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Once obtained the solution

strong: Cl, K, Ca, Ti, Fe, SO24, NO3, NH4, OC,
and EC.

weak: Na, Mg, Al, Si, V, Cr, Mn, Co, Ni, Cu, Zn,
As,Br, Pb. PM2.5 was set as the total variable

10% extra uncertainty

6 factors
Seed: 20



Error estimate — Base run

BS (random errors)
DISP (rotational errors)
BS-DISP (random+rotational)

Paatero, P., Eberly, S., Brown, S.G., Norris, G.A. Methods for estimating
uncertainty in factor analytic solutions (2014) Atmospheric Measurement
Techniques, 7 (3), pp. 781-797.

Brown, S.G., Eberly, S., Paatero, P., Norris, G.A. Methods for estimating
uncertainty in PMF solutions: Examples with ambient air and water quality
data and guidance on reporting PMF results (2015) Science of the Total
Environment, 518-519, pp. 626-635.



Output error estimate

1. Random errors (Bootstrapping).
2. Rotational errors (Displacement)
3. Both (BS-DISP)
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Bootstrapping diagnostic

e Random errors, partially evaluates the
rotational ambiguity

* not influenced by the user-specified sample
uncertainties.

e >80% mapped factors




Model Data IB&”M Rotational Tools | Help

Base Model Runs | Base Model Resuts | Base Model DISP Resuts | [ Base Model Bootstrap Resuts | Emor Estimation Summary |

Bootstrap Box Plots | [ Bootatrop Surmary |

Base model run number: 25
Number of bootstrap runs: 20
Bootstrap random seed: 33

Min. Correlation R-Value: 0.6
Number of factors: 8
Extra modeling uncersainty (3): 7
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Bootstraap base run

[Base Model Runs | Base Model Resuts | Base Model Bootsirap Resuts | Base Model DISP Resuts | Eror Estimation Summary |
Base Model Runs Base Model Run Summary
Number of Runs: 30 Number of Factors: 6 Run Number Q (Robust) Q (True) Converged
 — 1 [ 699.4 | 699.4 | Yes
Random Stat  Seed Number: 33 2 o e e e oo
o non . r S04 S04 Yo
] L es
Il 5 6394 6394 Yes
Selected Base Run: 3 6 699.4 699.4 Yes
7 699.4 699.4 Yes
Base Model Bootstrap Method 8 699.4 699.4 Yes
Selected Base Run: 3 9 699.4 699.4 Yes
— 10 6994 699.4 Yes
Block Size: 5 i 6394 6394 Yes
Number of Bootstraps: 20 12 6994 6994 Yes
13 699.4 699.4 Yes
Min. Comelation R-Value: 0.6 14 695.4 695.4 Yes
15 699.4 699.4 Yes
o 16 6994 699.4 Yes
Displacement Species  Cat S/N a 17 6934 6994 Yes
18 6934 693.4 Yes
Mo NS 03 18 6394 6394 Yes
O M| Weak 20 20 6934 699.4 Yes
- 21 6994 699.4 Yes
o AN 37 £ 2 639.4 693.4 Yes
O Si| Weak 08 2 699.4 699.4 Yes
24 6994 693.4 Yes
o S|mmEsd 100 2 6994 6954 Yes
0O o Stong 97 % 4 699.4 Yes
27 699.4 699.4 Yes
O K| Strong 97 28 £99.4 699.4 Yes
a Ca| Strong 98 23 699.4 699.4 Yes
o T - 0 6934 699.4 Yes
0 V| Weak 00
a Cr | Weak 09
O M | Weak 41
[m] Fe Strong 99
O Co | Weak 00
n Ni 01 2
Run Progress
e i (@ 5]
_Help | HAVE Concentration Data | HAVEUncertainty Data | HAVE Base Results | HAVE DISP Results HAVE Bootstrap Results | NO BS-DISP Results E




BS summary

. AP {r=y-n |

Model Data | [ Base Mocel | Rotational Tools | Help |
Base Model Runs Base Model Results | | Base Model Bootstrap Results | Base Model DISP Results | Emor Estimation Summaty
Bootstrap Box Plots Bootstrap Summary

Base model run number: 3

Number of bootstrap runs: 20
Bootstrap random seed: 33
Min. Correlation R-Value: 0.6

Number of factors:
Extra modeling uncertainty (%): 10

[

Mapping of bootstrap factors to base factors:

Coal combustion Secondary nitrate Bicmass burning Secondary sulfate Soil Traffic Unmapped
Boot Factor 1 20 0 0 0 o
Boot Facter 2 0 2 (] 0 0 0 [}
Boot Factor 3 0 (1] 20 0 0 0 [:]
Boot Factor 4 o [ o 19 0 1 o
Boot Facter § [} ] o o 20 0 o
Boot Factor € ] ] o o o 20 o
Q{Robust) Percentile Report:
Min 25th Median 75th Max
484 611 635 6€3 754
Bootstrap run uncertainty statistics:
Coal combustion Base Run Within Bootstrap Runs:
Species Profile IgR Mean Std. Dev. Sth 25th Median
Na 2.0549E-002 Yes 9.8763E-002 1.7253E-001 0.0000E+000 0.0000E+000 0.0000E+000
Mg 1.0€0€6E-002 Yes €.8721E-003 €.5992E-008 0.0000E+000 1.0861E-004 5.9493E-008
Al 3.7713E-002 No 2.6637E-002 1.3771E-002 1.2527E-002 2.5080E-002
Si 6.5109E-002 No 3.7369E-002 2.1629E-002 1.6183E-002 4.3265E-002
c1 2.7279E+000 Yes 2.7032E+000 2.8333E-001 2.4653E+000 2.7801E+000
K 2.2301E-001 No 2.9380E-001 1.3180E-001 3.6714E-002 2.2890E-001 2.7252E-001
Ca 8.1797E-002 No 5.7433E-002 2.5754E-002 1.1103E-002 3.2196E-002 5.9560E-002
Ti 1.8893E-003 Yes 1.13372-003 9.8068E-004 0.0000E+000 1.0495E2-005 1.2985E-003
v 0.0000E+000 Yes 0.0000E+000 0.0000E+000 0.0000E+000 0.0000E+000 0.0000E+000
Cr 3.7675E-004 No 5.4399E-004 2.726SE-004 5.860! 006 4.0487E-004 5.5712E-004
Mn §.7108E-003 Yes 6€.6713E-003 2.5097E-003 2.4645E-004 5.1324E-003 6.6626E-003
Fe 4.9068E-002 Yes 4.8230E-002 0_0000E+000 3.8483E-002 7.3317E-002
Co 0.0000E+000 Yes 1.1258E-004 0_0000E+000 0.0000E+000 5.8285E-006
Ni 0.0000E+000 Yes B8.1023E-005 0.0000E+000 0.0000E+000 0.0000E+000
Cu 8.10422-003 Yes 7.6276Z-003 2.22492-008 3.6827E-003 5.3758E-003 B8.34432-003
Zn 1.0541E-001 Yes 1.1126E-001 3.1304E-002 2.7764E-002 1.02132-001 1.1798E-001
As 0.0000E+000 Yes 0.0000E+000 0.0000E+000 0.0000E+000 0.0000E+000 0.0000E+000
Br 8.0782E-003 Yes B.5738E-003 1.4001E-003 €.1348E-003 7.2873E-003 B.6834E-003
Pb 6.2906E-002 Yes 7.2379E-002 2.3150E-002 1._4658E-002 5.9253E-002 7.2297E-002
8042- 1.2925E+000 Yes 1.0450E+000 1.2429E+000 0.0000E+000 0.0000E+000 5.4756E-001
NO3- 3.5019E+000 Yes 2.6175E+000 1.6094E+000 6€.7685E-003 1.4107E+000 2.5542E+000
NH4+ 2.54012+000 No 2.1041E+000 7.3168E-001 1.6120E+000 1.9273E+000
oc 9.7838E-001 Yes 1.8335E+000 1.0411E+000 6.7275E-001 1.51812+000
EC 4.8311E-002 Yes 2.0033E-001 2.470SE-001 0.0000E+000 3.9418E-013 7.0127E-002
M™M2.5 9.7420E+000 Yes 5.0369E+000 3.0845E+000 3.8304E+000 6.5128E+000 B.3249E+000
Secondary nitrate Base Run Within Bootstrap Runs:
Species Profile IgR Mean Std. Dev. Sth 25th Median
Na 4.1846E-001 Yes 3.5479E-001 2.5892E-001 0.0000E+000 1.6886E-001 23.0433E-001
Mg 0.0000E+000 Yes 2.4760E-003 5.4103E-003 0.0000E+000 0.0000E+000 0.0000E+000
Al 2.5735E-002 Yes 2.8410E-002 1.8545E-002 3.1161E-003 1.4795E-002 2.2649E-002
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DISP

Only on strong species.

Valid only if data uncertainties
are reliable

Invalid if Q/Qexp>10

Diagnostics:

 Error code: 0

e Second value <1%
e Number of swaps

.

% PAPMF
Modei Data | [ Base Model | Rotationsl Tooks | Help
[Bsse Mode Furs | Base Model Resuts | Base Model DISP Resuts | Base Model Bootstrap Resuts | Eror Estrmation Summary
Base Model Runs Base Model Fun Summary
Nuriser of Runs: 30 Numberdf Facton: & Fun Number
oo o0 cocd e

Eror Estimation

Base Mods Displacement Method
Selected Base Fun: 23
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Displacement

ks | Base Model Boctsirap Resuts | Ermor Estmation Summary

e Assesses the largest range of source
profile values without an appreciable
increase in the Q-value

Base Model Run Summary
Fun Number

 For example, if 20 species are in a data
set and a 7-factor model has been fitted,
then the DISP method will estimate 20 x 7
= 140 intervals for each dQmax value.

R U R

El Run

e The model generates results for the e,

following dQMax values: 4, 8, 15, and 25. ==

Plots are only shown for dQmax of 4 % NAl Gk AL



DISP results

4 txt files generated (one for each dQmax)

In each file, there is a line with two numbers, followed by four lines
of data. In the first line, the first value is an error code: 0 means no
error; 6 or 9 indicates that the run was aborted; 6 indicates there
were too many swaps, and 9 indicates Q decreased too much. If this
first value is non-zero, the DISP analysis results are considered
invalid. The second value is the largest observed drop of Q during
DISP.

Below the first line is a four-line table that contains swap counts for
factors (columns) for each dQmax level (rows). The first row is for
dQmax = 4, the second row dQmax=8, the third dOmax=15 and the
fourth dQmax=25. The swap counts are a key indicator of the
stability of a PMF solution and swaps at dQmax = 4 or the first row
in the table indicate that thesolation should not beinterpreted.

Model Data Base Model Rotational Tools Help

Base Model Runs Base Model Results Base Model Bootstrap Rest

DISP Box Plots DISP Summary

0 =0.015




__DISPresl.txt

” / <1% (otherwise it was not a global minimum)

| 6f_DISPres1: Bloc de not
Archivg Edicion Formato Ver Ayuda

species

-0.015
ol o o 0 0 o0
ol o o 0 0 0 f t
o] 2 1 2 0 3
e & 9 4 6 1 7 a C O rS
0.00000E+00  0.00000E+00  0.36258E+00 0.16112E+01  0.74664E+00  0.29333E+00
0.00000E+00  0.00000E+00  0.85038E-02  0.86904E-02  0.52903E-01  0.98530E-02
0.00000E+00  0.00000E+00  0.18424E-01  0.15908E-01  0.12515E+00  0.00000E+00
0.00000E+00  0.00000E+00  0.00000E+00  0.00000E+00  0.24725E+00  0.12105E-01
0.21387e+01  0.00000E+00 -0.11352E-15  0.00000E+00  0.00000E+00 -0.16233E-15
0.00000E+00  0.00000E+00  0.67734E+00  0.00000E+00  0.00000E+00  0.00000E+00 .
0.00000E+00 -0.72599E-18  0.00000E+00 -0.23703E-25 0.20063E+00 -0.16314E-19 4 matrixes
0.00000E+00 -0.74138E-18 0.48127E-03  0.00000E+00  0.78294E-02  0.00000E+00
0.00000E+00  0.00000E+00  0.26015E-03  0.11572E-03  0.31990E-03  0.00000E+00 . .
0.00000E+00  0.60598E-03 0.15104E-02  0.00000E+00  0.53472E-03  0.79752E-03 (1) the proflle matrix upper
SIMEE Dl DL Sonss Simie ol
-0.1 4E-1 5 E+ .24 E+ = E+ 0. 4E-01 . E+ . .
0.00000E+00  0.00000E+00  0.51186E-03  0.00000E+00  0.56508E-03  0.55116E-04 bOU nd, INn concentration
0.00000E+00  0.00000E+00  0.53203E-03  0.28104E-03  0.33932E-03  0.51803E-03
0.55038E-02  0.40191E-03  0.00000E+00  0.60574E-02  0.68132E-02  0.46162E-02 ey
0.77652E-01  0.33606E-01  0.63261E-01  0.43343E-01  0.38737E-01  0.35498E-02 un ItS,
0.00000E+00  0.17803E-03  0.00000E+00 -0.53889E-19  0.45405E-03  0.00000E+00
0.56773E-02  0.00000E+00  0.30019e-02 0.24781E-02 0.10566E-02  0.42132E-02 . .
0.33266e-01  0.00000E+00  0.51553E-01  0.24174E-01 -0.74245E-19  0.00000E+00 (2) the p rOfI |e matrix |Ower
0.00000E+00  0.00000E+00  0.00000E+00  0.11134E+02 -0.41297E-16  0.00000E+00
-0.50713E-15 0.66076E+01  0.00000E+00 -0.18024E-14  0.00000E+00  0.00000E+00 bO un d I n co ncentratio n
0.489526+00 0.14829E+01 -0.18095E-16  0.44621E+01  0.00000E+00  0.00000E+00
0.00000E+00 -0.11876E-14  0.00000E+00  0.00000E+00  0.00000E+00  0.94964E+01 ’
-0.32456E-17  0.99727E-01  0.00000E+00  0.00000E+00  0.00000E+00  0.26317E+01 .
0.30323E+01  0.11362E+02  0.57497E+01  0.21347E+02  0.53832E+01  0.19782E+02 units:
0.10000E+01  0.10000E+01  0.10000E+01  0.10000E+01  0.10000E+01  0.10000E+01 ’
0.48502E+00 0.10071E+01  0.13397E+01  0.29933E+01  0.14615e+01  0.14494E+01 ( )
0.24150E-01  0.84587E-02 0.44576E-01  0.36555E-01  0.84498E-01  0.32541E-01 3 the prOfIIe matrix upper
0.80066E-01 0.79066E-01  0.10960E+00 0.70473E-01  0.24325E+00 0.17829E-01 — .
0.17711E+00  0.19501E+00 0.17525+00 0.10610E+00  0.50078E+00  0.73016E-01 bo un d N A, S peCIQS
0.37118e+01  0.64600E+00 0.60867E+00  0.88399E+00 0.70764E+00  0.11356E+01 ’
0.89997E+00  0.66024E+00 0.16297e+01  0.74406E+00  0.48002E+00  0.80078E+00 .
0.17706E+00 0.18291E+00 0.14854e+00 0.96891E-01 0.44473E+00 0.30580E-01 u nltS'
0.76319E-02  0.13102E-01  0.13082E-01  0.73221E-02  0.22308E-01  0.87399E-02 ’
0.93671E-04  0.11059E-03  0.74463E-03 0.51560E-03  0.70129E-03  0.92188E-04 4 th fl t . I
0.16922E-02  0.28146E-02  0.39934E-02  0.19444E-02  0.24731E-02  0.28792E-02 ( )
0.17842E-01  0.21843E-01  0.35691E-01  0.16914E-01  0.28995E-01  0.24774E-01 € pro e matrix lower
0.26800E+00 0.35375E+00 0.65382E+00 0.31139e+00 0.42880E+00 0.24761E+00 . .
0.41801E-03  0.54879E-03 0.12914E-02 0.41329E-03  0.15206E-02  0.55606E-03 bound N % spec|es
0.43281E-03  0.20101E-03 0.12307E-02 0.91588£-03  0.94802E-03  0.12355E-02 ’
0.10689e-01  0.78065E-02 0.22846E-02 0.12488E-01  0.14574E-01  0.10254E-01
0.15943E+00 0.14861E+00 0.16910E+00 0.14993E+00 0.11615E+00  0.72645E-01
0.117456-03  0.563156-03 0.42743E-03 0.23638E-03  0.95378E-03  0.23310E-03
0.13061E-01  0.48237E-02 0.81013e-02  0.94702E-02  0.502336-02  0.11547E-01
0.117956+00 0.71695e-01  0.13097E+00 0.11624E+00 0.31153E-01  0.58259E-01
0.60654E+01  0.10736E+02  0.68367E+01  0.240656+02 0.48784E+01  0.79826E+01
0.82949e+01 0.20531E+02 0.97803E+01 0.97152e+01 0.36706E+01 0.75253e+01
0.59058E+01  0.99258E+01  0.55331E+01  0.12656E+02  0.29085E+01  0.52296E+01
0.61198E+401  0.46719E4+01  0.39761E+01  0.29979E+01  0.25414E+01  0.16264E+02
0.14293E+01  0.23864E+01  0.13337E+01  0.11272E+01  0.12152E+01  0.47247E+01
0.27258E+02 0.47553E+02 0.28445E+02 0.57829E+02 0.21094E+02 0.45030E+02



[=2]
(=]

Percentage
o

(=]
(=]

Percentage
o

D
o

Percentage
o

(=2
o

Secondary sulfate Biomass burning Secondary nitrate Coal combustion
Percentage

[=]

D
[=]

Soil
Percentage

o

[=2]
[=]

Traffic
Percentage

Variability in Percentage of Species - Run 3 ® Base Run Variability i Concentration of Species -)Run 3 SR

i@

H 10

-1

L i 10

C . T
et Do, congers Wolung 0000 s s°f.. ,@_ﬂ,\ﬂ

o —
=]
——

]
5555505,
===
C—

—

@]
L]

C . |j| ﬂ - ]
| a0y -e0..0"sl 1{\
ﬁ

- alo00A. Befa 88,00
]

|||'|ﬂ|
L1

TP HDUDHJDDEDHDBJHHHDQ »
:

aje)ins Alepuoaasg Buluing sSEWolg ajesiu AIBpU0IaS UONSNALLOD |BOD

J E
- sopnlgnfagly8oe .0l HHDHH i

HHH}H H Eﬁ

1os

d A BplipmMa "10°

mL
=7
s
I T
[Er—
=]
3333
IIIIQIIIIIIEI
L]
v
El
] []
3 = | %) —
]
>t 0
]
(=)
@
[m]
C]
C]
()
i
B
E]
 —
| IS L = ]
]
| I
Cl)

Jielt

C 10' | — [ =
L 0 -
-_ | e :
' ! In8 0 0 @ U _® =0 nﬂ
110" I_:-I

DﬂB = = !u HH ! I I10-A_ + + + . + -E- + + I? y - + + +

2 A L A . A, A,

§%7 9015205305 0510 % Rl ley, %%7 9074205504957 % % Rl



DISP intervals

Small DISP range for tracers
Down to zero for: 1N\
- NO3 in Sulfate
- lons and Cin Soil

@ =
El £
. . 3 0.0001 - .g
BB likely contributes more (K) g " :
.E: 0.1 5
g &
5 00, [$3]
R
0,001 -
0.0001 -
1
0.1
0.01
0.001
0.0001
1
0.
0.0
0.001
0001
H(. The source ptnﬂa(hlswﬁm(ﬂnﬂ'hlﬁc&epmmdesmplm the mean DISP values with the error bars iding the confid als, the lines are drawn

to guide the eye, y-axis on the left; filled circles rep y-axis on the right).




BS-DISP ... ..

I Bass Model Rune  Base Model Resubs ~ Base Model Bootstrap Reauts  Base Model BS-DISP Resuts

Only key and major species = ——

Long computation times Sooom =

Sugied
. . Number of Boctstraps: 100 9
Each DISP defines the span of rotationally pEea e
accessible space. L — g
Each BS resample moves this space around, W :

randomly in different directions.

Taken together, all the replications of the
rotationally accessible space, in random T

. Selected Base Rn. 10 El An
locations, represent both the random

uncertainty and the rotational uncertainty.

19

Facter Names

An 10 Foctor | Foctor2 Factor) Factord Factor5 Factor§
R 11 Foctor | |Foctor2 |Fector) Fectord |Factord Fector 6
Aun 12 Factor 1 |Factor2 (Factor) Factord | Factor5 Factor 6

hooyo A Runs | Update Ouput Fles | | Reset o Defauks

HOIP[ HAVE Concentration Dats [ H



LIFE11
ENV/ES/000584

AIRUS

BS-DISP diagnosti

Idea”y Model Date | Base Model  Fictationsl Tooks | Hebp

Base Model Furs  Base Model Flesks  Bave Mods Boctsias Resuls | | Base Model ES-DISP Resuks|  Base Model DISP Resuts

Y 0 + BS0ISP BaxPats | [ BSDISP Summary
N¢ of runs+1 e Il

e Zero values |

The five values in the first line are:

L] L]
o O I n fl rSt rOW (1) k= ¢ of cases in the file (includes both the full-data case and the

sccepted (not rejected) resamples). If no cases were sxcluded, k should be
equal to the nusber of bootstraps * nusber of factors * nusber of species
selecred for BS-DIED.

(2] Largest decrease of . A large value is not alamming in itself, it only
says that there was at least one resample vhere & deeper minimum appeared

{3,4,5) ) of cases with: /drep of Q / suap in best £it / svap ia DISD/

Below the first line is a table (four lines) which contains swap counts for
factors (colums) for each dimax level (rows), which are in descending
order dimax=0.5, 1, 4, 4. If svaps are present in the first line for the
lowest d0max, it indicates the solution i not well constrained, and should
not ba used.

Detailed BS-DISF results are included in the *_BSDISPresi-d.tut files
(corresponding to the four dimex levels) in the cusput folder.

Note: RE=DISP intervals include sffects of random errors and rotatiomal
ambiguity. Tor modeling errors, if user misspecifies standard deviatiea of

data, BS-DISD rasults are more robust thar for DISP since the DISD phase of
BE-DISD does not displace as stzongly at DISP by isself.
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BS-DISP summary
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The five wvalues in the first line are:

(1) § of cases used in BS-DISP, i.e., the base run plus the number of accepted (not
rejected) resamples. If all cases were accepted, then this value will be the number of
bocotstraps + 1.

(2) Largest decrease of Q. A large value is not alarming in itself, it only says that
there was at least cone resample where a deeper minimum appeared.

(3,4,5) # of cases with: /drop of Q / swap in best fit / swap in DISP phase/

Below the first line is a table (four lines) which contains swap counts for factors
(columns) for each dQmax level (rows), which are in descending order d{max=0.5, 1, 2,
4. If swaps are present in the first line for the lowest dQmax, it indicates the

sclution is not well constrained, and caution used when interpreting the soluticn.

Detailed BS-DISP results are included in the * BSDISPresl-4.txt files (corresponding to
the four dQmax levels) in the output folder.

Note: BS-DISP intervals include effects of random errors and rotational ambiguity.



Error Estlmatlon summary
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