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EPA Positive Matrix Factorization (PMF) – a multivariate tool 

Concept  

Matrix of speciated sample data 

Matrix factor contributions Matrix factor profiles 

SAMPLE Al As Br

09-01-2011 12:00 6.4609 0.0008 0.0108

12-01-2011 12:25 7.0842 0.0009 0.0093

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

i 

j 

𝑥𝑖𝑗 =  𝑔𝑖𝑘𝑓𝑘𝑗 + 𝑒𝑖𝑗

𝑝

𝑘=1

 

Objective: 
• Identify number of factors – p 
• The species profile of each source – f 
• Amount of mass contributed by each factor to each individual sample - g 
 
 

Residual for each  
sample/species 



𝑄 =  
𝑥𝑖𝑗 −  𝑔𝑖𝑘𝑓𝑘𝑗

𝑝
𝑘=1

𝑢𝑖𝑗

2𝑚

𝑗=1

𝑛

𝑖=1

 

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). 



EPA Positive Matrix Factorization (PMF) 

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

Getting started  



run as administrator  

Getting started  



Order of the operations 

- Profiles/ 
Contributions 

- G-Space 

- Diagnostics 

Fpeak Model 
Results 

- Box Plots 

- Summary 

Bootstrap Model 
Results 

- Residual 
Analysis 

- O/P Scatter Plot 

- O/P Time Series 

- Profiles/ 
Contributions 

- Aggregate 
Contributions 

- G-Space Plot 

- Factor Pie Chart 

- Diagnostics 

Base Model 
Results 

- Concentration/ 
Uncertainty 

- Concentration 
Scatter plot 

- Concentration 
Time Series 

- Data exceptions 

Analyze Input 
Data 

- Concentration 
file 

- Input file 

-Output file 

- Configuration 
file 

Input/Output files 



Input/Output Files 



Input files 
1. Concentration of chemical species 
2. Uncertainties 

Accepted formats 
1. Tab-delimited (.txt) 
2. Comma-separated value (.csv) 
3. MS Excel (.xls) 
 

Parameters 

Sa
m

p
le

s 
Blank cells are not accepted 

Factor analysis technique 
provides a robust solution 
when the number of samples 
minus the number of variable 
is at least 30 (Henry, 1991) 

Input/Output Files 



Types of Uncertainties files   

Method Detection Limit (MDL) 

Error fraction (in percentage) 

If concentration ≤ Detection limit => 𝑈𝑛𝑐 =
5

6
×𝑀𝐷𝐿 

If concentration ≤ Detection limit =>𝑈𝑛𝑐 = (𝐸𝑟𝑟𝑜𝑟 𝐹𝑟𝑎𝑐𝑡𝑖𝑜𝑛 × 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 2 + 𝑀𝐷𝐿 2 

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. 

Input/Output Files 



Missing values in the data base 

Concentration Uncertainty 

Concentration < MDL ½ MDL 5/6 MDL 

Missing values Geometric Mean 4 × Geometric Mean 

Input/Output Files 



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 

*_ 

Input/Output Files 



- Profiles/ 
Contributions 

- G-Space 

- Diagnostics 

Fpeak Model 
Results 

- Box Plots 

- Summary 

Bootstrap Model 
Results 

- Residual 
Analysis 

- O/P Scatter Plot 

- O/P Time Series 

- Profiles/ 
Contributions 

- Aggregate 
Contributions 

- G-Space Plot 

- Factor Pie Chart 

- Diagnostics 

Base Model 
Results 

- Concentration/ 
Uncertainty 

- Concentration 
Scatter plot 

- Concentration 
Time Series 

- Data exceptions 

Analyze Input 
Data 

- Concentration 
file 

- Input file 

-Output file 

- Configuration 
file 

Input/Output files 

Order of the operations 



Analyze input data 

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.  



Analyze input data 

Concentration/Uncertainty 
 

The following statistics are calculated for 
each species: 
 
• Signal-to-noise ratio (S/N) 

 

𝑆

𝑁
𝑗

=
 𝑥𝑖𝑗 − 𝑠𝑖𝑗

2𝑛
𝑖=1

 𝑠𝑖𝑗
2𝑛

𝑖=1

 

• Minimum concentration value  
• 25th percentile 
• Median 
• 75th percentile 
• Maximum concentration value 



Analyze input data 

Concentration/Uncertainty 
 

Based on these statistics +  knowledge of 
the data set the user can categorise a 
specie as: 
 
 
S/N>2 
 

STRONG - 

0.2<S/N<2 WEEK 
uncertainty 
is tripled 

S/N<0.2 BAD 
Specie is 
excluded 



Analyze input data 

Scatter plots 
 

• Useful pre-PMF analysis tool; 
 

• The user should examine scatter plots 
to look for expected relations 



Analyze input data 

Scatter plots 
 

• Useful pre-PMF analysis tool; 
 

• The user should examine scatter plots 
to look for expected relations 



Analyze input data 

Concentration Time Series 
 

• Useful to detect unusual events; 

• Help to exclude extreme events from 
the model. 



- Profiles/ 
Contributions 

- G-Space 

- Diagnostics 

Fpeak Model 
Results 

- Box Plots 

- Summary 

Bootstrap Model 
Results 

- Residual 
Analysis 

- O/P Scatter Plot 

- O/P Time Series 

- Profiles/ 
Contributions 

- Aggregate 
Contributions 

- G-Space Plot 

- Factor Pie Chart 

- Diagnostics 

Base Model 
Results 

- Concentration/ 
Uncertainty 

- Concentration 
Scatter plot 

- Concentration 
Time Series 

- Data exceptions 

Analyze Input 
Data 

- Concentration 
file 

- Input file 

-Output file 

- Configuration 
file 

Input/Output files 

Model Execution 

Order of the operations 



Model execution 

1. 2. 



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) 

 
 Q (true)>1.5 Q (robust)  => indicate that peak events may be 

disproportionately influencing the model ; 
 

 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) 

 
 



- Profiles/ 
Contributions 

- G-Space 

- Diagnostics 

Fpeak Model 
Results 

- Box Plots 

- Summary 

Bootstrap Model 
Results 

- Residual 
Analysis 

- O/P Scatter Plot 

- O/P Time Series 

- Profiles/ 
Contributions 

- Aggregate 
Contributions 

- G-Space Plot 

- Factor Pie Chart 

- Diagnostics 

Base Model 
Results 

- Concentration/ 
Uncertainty 

- Concentration 
Scatter plot 

- Concentration 
Time Series 

- Data exceptions 

Analyze Input 
Data 

- Concentration 
file 

- Input file 

-Output file 

- Configuration 
file 

Input/Output files 

Order of the operations 



Base model results 

Residuals 
 
Objective: 
- To determine how well 

the model fit each species 
- Poor fit when:  

 large residuals 
(|r|>3) 

 Non-normal curve 
 



Base model results 

𝐷𝑘𝑙 = 𝐷𝑗𝑘𝑙
𝑗

 

𝑑𝑗𝑘𝑙= 𝑟𝑖𝑗𝑘 − 𝑟𝑖𝑗𝑙
2

𝑖  



Base model results 



Base model results 

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 



Base model results 

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 



Base model results 

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 

  



Base model results 

Identifications of sources 

Species Source 

F1 Br, CO3
2-, Ca2+ Local soil 

F2 Cr, Ni, Sb, V, 
NO3

-, SO4
2- 

Anthropogenic 
source 

F3 Sb, EC Anthropogenic 
source 

F4 Br, Zn, Cl-, NO3
-, 

SO4
2-, Na+, 

NH4
+, K+, Mg2+ 

Sea 

F5 Al, As, Ce, Cr, 
Cu, Fe, Mn, Mi, 
Si, Sm, Ti, V, Pb, 
Kns 

Sahara dust 



Base model results 
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r = 0.99



Base model results 
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Base model results 

Aggregate Contribs 
 
Objective: 
- Display the factors contribution 

discriminated: 
-  by year; 
-  season; 
-  weekday/wekeend 

  



Base model results 

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 

  



Base model results 

Factor Pie Chart 
 
Objective: 
- Display the distribution of each 

species among the factors 
resolved by PMF 



- Profiles/ 
Contributions 

- G-Space 

- Diagnostics 

Fpeak Model 
Results 

- Box Plots 

- Summary 

Bootstrap Model 
Results 

- Residual 
Analysis 

- O/P Scatter Plot 

- O/P Time Series 

- Profiles/ 
Contributions 

- Aggregate 
Contributions 

- G-Space Plot 

- Factor Pie Chart 

- Diagnostics 

Base Model 
Results 

- Concentration/ 
Uncertainty 

- Concentration 
Scatter plot 

- Concentration 
Time Series 

- Data exceptions 

Analyze Input 
Data 

- Concentration 
file 

- Input file 

-Output file 

- Configuration 
file 

Input/Output files 

Bootstrap runs 

Order of the operations 



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; 
 



Bootstrap runs 

Selected base run – the base run to be 
used to map each bootstrap run 
 
Number of bootstraps – It is 
recommended at least 100 bootstrap runs 
to ensure the robustness of the statistics 
 
Minimum Correlation R-Values – the 
minimum Pearson correlation coefficient 
that will be used in the assignement of a 
bootstrap run factor to a base run factor. 
Default value 0.6 (can decrease if a large 
number of factors are unmapped) 
 
Seed – similar to base runs, starting point 
for iterations 
 
Block size – the number of samples that 
will be selected in each step for 
resampling 



- Profiles/ 
Contributions 

- G-Space 

- Diagnostics 

Fpeak Model 
Results 

- Box Plots 

- Summary 

Bootstrap Model 
Results 

- Residual 
Analysis 

- O/P Scatter Plot 

- O/P Time Series 

- Profiles/ 
Contributions 

- Aggregate 
Contributions 

- G-Space Plot 

- Factor Pie Chart 

- Diagnostics 

Base Model 
Results 

- Concentration/ 
Uncertainty 

- Concentration 
Scatter plot 

- Concentration 
Time Series 

- Data exceptions 

Analyze Input 
Data 

- Concentration 
file 

- Input file 

-Output file 

- Configuration 
file 

Input/Output files 

Order of the operations 



Bootstrap Model Results 

How many 
bootstrap 
factors  were 
matched to 
each base 
factor 



Bootstrap Model Results 

How many 
bootstrap factors  
were matched to 
each base factor 



Bootstrap Model Results 



Bootstrap Model Results 

Uncertainty of the solution 
 
- Go to output file “*_diag.txt”. 

 
- In “Bootstrap run uncertainty 

statistics - Variability in 
concentration of species” we 
find output of the bootstrap 
factor by factor. 
 

- The uncertainty is the 
absolute difference between 
the 75th and 25th percentiles 
divided by two. 

 



- Profiles/ 
Contributions 

- G-Space 

- Diagnostics 

Fpeak Model 
Results 

- Box Plots 

- Summary 

Bootstrap Model 
Results 

- Residual 
Analysis 

- O/P Scatter Plot 

- O/P Time Series 

- Profiles/ 
Contributions 

- Aggregate 
Contributions 

- G-Space Plot 

- Factor Pie Chart 

- Diagnostics 

Base Model 
Results 

- Concentration/ 
Uncertainty 

- Concentration 
Scatter plot 

- Concentration 
Time Series 

- Data exceptions 

Analyze Input 
Data 

- Concentration 
file 

- Input file 

-Output file 

- Configuration 
file 

Input/Output files 

Fpeak runs 

Order of the operations 



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 
 
 



Fpeak runs 

Values should be between -5 and 5 
(Fpeak ≠0) 



Fpeak runs 

Values should be between -5 and 5 
(Fpeak ≠0) 



- Profiles/ 
Contributions 

- G-Space 

- Diagnostics 

Fpeak Model 
Results 

- Box Plots 

- Summary 

Bootstrap Model 
Results 

- Residual 
Analysis 

- O/P Scatter Plot 

- O/P Time Series 

- Profiles/ 
Contributions 

- Aggregate 
Contributions 

- G-Space Plot 

- Factor Pie Chart 

- Diagnostics 

Base Model 
Results 

- Concentration/ 
Uncertainty 

- Concentration 
Scatter plot 

- Concentration 
Time Series 

- Data exceptions 

Analyze Input 
Data 

- Concentration 
file 

- Input file 

-Output file 

- Configuration 
file 

Input/Output files 

Order of the operations 



Fpeak model results 



Fpeak model results 



Thank you for your attention 


