 76.9231 1.9835
0 - 2 | 2 1446154 3.4711
E %‘ 3 3 280.0000 4.7107
S — 4 | 4 5815385 5.9504
40 < 5 | 5  440.0000 6.9421
6 | 6  187.6923 7.9339
7 | 7 2369231 15.1240
= * 8 | 8 8153846 19.5868
, 9 9 4461538 24.0496
2.3 y-axix |
min - 10 | 10  1.0308¢+03 51.0744
or T 2.2 x-axis
2.1 x-axis min : . max
-200 ’ o AZOO Aaoo 006 ' ABOO {006 : 1200 1‘06

Value
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Make it a better software for your own research.
ANY feedback is highly appreciated!!!

Email: mul450@psu.edu; limingsonglms@gmail.com
https://qgithub.com/mingsongli/acycle/issues

Please cite:

Li, M., Hinnov, L., Kump, L. (2019) Acycle: Time-series analysis software for
paleoclimate research and education. Computers & Geosciences 127, 12-22.

and other relevant publications.

Thank you!


mailto:mul450@psu.edu
mailto:limingsonglms@gmail.com
https://github.com/mingsongli/acycle/issues
https://github.com/mingsongli/acycle/wiki/2.--References



