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What is?
 Free Program to solve Positive Matrix Factorization 

(PMF)

 Available at https://www.epa.gov/air-research/positive-matrix-factorization-
model-environmental-data-analyses 



New features? compared to v3

 Constraints on source profiles and 
contributions (pulling)

 2 more output error estimate (DISP, BS-
DISP)



Alternatives?

Pulling Errors of 
output

User-friendly

EPA PMF v5

EPA PMF v3

PMF2

ME-2 scripting



Structure



Example



Input files

 .txt   .csv   .xls
 Date/time, ID column or none
 One file/sheet for concentrations (can 

include units), one for uncertainties (>0, no 
units)

 Full uncertainties or equation based file
 Missing data
 Save configuration. Does not save results!



Several sources of uncertainty:
• analytical determination (the largest) 
• air volume sampled
• deviation from the sampling convention 
• ... 

Input data uncertainties



Input data uncertainties
Several sources:

Chueinta et al., 2000
Ito et al., 2004

Polissar et al., 1996
Ramadan et al., 2000
Xie et al., 1999

Kim et al., 2005

(Reff et al., 2007)

Polissar et al., 2001
Prendes et al., 1999
Song et al., 2001

where xij is the concentration of 
species j measured on
sample i



Uncertainty in Barcelona dataset
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Analytical technique # of samples # of repetitions 

ICP - AES 30 + 2 blanks 4 

ICP - MS 30 + 2 blanks 4 

OC - EC 8 + 2 blanks 6 

HPLC 57 + 6 blanks 2 

Selective electrode (NH4
+) 57 + 6 blanks 2 

 



Uncertainty‐ input

• Calculated individually

• Equation based



Missing data

 Delete row or
 Substitute with median but check that 

scaled residual is less than 1.

 You can improve solution buy substituting 
PMF fitted values (Brown et al., 2015) 



Below Detection Limit values

 Censoring BDL data (e.g. DL/2)  does not  
help and generate modelling errors which 
complicates output error analysis.



Species selection
 Total variable
 Extra-uncertainty
 %ADL missing



Signal to Noise (S/N)
 Artificial high (some peaks) and low (missing values) S/N 

were common in PMF v3
 This new S/N calculation is that species with 

concentrations always below their uncertainty have a 
S/N of 0. Species with concentrations that are twice the 
uncertainty value have a S/N of 1. S/N greater than 1 
may often indicate a species with “good” signal. “Weak” 
if the S/N ratio is greater than 0.5 but less than 1 



Data analysis 1.

 Scatter plots
 Excluding samples…



Data analysis 2

 Time series
 Summary of data exception



Run the model



Q values
 Min Qrobust is highlighted



Results and diagnostics 1

 Residual analysis
 Autoscale
 High residual samples



Results and diagnostics 2
 Obs/Pred
 Revisit specie selection?



Results and diagnostics 3

 Obs/Pred time series
 Revisit sample selection?
 Missing sources?



Results and diagnostics 4

 Concentration unit
 Q/Qexp 

 3 matrices in the output file
µg/m3
% of species
% of total variable



Stacked graphs



Factor fingerprint

 Does not include residuals 



G-space plots



Contributions



For single species



Output error estimate
1. Random errors (Bootstrapping).
2. Rotational errors (Displacement)
3. Both (BS-DISP)

Modelling errors difficult to estimate, and they
are not minimized by large datasets

If uncertainties
are not well specified, use only
BS-DISP or BS

Zíková et al (2016) Atmospheric Environment, 134, pp. 84-95.

Brown, et al (2015) Science of the Total Environment, 518-519, pp. 
626-635. 

Paatero et al (2014) Atmospheric Measurement Techniques, 7 (3), pp. 
781-797. 

Xie et al., 2012, 2014; Kioumourtzoglou et al., 2014



Bootstrapping diagnostic

 Random errors, partially evaluates the 
rotational ambiguity

 not influenced by the user-specified 
sample uncertainties. 

 >80% mapped factors



 Species with base 
run outside the 
IQR need 
evaluation



DISP
Only on strong/tracer species. 
Valid only if data uncertainties
are reliable
Invalid if Q/Qexp>10
Diagnostics:
 Error code: 0
 Second value <1%
 Number of swaps



BS-DISP
 Only key and major species
 Long computation times
1. Each DISP defines the span of 

rotationally accessible space. 
2. Each BS resample moves this space 

around, randomly in different 
directions. 

3. Taken together, all the replications of 
the rotationally accessible space, in 
random locations, represent both the 
random uncertainty and the 
rotational uncertainty. 



BS-DISP diagnostic
Ideally
 Nº of runs+1
 <1% (>0.5% could
indicate a local minimum)
 Zero values
 0 in first row



BS-DISP: three examples



Rotational tools

 FPEAK (similar to previous version, 
Paatero 2000)

 Constraints
Expr.builder
From Base run



Fpeak

https://www3.epa.gov/ttnamti1/files/ambient/pm25/workshop/laymen.pdf



 Expression builder
Ratio (elements of same factors)
Mass balance (elements of different factors)
Custom (also on contributions)



 Expression builder
Ratio (elements of same factors)
Mass balance (elements of different factors)
Custom (also on contributions)



From the base run
 Pulling existing factor profile
 Pulling existing contributions
 Pulling G space plots



Soft options (with maximum dQ):
• Pull down maximally
• Pull up maximally
• Pull to value

Hard options (regardless of dQ):
• Forced to zero
• Forced to original value
• Forced to Upper/lower limits

Strength of pulling



Run Constraint



Results of constrained PMF



All error estimates can be applied 
also on Constrained PMF



Thank you for your attention!

…..we did not reach a full understanding of Error Estimates, more studies are 
Needed

Brown et al., 2015 (STOTEN)

…..in some cases a satisfactory analysis cannot be perofrmed with any 
number of factors



What to report

 Uncertainty estimate method
 Weak species
 Q values , Q exp 
 Missing/BDL values treatment
 BS mapping
 DISP swaps and dQ


