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Preface

Scatter plot is a handy tool to maximize the efficiency of data visualization in
atmospheric science. Many existing generalized data visualization software
are great, but could not satisfy many specify research purposes in atmospheric
science so | develop my own program. The program includes Deming and York
algorithm for linear regression, which consider uncertainties in both X and Y,
that is more realistic for atmospheric applications. It is Igor based, and packed
with lots of useful features for data analysis and graph plotting, including batch

plotting, data masking via GUI, color coding in Z axis, data filtering and

grouping.

The latest version of the program can be found on my website:

https://sites.google.com/site/wuchengust/

Wu Cheng
2017-03-16
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1 Recommendation on data structure

Excel is recommended for storing data if the size of the data is less than 1
million rows. Otherwise, .csv file is recommended. If possible, put all data with
the same timeline in a single sheet to maximize the efficiency, subset can be
extracted by filtering rather than manually put them in separated sheets. The
structure of the data are shown below in Figure 1.1. The first row is header
(text). After import in Igor, header will become the name of waves (columns in
Excel). Space and other illegal characters are not allowed in Igor as wave

name and will be replaced by “ ”. Data falls into three categories:
1) Timestamp (timeline)
2) Numerical data (e.g. concentrations of air pollutants)

3) Text data (Makers, e.g. site name, back trajectories clusters)

Recommended data structure in a sheet

_________________________

R 8 ’
’ N \
] \ 1 i
1 H 1 1
1 1 I
I i ! 1
1 1 I
1 1 I
| H |
Timestam 1 . . 1y 1
P 1 Species Species : M Marker Marker :
S : 2 n 1 : 1 n 1
timeline I BRI 1y 1
I 1 1
1 1 I
1 ' I
1 't I
1 't I
1 1 I
| 1! !
\ r! H
\ , J

N\, s

s‘ ------------------------- ’,

Data (numerical) Maker & label (numerical or text)

e.g. Site name, back trajectory cluster...

Figure 1.1 Recommended data structure in a sheet
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An actual example of excel data (or .csv file) is shown in Figure 1.2. It should
be noted that the order of different data columns (waves) is not necessarily the
same as figure 1.1, the three categories can be mixed, there is no restrictions
on data column order. As shown below, “Datelndex” is timeline, “Sample ID”

and “Site” is text data (marker), rest columns are numerical data.

A | B Il B [F G | H | | | ] | K | L I CL |
1 | Datelndex SamplelD TGC QGC NalC_C NH4_C KIC_.C CLIC_.C NO3_C SO4 C Site
2 | 1/13/11 MK110113 61.9167 ©69.2917 1.9802 6.4493 0.5765 0.8873 11.6865 10.2778 MK
3 | 1/25/11 MK110125 89.8333 101.3750 2.3110 10.9636 0.9455 0.9994  12.1388 22.2418 MK
4 1/27/11 MK110127 59.0417 66.6250 2.5072 5.8765 0.4537 0.8605 9.2997 10.7022 MK
5 1/31/11 MK110131 66.6667 | 73.9167 .l 0.2254 7.7103 0.8675 0.4770 5.0206 16.8996 MK
6 | 2/5/11 MK110205 64,7500 73.0000 0.2102 8.3566 1.4050 0.1443 7.8915 17.7907 MK
7 | 2/9/11 MK110209 65.3333  72.7500 0.4780 5.0343 1.1588 0.4825 7.6093 19.9455 MK
8 | 2/11/11 MK110211 59.3750 ©65.8750 0.4283 6.6911 1.1546 0.1361 7.0313 13.4828 MK
9 | 2/15/11 MK110215 49.9583 52.3750 0.1801 6.4300 0.6436 0.6742 5.4804 13.6615 MK
10_ 2/23/11 MK110223 45.7083 48.7083 0.4691 4.6793 0.3861 0.2296 3.7037 10.7737 MK
1 'I_ 2/25/11 MK110225 53.6667 63.6667 0.4837 6.7622 0.3832 0.3557 5.1990 15.1039 MK
12_ 3/1/11 MK110301 45,9167 53.5417 0.3452 5.0612 0.1890 0.2956 4.2997 10.6106 MK
13_ 3/10/11 MK110310 48.1667 53.3750 0.1575 3.2226 0.2605 0.2542 4.2285 11.9927 MK
147 3/13/11 MK110313 76.2500 79.7917 0.2476 10.6859 0.4086 0.1520 11.0401 20.7006 MK
15_ 3/25/11 MK110325 63.8750 70.8750 0.3131 7.1179 0.6857 0.2667 3.8859 17.7513 MK
167 3/29/11 MK110329 66.7500 74.0417 0.4628 6.7928 0.8272 0.2829 4.7515 15.8878 MK
'I?_ 3/31/11 MK110331 44,7917 50.7083 0.4477 4.2772 0.3880 0.2136 2.7727 10.1044 MK
187 4/9/11 MK110409 49,8750 56.9583 0.5887 6.7063 0.3916 0.3034 3.8906 14.8415 MK
19_ 4/12/11 MK110412 64.3333 74.2500 1.3417 7.3976 0.6255 0.1737 1.8103 21.5748 MK
207 4/18/11 MK110418 33.5417 44.2500 0.1214 3.0270 0.2772 0.0202 0.7076 8.1754 MK
21 | 4/24/11 MK110424 43.0417 54.2500 0.2250 4.8682 0.3361 0.0564 1.7277 13.0045 MK
227 4/30/11 MK110430 54,5833 61.6667 0.7725 6.1938 0.4845 0.0502 1.1593 20.6579 MK
23_ 5/6/11 MK110506 31.2917 41.9167 0.4799 3.4637 0.1624 0.0148 0.2584  10.8408 MK
247 5/18/11 MK110518 31.5000 38.9583 0.2331 3.0178 0.1924 0.0224 0.4353 8.6534 MK
25_ 5/20/11 MK110520 28.7083 34.8333 0.2930 2.7701 0.1236 0.0201 0.3417 38.0928 MK

Figure 1.2 An actual example of excel data (or .csv file).
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2 Overall comparison with other programs

The following table compares scatter plot with other programs

Software Advantage Disadvantage

OLS only, no Deming
regression
row size limited to 1

Excel Powerful data filter .
million
Can’'t mask data
No color coding
OLS only, no Deming
regression

SPSS data filter : _
Data masking can’t by
done by GUI

. . ) No data filter, can’t

Sigma Plot Deming regression

mask data
York regression
Origin Data masking via GUI No data filter

color coding

OLS, Deming, Weighted
orthogonal distance and York
Scatter plot Igor ~ Regression
Data filter
program Data masking via GUI e
color coding

Batch plotting

Require Igor to run the



Scatter plot manual

3 Import Data

3.1 Timeline example in MS Excel

Before import, data could be kept in Excel, restrictions on timeline format are
described as follows. The timeline in data column must follow this format
"MM/DD/YY hh:mm", Location must be “English (United States)’as shown in
Figure 3.1.

Number | Alignment | Font | Border | Fill | Protection |

Category:
General A Sample

Number 1/1/99 0:30
Currency :

Iype:
|March 14, 2012

Percentage I
Fraction !
Scientific
Text
Special
Custom

3/14112 13:30

|M-12
31472012
14-Mar-201

Locale (location):
English (United States)

Date formats display date and time serial numbers as date values, Date formats that begin with
an asterisk (*) respond to changes in regi | date and time settings that are specified for the
operating system. Formats without an asterisk are not affected by operating system settings.

Figure 3.1 Cell format configuration in MS Excel for the timeline column

Make sure the cell format of the timeline column is exactly the same as shown
in Figure 3.1, otherwise logr cannot recognize it.
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3.2 Copy from Excel
Data can be imported via copy & paste from MS Excel, as shown in Figure
3.2. It is recommended to put timeline in the first column.

E‘?' C)'a';

HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW Load Test T

ﬁ &b Cut Arial Unicode M5 n CAx E=E ®- EwepTes
b EE]COP}' -
aste - . A B === &=s= .
~ ¥ Format Painter B I u = - A A = == &3 [= Merge & Center
Clipboard P Font Pl Alignment P
|-::1 v‘i|>< v ﬁ” Time

Figure 3.2 Example of data selection and copy (Ctrl + C) in MS Excel. The
header of each column will be used as wave name in Igor.
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3.3 Paste data into Igor

Put the cursor on up left corner and paste the data into the table in the Igor
program interface (the highlighted area in orange) as shown in Figure 3.3.1

» i ScatterPlot =% FOOf "%

Last Update:2017-03-01 Close all Graphs Re-plot  Plot Normal | Email: wucheng.vip@foxmail.com
Programed by We Chang Close all Tables Re-plot batch Num columns loaded 0 Text columns loaded 0
Clear Butfer Scatter Matrix Data points 0

T omeoa [ ] ] HEI|
hmku__l 'A £ L

Season Acrosz years ¥

UncinX &Y Tvpe single % ~
EDITEN 10 v Une (%) onr
-m: X Unc (%) [Yesr

OC_ugCM3 g m
P "
2 g
T S

v 0
rBrJr.1rr1
< * 0 5 10 15 20 25
3
Clear Input  Update List Time Bktineline |+ EC_ugCM3 pgm
Y axis . X axis [ enable z 0 OC_ugtM3 p.m"
R b Z axis 01‘”‘ P N A e % o it PRI Rr e W L ta bt
- u ' . ; -
\ 3/1/2012 s5f1/2012 7/1/2012 9f1/2012 11/1/2012 1f1/2013
/ by
% 3 3
25 EC_ugCM3 pgm
/ \, / .\‘\ 01.-,.1 LIV ST AR T — ) o et ) b b L ubding
/ v g T ¥ T ¥ T T
i 3/1/2012 5/1/2012 7/1/2012 9/1/2012 11/1/2012 1/1/2013
Settings
Title = Site +Year/Month + Hour [ Fone size PO Docimal 1S ¥ axis title Unit uga-3
Regression Method ¥eighted ODR | Intercept with interceyFitting Une 0ff ~|[] Error Bar [<] Refline X axis title Unit uga-3
axisrange Aute - RN SN - - BN c RN Z axis title Unit ppb -

Trace Mode Narker - Marker O - | (DTSRG 2s - [IISRENON: :EEEEN: : (Jexponta  batch Xlabel orientation 50 -

Figure 3.3.1 Example of user interface in scatter plot Igor Pro program before
pasting data.

After applying paste (ctrl + V), the data will show up in the table area, make
sure the timeline is recognized properly by Igor Pro. It should be noted that the
index of data points starts from O in Igor.

= | ScatterPlot =& s
Last Update:2017-03-01 Close all Graphs Re-plot | Plot Nermal | Email: wucheng.vip@foxmail.com
Programed by W Cheng Close all Tables Re-plot batch Num columns loaded 0 Text columns loaded 0
i Clear Buffer Scatter Matrix Data points 0
| sousr x 193c | | [2/1/2012 00:00:00 [ =
ine il |
E Season Across years “|
2 UncinX 8y Tyee single % v
g o) P
SI _ 103 XUne (%) [Year
A<
Clearinput  Update List Time Mktineline |
¥ axis X axis [] enable z 0 OC_ugCM3 pgm
k \__ Zaxis 01.\4, L) , . - e PN NN L aintbini
3/1/2012 5/1/2012 7/1/2012 9/1/2012 11/1/2012 1/1/2013
b'd 3
7S 253 . EC_ugtM3 g m .
0 b "“‘u;' i o e, i 2 . Lot ol + x,__.\...\..'u,r ke : 'i\‘...-\_'.i'u.
./ 3/1/2012 5/1/2012 7/1/2012 9/1/2012 11/1/2012 1/1/2013
Settings
Title = Site +YeariMonth + Hour | Font size PN Decimal FIE ¥ axis titie Unit uga-3
Regression Method Veighted ODR ~| Intercept with intercegFitting Une Off “ [] Error Bar [ Ref line X axis title unit uga-3 ~
axisrange suto - I - N T : (RN - . [T 2 axis title Unit psb ~

Trace Mode Marker ~ Marker O | [N 25+ EEISRGTIN: - EEEENs © [Jexportt  batch X label orientation 50+

Figure 3.3.2 Example of user interface in scatter plot Igor Pro program after
pasting data
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3.4 Update list

Click “Update List” button (Figure 3.4, highlighted area a), then the list
numerical data series (known as column in Excel and wave in Igor Pro) will be
updated (Figure 3.4, highlighted area b). The statistics of loaded data are
shown in Figure 3.4 highlighted area c, including number of numerical columns,
text columns and data points (rows).

| ScatterPlot = '_E@

Last Update:2017-03-01 Close all Graphs Re-plot Plot Hormal Email: wucheng.vip@foxmail.com
Programed by Wi Chang Close all Tables Re-plot batch { Num columns Iru) 191 | Text columns loaded 2 ]

Input  Linearregression  Time Series  Readme  Clear Buffer Seatter Matrix Data points 5893
5993k X 193¢ | | |2/1/2012 00:00:00 [ =
Foint ate_tine G Supl 0C_sg) B MK 1 4ine
L ~ipadd Season Across years ~
,.E-,w UncinX &Y Tvpe single % ~
% [ v unc (%) FICRRIEECO R
3
Slm 1 _103 X Une (%) [Yoar
|
v od
R ZE P S S E—
< > 0 S 10 15 20 25

a
EC_ugCM3 g m

e 0C_ugeM3 pgm :
[ VEW b e dptammtiaatt et ciomghecinbln, b L sasntiik
3/1/2012 5/1/2012 7/1/2012 3/1/2012 11/1/2012 1/1/2013
25} ) EC_ugCM3 pgm .
ot "‘.'I i e ! sk a8 i) 1 Lo Lt
3/1/2012 5/1/2012 7/1/2012 9/1/2012 11/1/2012 1/1/2013

Settings
Title = Site + Year/Month + Hour _ 16 _ 28 ¥ axis title Unit uga-3 |~
Regression Method Veighted ODR |~ | Intercept with intercegFitting Unc 0ff ~ | [] Error Bar [] Ref line X axis title Unit uga-3 |~
puisronge oo - EEEEe - NN - NN - BN - EEEE Zaxis tie Unitlopb 5

Trace Mode Narker ~ Marker O - | [R5 - INRCE: - EEEIENs : [lexporttxt  batch Xiabel orientation 0 -

Figure 3.4 Example of Update list in Igor.
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3.5 Specify timeline

The next step is to tell the program which column is the timestamp. It can be
done by using the pop-up menu as shown in Figure 3.5.

= | ScatterPlot =N BCTR %"
Last Update:2017-03-01 Ciose all Graphs Re-plot  Plot Normal - Email: wucheng.vip@foxmail.com
Programed by Wi Cheng Close all Tables Re-plot batch Num columns loaded 191 | Text columns loaded 2
Input  Linearregression  Time Series  Readme CISR BT, Seatter Matrix Data points 5933
5093 X 193¢ | | [2/1/2012 00:00:00 [[=
Fsint Bate_tine B Saaple_ID 0C_ug8 w| |
o 5 13 mil Vg
1 2 )0 = Season Across years
: é UncinX &Y _Type single % |~|
; ‘5,'4 _I.OC Y Unc (%) |[Year
} = ney |9
5 g _mv X Unc (%) |[Year
1
[] 2 ) P )
< >
ClearInput  Update List Timeglate_tine NC ~ \ EC_ugCM3 pgm g
Y axis X fuis NC ~ 0C_ugtM3 pig m"
| EC_:.rgCMB - - i, o i i M-‘-u.__ . -I.,,...La-u.
Opti_OC //fo12 5/1/2012 7/1/2012 9/1/2012 11/1/2012 1/1/2013
Opti_EC
TcugcMs EC_ugCM3 pgm
OC. EC S il L b - A agkh . . M\.I..-L,I) o J '_x,,m:x'-.-a
Sarﬁp!e_\rolume 012 5/1/2012 7/1/2012 9/1/2012 11/1/2012 1/1/2013
calibration_area
Settings Split_time_sec
o AEC_ugC - -
Title = Site + YeariMorftn oc‘l'_u?;(ma 165 | Decimal B ¥ axis titie Unit uga-3 -
Regression Mathod Veighted OfR| OC2 ugCm3 0if ~|[] Error Bar [] Ref line X axis title unit uga-3 ~
Axis range | Auto OC3_ugCm3 MNaN [T _N:N = Z axis title Unit ppb
T 0OC4_ugCm3

Trace Mode Marker |~ Marker 1 B -5 + [JExporttxt batch X label orientation 90 -

PC_ugCm3
C unCm3

Figure 3.5 Example of specifying timeline in Scatter plot Igor program.



Scatter plot manual

4 Introduction to the general settings

General settings of scatter plot Igor program are shown in Figure 4.1, which
include,

Close all Graphs: Close all Graphs in the new windows

Close all Tables: Close all Tables in the new windows

Clear Buffer: erase data for batch plots and keep file size of the program
Replot: replot the figure in the current tab

Plot option: Normal, only replot the current tab; New window, also generate
the plot in a new window that can be copy&paste to MS office; Export PNG,
not only generate plots in new windows, but also a PNG file; Export EMF,
instead of PNG file, EMF is a vector file that can zoom in infinitely. The
exported PNG and EMF files are placed in the same folder that igor .exp file
(this Histbox program) is placed.

Title: Title of plot, contain three fields (Site, Year/Month, Hour and species),
these fields will use auto naming when doing a scan if they left as blanks
XIYIZ title: If left as blank, wave name will be adopted, otherwise will be
overridden by user input.

Regression method: Ordinary Least Squared (OLS), Weighted orthogonal
distance regression (WODR), Deming regression, York regression. The OLS
only consider errors in Y, while the later three consider uncertainties in both Y
and X.

Settings
Title = Site + Year/Season

Regression Method | Weighted ODR |~ | Intercept| wit

Axis range |Auto |~ OLS -25.I
Trace Mode | Marker WEIhtEd ODR
Deming

York

Intercept: If "No intercept" is selected, regression will be performed through
origin (Not available for Deming and York Regression). If "with intercept" is
selected, all regression methods are available. If "keep both" is selected, both
with and without intercept regression will be performed (Not available for
Deming and York Regression).

Intercept with intercept || Fitting Un

MNo intercept
with intercept
keep both

1k

Axis range: turn on or off auto scale
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Unit: use pre-set unit on conc. axis
Decimal: decimal point
Font Size: control font size in figure
Trace Mode: Choose between dot and Marker for display the data points on
scatter plot.
Maker: Choose the symbol for the marker
Opti_EC | T | 55
TC M3 OdAvyd > o,
Sample_Volume O [ Ay V’{] [ <> o <>
OHE#A DL AN X
+ Year/Season ® [Z] }KQ V‘ 'N x
i/ Welghted ODR |~ R RO Ej ‘ 0 A A <>
o B,y o+ —

r |~ |Marker | O

Marker Size: Control the size of the marker.
Color: Set marker color (only works when Z axis if off)

10 15 20 25
EC_ugCM3

- P3= Un
Une |[Off |~ l:‘ Other. .. Un
- 0.749), Recent Colers: & = Un

S Color|[] ~ | orient

Ref Line: set the ratio of Y:X for the reference dash line

n | ScatterPlot [E=% Bl |
Last Update:2017-03-18 Close all Graphs  Re-plot  Plot Hormal Email: wucheng.vip@foxmail.com
Programed by We Ln'um? Close all Tables  Re-plot batch https:/isites.google.com/site/wuchengust
Input  Linearregression  Multiply Y time series  Readmemo o cuffer__ Data points 5993 Hum cgiimns loaded 181 Text columns loaded 2
5003R X 193¢ | | [2/1/2012 00:00:00 [ =]
Feint Date tina | Saaple 1D | 0C_ugOs | |
o 2/1/2012 00:00:00 RT-3165 13,9398 A Tew Uncinx &y
1| zA/mmz oo KT-3165 16. 4866 2 Type|single 8|2
2| en/emz i KT-3185 15. 784
3 2/1/2012 03:00:00 ET-3165 17.2067 g 40 _10 S YUnc (%) [Year
4| zhsuz oo 13165 15,9532 g - A
5| za/0z 0si00:00 KT-3165 144007 2 [EXENNE 10 = xUne (%) Hea
8| 2/1/2m2 o000 KT-3165 17.3181 E
7 2/1/2012 07:00:00 RT=3165 16, 9446
8| z/:mz 08:00:00 KT-3165 14,8740 v 0
< > 0 5 W 15 20 25
3
ClearInput  Update List Time Date_tine HC ~ EC_ugCM3 pg m
¥ axis _Xaxis [ enavle wj 0C_ugtM3 g m”
(oo e Zaxis o B it © it e cinidebeb; s
TC_ugOms
| £C_ugens £CTC 3f1/2012 s/1/2012 7/1/2012 9/1/2012 11/1/2012 1/1/2013
Opti_OC 3
Opti_EC 3
TC_ugtm3 ”1 4 EC_ugCM3 pgm )
EC_TC o ) -‘ul'. TN i e P e LTI} o ';-.,4.{;".,.
oc_EC
I g vl 3/1/2012 s5/1/2012 7/1/2012 9/1/2012 11/1/2012 1/1/2013
( Settings \
Title = Site +Yeariseason +Hour [ ort size PN Docimal FIEN Tick sizo CREERREMIRTTNS Unit uen-3 -
Regression Method ¥eighted ODR | Intercept with intercept | Fitting Une 0ff |~ [] Error Bar [2] Refline X axistitle EC Unit uga-3
adsrange aute - [EGENc RN oo EETEEN: BN BN 2 axis title Unit none |~
\Trace Mode Narker ~ Marker O EEEEN::-IEEDl: : color [0 | [Jexporttxt Scatter Matrix batch X label orientation 30 ~ /

Figure 4.1 Example of general settings in scatter plot Igor program.
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5 Tab “Input” Introduction

(a) User can choose which species to be X, Y and Z (Z can be switch on or
off). By choosing different X Y Z combinations, the scatter plot and the two
time series plots will be updated instantly so user can take a quick look at the
dataset

(b) Unc in X&Y

Uncertainty setting for WODR, Deming and York regression. Two types of
input is available, "Single %" means user just need to provide a single number
to indicate the relative uncertainty in X and Y. "Input Data" means user need
to provide weighting for individual data points (a separate wave in the form of
standard deviation). User need to use the pop-up menu to indicate the
corresponding weighting wave for Y and X.

= | ScatterPlot E=n R %™
Last Update:2017-03-01 Close all Graphs Re-plot  Plot Normal Email: wucheng.vip@foxmail.com
Programed by Wi Chang Close all Tables  Re-plot batch Num columns loaded 131 Text columns loaded 2
input  Linearregression  Time Series  Readme o cufter e B i D POl 0N
5993R X 193C 2/1/2012 00:00:00 (b)
- . i [ ]‘ ] [ ]EII Season Across years ¥
Paint Date_tise | Suple ID 0C_ag I e |
[ 2/1/2012 00:00:00 T-2165 13. 9398 ! = * £ UncinX&Y
1| 2a/02 01:00:00 3165 16. 4366 = Type single %%
2| z/1/2i2 02:00:00 W-3165 16,74 -
3| zAsmiz o000 M-3168 17,267 2 EREENET 10 = v unc () fen
4| zAzmz oeoo:00 -3165 159522 9 - iy TS
5| 2/1/2m2 05:00:00 HT-3165 14. 4007 a _1"v X Unc (%) JS
8| z/i/2m2 060000 3165 17. 318 8
1| znsmz o1.00:00 3165 16, 3446
8 2/1/2012 08:00;00 RT-3165 14.8749 M
< - \ >
L=} 3
i EC_ugCM3 pgm
]
O -nlam z su] . OC_ugtM3 g m :
. Z ax 5_. ohbs "'”.I“) . ity i i e sl o b sagded P
' 3/1/2012 s/1/2012 7/1/2012 9/1/2012 11/1/2012 1/1/2013
251 . EC_ugCM3 pgm
I VO B A i dhalh P TN L ta iy
3/1/2012 5/1/2012 7/1/2012 9f1/2012 11/1/2012 1/1/2013
gcttmga
Title = Site + YeariMonth . +Hour -16 =] - 25 ¥ axis title unit uga-3 ~
Regression Method Veighted ODR | Intercept vith intercegFitting Unc 0ff *[[7] Error Bar Ref line X axis title unit uga-3 |
Axis range Auto > | BN EE- B | 2 i S - o RS Z axis title unit pph ~
Trace Mode Marker ~ Marker O | (NGRS 25 - EIEREEN: - EEEENs : [exporttxt  batch X label orientation 90~

Figure 5.1 Scatter plot settings
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6 Tab “Linear regression ” Introduction:

6.1 data filter by time

Three type of time scales are used for data filtering: YSM (year season month),
Dow (day of week) and Hour (0:00~23:00)

Season Day (@) YSM can be further divided into five
Mode | Seager | v l"‘-;'ll-lllI scenarios: Year; Year/Month; Month;

Year/Season; Season. Season is defined by

Year
Year/Month the highlighted area (d) using the first day of
Month each season as cut-off. Two options are

Year/Season
Season

available, across year and same year. For
example, if select across year, 1999 Dec
and 2000 Jan are grouped together as 1999
winter. Multiply selection is possible using
the shift key during selection.

(b) Dow (day of week). Multiply selection is possible using the shift key during
selection.
(c) Hour (0:00~23:00). Multiply selection is possible using the shift key during
selection.

| | ScatterPlot

=l e e
Last Update:2017-03-03 Close all Graphs Re-plot Plot Normal |~ Email: wucheng.vip@foxmail.com
Programed by Wu Cheng Close all Tables Re-plot batch Scan by Year/Nenth ~ Data points 5393
Input  Linear regression s Serie: Readme Clear Buffer Scatter Matrix Num columns loaded 191  Text columns loaded 2
Season spring 15t ummer 1st ] Tnnter 15t
Mode | Season |~ E]Mulﬂ select ||l onth 3 7 Day 16 = Month 5 TDay 15 T Month 3 } % Month 11 = Day 16 5 Season Across years ™
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Figure 6.1.1 List boxes for time filtering
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6.2 Data filter by data

Three types of data filtering are possible: Text data by list, Numerical data by
List and Numerical data by range.
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Figure 6.2.1 Data filter by data
(a) Text by list: say a column provide the back trajectories grouping info
that includes C1~C4, using this function, a subset (e.g. as shown below,
only C4 in winter) is plotted. Multiply selection is possible.
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Figure 6.2.2 Data filter by data — Text by List
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(b) Num by List: a column with numerical values can be used a filter for
data grouping. It's useful when the number of unique values are much
smaller than the total counts. For example, data is grouped by RH as
shown below.
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Figure 6.2.3 Data filter by data — Num by List

(c) Num by range: A range (defined by min and max) can be used for
individual columns to extract a subset. When multiply columns are used,
intersection of these conditions are applied. Following is an example of
using 75<RH<85.
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Figure 6.2.4 Data filter by data — Num by range
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6.3 Data masking via GUI

Data Masking feature to exclude unwanted data points for regression. Data
Masking can be applied using graphic user interface.
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Figure 6.3.1 Data Masking overview

Firstly, click the "Prepare Mask" button. Then a polygon can be drawn using
the cursor. The polygon is defined by way points.
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Figure 6.3.2 Start a polygon drawing
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Make sure the polygon is closed as shown in Figure 6.3.3, each way points
will be shown in the form of square markers.
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Figure 6.3.3 An example of closed polygon.

Once polygon is finished, choose "Mask type". Following is an example of
choosing “Highlighted”, then click "Apply Mask" button. Unwanted data points
are marked as pink triangles. Data points inside the polygon are excluded for
regression (N changed from 5039 in Figure 6.3.3 to 5026 in Figure 6.3.4). For
this particular example, the removal of unwanted data points didn’t affect the
slope and intercept, but R? do improve from 0.76 to 0.78.
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Figure 6.3.4 An example of choosing “Highlighted” in "Mask type".
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Following is an example of choosing “Remove” in "Mask type", then click
"Apply Mask" button. Unwanted data points are removed. Data points inside
the polygon are excluded for regression (N changed from 5039 in Figure 6.3.3
to 5026 in Figure 6.3.5). For this particular example, the removal of unwanted
data points didn’t affect the slope and intercept, but R? do improve from 0.76
to 0.78.
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Figure 6.3.5 An example of choosing “Highlighted” in "Mask type".
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Following is an example of choosing “On” in "Trace type”, then click "Apply
Mask". Unwanted data points are removed and polygon is shown in dash line.
Data points inside the polygon are excluded for regression (N changed from
5039 in Figure 6.3.3 to 4727 in Figure 6.3.6). For this particular example, the
removal of unwanted data points result in changed slope (1.90->1.98) and
intercept (0.61->0.52).
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Figure 6.3.6 An example of choosing “On” in "Trace type".

To reset data masking, click “Remove Mask”, then all data masking will be

wiped as shown below.
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Figure 6.3.7 An example after “Remove Mask” applied.
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6.4 Multiply selection in X&Y

Sometimes X and Y are not one to one variables, but multiply to one or multiply
to multiply. Multiply selection in X&Y function allows user to use multiply
variables in both X and Y via their sum. Multiply waves in X and Y can be
selected using "shift" key with cursor. The sum of selected waves in X and Y
are used for regression. Following is an example of QA/QC for ion
chromatograph data of aerosols. Sum of sulfate and nitrate is used as Y
against ammonium as X to check the charge balance of ions.
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Figure 6.4.1 An example of multiply selection in X&Y.
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6.5 TimeasZ

Besides using user direct input variables as Z axis, derived variables including
YSM (year season month), Dow (day of week) and Hour (0:00~23:00) can be
used as Z.
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Figure 6.5.1 An example of using month as Z axis color coding.
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6.6 Batch plotting

When plot option is other than “normal”, then batch plotting is activated. Batch
plotting can be done on three time aspects (Scan by): Year/season/month, day
of week, hour, which is corresponding to the three list boxes for data grouping
by time.

5 ScatterPlot [E=NEEy x|

Last Update:2017-02-03 Close all Graphs Re-plot | g — u‘mll: wucheng.vip@foxmail.com
Programed by Wu Chang Close all Tables Re-plot batchf Scan by | Year/Month ~ Data points 5393
Input  Linearregression  Time Series  Readme  C'=ar Buffer Scatter Mat loaded 191  Text columns loaded 2
YearMonth Day of week Hour Spring 1st Summer 15t Wihter 1st

Mode | Year/Nonth 'u-"i']‘:':l'.uﬂs:llrﬂ | Muiti ﬂ'::ltﬂ Month |3 % Day 16 = Month 5 [Day 15 h 112 Day 16 2 Season hcross years -
[Z] Muti select UncinX&Y
[~] Select all

Type single % |+
[ETEE w0 & v une () [Foar
[ ¢ une (%) FEIRECE

Filter option |off v

Data Masking

Y axis X axis [] enable 2
Z axis

Prepare Mask

Mask Type Remove |

Apply Mask
Poly trace On|
Time as Z
NHA_IC_ueq bl [ L ~] |z= [Wear/Nonth Remove Mask
Settings
Title = Site + YeariMonth +Hour [ Font size BEEY Decimal R ¥ axis title NOIBIIMIZ1BIS- unit| uga-3 ~
Regression Method Weighted ODR | Intercept vith intercegFitting Une Off ~ [ Error Bar Ref line X axis title NHIBAMZ1615+ Unit uga-3 ~

RO TR N T T—— e - CI2
Trace Mode Marker v |Marker O | [R5 -GN : - EEEEYs > (exportva  batch Xlabel orientation 50

Figure 6.6.1 Settings of batch plotting by time

The fourth way is scan by text markers. When data filter is activated using
“Text by list”, a 4" option will show up in the “Scan by” pop-up menu.

» | ScatterPlot = o
Last Update:2017-03-03

Close all Graphs Re-plot  Plojuliasaal Small: wucheng.vip@foxmail.com
Programed by Wi Chang Close all Tables  Re-plot batchfScan by Year/Month | Data points 5393

Butfer Year/Month [
Input  Linearregression  Time Series  Readme Clear Seatter Mat el caded 181  Text columns loaded 2
Year/Month Day of week Hour Spring 15t Summer 1st | Hour ter st
Mode Year/Nonth ~ | Multl select ulti select Month|3 = Day/16 = Month 5 ZDay 15 E Month riarnpress sy 11} Day 16 T Season Across years

| Select all

lect all
[ Multi select

Select all

UncinX&Yy
Type single %

—;o: Y Une (%) |Tear
EXEEEI 105 % Une (%) e

F

Filter option Text by List |~

] X&Y Multi-select
Y axis X axis [] enable Z
A Z axis

Data Mas#ing Filter BT_Cluster_Text

[ZIMulti select
Prepare [~ select all

— Poly trae
Time as Z
¥ | | 2= [Tear/Nenth Remove
Settings
Title = Site + YeariMonth + Hour [ Font size BORY Decimal FRE ¥ axis title NOIBIMIZ161S- Unit uga-3 -
Regression Method Weighted ODR | Intercept with interceyFitting Une 0ff |[7] Error Bar [Z] Refline X axis title NHIBSIMZ1615+ unit uga-3 -

asisrange Aute - INEEc - I CEEDN-: - EEEE 2 axis title unit v
Trace Mode Marker ~ Marker O | [ 25 - [EEROION : :EEEENs : [lexporttxt  batch X label orientation 50 -

Figure 6.6.2 Batch plotting by text filtering
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Following is an example of implementation of batch plotting, scan by
year/month (12 months). Besides individual scatter plots, a plot summarizing
the variations of slope, intercept and R? vs. year/month will also be given. As
shown below, nitrate is sensitive to temperature (vaporization), as a result the
slope during summer time (Jun-Sep) is much lower than the winter time (Dec-
Feb).

[ ScatterPlot E@
Last Update:2017-03-03 Close all Graphs Re-plot | Plot Niev Vindov | Email: wucheng.vip@foxmail.com
Programed by We Cheng [Close all Tables :RE-Ph“ ba“": Scan by | Year/Month . Data points 5993 |
Input  Linear regression Time Series Readme M le Num columns loaded -Text columns loaded El
Year/Menth Day of week Hour Spring 1st Summer 15t nter 1s
Mode l\sn:lgljealuect =glgznse:lect Month |3 2 Day[16 [ Month[s [$pay 15 & Mnnth EE Day 16 2 Mnnlh -E Day[16 |3 Season|across years|v|
[ Multi select UncinX&Y
select all _ l ) //} fre FPEM
2012/03 = [10[2 ¥ Une (%)
2012/04 ol Graph3:¥¥¥trace vs XXX_Mask;... =] X Une (%) ¥ ~
e I [=lEEs] [10/% X une (%) [FERT]
2ot 2012/02
2012/07 ‘
2012/08 v 40 1: J, rlne Filter option
’
[ X&Y Muti-select e asking
Y axis X axi k4 .
a o Bﬁ E& = . . i |are Mask
Com— w B E ’
e i E
" 'S
&) z y=1.32%-0.43 bvewaw j
o 2
Setf R =0.79
Title = b N=494 BMZIEIS- | unit|ugn-3
Regress bAMIZ18\8+ Unit| ugn-3
Avisrar | D WODR unit| " ¢/~ |
TraceM T T Entation| a0 - |
30 40
¥ ]
NH; pgm
NH, pgm
NH, pgm
NO3 vs: NH4 1o
1a- -0.8
3 =
g ~0.6 ol 05 @
& 1.2 N o
@ - 0.4 =
. -
1.0 0.2
I I I I I I I I | I 1~ 0.0
o < (=] 2] o N
o o o o -l i
S~ S~ S~ S~ S~ S~
(o] (o] (o] (o] (o] (o]
- i i i i -
o o o o o o
~ (oY} (oY} (o] N ~
Month

Figure 6.6.3 An example of batch plotting by year/month.
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7 Tab “Multiply Y time series” Introduction

Multiply Y time series plot is commonly used for presenting temporal variations
of various pollutants. As shown below, desired Y can be selected using the
“Add” button.

In | ScatterPlot |E|@E |

Last Update:2017-03-16 Close all Graphs ~ Re-plot Plot Hormal | _Emall: wucheng.vip@foxmail.com
Programed by W (l"uny Close all Tables Re-plot batch Scan by | Year/Season |~ | httpsiisites.google comisite/wuchengust

Input  Linearregression  Multiply Y time series  Readme ~ C'®BUMer | pata points 5983 Num columns loaded 131  Text columns loaded 2

Year/Season Day of week Hour
T Multi select <] Multi select

Mode | Year/Season - Select all ~|Select all

[] Multi select
(] Select all
201

Filter option | off [~

Selected Y

504
EC_ugCM3
Add -> OC_ugtM3

Clear List
+ Year/Season + Hour | Font size FUIE _z : EEEEY: : vaxistitle oC Unit| uga-3 ~
Regression Method Yeighted ODR ~ | Intercept with intercept | Fitting Une Off |~ |[] Error Bar Refline X axis title EC unit ugn-3 ~
axisrange duto ~ | [ERGERe - N oo NN EEEN oo EEEN e Z axis title unit none |~
Trace Mode Marker v |Marker O |~ | (IR 25+ [EIEDNTN: : color [ | [lExportixt Seatter Matrix  batch X label orientation 90

Figure 7.1 Example of selecting desired Y by the “Add” button.

“Plot option” should be set to new. Then click “Re-plot”, the graph will be
generated in a new window. User can set the color and line shape, axis title in
the new window. The main purpose is to save the time in setting the % portion
in Y direction for individual axis.

LY Secary = =123
Last Update:2017-03-03 Cioss all Graphe Re-plot | Plot Nev ¥Windov ~| Email: wucheng.vip@foxmail.com
Programed by W Cheng Close all Tables Re-plot batch Scan by Year/Month ~ Data points 5553
Input  Linearregression  Multiply ¥ time series  Readme Clear Buffer Scatter Matrix Hum columns loaded 191 Text columns loaded 2
YeariMonth Day of week Hour
. f | Multi select Multi select
o 1““|‘]‘ aetar™ Elasiectan
Mo L
|1is Graph2:NO3 vs Date_time_NC:504 vs Date_time_NC:... [E=REEN 5
2w
g a0
S 20
g 10
Selected Y
BO
504 B0
L ; 40
OF_ugtM3 20 ‘
0 LY RPN I GTS. P VY A | A
300
Clear List g 200
@ 100
Settings 0 N L P
Title = Site + Year/Month +He
gression Method| Yeighted 0DR |~ vith id] o fg
axisrange aueol~| [0 Ny 2 0 ,
Trace Mode Rarker ~ |Marker O - | [ENNSEOEE 2 5 0 Y
20z SM2012 2012 w202 11112012 112013
dat

Figure 7.2 Example of multiply Y time series plot in a new window.
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