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EPA Positive Matrix Factorization (PMF) — a multivariate tool W TECNICO

Concept

Objective:

* ldentify number of factors — p

* The species profile of each source = f

Amount of mass contributed by each factor to each individual sample -

Matrix of speciated sample data

J
1%
SAMPLE Al As  Br . Z./‘ I. . Residual for each
09-01-2011 12:00 6.4609 0.0008 0.0108 ij — kj .
12-01-2011 12:25 7.0842 0.0009 0.0093 k=1 sample/species

14-01-2011 12:45 3.3487 0.0004 0.0053
18-01-2011 13:45 12.2642 0.0017 0.0087
24-01-2011 12:40 0.1984 0.0010 0.0028
26-01-2011 13:20 0.2612 0.0003 0.0023
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Object function Q

* Results are constrained so that no sample can have negative source
contribution;

* PMF allows each data point to be individually weighed;

* The PMF solution minimizes the object function Q, based upon the data
uncertainties (u).

0 = iir” 191kfk;]

i=1j=1



Getting started

EPA Positive Matrix Factorization (PMF)
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LEARN THE ISSUES = SCIENCE & TECHNOLOGY LAWS & REGULATIONS ABOUT EPA

Download the programme
http://www.epa.gov/heasd/research/pmf.html

o
o’
\’ United States Environmental Protection Agency

Advanced Search

Human Exposure and Atmospheric Sciences

Research Topics:
- Air

- Chemical Safety

[E4Contact Us Share

You are here: EPA Home » Exposure Research » Human Exposure and Atmospheric Sciences

» EPA Positive Matrix Factorization
Research in Action

EPA Positive Matrix Factorization (PMF) Model

EPA's Positive Matrix Factorization (PMF) Model is one of several receptor models
developed by EPA scientists that provide scientific support for current ambient air
quality standards and implementation of those standards by identifying and
quantifying the relative contributions that various air pollution sources contribute
to ambient air quality in a community or region.

Ambient air quality datasets have improved greatly due to the ability to measure
more air pollution species, stratify species by particle size, and conduct shorter
sampling sessions. Receptor model algorithms have improved greatly to take
advantage of these higher quality datasets.

Users of EPA's PMF model provide files of sample species concentrations and
uncertainties which the model uses to calculate the number of sources types,
profiles, relative contributions, and a time-series of contributions. Algorithms used
in the PMF model to compute profiles and contributions have been peer reviewed
by leading air quality management scientists.

The PMF model software uses graphical user interfaces that ease data input,
generation, evaluation and exporting of results. The model is free of charge, and
does not require a license or other software to use.

System Requirements

Version 3.0 of EPA’s Positive Matrix Factorization Model works on Windows XP and
Windows Vista. The computer should have at least a 2.0 GHz processor, 1 GB of
memory, and a 800x600 pixel display.

Support Materials
The EPA Positive Matrix Factorization (PMF) 3.0 Fundamentals & User Guide

menvidas ent. amd dasaile o o en sien DALC

PMF User Information

- Register for PMF model
download

qiéwnload PMEF 3.0 Software >

» PMF 3.0 Fundamentals & User
Guide

+ Air pollution near roads &
highways

» National Ambient Air Quality
Standards

- EPA Exposure Research

A-Z Index

O
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EPA PMF

EPA PMF
Version 3.0.2.2

The United States Environmental Protection Agency
through its Office of Research and Development
funded and collaborated in the research described
here under Contract Numbers EP-D-05-004 and 68-
W-04-005to Sonoma Technology. Inc. This software
is now being subjected to extemal peerteview and is
for evaluation purposes only. Portions of the code are
Copyright©2005-2008 ExoAnalytics Inc. and
Copyright©2007-2008 Bytescout.

run as administrator



Order of the operations
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Analyze Input

Input/Output files Data

- Concentration
file

- Concentration/
Uncertainty

- Concentration
Scatter plot

- Input file

-Output file
- Concentration
Time Series

- Configuration
file
- Data exceptions

Base Model
Results

- Residual
Analysis

- O/P Scatter Plot
- O/P Time Series

- Profiles/
Contributions

- Aggregate
Contributions

- G-Space Plot
- Factor Pie Chart

- Diagnostics

Bootstrap Model

Results

- Box Plots

- Summary

Fpeak Model
Results

- Profiles/
Contributions

- G-Space

- Diagnostics
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Input/Output Files
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EPA PMF v3.0.2.2

sai=l

File View Action

Input Files

Output Files

Concentration Data File:

Uncertainty Data File:

Missing Value Indicator:

Output Folder:

Output File Type:

Configuration File:

Help

Input/Output Files | Analyze Input Data | Model Execution \ Base Model Results | Bootstrap Model Results | Fpeak Model Results |

Model input data in tab-delimited (), comma-separated value (.csv). or Excel workbook (xds) format. Species names in first row, units in second
row (optional), and date Aimes in first column (optional).

C:\PMF workshop\DatabaseCVDust xisx
Concentration data table with parameter names in the first row. Optionally, the second row may contain units and
the first column may contain dateAime.

C:\PMF workshop\DatabaseCVDust xisx
Observation-based or equation-based uncertainty values for each sample. Must match concentration data format.

999 @ Exclude Entire Sample () Replace Missing Values with Species Median

C:\PMF workshop
Specify a destination folder for all model run output files.

@ Tab-Delimited Text ("td¢) () Comma-Delimited Text ("csv) () Excel Workbook (*xls)

C:\PMF workshop\EPAPMF cfg

Enter or browse to a configuration file.
| Load Configuration | | Save Configuration |

| HAVE Concentration Data | HAVE Uncertainty Data | NEED Base Results | NEED Bootstrap Results
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L]
I n put/o utput FI Ies m F . o(\ Page Layout Formulas Data Review View
= fb&'\ _— . v = =,
> K.,( Calibri 11 v A A === = Wrap Text MNumber
. ce(\ matpainter | B £ L 7| Hi~ H-A- EEE EE EMergeacenterw HH- o
I n p ut fl I es OQ ~ooard Font Alignment MNumber
. . . (/ c29 - fe | 0.000338651626977082
1. Concentration of chemical species B 5 c > : :
. . 1 |SAMPLE Al As Br Ce cr Ct

2. U ncertainties 2 09-01-2011 12:00 6.4603686 0.0007851 0.0107995 0.0084138 0.0059733
3| 12-01-2011 12:25 7.0841526 0.0008773 0.0092972 0.0123250 0.0076364
4| 14-01-2011 12:45 3.3487461 0.0004447 0.0053121 0.0044104 0.0027498
5 | 18-01-2011 1345 12.2641534 0.0016797 0.0087070 0.0165186 0.0097598
Acce pte d fo rmats 6 | 24-01-201112:40 0.1984172 0.0010497 0.0028407 0.0014837 0.0000040
7 | 26-01-201113:20 0.2612301 0.0003027 0.0023261 0.0008012 0.0000040
1 . Ta b_d e | | m |te d ( txt) 8 | 31-01-201113:25 0.8072121 0.0001354 0.0068794 0.0019740 0.0000040
9 | 02-02-201113:40 37180185 0.0005623 0.0187804 0.0035270 0.0060591
10 03-02-2011 14:00 33.9842892 0.0034303 0.0281858 0.0321722 0.0213273
2 . CO mma-se pa rated va I ue ( . CSV) 11 04-02-2011 14:00 54.0052522 0.0032138 0.0287018 0.0358654 0.0271958
3 M S EX ce I ( XI S) 12 05-02-201112:00 56.6012609 0.0046405 0.0209047 0.0256021 0.0216202
. . 13 05-02-2011 19:10 33.6179915 0.0030329 0.0169174 0.0230384 0.0171064
14 06-02-2011 12:00 52.0479121 0.0034749 0.0221730 0.0245887 0.0161911
15 07-02-2011 09:25 32,7112158 0.0028426 0.0152159 0.0195285 0.0124952
16 08-02-2011 08:45 10.7573965 0.0010036 0.0064979 0.0090763 0.0050938
n 17 09-02-2011 08:30 3.3180070 0.0005160 0.0101554 0.0033347 0.0031442
) 18 11-02-2011 08:20 1.9854946 0.0001963 0.0103436 0.0015092 0.0000076
E_ 19 13-02-2011 1245 2.4681021 0.0005101 0.0197646 0.0011780 0.0007477
20 15-02-201113:00 0.5497766 0.0005101 0.0084447 0.0005602 0.0000040
E 21 17-02-201113:20 1.2933946 0.0005101 0.0095033 0.0006169 0.0000153
B | an k Cel |S are not acce pted (qv} 22| 19-02-201113:35 1.4006697 0.0001313 0.0119213 0.0012829 0.0004312
%2) 23 21-02-2011 13:50 3.7123976 0.0003954 0.0116682 0.0033004 0.0020265
24 23022011 14:10 7.3253142 0.0007366 0.0141350 0.0057125 0.0034139
25 24-02-2011 14:30 15.5569509 0.0009783 0.0146358 0.0098247 0.0065134
26 27-02-201118:15 52.9080878 0.0033424 00229199 0.0328968 0.0252674
27 28-02-201108:35 27.8334643 0.0021360 0.0138742 0.0215295 0.0151400
28 28-02-2011 18:50 14.0098193 0.0010812 0.0121850 0.0108934 0.0066902
H H 29| 01-03-2011 14:30 3.?413555' 0.0003387] 0.0131845 0.0019734 0.0015361
Fa Cto ana IyS IS tec h ni q ue ;I 03-03-2011 14:50 1.2940722 0.0005101 0.0074997 0.0004380 0.0000047
. . 31 08-03-2011 08:10 0.7963118 0.0005101 0.0044267 0.0014140 0.0000040
prOV|deS d rObUSt SOI Utlon 32 13032011 1145 0.4869752 0.0001125 0.0059196 0.0004656 0.0002421
33 16-03-2011 13:00 1.6784129 0.0005101 0.0137418 0.0010122 0.0004989
w h ent h e num be r Of samp I es 34| 18-03-2011 1310 1.6455298 0.0005101 0.0075600 0.0004380 0.0014823
. . 35 21-03-2011 14:00 0.8301145 0.0005101 0.0091647 0.0004330 0.0005765
minus t h e num be r Of varia b I e 36 23-03-2011 14:30 4.8377170 0.0007050 0.0118048 0.0041565 0.0039638
. 37 28-03-2011 09:00 4,4095921 0.0003631 0.0104453 00000915 0.0035963
is at |ea st 30 ( H en ry’ 199 1) 38| 30032011 13:30 1.5942125 0.0003941 0.0099768 0.0000770 0.0016625

39 02-04-20 20 1.6785513 0.0003725 0.0121507 0.0001575 0.0014170
M 4 M| Conc *f;
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Types of Uncertainties files

1. Sample specific — Uncertainty file provides na
estimate of the uncertainty for each sample of
each species;

2. Equation-based — file provides species-specific
parameters that PMF uses to calculate
uncertainties for each sample.

s"p
\o’b
SR e
\,\ \A Font
NP
%0\ Q}\tb .3 - 5
% 0(\(' A B c D
_ Al As Br Ce
2 | 0.006021 0.002 0.004 0.0005
3 4 9 5]
4
3

. . . 5
If concentration < Detection limit => Unc = - X MDL

rrrrr

N 0(\0 212011 12:00
12-01-2011 12:25

14-01-2011 1245

5 18-01-20111345

6 | 24-01201112:40

7| 26012011 13:20

g8 | 310120111325

9 | 02022011 13:40

10 03-02-2011 14:00

11 04-02-2011 14:00

B

Al

0.323043
0.354208
0.167437
0.613208
0.009321
0.013062
0.040361
0.135901
1.699214
2.700263

<——— Method Detection Limit (MDL)

° <— Error fraction (in percentage)

As

0.000384
0.000135
7.82E-05
0.000504
7.17E-05

0.00013
5.12E-05
0.000125
0.000335
0.000274

Br

0.000841
0.000854
0.000426
0.001086
0.000431
0.000223
0.000454
0.001243
0.004335
0.002741

Ce

0.0006!
0.0005!
0.0001!
0.0022
0.0002
7.85E-

0.003:
0.0058
0.00631
0.0121!

If concentration < Detection limit =>Unc = \/((Error Fraction X concentration)? + (MDL)?
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Missing values in the data base

Concentration

Uncertainty

Concentration < MDL

7> MDL

5/6 MDL

Missing values

Geometric Mean

4 x Geometric Mean
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Output Files
* diag Contains a record of the user inputs and model
diagnostic information
* _contrib Contains the contributions for each base run
* profile Contains the profiles for each base run
* resid Contains the residuals for each base run
* strength Contains the factor strength for each nase run

* profile_boot

Contains the number of bootstrap runs mapped to
each base run, each bootstrap profile that was
mapped to the base profile and all bootstrap
statistics

* fpeak

Contains the profiles and contributions of each
fpeak run
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Order of the operations

Fpeak Model
Results

Base Model Bootstrap Model

Analyze Input Results

Input/Output files Data Results

- Concentration - Concentration/ - Residual - Box Plots - Profiles/
file Uncertainty Analysis Contributions
- Summary
- Input file - Concentration - O/P Scatter Plot - G-Space
_ Scatter plot _ _
-Output file - O/P Time Series - Diagnostics

- Concentration

Time Series - Profiles/

Contributions

- Configuration

file
- Data exceptions
- Aggregate

Contributions
- G-Space Plot
- Factor Pie Chart

- Diagnostics
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Objective:

To analyze the
concentration and
uncertainty data before
running the model;

Help the user decide
whether certain species
should be excluded or
down-weighted;

Help the user decide
whether certain samples
should be excluded.

File  View Action Help

Input/Outputt Files

Analyze Input Data

Mode! Execution Base Model Results Bootstrap Model Results Fpeak Model Results

Concentration/Uncerainty | Concentration Scatter Plot

Concentration Time Series Data Exceptions

Concentration/Uncertainty Scatter Plot

Input Data Statistics

Spacies Cat =M Min 25th S0th T5th Max

Al Strong

As Strong

B Strong

ce Strong

cr Strong

Cu Strong

Fe Strong

K Strong

Mn Strong

Mi Strong

Sb Strong

Sc Strong

S Strong

=m Strong

T Strong

v Strong

Fo Strong

Zn Strong

EC Strong

oc Stong | 2.36842

coaz- Strong | 10.32485

c- Strong 7.08389 | 25.85301
NO3- Strong 0.80707 | 1.26071 | 1.68218

S042- Strong 140619 | 1.53633 | 271214

Ma+ Strong 3.23087

NH4+ Strong 0.09805

K+ Strong 015580

Kns Strong 011538 7 E4458
Ma2+ Strong 031855 | 0.42432 | 0.50480 | 218820
Cal+ Strong 035008 | 0.6571% | 147788 | 13.75832
PM10 Strong | 2077101 | 1032841 | 3082500 | 48.25807 |103.13485 | 504.1577%
[ srong | [ wesk || Bad || Total Variable (Defauis to Weak)

Uncertainty

11

10

=

5 10 15 20 25 30 35 40 45 50 55
Concentration

Extra Modeling Uncertainty (0 - 25%): 5 %

Strong Species: 31

Weak Species: 0

Bad Species: 0 | Samples Excluded: 0 %



TECNICO
LISBOA

Analyze input data

File View Action Help
Input/Output Files Analyze Input Data Model Execution Base Model Results Bootstrap Model Results Fpeak Model Results

co n ce nt rat io n/U n ce rta i nty Concentration/Uncertainty | Concentration Scatter Plot | Concertration Time Series Data Exceptions

Input Data Statistics Concentration//Uncertainty Scatter Plot
:‘npwa Sf':(ng SN Min 25th S0th 73th Max Al
The following statistics are calculated for | o= i
each species: S
c Strang 10 ;
* Signal-to-noise ratio (S/N) N s .
2 S Strong
n _ . 5 Strong
i . i=1(xij Sl]) s sworg
—_— n ] 2 T Strong
N (=15ij =
*  Minimum concentration value e g L
e  25th percentile —
* Median oo ] )
e 75th percentile e A e o
o+ Strong ). 740 428213 3
* Maximum concentration value e fom e e
Kns Strong 0.30036 2 : &
e e e e s R 1 -
0 rong 207710 0.32941 | 20.82500 | 48.23807 |103.19485 | 504.15779 . &
P
00 B “5‘ - ‘1I0 - ‘1I5 - I2Il] - I2I5I N ISJUI ‘ ISJSI ‘ ‘410‘ ‘ ‘4‘5‘ - IS‘O‘ - I5‘5I =
Concentration
[ Swong | [ Wesk | [ Bad | [ Total Variable [Defauits to Weak) Extra Modeling Uncertainty (0-25%): 5 %

[ Strong Species: 31 [ Weak Species: 0 Bad Species: 0 Samples Excluded: 0 %
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Analyze input data

5] EPA PMF v
File View Action Help
COncentration/U nce rtainty Input/Output Fies | [ Analyzs npust Data | Model Bxecution | Base Modsl Resuts | Bootstrap Modsl Resuts | Fpeak Model Resuts |
Cancentration/Uncertainty | Concentration Scatter Plot | Concertration Time Series | Data Exceptions |
Input Data Statistics Concentration/Uncertairty Scatter Flot
Speces Cat SIN Min 25th Sh TSth Max
. . Al Strong 19.00000 [ 0.19842 | 0.5353% | 1.946B5 | 6.99566 | S6.60126 P10
Based on these statistics + knowledge of e ] e | osows | oo | comer [ osoms [ oo 0
. Br Wesk 9.10807 | 0.00232 | 0.00332 | 0.00832 | 0.01284 | 0.02870 é |
the data set the user can categorise a oo Jomm | ssoms | osows | oo | aomes | oaome | e wf
N Cr Strong 13.23532( 0.00000 | 0.00054 | 0.00167 | 0.00548 | 0.02720 ;
Specle as: Cu Weak 7.77419 | 0.00022 | 0.00120 | 0.00226 | 0.00467 | 0.02268 120 i
Fe Strong 19.00000 ( 0.16331 | 0.56717 | 1.07687 | 3.68554 | 21.31048 E
K Bad 15.00000 | 0.08440 | 0.27501 | 0.50184 | 1.41316 | 5.57567 é
Mn Strong 19.00000 ( 0.00200 | 0.00968 | 0.01795 | 0.05778 | 0.380%8 10 ;-
N Wesk 1245523 ( 0.00000 | 0.00126 | 0.00210 | 0.00485 | 0.01624 E
Sb Wesk 0.90472 | 0.00000 | 0.00010 | 0.00015 | 0.00021 0.00080 100 ;_
S/N >2 S Bad 17.22560 ( 0.00000 | 0.00001 | 0.00020 | 0.00053 | 0.00669 ;
- kS Stong | 15.00000| 042347 | 1.79587 | 252333 | 1225377 | 8320048 90 B
'Sm Strong 3.12488 | 0.00000 | 0.000123 | 0.00020 | 0.0005% | 0.00438 é
Ti Strong 15.00000 | 0.02507 | 0.07148 | 0.12687 | 0.36226 | 2.218%9 80 E_
v Weak 1.41197 | 0.00016 | 0.00068 | 0.00171 0.00394 0.03740 E‘ ;
Pt Wesk 269152 | 0.00022 | 0.00115 | 0.00227 | 0.00450 | 0.01888 E £
O.2<S/N<2 zn Wesk | 1831574 | 0.00834 | 0.01432 | 0.02040 | 0.02505 | 008785 g 7o E
EC Strong 19.10386 | 0.00013 | 0.07299 | 0.13384 | 0.22167 | 117147 = é
oc Wesk | 238042 | 0.07023 | 0.63298 | 0.845B | 14542 | 7.08082 60 ; a
Co32- Wesk 1032485 0.01035 | 0.07882 | 0.30473 | 1.70088 | 16.34453 E
- Wesk 1.95466 | 1.01682 | 4.24511 | 5.68136 | 7.08989 | 25.85301 50 ;
S/N<Ol2 NO3- Strong 215544 | 0.02647 | 0.50707 | 1.26071 168218 | 8.08455 g
S042- Strong 2.23884 | 0.21379 | 1.40819 | 1.8363F | 271214 | 13.82402 40 i -
Na+ Wesk 1.95263 | 0.74091 | 3.23067 | 4.26213 | 522823 | 22.00773 E
M4+ Wesk | 325142 | 0.00013 | 0.08805 | 0.18476 | 027613 | 3.47000 E o =
- Stong | 2.58007 | 0.00834 | 0.15590 | 0.19487 | 0.26405 | 1.53088 30 g_ o "
s Swong | 11.51651| 0.00062 | 0.11539 | 030036 | 1.15711 | 7.64489 E . ' B : . :
Mg2+ Strong | 138358 | 005512 | 0.31838 | 042437 | 0.5048D | 218830 20 E "
Caz+ Strong 461841 | 0.05420 | 0.25009 | 0.69719 | 1.47788 | 13.75¢32 E °
PM10 Wesk 20.77101 | 10.32541 | 30.82500 | 48.25807 |103.15485 504.15779 10 E_
0 rflnnrinflnnnafllnonnflone ol onllonnrlnoionilon Ll
i 150 200 250 300 350 400 450 500
Concentration
[ siong | [ Weak | [ Bad i Total Variable (Defaults to Weak) I Extra Madeling Uncertainty (0-25%) | B %
[ Strang Species: 15 [ Weak Species: 14 Bad Species: 2 Samples Excluded: 0 % o
=
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Analyze input data

Scatter plots file View Action Help

Input/Output Files “Analy'ae Input Data | Model Execution | Base Model Resuits | Bootstrap Mods! Results | Fpesk Model Results |
Concentration/Uncertainty | Concentration Scatter Plat ‘ Concentration Time Series ‘ Data Bxceptions ‘

Select Species Species Concentration
Y Ads

Legend: —— Ona-to-One
- Regression

x=
»

Mg2+/Na+

Useful pre-PMF analysis tool; o 21

The user should examine scatter plots | || 10
to look for expected relations v 7

©w
El
m

M2+

]
[

| 03-02-2011 14:00:00 Mg2+ = 092922 Na+ = 8.25438 | y = 0.09674x + 0.00460




Analyze input data

U
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Scatter plots

Useful pre-PMF analysis tool;

The user should examine scatter plots

to look for expected relations

C MU

|r Scatter Flot | C

Time Sedes | Data Exceptions

Select Species

Y Aods

Mg2+/Na+

Legend. —— Oneto-One
- = Regression

E.!%R?\'s*s<=45'ww=§*a‘9¢s'wa‘z

i ==
ii‘%?ﬁé

£

"

PERAEF<FLULRIF=TLOPP

Mg2e 0.0 Eu

2 3 4 5 G 7 & 9 10

11 12 13 14 15
Na=

| 03-02-2011 14:00:00

Na+ = 825433

y = 0.09674x + 0.00460

EPA PMF v3.0.2.2
File View Action Help

Input/Output Fles | | Analyze Input Data | Model Execution | Base Model Results | Bootstrap Model Results | Fpeak Model Results
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Analyze input data

18] epa PMF 13022 I

[ File View Action Help
input/Output Fles | [Analyze nput Data | Model Execution | Base Model Results | Bootsirap Model Results | Fpeak Model Results
Concentration Time Series . ncetarty | scaer Pt | [ Tme Senes | Data Bxcstons
Select Species Species Concentration
LI,: : | Spedies Concentrations
> — Al — 5|
oe ]
FCr 100 | 4 100
[Cu 1
:e 95 49
Useful to detect unusual events; N of Jo
s . sk des
v EN 3
Help to exclude extreme events from " YE * )
gv = 3 I
the model. Br N 1°
[ EC 70 - - 70
moc ]
I ;g?az- 65 ‘;65
g}z 60 | Je0
1 Na+ c 1 o
| NHée 2 5F 455 S
| Ke = ] 2
oz £ “E 4. §
Ao S b i
40 -
35
30 -
25 -
20
15 -
10
5 L\} I
$ 24-02.-2011 11-041-2011 27-05-2011 12-071-201 1 27-08-2011 12-10l—2011 27-11-2011 i
( Glear Selections o JLO |
, H |
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Order of the operations

Bootstrap Model Fpeak Model
] Analyze Input Base Model ResSIts Results
Input/Output files Data Results
- Concentration - Concentration/ - Residual - Box Plots - Profiles/
file Uncertainty Analysis Contributions
- Summary
- Input file - Concentration - O/P Scatter Plot - G-Space
Scatter plot
-Output file - O/P Time Series - Diagnostics
' . - Concentration .
- Configuration Thione Ceres - Profiles/
file Contributions

- Data exceptions
- Aggregate
Contributions
- G-Space Plot
- Factor Pie Chart

- Diagnostics

Model Execution



Model execution
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(55| FPAPMF 43022

File  View Action Help
Input/Out
e Model Run Summary

el Results Bootstrap Model Results Fpeak Modze! Results

Ease Model Runs

Run Number Q {Robust) Q (True) Converged MNumber of Runs: 20 Seed: 4
1 8155.9 9462.5
2 B84 8 34672 Number of Factors: &
3 8151.5 94725 Output File Prefie:  CVSsources
4 82877 53345
5 81371 9487.4 Bootstrap Model Runs
[ 8155.0 9462.1
T 8151.4 9473.0 Selected Base Run: 12 Seed: 25
5 trens Sems :
5 21526 94734 Mumber of Bootstraps: 100 Suggest Block Size
10 84715 3815.8 Minimum Comelation R-Value: 0.6 Block Size: 7
11 8589.7 §379.7
12 8138.4 ‘94832
13 8150.4 9461.9
14 81548 9462 5 Fpeak Model Runs
15 8155.8 5462.5 ‘fes Selected Fpeak Runs Selected
16 83530 94853 No Strength of Fpezk 1. 0.2 B
17 8589.5 9379.1 Yes :
18 2150.4 9473.0 Yes ) Strength of Fpeak 2. -0.4
19 8155.8 9463.4 Yes
\; 20 81525 94733 Yes [/ Sepadipmts (U
N 4 Strength of Fpeak 4: 0.4
Strength of Fpeak 5 0.6
Run Progress
[
Fpeak Model Run Summary
Strength dQ(Robust)  Q (Robust) Q (True) Converged

HAVE Concentration Data

HAVE Uncertainty Data

HAVE Base Results

MNEED Bootstrap Results
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Model execution

Base run summary

Q values - assessment of how well the model fit the input data

 Q (robust) — calculated excluding outliers
 Q(true) — calculated including all points
* Theoretical Q = nm-p(n+m) (n - no. of species; m — no. of samples; p - no. of factors)

v' Q (true)>1.5 Q (robust) => indicate that peak events may be
disproportionately influencing the model ;

v" Theoretical Q = Q(true) and Q (robust)
Only converged solutions should be investigated further

(Causes for non-convergence - Uncertainties too low, specified incorrectly or inappropriate input
parameters)
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Order of the operations

Fpeak Model
Results

Base Model Bootstrap Model

Analyze Input

Data Results Results

Input/Output files

- Residual - Box Plots

Analysis

- Concentration - Concentration/
file Uncertainty

- Profiles/

Contributions
- Summary

- Input file - Concentration - O/P Scatter Plot - G-Space
_ Scatter plot _ _
-Output file - O/P Time Series - Diagnostics
' . - Concentration .
- Configuration Thione Ceres - Profiles/
file Contributions

- Data exceptions

- Aggregate
Contributions

- G-Space Plot
- Factor Pie Chart

- Diagnostics
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EPA PMF v3.0.2.2 @

Scaled Residuals

R 1 2 3 4 5 6 7 8 9 10 11[12]13 14 15 16 17 18 19 20

File View Action Help
Input/Output Fles | Analyze Input Data Model Execution Base Model Results | Bootstrap Model Results Fpeak Model Results
Residual Analysis | O/P Scatter Plot | O/P Time Series | Profies/Contribs | Aggregate Contribs | G-Space Piot | Factor Pie Chat | Diagnostics
w ]
As Al
& 100 -
Ce F
& o |
fe [
Mn F
N 80
So L
S -
4 85 |-
T F
v r
e 80 |-
Zn F
EC -
oc B F
C032- F
a- =
O i
S042- F
Na+ 65 |-
NHé+ E
Ke E
Kns 60 |-
Mg2+ F
Ca2«+ [
PM1 55 |-
Calculated Sum of All Species = F
S 50 |-
3 C
o L
45
40
35 F
30 F
%[
20 F
15
10
SE
-4 -3 -2 -1 0 1 2 3 4 5 6 7

[T Autoscale Histogram
© Dates by Species Species by Dates
Absolute Scaled Residual Greater Than: 3.0

I
>

MR L L RPLR LR FTRPFEE22222E2z2z2

Species Date/Time

12:01-2011 12:25:00

Residuals

379700 |

1

06022011 120000, 401400
(07022011 092500 3.40400 |
[17022011132000] 327800
|2¢022011 143000 328500
[or032011143000] 346200
(25092011 121500] 358000 |
[20092011 135500] 313200
[26102011123100] 603200
[131120m 165500] 523800
(05122011 152000 329500
[30122011 105000 386100
[2¢012011124000] 363700
|2a082011 112100 355300
[10102011151500] 470100
(22102011 164000 307400
|24012011 124000] 303000
|26012011 132000 335300
[12042011 134500] 595200
(14042011 143500 781500
|22042011 15:1500] 365900
|08-05201109:4000) 357500
(11072011 142000]  5.12400
[1407201115:2500] 374600
[30072011170500]  3.86100
|03082011 140200  368300|
[1e082011153000] 325600
[15092011 163000  -327900
[25092011 121500 -2.93300
[15102011 135000  -3.89900|
[20102011 155000 324300
[26102011 123100] 224900

| | om0

10-11-2011 15:35:00

Residuals

Objective:
- To determine how well
the model fit each species
- Poor fit when:
= large residuals
(Ir]>3)
= Non-normal curve
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@Uv| . v Computer » Local Disk (C:) » PMF workshop
Organize « Include in library « Share with « Burn MNew folder
. Favorites AT Type
Ii_l] CV5sources_diag.bet
A B l e Desktop | CV5sources_contrib.bet Text Document
§ i B - ; & Downloads I CVSsources_diag. bt I Text Document
Sum of the squares of the differences in scaled residuals for each base run pair by species (d) . —
80 Run # 1 2 3 a s 6 7 8 =1 Recent Places | CV5sources_profilete Text Document

81 2 0.00821 vl .
o 3 759.8379] 901555 4 Dropbox | CVisources_resid.bit Text Document

83 4 1849.994 2849.279 2726.793 | CVisources_strength.bet Text Document
s notesl ssvoum| spensel sazen 5 Libraries ) DatabaseCVDust.xisx Folha de Calculo ..
86 7 259.8587 260.1769 0.00243 2726.958 228.6735 260.6648 3 Documents | | EPAPMF.cfg CFG File

87 8 3833.837 3833.224 3823.323 4064.099 3813.02 3833.068 3823.676 =

88 9 260.4854 260.8184 0.01706 2726.222 229.1004 261.3315 0.01905 3824.826 I

89 10 2327.9 2327.974 2565518 4446.691 2395004 2327.952 2565.553 2235.698 2566.046

90 11 4519.633 4519.98 4419.528 3682418 4459.516 4520.757 4419.734 4300.811 4418.706 5657.284 2

91 12 4532126 45402 227.842 2757.037 0.30816 45.54358 227.8531 3811.648 228.7928 2386.352 4462.095 d . - L a. .

92 13 3.98219 4.01865 241.7509 2817.844 28.00605 4.07842 241.7695 3819.612 242.3355 2336.007 4496.005 22.47869 j kl—zl(rl ]k T'l j l)

93 14 0.02214 0.01463 260.6825 2848.512 53.26383 0.01509 260.7019 3833.696 261.3492 2377.863 4520.713 45.52367 4.07162

45.29764
3588.84
4464.295
227.6505
45.08114
228.4008

3.98594
3619.429
4458.245
241.4437
4.02262
242.5816

0.03164
3638.452
4522.986
260.3099
0.12312
261.66

15
16
17
18
19
20

2848.74
583.7356
3685.414
2728.496
2846.328
2724585

53.02029
3588.288
4461.709
228.4843
52.77469
2259.1965

0.05808
3639.783
4523.026
260.2604
0.11694
261.6548

260.1049
3597.843
4421.85
0.0078
258.9596
0.04959

3833.876
4029.219
4298.392
3822.668
3832.952
3825.134

260.7127
3596.985
4420.819
0.04564
259.6233
0.01377

2327.935
4632.369
5657.661
2564.498
2329.631
2566.537

4518.781
3958.483
0.03179
4420.999
4520.657
4417.126

0.01462
3639.825
4521.896
259.4781
0.13329
260.7853

0.02633
3639.17
4522.243
259.7885
0.12151
261.1235

260.0799
3597.748
4421.643
0.01021
258.9462
0.04384

3638.399
4521.046
259.7338
0.17245
260.9967

3960413
3599.471
3636.587
3595.375

4423.116
4522.934
4415.236

258.5643
0.08774

101 Sum of d across all species for each base run pair (D)

102 Run # Run # Run # Al As Cr Cu Fe Mn Ni Sb Si Sm Ti v Pb
0.00022 0.00001 0.00006 0.00064 0.00077 0.00004 0.00008 O0.00008 0.0005 0.00005 0.00012 0.00022 0.00011 OQ.00002 0.00001 0.0001 0.00055 O.00004
156054 0.00688 1.38919 13.6333 45.53774 158126 3.30895 0.82247 3.53415 0.05241 149753 58.415959 0.95316 0.10767 0.07127 178711 94.70732 1.88618
1.56612 0.00691 1.38955 13.65378 43.38625 1.57917 3.3137 0.82352 3.52274 0.05184 1.50383 58.51976 0.95605 0.10712 0.07098 1.78854 94.77009 1.38608
137.2596 0.38293 14.58692 434.1233 120.2832 B.35829 20.29624 16.48825 49.3341 1.0591 100.9746 480.7712 28.93016 3.0131 0.3546 20.98657 158.1019 17.88321
1371478 0.38237 14.56936 433.9725 120.2951 8.35292 20.29538 16.50423 49540058 1.05596 100.921 480.7954 28.94103 3.01589 0.35466 20.99235 158.0467 17.87637
1326391 0.41546 13.16562 358.2067 75.82526 10.88516 15.20979 16.43151 45.36695 1.01639 598.19128 425.5995 28.38158 3.24943 0.35516 18.01001 317.5494 20.93921
0.4552 0.00033 0.15311 1.03112 3.42159 0.04953 0.29177 0.13685 0.63709 0.00998 0.24516 42.33177 0.21478 0.01157 0.00735 0.16106 0.23423 0.01355
0.45581 0.00035 0.15249 1.03306 3.44015 0.04893 0.29181 0.13718 0.63622 0.01008 0.25085 42.3696 0.21519 0.012 0.00728 0.16068 0.23198 0.01388
0.85709 0.00546 0.66641 7.60717 24.23784 1.57411 1.83762 0.40588 1.26528 0.03536 1.05975 79.3885 0.65222 0.08779 0.03765 0.94792 91.83623 1.70671
1351217 0.38511 13.8325 408.9375 97.79378 7.09669 17.74662 16.46028 45.78758 1.01129 100.1253 455.216 28.8441 2.89664 0.32657 19.61574 156.4335 17.76484
0.00003 0.00026 0.00177 0.00083 0.00091 . 0.00003 0.00003 0.00043 0.00091 0.00016

2
3
3
1
4
1
5
5
5
5

e L R R R N R e ]

]

Dy = 2 Dj;
J

W 4 ¥ M| CVSsources diaé ¥ i i 1l
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E EPA PMF v3.0.0.5

File  ‘iew  Ackion  Help

Input/Output Files  Analpze Input Data ~ Model Execution Base Model Results | Fpeak Model Results = Bootstrap Mode! Results

Rezidual Analyzic  OFF Scatter Plot 0/F Time Senes  Profies/Contibs | Aggregate Confribs | G-Space Flot Factor Pie Chart | Diagnnostics

B ase min summary table:

Run # 0 [Rooust] A(True) Converged f# Steps

1 286203 on23 Yes 1431

4 256139 30703 2 es 1327

3 26457 3 324432 Yes 821

4 256203 0703 Ves 2195

5 256201 307033 Yes 1860

Scaled residual analysis:

Sum of the sum of the square: of the scaled residuale for all species

Fun # 1 2 3 4

2 337280

3 | 159582 80317 15551 .E?SZEl

4 Toosg T o040 15565 96734

5 2 50058 (0.06986 15555,59331 039663

Sum of the squares of the scaled residuals for each species

Run t Run Mase j Arzenic B anium Bromine Calzium Chiorniurn Conper

2 1 000007 1.69390 0oy 0.00577 000509 0.02168 000677 002438
3 1 001463 7612 54BN 62 70325 340 3393513 466. 7244 107119067 A15.0581
3 2 001460 PE10 63057 62.50646 53396335 3565590 465.79330 10111152 5170338
4 1 0.00001 (0.55803 000254 0.00760 000153 0.00352 0.00205 000374
L) 2 0.00000 0nZA 000153 0.00304 00022 0.00593 0.001 47 000553
[} 3 0.014E0 009 60936 276013 9366382 3090212 4BE,BOS25 101.14724 E15.09570
5 1 0.00001 130802 0.00580 0.00749 000334 0.01480 0.00478 nars
5 2 0.00000 0.02195 0.nooz2 0.00112 0.00021 000196 0.00021 0.0ooe2
5 3 0.071480 PE10 85831 B52.84247 33.916E1 FEESTR 4B85.93276 10713653 516, 7453
5 4 (. Doo0oo o17os? 0.000=4 0.anogz 0.00085 0.00285 0.000=0 000337
2 Factor Analysis of Base Run #1 "

Reaqrassion diagnostics:

KE Test KS Test

Spacies Intrepk Slopa SE 2 Slat P\aue

Mass 274 0.84 4.0 nsz 020 0.oo

AmmoniLim 1on nni 093 nia 033 nn4 021

AN 0.00 nis 0,00 003 0.2z 000

B arium 0,0 0.02 0.01 0.m 013 0,00

< >
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Observed/Predicted Scatter Plot

Predicted Concentrations

Fe

Legend: — One-10-One
- Riegression

22 =

o

El 12
Observed Concentrations

| File View Action Help
Input AOutput Files ‘ Analyze Input Data ‘ Model Execution ‘ I Base Mode! Results | Bootstrap Model Results | Fpeak Model Results ‘
Residual Analysis | Q/P Scatter Plot ‘ O/F Time Series | Profiles/Cortribs ‘ Aggregate Cortribs ‘ G-Space Plat | Factor Pie Chart | Diagnostics ‘
Base Run Statistics
Species  Category r Intescapt Intercapt SE Siopa Siope SE SE Normal Resid

Al Strong | 0.84670 0.70828 0.21484 0.79155 0.01589| 2.16913 Yes
As Weak 0.7121% 0.00003 0.00005 0.76185 0.04123| 0.00040 No
Br Weak 056124 -0.00034 0.00084 0.97588 0.07345| 0.00507 Yes
ce Strong|  0.91685 000009 0.00025|  1.04560 0.02684| 0.00258 No
cr Strong|  0.88515 -0.00002 0.00018|  0.8855¢ 0.02580| 0.00172 No
Cu Wezk| 0.58852 0.00082 0.00025| 070554 0.05074 | 0.00220 ez
Fe Strong | 0.88745 -0.04035 0.05185 1.00155 0.00861| 0.30083 Nz
Mn Strong | 0.98883 0.00120 0.00087 0.83238 0.00824| 0.00846 Yes
Ni Weak| 073430 0.00012 0.00022 0.92708 0.04504| 0.00179 Yes
Sb Weak| 012622 0.00008 0.00001 0.20080 0.04458 |  0.00007 No
Si Swang|  0.97485 0.785%6 0.26384| 0.867%0 0.01187| 263778 Yes
sm Strong|  0.81635 0.00009 0.00003| 077755 0.03139| 0.00033 No
Ti Strong|  0.97100 0.00145 0.00781| 0.87203 0.01430| 0.07430 Yas
v Wezk| 0.13823 0.00254 0.00034| 037035 0.08550 | 0.00334 Yes
Pb Weak| 0.70449 0.000423 0.00028 0.8342¢ 0.05151| 0.00255 Yes
Zn Weak 023358 0.01148 0.00124 0.2887¢ 0.04384 | 0.00748 Yes
EC Strong | 0.84738 0.03388 0.00884 0.74308 0.02685| 0.05783 No
oC Weak| 043363 0.44858 0.08155 0.42340 0.03871| 0.45188 Yes
cozz- Wazk| 0.87951 0.21233 0.05669|  0.60506 0.01905| 0.58534 No
[=5 Wesk| 0.83532 D.41745 024882 | 1.032%9 0.03900| 121823 Yas
NOZ- Smong|  0.82213 0.12261 0.05245| D.83262 0.02257| 0.32370 ez
5042~ Strong | 0.83080 0.43428 0.07048 0.72034 0.02765| 0.45110 Yes
Na+ Weak 0.88388 -0.13658 0.14882 0.95784 0.02887| 0.73989 Yes
NH4+ Weak| 0.02367 0.13841 0.00785 0.04062 0.02130| 0.07551 Yes

i K+ Strong | 0.52333 0.04734 0.00555 0.76334 0.01846| 0.04038 Yes
Kns Strong|  0.969%1 0.01431 0.02819|  0.97006 0.01455|  0.28065 Yas
Mg2+ Strong|  0.91875 0.03226 0.01290|  1.05609 0.02673| 0.08802 Yas
Ca2+ Strong|  0.92659 018165 0.03563| 073883 0.01773|  0.33800 Yas
PMi0 Wezk| 0.57878 243455 185726 08837 0.01208 | 14.32078 Yes
Rum: 1 2 3 4 5 6 7 8 9 10 11 13 14 15 16 17 18 19 20

I

=1.00155x + -0.04035

Observed/Predicted scatter
plot

Objective:
- To determine how well
the model fit each species

- Evaluate if a species
should be down weighted
or excluded from the
model
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File View Action Help

Input/Output Files | Analyze Input Data | Model Execution HEase Model Results | Bootstrap Model Results ‘ Fpeak Model Resutts ‘
Residual Analysis | O/P Scatter Plot | [ O/P Time Series | Profies/Cortiibs | Aggregale Conlibs | G-Space Plot | Factor Fie Chat | Diagnostics |

Select Species Observed/Predicted Time Series

i Fe

Br +—= Observed Concentration == Predicted Concentration

Ce 24 =

Cr

Cu

=E

Mn

Mi 22 B

S

Si 21

Sm

Ti .

v 20

Pb

7n 19 F

I [ | |

oc 18 E ]

o2

- 17 E

NO3-

5042-

Ma+ 16 E

NH4+

Ke 15 E

Kns

Mg2s 14 B

Ca2«

Pt ERERS g
2 H
£ 2
S12F 2
2 ES
SNME s

10 E
s FE

19-02-2011 01-04-2011 12-05-2011 22-06-2011

Run:1234567891011131415151?181920

02-08-2011 12-09-2011

23-10-2011 03-12-2011

02-01-2012 12:00:00

[ Observed Concentration = 9.72615

Predicted Concentration = 9.82101

Observed/Predicted time
series

Objective:
- To determine how well
the model fit each species

- Evaluate if a species
should be down weighted
or excluded from the
model
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Input/Output Files Analyze Input Data Model Execution Base Model Results Bootstrap Mode! Results Fpeak Model Results
Residual Analysis O/P Scatter Plot 0/P Time Series Profiles/Contribs | Aggregate Contribs G-Space Plot Factor Pie Chart Diagnostics
Factor Profile Lagend: M % of Spacias
[ Conc. of Species
100
10 L 0 B a0
. 80
10° H 70
] L] u
2 n —
g u o= = — I oo =
o =
@ 107 H 50 &
‘s [ ] e
= n n =}
g . " " 10 8
ST =
- 30
1 ] - - 20
H [ ] ’—‘ u 10
[ N "
Rl L L L P PR N N N D P P . N P D )
S 4 L 4 4 4 2,
R I R I R A A
Factor Contributions
360 — 360
300 | < 300
240 — 240
£ g
2 @
= El
§ 180 — 180 F
2 =
3 E
120 120
60 § 1 &0
o b t l N AN A e LA I /\/\/\ L ﬁ

20-02-2011 03-04-2011 15-05-2011

26-06-2011 07-08-2011 18-09-2011 30-10-2011 11-12-2011

[Concentration Units || Run: 1 2 2 4 5 6 7 8 © 10 11[12]13 14 15 16 17 18 10 20 |Factor 1 2 3 4 [5 |

Profiles/Contribs

Objective:
- Display the factors resolved by
PMF;
- Two graphs are displayed:
- Profile graph

- Mass of each species
apportioned to the
factor [

- Percent of each
species apportionned
to the factor

- Contribution of the factor to
the total mass by sample

~

m

MName Type

I || CV5=ources_contrib. b I Text Document

CVW5sources diag.td

Text Document

Text Document
| CW5sources_resid bt Text Document
| CW5sources_strength.td Text Document
] DatabaseCYDustxlsx

| | EPAPMF.cfg

Folha de Célculo ...

CFG File

27-02-2011 18:15:00 |

Concentration = 206.88030 |

Total Variable = PM10 | Species Factor = 35,625
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D

E

F

G H

6.08E+01 1.95E+01 2.44E+00 1.50E+01 2.35EH00
3.77e+01 L1.46E+01 2.95E+00 1.83E+01 2.65EHIL

994 Factor Profiles (% of species total) from Base Run #12 (Convergent Run)

47.84

5.70
13.23
0.00
0.00
37.14
15.57
14.57
13.92
48.56
48.00
10.27
21.37
16.74
34.39
23.60
2.93
0.00
16.96
0.00
17.02
43.44
40.80
9.63
0.00
15.47
6.55
15.54
25.95
14.78

0.00
6.85
6.51
2.36
0.00
22.59
1.82
2.33
11.70
42,04
0.30
6.61
4.04
15.30
6.29
13.25
98.16
22,71
1.42
0.00
8.96
10.77
0.00
14.49
2.37
L.36
0.34
4.02
5.29

8.61
11.80
36.94
10.49

0.00

4.37

6.56

7.07

2.34

0.00

7.37

1.10

7.70

8.30
11.24
55.23

0.00
23.98

0.00
59.02
34.99
39.29
62.36
85.26
45.75

3.84
55.68

8.22
17.27

23.32

87.14 F 1

56.71
40.89
58.74 F 2
58.62
37.00
9.95
61.23
56.97 F 3
58.08
42.01
42,70
20.25
0.63 F 4
18.60
28.86
1.74
0.42
0.00
2.54 F 5
0.26
10.78
63.80
4.80
17.81
42,56

1026 Factor Profiles (% of species total) from Base Run #13 (Mon-Convergent Run)

A B c
991 11 Ca2+

992 11 PM10

993

995

996 12 Al 18.00
997 12 As 20.28
998 12 Br 33.22
999 12 Ce 0.00
1000 12cr 6.14
1001 12 Cu 12.17
1002 12 Fe 18.31
1003 12 Mn 18.05
1004 12 Ni 0.00
1005 12 sb 0.00
1006 12 Si 20.83
1007 12 Sm 13.95
1008 12 Ti 13.44
1003 12V 0.00
1010 12 Pb 16.17
1011 12 7n 8.35
1012 12 EC 121
1013 12 oC 17.76
1014 12 CO32- 69.72
1015 12 Cl- 22.22
1016 12 NO3- 12.18
1017 12 5042- 3.14
1018 12 Na+ 25.46
1019| 12 NH4+ 0.00
1020 12 K+ 25.64
1021 12 Kns 24.45
1022 12 Mg2+ 23.64
1023 12 Ca2+ 44,01
1024 12 PM10 20.10
1025

1027

1028 13 Al 1.79E+01
1029 13 As 2.026+01

M 4 » M| CVSsources profile /%1

5.43E+00 0.00E+00 B.74E+00 6.40E+H01
1.31E+01 6.87E+00 1.1BE+01 4.80EH01

Br, CO,%, Ca?*

Cr, Ni, Sb, V,
NO,, SO,

Sb, EC

Br, Zn, CI, NOg,,
SO,%, Na*,
NH4+, +, Mg2+
Al, As, Ce, Cr,
Cu, Fe, Mn, M,
Si, Sm, Ti, V, Pb,
Kns

Identifications of sources

Local soil

Anthropogenic
source

Anthropogenic
source

Sea

Sahara dust
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100

% of species [PM, ] gravimetry (ug.m"®)

cooo
Si=g=R=]
©O 5 ®

200
+100
0

D Conc. of species @ % of species

600

0.98x+4.4 |

500

Dec

r=0.99

y

360 460
Nov

Oct

-3
[PM, ] model (ng.m™)

200

—— PM_ measured by gravimetry
Sep

100

Aug

Jul

EC I Sca 2 Sahara

Anthr.

Sea l

Jun

Apr May

Mar

Feb

Base model results

Jan

o
< M N
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—rT T

o O O O O O o
o O O O O
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Base model results

O
~—~

a) _, e I"".‘ 140

120

[ MY I 4

100 4

-25

Concentration (ug.m's)

Meters AGL

PM10 Local soil Anthr. EC Sea Sahara

C) Cluster 1 Cluster 2 Cluster 3 Cluster 4

17%

19% 18%
3%
1%
7%
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File  View Action Help

Input/Cutput Files

Residual Analysis

Analyze Input Data
O/P Scatter Plot

O/P Time Series

Model Execution

Base Model Results
Profiles/Cortribs | | Aggregate Contribs | G-Space Plot

Bootstrap Model Results

Factor Pie Chart

Fpeak Model Results

Diagnostice

Rel. Cont

Yearly Contributions

T
2011(133)

2012 (7

Rel. Cont.

MW B @ - @

-

Seasonal Contributions

L

T —

—_—

—

T
Winter (53)

T T
Spring (20) Summer (30)

Fall (27}

Rel. Cont.

Weekday/Weekend Contributions

L

]

3 4 5

T
Weekday (99)

T
‘Weekend (41)

6 7 & 9 10 1113 14 15 16 17 18 19 20 | Factor 1 2 3 4

Aggregate Contribs

Objective:
- Display the factors contribution
discriminated:
- byyear;
- season;
- weekday/wekeend
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U

[E= )

File  View Action Help

Input/Outpt Files | Analyze Input Data | Model Execution ||Base Model Resuks \ Bootstrap Model Resutts | Fpeak Model Resuits |
Residual Analysis ‘ /P Scatter Plot | 0/P Time Series | Profiles/Contribs | Aagregate Contribs | G-Space Plot | Factor Pie Chart | Diagnostics |

Rum: 1 2 3 4 5 6 7 & 91011131415161?181920

Select Factors G-Space Plot
Y Auds
Factor 1 G-Space Plot - Run 12
Factor 2 -
Factor 3 F
Factor 4 10
F
: 5
°F
F °
8k
F o
TE 0
E -]
r @ @
= f °
=
5
e F
=2 F
ER
2 5L
¥ Auds = F °
Factor 1 S F
Factor 2 o F o
Factor 3 2 F o
& 4k o
Factor 5 b F o
F o
F o
F o
3k
. o
F e o
F o
1 o
E L) e 0 a o
o o
1B o
o s =
a B @
L 9 o ° o
P o @ 2 = o
° ° e ®a “
F o Foo @ ° o o o
L T T T AT T T Ty T s SRR B s LI ST
-02 00010203 04050607 080910111213 1415 1617 18 1820 21 22 23
Factor 4 Contributions (avg=1)

04-02-2011 14:00:00 |

Factor 5 = 9.40300 |

Factord = 0.78192

i o o

w

Factor 4 Contributions (avg=1)

G-Space plot

Objective:
- Display 1 factor contribution versus
the other;

- Determine if the solution
1- has filled the solution space —
edge of the scatter plot will
correspond to the axis
2 - has some rotational
ambiguity — appears na oblique
edge on a space plot

Factor 3 Contributions (avg=1)
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File View Action Help
Input/Output Files ‘ Analyze Input Data ‘ Model Execution ‘ Base Model Results Bootstrap Model Results | Fpeak Model Results ‘

Residual Analysis \ O/P Scatter Plot \ O/P Time Series |

Profiles/Contribs ‘ Aggregate Contribs ‘ G-Space Plot | ['Factor Pie Chart ‘ Diagnostics

Species Category
Al | strong
As ‘Weak
Br :Weak
Ce | strong
cr | strong
Cu ‘Weak
a ==
Mn | Strong
Ni :Weak
Sb Wezk
Si Strong
Sm | Strong
T Strong
v |Weak
Pb :Weak
2Zn .Weak
EC Strong
oc |weak
Coz2- :Weak
(=3 .Weak
NO3- Strong
S042- |Strong
Na+ :Weak
NH4+ .Weak
K+ Strong
Kns |Strong
Mg2+ Strong
Caz+ il Strong
PM10 Weak

PM10-Run 12

Run: 1 2 3 4 5 6 7 8 910111314151617181920

B Factor1
16.82500 (20.1%)
B Factor2
12.37000 (14.8%)
@ Factor3
4.42920 (5.3%)
B Faclor4
14.46000 (17.3%)
B Faclor5
35.62500 (42.6%)

Factor Pie Chart

Objective:

- Display the distribution of each
species among the factors
resolved by PMF
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Order of the operations

Bootstrap Model Fpeak Model
] Analyze Input Base Model ResSIts Results
Input/Output files Data Results
- Concentration - Concentration/ - Residual - Box Plots - Profiles/
file Uncertainty Analysis Contributions
- Summary
- Input file - Concentration - O/P Scatter Plot - G-Space
Scatter plot
-Output file - O/P Time Series - Diagnostics
' . - Concentration .
- Configuration Thione Ceres - Profiles/
file Contributions

- Data exceptions
- Aggregate
Contributions
- G-Space Plot
- Factor Pie Chart

- Diagnostics

Bootstrap runs
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Bootstrap runs

Objective: Estimate the stability and uncertainty of the solution
How?

1 — Randomly selects non-overlapping blocks of samples and creats a new input
data file of the selected samples;

2 - PMF is run on the new data set and each bootstrap factor is mapped to a base
run factor with which the bootstrap factor has the highest correlation, above a
user-specific threshold;

3 —If no base factors have a correlation above the thresholdfor a given bootstrap
factor, the factor is considered unmapped;
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Bootstrap runs

Selected base run — the base run to be
EIETTEE e S used to map each bootstrap run

File View Action Help
Input/Qutput Files Analyze Input Data Model Execution Base Model Results Bootstrap Model Results Fpeak Model Results

Base Model Run Summary . Base Model Runs N u m be r of bootst ra ps — It iS
Fun Mumber Q (Robust) Q (True) Converged Mumber of Runs: 20 Seed: 4
! piess I NorbercfFoctors: 5 recommended at least 100 bootstrap runs
3 81515 54729 Yes Output File Prefoc:  CVSsources E1 Run o .
: c2671 soods| Ve S to ensure the robustness of the statistics
] 8155.0 54621 Yes
7 81514 34730 Yes Selected Base Run: 12 Seed: 4
8 86254 55?8:5 Y:: Mumber of Bootstraps: 100 . . .
il} géi% Eglg% E:s Minimum Comelation R-Value: 0.6 Block Size: 7 IVI I n I m u m Co rre I at I o n R-Va I u es - t h e
S — — — ~™ I minimum Pearson correlation coefficient
e ciess o - sy 02 == that will be used in the assignement of a
17 8589.5 5375.1 Yes .
5 crecs I Serdnoffsk 2 [04 bootstrap run factor to a base run factor.
20 81525 94733 Yes sEghdii=ts | .
) Srnghf Foesk . 04 Default value 0.6 (can decrease if a large
Strength of Fpeak 5: 0.6 EJ Fun
— number of factors are unmapped)
| D

Seed — similar to base runs, starting point
for iterations

Block size — the number of samples that
will be selected in each step for
resampling
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Order of the operations

Fpeak Model
EII Results

Base Model Bootstrap Model

Analyze Input

Input/Output files Data Results

- Concentration - Concentration/ - Residual - Box Plots

file Uncertainty Analysis

- Profiles/

Contributions
- Summary

- Input file - Concentration - O/P Scatter Plot - G-Space
_ Scatter plot _ _
-Output file - O/P Time Series - Diagnostics
' . - Concentration .
- Configuration Thione Ceres - Profiles/
file Contributions

- Data exceptions
- Aggregate
Contributions
- G-Space Plot
- Factor Pie Chart

- Diagnostics
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Box Plots Summary

File  View  Action Help
Input/Output Files Analyze Input Data

Model Execution

Base Model Results

| Bootstrap Model Results

Fpeak Model Results

Number of factors:

Base model run number:
Number of bootstrap runs:
Bootastrap random seed:
Min. Correlation B-Value:

Extra modeling uncertainty (%) :

2
aa

1
1
4
0.8
L}
L}

How many

Mapping of bootstrap

factors to base factors:

1.1117E+000
1_0&53E+000
8_BZ45E-001
1_1183E+000
1_ZB0O4E+000

s R

Factor 1

Species

Rl
]
Br
Ce
Cr
Cu
Fe

5.7463E-001
6_3415E-001
4 _0350E-001
B_82Z2T7TE-001
&_S957E-001

Bootastrap run uncertainty statistics:

Base Bun
Profile
1.1210E+000
1.Z307E-004
3.0313E-003
0.0000E+000
Z_Z450E-004
4 _1255E-004
5_8&80E-001

T.8261E-001
8_5115E-001
6_Z030E-001
1_0000E+000
9_4554E-001

HWithin
IQR
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Bootstrap Buns:
Mezn
1.150ZE+000
1.Z256E-004
Z_5537E-003
&.8356E-004
3.5007E-004
3_772eE-004
5_T423E-001

1.0000E+000
1_0000E+000
B_Z2684E-001
1_08Z0E+000
1.1886E+000

Std. Dev.

3.68885E-001
Z.4260E-005
1.0271E-003
1.1220E-003
Z.9123E-004
1.773cgE-004
1.2714E-001

1.3Z57E+000
1.1734E+000
1._053%3E+000
1._2304E+000
1._3855E+000

Sth

4_Z587E-001
7.5845E-005
7.1530E-004
0.0000E+0Q00
0.0000E+0Q00
0_0000E+000
3_3051E-001

Base Factor 1 Base Factor 2 Base Factor 3 Base Factor 4 Base Factor 5 Unmapped
Boot Factor 1 1 1:] 3 1 [u] 15 ]
Boot Factor 2 1 74 1 z 8 1
Boot Factor 3 [u] Z Se [u] a [u]
Boot Factor 4 1 a 1 a7 a 11
Boot Factor 5 a a a a 100 a
Q{Robust) Percentile BReport:
Min Z5th Median T5th Max
5307 TZ3e 7571 7951 859¢
Variskility in factor strengths bzsed on bootstrapping:
Factor Mean Sth 25th Median 75th 95th

Z2.1277E+000
1_8e0ZE+000
1_6713E+000
1_50Z5E+000
Z_0BB7TE+000

25th

5_5460E-001
1.0773E-004
Z_0063E-003
0_.0000E+000
1.4106E-004
2 _BBeBE-004
5_051ZE-001

Median

1.1411E+000
1.ZZ00E-004
550ZE-003
aea0E-005
3.1875E-004
3.81%4E-004
5_753BE-001

Z.
Z.

bootstrap
factors were
matched to
each base
factor

75th

1_357
1.353
3.183
1.085:
4_773i
4_875%:
6_604:
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Bax Flots

File  View  Action
Input /AOutput Files

Summary

Help
Anahyze Input Data

Model Execution

Base Model Results

| Bootstrap Model Resultis
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Fpeak Model Results

Humber o

£ factors:

Base model run number: 1
Humber of bootstrap runs: 1
Bootstrap random seed: 4
Min. Correlation E-Value: 0.8
5
5

Extra modeling uncertainty (%) :

Mapping of bDoOOTStCrap ractors Lo

base Tactors:

How many

bootstrap factors

»

m

were matched to
each base factor

Base Factor 1 Base Factor 2 Base Factor 3 Base Factor 4 Base Factor Tnmapped
Boot Factor 1 L-1=] 3 1 a 15 9
Boot Factor 2 1 74 1 2 8 1j
Boot Factor 3 a z =1=] a a a
Boot Factor 4 1 a 1 87 a 11
Boot Factor 5 Li} L] Li} i} 100 i}
QiRnbustJ Percentile REEnrt:
Min 25th Median 75th Max
5307 7238 TETL 7951 859¢
Wariability in factor strengths based on bootstrapping:
Factor Mean 5th Z5th Median 75th 85th
1 1.1117E+000 5_T7483E-001 T.82€1E-001 1_0000E+000 1_3Z57E+000 2_1277E+000
z 1_0&55E+000 &.3415E-001 8_.5115E-001 1_0000E+000 1.1734E+000 1.8602E+000
k] 8_.82Z45E-001 4 _0350E-001 &_.2050E-001 8_.2884E-001 1_0533E+000 1.&713E+000
4 1.1183E+000 8.82Z7E-001 1.0000E+000 1.0820E+000 1.2304E4+000 1.5025E+000
5 1.2804E+000 &.9557E-001 S.4554E-001 1.188€E+000 1.3955E+000 2.0887E+000

Bootstrap run uncertainty statistics:

Factor 1

Species

Al
As
Br
Ce
Cr
Cu
Fe

Bzse Bun
Profile
1.1210E+000
1_.2307E-004
3_.0%13%E-003
0_0000E+000
2_Z430E-004
4 _1233E-004
5_&880E-001

Within

Bootstrap Buns:

IQR
¥eg
¥eg
¥eg
¥eg
¥eg
¥eg
¥eg

Mean

1.1502E+000
1.22Z23cE-004
2 _5537E-003
&.699cE-004
3_5007E-004
3_772ZcE-004
5_7423E-001

S5td. Dewv._

3_8885E-001
Z2_4Z2g0E-005
1_0271E-003
1.1220E-003
Z2_9125E-004
1.773eE-004
1.2714E-001

5th

4 _Z587E-001
7_5845E-005
7_-1530E-004
0_0000E+000
0_0000E+000
0_0000E+000
3_3051E-001

Z25th

9 _5460E-001
1_0779E-004
Z_0063E-003
0_0000E+000
1_4106E-004
Z_BBeBE-004
5_0512ZE-001

Median

1.1411E+000
1_.22Z00E-004
-5502E-003
-88e0E-005
3.1875E-004
3.813%4E-004
5_7938E-001

2
2

T5th

1_337
1_333
3.183
1_083
4_773
4_679
6_604
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Bootstrap Model Results

file View  Action  Help
sput/Output Files | Analyze Input Data Model Execution Base Model Results Bootstrap Model Results | Fpeak Model Results
Jox Plots | Summary

— _ o— proflle
Variability in Percentage of Species egend: =52 Fun
100 E ) — Median 5 h
& - bt % percentlle of
a0 E +
N - bootstrap runs
o ’ Median of
$
+
4 f
.'J=

Base run

+ $ i
. . + % X, bootstrap runs
o +
- : . T @ Values beyond 25t
E — + + .
L t[ % IR U and 75" percentiles
20 + i + + +
g SN
0 : T 1 T T ’i‘ ? % T T T .I T T i T
yoE s S &% G C‘% %, Y 2 B Yy BB By Gy "’4,7&
\ariability in Concentration of Species begend: = S'Z:‘? Run
100 F
-
10" Ef
10° —i. * @ % + ; %
%10‘— i’ é + | i = 5 %
8 ol * % i ; % % @ :
LI TR A L T
107k L E 4 e I o + 4+ L Ll L MR
% 'I% & I% IO» IQ, I"% l% I"% 15‘4 ® I‘SL,? > b I’% IT‘o I% IOC. Ic'% IQ I-Qx Idbz? l‘-gx IA"S&K % 1@0 '4%* 'qu ' 4,%
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Uncertainty of the solution 2
432 Variability in concentration of species:
“x ” 4
- Go to output file diag.txt”.  |sarscor:
- 435 Base Run Within  Bootstrap Runs: Uncertainty
436 Species  Profile  1QR Mean Std. Dev. 5th 25th Median 75th 95th {75th-25th)/2
" . 237|Al 1.12E+00 Yes 1.1SE+00 3.69E-01 4.26E-01 9.55E-01 1.14E+00 1.40E+00 1.78E+00  2.21E-01
- In BOOtStrap run Uncertalnty 438 | As 1.23E-04 Yes 1.23E-04 2.43E-05 7.586-05 1.08E-04 1.22E-04 1.39E-04 1.60E-04  1.58E-05
L. R . 429 Br 3.09E-02 Yes 2.55E-03 1.03E-03 7.15E-04 2.01E-03 2.556-02 3.18E-02 4.14E-02  5.89E-04
statistics - Va rlablllty N a40|ce 0.00E+00 Yes 6.70E-04 1.12E-03 0.00E+00 0.00E+00 2.67E-05 1.09E-03 3.32E-03  5.45E-04
. ) amcr 2.25E-04 Yes 3.50E-04 2.91E-04 0.00E+00 1.41E-04 3.196-04 4.77E-04 1.01E-03  1.68E-04
124
concentration of species we 443/ cu 4.13E-04 Yes 3.77E-04 1.776-04 0.00E+00 2.89E-04 3.82E-04 4.686-04 7.22E-04  8.96E-05
find fthe b 223 |Fe 5.67E-01 Yes 5.74E-01 1.27E-01 3.31E-01 5.05E-01 5.79E-01 G6.60E-01 7.67E-01  7.77E-02
N OUtpUt or the OOtStrap 244 Min 9.22E-03 Yes 9.46E-03 2.26E-03 5.03E-03 B8.06E-03 9.71E-03 1.086-02 1.34E-02|  1.36E-03
45| Ni 0.00E+00 Yes 8.07E-05 2.19E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.62E-04  0.D0E+00
factor by factor. 446|5b 0.00E+00 Yes 8.63E-06 1.52E-05 0.00E+00 0.00E+00 0.00E+00 1.26E-05 4.54E-05  6.31E-06
aa7|si 2.31E+00 Yes 2.29E+00 6.26E-01 B8.78E-01 2.01E+00 2.27E+00 2.72E+00 3.38E+00  3.56E-01
243|5m 7.67E-05 Yes 9.22E-05 4.70E-05 1.43E-05 7.25E-05 9.00E-05 1.11E-04 1.98E-04  1.90E-05
. . 249 |Ti 4.25E-02 Yes 4.67E-02 1.35E-02 2.36E-02 3.78E-02 4.75E-02 5.34E-02 7.44E-02  7.78E-03
The Uncertalnty is the as50/v 0.00E+00 Yes 2.63E-04 3.54E-04 0.00E+00 0.00E+00 6.59E-05 4.89E-04 1.16E-03  2.45E-04
: 451/pb 6.59E-04 Yes 6.76E-04 1.79E-04 3.11E-04 5.87E-04 6.81E-04 7.82E-04 9.71E-04  9.72E-05
absolute difference between 452|7n 1.55E-03 Yes 1.96E-03 1.56E-03 0.00E+00 1.12E-03 1.80E-03 2.42E-03 4.03E-03  6.51E-04
the 75th and 25th percentiles as53|EC 2.01E-03 No 1.40E-03 2.68E-03 0.00E+00 0.00E+00 4.46E-04 1.65E-03 6.74E-03  8.26E-04
as54|0C 1.72E-01 Yes 1.70E-01 6.42E-02 6.05E-02 1.32E-01 1.696-01 2.02E-01 2.83E-01  3.51E-02
divided by two. 455|C032- 7.58E-01 Yes 5.76E-01 2.57E-01 1.13E-01 4.40E-01 6.06E-01 7.63E-01 9.84E-01  1.62E-01
456/Cl- 1.25E+00 Yes 1.26E+00 6.14E-01 3.20E-01 B.65E-01 1.24E+00 1.53E+00 2.44E+00  3.32E-01
457|NO3- 1.54E-01 Yes 1.97E-01 1.45E-01 0.00E+00 7.298-02 1.86E-01 2.87E-01 5.08E-01  1.07E-01
4538|5042 1.83E-01 Yes 3.38E-01 2.27E-01 0.00E+00 1.81E-01 3.16E-01 4.59E-01 8.31E-01  1.39E-01
459|Na+ 1.09E+00 Yes 1.00E+00 4.85E-01 2.85E-01 7.06E-01 1.01E+00 1.22E+00 1.93E+00  2.58E-01
460 NH4+ 0.00E+00 Yes 8.92E-04 2.83E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.00E-03  0.DOE+00
461K+ 5.85E-02 Yes 5.72E-02 2.02E-02 2.04E-02 4.63E-02 5.82E-02 6.75E-02 8.74E-02  1.06E-02
462 Kns 2.52E-01 Yes 2.34E-01 7.30E-02 6.78E-02 2.00E-01 2.35E-01 2.86E-01 3.42E-01  4.27E-02
463 Mg2+ 1.00E-01 Yes 9.78E-02 4.20E-02 3.42E-02 7.13E-02 9.54E-02 1.18E-01 1.72E-01  2.31E-02
464|Ca2+ 4.77E-01 Yes 4.25E-01 1.42E-01 1.39E-01 3.50E-01 4.37E-01 5.24E-01 6.36E-01  8.72E-02
465 PM10 1.68E+01 Yes 1.69E+01 G6.40E-01 1.60E+01 L.66E+01 1.69E+01 1.73E+01 1.83E+01  3.47E-01
466
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Order of the operations

Bootstrap Model Fpeak Model
] Analyze Input Base Model ResSIts Results
Input/Output files Data Results
- Concentration - Concentration/ - Residual - Box Plots - Profiles/
file Uncertainty Analysis Contributions
- Summary
- Input file - Concentration - O/P Scatter Plot - G-Space
Scatter plot
-Output file - O/P Time Series - Diagnostics
' . - Concentration .
- Configuration Thione Ceres - Profiles/
file Contributions

- Data exceptions
- Aggregate
Contributions
- G-Space Plot
- Factor Pie Chart

- Diagnostics

Fpeak runs
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Fpeak runs

Rotation ambiguity

- The user should inspect the G-space plots for each pair of factors in the original
solution to determine if an incorrect rotation has occured .

- In this case the solution must to be rotated to the real solution using Fpeak

1)

Factor 4 Contributions (avg

Factor 3 Contributions (avg=1)
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Fpeak runs

File View Action Help
Input/Output Files ‘ Anatyze Input Data | I Model Execution | Base Model Results Bootstrap Model Results Fpeak Model Results

Base Model Run Summary Base Model Runs
Fun Mumber @ (Robust) Q (True) Converged Number of Runs: 20 Seed: 4
1 8155.9 5462.5 Yes
2 81548 94622 Yes Mimberof facors—H 3
3 81515 94725 Yes Output File Prefic: - CVSsources
4 8287.7 53345 Yes
5 8137.1 94874 Mo Bootstrap Model Runs
[ 8155.0 9462.1 Yes
7 81514 9473.0 Yes Selected Base Run: 12 Seed: 4
8 86254 96628.9 Yes =
3 21526 Q714 Yes Mumber of Bootstraps: 100 Suggest Block Size
10 8475 98158 No Minimum Correlation R-Value: 0.6 Block Size: 7
11 8589.7 5378.7 Yes
12 81384 94832 Yes
13 81504 5461.9 Mo
14 81548 94625 Yes frerliEmElioe
15 8155.8 5462.9 Yes Selected Fpeak Runs: Selected
16 8353.0 9485.3 No Strength of Fpeak 1: | 0.2 Base
. - Run: 12

17 £589.5 53731 Yes Values should be between -5 and 5
18 81504 9473.0 Yes Strength of Fpeak 2. 0.4 ( F K 0)
13 81558 94634 Yes : eak #
20 21525 94713 Yes Strength of Fpeak 3: 0.2 p

Strength of Fpeak 4 0.4

Strength of Fpeak 5 0.6

Fun Progress
|
Fpeak Model Run Summary
Strength dQ(Robust) G {Robust) Q (True) Converged
2] 287 8167.1] 3464.8 | Yes

HAVE Concentration Data HAVE Uncertainty Data | HAVE Base Results | HAVE Bootstrap Results
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Fpeak runs

File View Action Help
Input/Output Files ‘ Anatyze Input Data | I Model Execution | Base Model Results Bootstrap Model Results Fpeak Model Results

Base Model Run Summary Base Model Runs
Fun Mumber @ (Robust) Q (True) Converged Number of Runs: 20 Seed: 4
1 8155.9 5462.5 Yes
2 81548 94622 Yes Mimberof facors—H 3
3 81515 94725 Yes Output File Prefic: - CVSsources
4 8287.7 53345 Yes
5 8137.1 94874 Mo Bootstrap Model Runs
[ 8155.0 9462.1 Yes
7 81514 9473.0 Yes Selected Base Run: 12 Seed: 4
8 86254 96628.9 Yes =
3 21526 Q714 Yes Mumber of Bootstraps: 100 Suggest Block Size
10 8475 98158 No Minimum Correlation R-Value: 0.6 Block Size: 7
11 8589.7 5378.7 Yes
12 81384 94832 Yes
13 81504 5461.9 Mo
14 81548 94625 Yes frerliEmElioe
15 8155.8 5462.9 Yes Selected Fpeak Runs: Selected
16 8353.0 9485.3 No Strength of Fpeak 1: | 0.2 Base
. - Run: 12

17 £589.5 53731 Yes Values should be between -5 and 5
18 81504 9473.0 Yes Strength of Fpeak 2. 0.4 ( F K 0)
13 81558 94634 Yes : eak #
20 21525 94713 Yes Strength of Fpeak 3: 0.2 p

Strength of Fpeak 4 0.4

Strength of Fpeak 5 0.6

Fun Progress
|
Fpeak Model Run Summary
Strength dQ(Robust) G {Robust) Q (True) Converged
2] 287 8167.1] 3464.8 | Yes

HAVE Concentration Data HAVE Uncertainty Data | HAVE Base Results | HAVE Bootstrap Results
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Order of the operations

Fpeak Model

Base Model Bootstrap Model

Analyze Input Results

Input/Output files Data Results

- Concentration - Concentration/ - Residual - Box Plots
file Uncertainty Analysis
- Summary
- Input file - Concentration - O/P Scatter Plot
_ Scatter plot _ _
-Output file - O/P Time Series
' . - Concentration .
- Configuration Thione Ceres - Profiles/
file Contributions

- Data exceptions
- Aggregate
Contributions
- G-Space Plot
- Factor Pie Chart

- Diagnostics



Fpeak model results
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[E¥] EPA PMFv3.0.22

pr— =Na=N X

File  VWiew  Action

Profiles/Cortributions

Help

Input/Output Files | Analyze Input Data Model Execution Base Model Results Bootstrap Model Results Fpeak Model Results

G-Space Plot Diagnostics

| Fpeak Factor Profile Legend: % of Species
3 Conc. of Species
— 100
10" |- _ i
w H 80
210° 1. Z
;’% p A=
2 1" 1.3
g 107 140 2
[=] wl
© 4g° [ H H H 20
10 Y |_I| t } } t t } t + t |I_| t 1 t t } t + } 1 |T| } } t } t 0
TES GG QN EERY B2 NS RGNk R Y Y,
Fpeak Factor Contributions
360 F = 360
270 £ l 3270
w £ E L9
g F | ]] r 1 S
s F i 8
= = | 3
5180 * | “ | J1803
[ C =
oEl || | e
i\ ] | pin
E i3
i S W R Y N | A D% u“\/\f-\ WaRN 1,
03-03-2011 25-04-2011 17-06-2011 09-08-2011 01-10-2011 23-11-2011

Fpeak: 02 -04 [02]04 06 |Factor 1 2 3 4

| 09-01-2011 12:00:00

| Concentration = 54.19598 [

Total Variable = PM10 [ Species Factor = 35.564




Fpeak model results

TECNICO
LISBOA

File  View  Action

nput/Output Files | Analyze Input Data ‘ Mode! Execution | Base Model Results | Bootstrap Model Results | I Fpeak Model Results |

Profiles/Contributions ||G-Space Plot | Diagnostics |

Help

:ulil—g

Select Factors G-Space Plot
Y Auis
Factor 1 Fpeak G-Space Plot (Strength = -0.2)
Factor 2
Factor 3 E
Factor 4 10 F
E
E a
9k
F o
8 F
E o
TE .
E. o .
- f a
L 6F
= F
= F
5 F
-
X Fods E5F E
o F
Factor 1 5] F
Factor 2 o F o
Factor 3 =l F
5 40 o g
Factor & - F ©
L o
F o
N -]
3E
F %a
F o
2 F o
E o ee 4 ]
F o
F o a
I= o
1 :— o
E ol L) o
L o o @ o o g
F o ° o °
F s @ ° %an 6o "
[ @ o o
°F ., OIS C\"'?.ﬂf"l:o?wiw;o“?aﬁh&umﬁ' Ao -
0 1
Factor 4 Contributions (avg=1)

BaseRun Fpeak: [-02]-04 02 04 06

24-02-2011 1

4:30:00

Factor 5 = 1.49470

Factor 4 = 0.89150




TECNICO
LISBOA

Thank you for your attention



