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 DŜƴŜǊŀƭ ŎƻƴǎƛŘŜǊŀǘƛƻƴǎ 

 What is SoFi 

The Source Finder (SoFi) is a powerful, user-friendly software package for source apportionment 

and environmental data analysis. Developed firstly at the Paul Scherrer Institute (PSI) and now 

being actively maintained and further developed by Datalystica Ltd. in Villigen, Switzerland.  

SoFi is a software package that runs within the software environment IGOR Pro (Wavemetrics 

Inc., USA). SoFi is widely used in atmospheric science and environmental chemistry for initiating 

and controlling the multilinear engine algorithm (ME-2, (Paatero, 1999)) that solves the positive 

matrix factorization algorithm (PMF,(Paatero, 1997)), as well as analyzing the PMF results in all 

its details for extracting mathematically and environmentally reasonable PMF results. 

 For whom is it meant? 

SoFi is intended to facilitate and accelerate the source apportionment analysis. While SoFi was 

originally developed for analysis of aerosol chemical speciation monitor (ACSM) data (Ng et al., 

2011b)Σ ƛǘΩǎ ǾŜǊǎŀǘƛƭƛǘȅ ŜȄǘŜƴŘǎ ŦŀǊ ōŜȅƻƴŘΦ Lǘ Ŏŀƴ ōŜ ŀǇǇƭƛŜŘ ǘƻ ǾƛǊǘǳŀƭƭȅ ŀƴȅ ŘŀǘŀǎŜǘ ǿƘŜǊŜ 

dimensionality reduction or factor analysis is of interest.  

With its highly panel-oriented and user-friendly structure, SoFi guarantees a seamless source 

apportionment analysis from the data input to the data output with basically no interaction at all 

with the software environment IGOR making SoFi fully suitable even for data analysts with no 

programming or knowledge skills of IGOR. The algorithm can be applied to any kind of data, for 

which dimensionality reduction analysis is potentially interesting. SoFi is intellectual property of 

Datalystica Ltd. and can only be used under the terms and conditions of Datalystica, the official 

distributor of SoFi (consult the homepage of Datalystica (https://datalystica.com) for the terms 

and conditions). The same terms and conditions are visualized when SoFi is launched and the user 

must read and agree to them, before being able to use the SoFi software. 

 What is required? 

Make sure you already possess an official key for ME-2 (must be purchased from the homepage 

of Datalystica, https://datalystica.com), full administrator rights of your PC (read and write), as 

SoFi will create, modify and execute script files on the operating system and an official license for 

the software IGOR 9 or 10  (can be purchased through us in combination with a SoFi Pro/RT 

purchase, otherwise must be purchased directly from Wavemetrics, 

https://www.wavemetrics.com). 

https://datalystica.com/
https://datalystica.com/
https://www.wavemetrics.com/
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 More details about the structure of SoFi 

SoFi is available as SoFi Pro (commercial key that enables all advanced functionalities of SoFi) and 

SoFi RT (real-time module to SoFi for fully automated and in real-time source apportionment 

solutions, that also includes all SoFi Pro functions). SoFi Pro and SoFi RT keys can be purchased 

from Datalystica, https://datalystica.com). Consult the homepage of Datalystica for more details. 

This manual covers all the functionalities of the SoFi software.  

This manuscript does not provide a detailed description of the theory behind the PMF algorithm 

nor on the ME-2 solver and its script code but rather the operation of the abovementioned 

software. Nonetheless, a small general theoretical introduction on PMF is presented in the next 

chapter. Interested readers are referred to the original paper of the multilinear engine (Paatero, 

1999), the papers introducing the positive matrix factorization algorithm (Paatero and Tapper, 

1994; Paatero, 1997; Paatero, 2004), the paper that provides an overview over the different 

rotational tools of the ME-2 algorithm (Paatero and Hopke, 2009) and the recent methodological 

papers about ME-2 (Brown et al., 2015; Paatero et al., 2014). In addition, the reader is also 

referred to Paatero (1997) for a discussion on the robust mode and on (Paatero and Hopke, 2003) 

for a detailed discussion on the reweighting strategy. 

The reader is also referred to Canonaco et al., (2013), (2015) and (2021) for the introduction paper 

of SoFi and its application on ACSM data, respectively as well as to Crippa et al., (2014), where 

the a-value approach was thoroughly tested for many European AMS case studies, averaged 

profiles for the primary organic aerosol (POA) were retrieved and a general strategy using the a-

value approach for AMS data is presented and discussed. A similar study for European ACSM 

datasets using the rolling PMF technique was presented by (Chen et al., 2022). 

 Differences between the SoFi versions? 

There are currently two commercial versions of SoFi that are operational in IGOR, i.e., SoFi 9 for 

IGOR 9 and SoFi 10 for IGOR 10. The descriptions of the features of SoFi contained in this manual 

refer to the latest version, i.e., SoFi 10. Many of the features presented here are also available in 

previous SoFi versions. Please note that we officially discontinued from SoFi 6 since mid-2021 and 

that since then SoFi 6 has not been updated anymore. We are planning to discontinue the support 

of SoFi 8 somewhen during 2026. We therefore strongly recommend upgrading to SoFi 9 or SoFi 

10. If you are still using SoFi 6 or SoFi 8, consult the history file 

(https://datalystica.com/downloads/) and make sure that you are not suffering from serious 

unresolved bugs in SoFi 6! 

Generally, it is not guaranteed that SoFi 9 for IGOR 9 or SoFi 10 for IGOR 10 or cross-combinations, 

e.g., SoFi 9 in IGOR 10 will run error-free all the time. There might be cases and conditions that 

have not been tested or encountered during our test-phases, and that might cause some 

https://datalystica.com/
https://datalystica.com/downloads/
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unexpected problems on SoFi or IGOR. We apologize for this eventuality and strongly rely on the 

bug report of all SoFi users to minimize such eventualities but also for improving SoFi for your 

needs! Thanks already in advance for your feedback! Any feedback, no matter what, is always 

highly appreciated! 

Your Datalystica Team! 
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 taC ǘƘŜƻǊȅ 

 The bilinear model ς general considerations 

 General bilinear equation 

The measurement of a set of variables (e.g. UMR m/z intensities for the ACSM) as a function of 

time can be represented as a data matrix X where the columns j are the variables and each row i 

represents one single scan. 

In so-called factor analytical models, where a dimension reduction occurs, the variables are 

grouped in a few factors that can be further investigated rather than dealing with all measured 

variables. A commonly used approach is to group variables into two matrices using the so-called 

bilinear model. Few examples of bilinear models are the principal component analysis PCA (Wold 

et al., 1987), chemical mass balance approach (Miller et al., 1972) or the positive matrix 

factorization PMF (Paatero and Tapper, 1994). A bilinear factor model in matrix notation is 

defined as: 

EGFX +=  

where the measured matrix X is approximated by the product of matrices G and F. p, i.e., the 

number of columns of the modelled matrix G and the number of rows of the modelled matrix F is 

called the number of factors. Each column j of the matrix G represents the time series of each of 

the p factors, whereas each row i of F represents the corresponding factor profile or fingerprint 

(e.g. mass spectrum). Note that by definition of (1) factor profiles are static and are not allowed 

to vary over time. The matrix E represents the model residual. The differences between PCA and 

PMF are mainly due to the restrictions of these models. PCA imposes orthogonality on the factor 

profiles, i.e., the scalar of two different rows of F is zero and does not require non-negative 

entries. In contrast, PMF require non-negative entries throughout G and F. PMF2 and ME-2 are 

solvers capable of solving the PMF algorithm. Both solvers fit the entries in G and F using a least 

squares algorithm that minimizes iteratively the quantity Q main Qm, i.e., the total sum of the 

squared model residuals eij weighted by the uncertainty sij for all input points ij (2): 
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Here, the uncertainties sij typically contain the measurement uncertainty for the input point ij. 

Data points for which the ratio eij / sij  >> 1 constitute a large fraction of Qm and consequently 

these points will have a high impact during the model iteration. Normally this condition ensures 

that data with high signal-to-noise ratio is considered more than data from measurements close 

(1) 

(2) 
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to the detection limit. However, for some data points a case when the ratio eij / sij  >> 1 may also 

occur due to dominant local events or electronic noise within the measurement equipment, 

neither of which should be considered by the model. 

 Robust mode 

To prevent a solution to be driven by these events, the model is generally run in a έrobustέ mode, 

in which pulling of the solution by outliers is reduced. At each step of the iteration process, 

outliers are defined based on the ratio of residuals to uncertainties: 

a
s
>=

ij

ije
outlier :

 

a is the user-defined threshold value. A value of four is recommended as a defining criterion for 

outliers within the robust mode (Paatero, 1997). The residuals are reweighted dynamically to 

remove the dependence of the change of Qm with respect to the change of the outlier residuals. 

Ἕἵ

ἏἷἽἼἴἱἭἺἻ
ὧέὲίὸȢ 

This prevents the model solution to be driven by few dominant points in the datasets. It is 

ǊŜŎƻƳƳŜƴŘŜŘ ǘƻ ŀƭǿŀȅǎ Ǌǳƴ ǘƘŜ ƳƻŘŜƭ ƛƴ ǘƘŜ άǊƻōǳǎǘέ Ƴƻde, when treating data prone to e.g. 

rare transient sources, spikes, electronic noise or low signal to noise ratio, typically the case for 

ambient data. 

 Normalizing Q by the expected value of Q (Qexp) 

Normally, monitoring and comparing total Q among various PMF runs is not meaningful because 

the expected value depends on the size of the data matrix and on the number of chosen factors. 

One therefore normalizes Qm by the remaining degrees of freedom that is both a function of the 

size of the data matrix and of the number of factors and is called Qexp. 

ὗ ὲϽά ὴϽὲ ά  

In past, AMS studies reported typical values for the ratio of Q/Qexp between 1 and 5. Sometimes 

values below 1 were reported. Note that when running PMF in the robust mode with a robust 

mode value of 4 to highest value of Q/Qexp is ~16. For an ideal PMF run the Q/Qexp would decrease 

down to ~1 only if the employed uncertainty considers both the measured as well as the modeled 

uncertainty. The latter is very difficult to assess and it remains often unknown, especially for 

ambient data. In addition, downweighting procedures (see 6.2.3) may have an impact on the 

value of Q, depending on the amount and magnitude of weak / bad variables. Therefore, the 

absolute value cannot be strictly used as a metric for judging model results. Instead, one should 

(3) 

(5) 

(4) 
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investigate the relative change of Q/Qexp across different model runs as guidance in choosing 

reasonable model solutions. 

 Rotational ambiguity of the model solution 

General bilinear models possess a huge number of solutions, as G and F can be transformed with 

T and T-1, respectively (see equation (6)). Bilinear models with restrictions as orthogonality or 

non-negativity decrease this number of rotations (also called degree of rotational ambiguity), but 

it remains high (Paatero et al., 2002). There are two different kinds of rotations that are allowed 

occur, the pure and the approximate rotations. For pure rotations, the object function Qm stays 

invariant with respect to rotations in space: 

FTFandTGG -1==  

where T is a nonsingular matrix of dimension p x p, T-1 is its inverse and ἑ and ἐ are the rotated 

matrices. The matrix multiplication of ἑ and ἐ leads to the same product as for multiplication of 

G and F, and therefore Qm remains unchanged. If the transformation matrix T does not fulfill 

equation (6), the rotation is called an approximate rotation, in case of which Qm changes. 

 Rotational techniques in ME-2 

 Seed runs 

Initializing the PMF model matrices with random or pseudo random data is called a seed run, as 

the model matrices are sowed / populated with data. This is typically performed when looking for 

the global minimum in the Q-space. However, as seed runs have various starting points, they will 

also fall at different locations at the global minimum, given that the global minimum is very likely 

to occur and the data has a high degree of rotational ambiguity. Therefore, seed runs also allow 

for a partial exploration of the rotational ambiguity. However, this technique does not allow for 

a systematic exploration and it is recommended for this purpose to use one of the techniques 

described below. 

 Global fpeak 

For the PMF2 and the ME-2 engine, there is a user-specific parameter called fpeak, denoted by f 

for the global control of such rotations. For positive f, elementary rotations or a series of 

elementary rotations are performed that increase columns of the matrix G and decrease rows of 

the matrix F while conserving mass. The opposite occurs for negative f. However, the fpeak tool 

explores only rotations in one dimension of the multidimensional space and if the entries of G 

and F are positive and more than one factor is chosen then the rotational space is 

(6) 
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multidimensional and the corresponding ambiguity can be very large (e.g. for three factors, the 

rotational space is nine-dimensional). 

For PMF2 users: Note that the fpeak value in ME-2 is proportional to the fpeak of PMF2. They are 

not necessarily equal (Paatero and Hopke, 2009). 

 Individual fpeak 

An advantage of the ME-2 solver compared to the PMF solver is improved rotational control, e.g. 

selected factors can be summed / subtracted together rather than transforming the entire matrix. 

Thus, the rotations can be studied in a more controlled environment. 

The analyst has to explore the solution space to provide the range of environmentally reasonable 

PMF runs upon the use of rotational tools. 

Rotational ambiguity can be very high, in particular for large datasets with many variables, long 

measurement times, high number of factors, low signal to noise ratios, etc. and hence, it is 

advantageous to introduce a priori information into the PMF model to reduce the amount of 

rotational ambiguity. This can happen in form of known rows of F (factor profiles) and/or of 

known columns of G (factor time series) (Paatero and Hopke, 2009). This a priori information 

prevents the model matrices to rotate, resulting in ~unique solutions. In ME-2 two different main 

approaches are implemented, the a-value and the pulling techniques which will be briefly 

discussed in the following subchapters. 

 a-value approach: Partially constrained matrix F and/or G 

In a-value approach the elements of the F matrix (factor profiles) or of the G matrix (factor time 

series) can be constrained by the user. The user inputs one or more factor profiles (rows of F) / 

factor time series (columns of G) and a constraint defined by the scalar a that can be applied to 

the entire profile / time series or to elements of the profile / time series only. The a-value 

determines the extent to which the output Fsolution / Gsolution is allowed to vary from the input Finitial 

/  Ginitial, according to:  

jjnj, solutio faff Ö°=
 

iini, solutio gagg Ö°=
 

where fi and gi represent the row and the column of the matrices F and G, respectively. The index 

j varies between 0 and the number of variables and i varies between 0 and the number of 

measured points.  

The scalar a ranges between 0 and 1. Setting the a-value to zero for all the factor profiles, one 

can fully constrain the factor profile matrix F, similar to the method of a chemical mass balance 

(7) 

(8) 
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(CMB). On the contrary, setting the a-value to one for all entries of a profile or time series allows 

it to similar as in an unconstrained situation. 

 Pulling approach: Partially constrained matrix F and/or G  

The user has the possibility to introduce pulling equations into the model that pull profile factor 

elements towards target values, so-called anchors (here shown for the row j of the matrix F only): 

jjj rfa +=
 

In equation (9), ja  represents the anchor to which the model has to pull the iterative value Ὢ 

and ὶ represents the residual. The anchor is some known value introduced as a priori 

information by the user. The pulling equations create an additional auxiliary term Qaux that is 

added apart from Qm. Thus, if pulling equations are introduced, the model will minimize the 

argument of Q with respect to all entries in the matrices G and F: 

)Q(Q(Q) auxm

G,FG,F

+= minmin argarg

 

The term of Qaux has a conceptually similar aspect to Qm: 
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The index j from equation (9) has been replaced by k, since k denotes the index of the pulling 

equations added to the model (over many factor profiles / time series). The pulling parameter sk 

specifies the άsoftnessέ of the pull. The smaller sk becomes, the higher the impact of Qaux of the 

k-th pull during the iterative process. The pulling approach is a sensitive technique in that if the 

pulling equation is not compatible with the specific data matrix, i.e., a decrease of Qaux obtained 

as Ὢ reaches its anchor value ja  (9) will be negligible compared to a larger increase of Qm, then 

the pull is neglected. Generally, the user provides the acceptable limits of Qm denoted as dQ. 

Changing dQ and the pulling parameter sk allows monitoring a change in Qm and judging about its 

acceptability. 

The anchor can be any entry of a factor profile / time series, a mathematical combination of one 

or more entries of a factor profile / time series and also involving external data. 

(9) 

(10) 

(11) 
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 hǾŜǊǾƛŜǿ 

 Installation of the HDF5 interface (Igor 8) 

The storage of the model results is based on the object oriented HDF5 file system. Since the IGOR 

software does not load the procedures for the HDF5 file system by default before IGOR 9, the 

user needs to link the required procedures manually in the operating system (OS) for IGOR 8 (not 

needed for IGOR 9 or IGOR 10). 

Create a shortcut of the following files 

I. C:\Program Files\WaveMetrics\ Igor Pro Folder\More Extensions\File 

Loaders\HDF5.xop 

II. C:\Program Files\WaveMetrics\ Igor Pro Folder\More Extensions\File Loaders\HDF5 

Loader.ipf 

III. C:\Program Files\WaveMetrics\ Igor Pro Folder\WaveMetrics Procedures\File Input 

Output\HDF5 Browser.ipf 

Place the shortcuts in 

I. C:\Program Files\WaveMetrics\ Igor Pro Folder\ Igor Extensions\HDF5.xop 

II. C:\Program Files\WaveMetrics\ Igor Pro Folder\ Igor Extensions\HDF5 Loader.ipf 

III. C:\Program Files\WaveMetrics\ Igor Pro Folder\ Igor Procedures\HDF5 Browser.ipf 

 General structure 

SoFi handles all ME-2 implementations discussed in the previous chapter. The operational 

framework is presented in Figure 1. 

 

 

 

 

 

 

Figure 1 The general process from the model call to the storage of the model output. Blue rectangles 

describe SoFi tasks, red rectangle represents the ME-2 execution. After all model runs finished, the 

results are stored in an HDF5 file (green color). 
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 First steps 

The first step when initializing the SoFi software is to open a new IGOR experiment. Thereafter, 

the user needs to import the SoFi procedure file (double-click on the SoFi procedure files or drag 

and drop the files into IGOR) with the name: 

 

SoFi-10.ipf (main file) and SoFi_key.ipf (SoFi Pro/RT license key, do not change the name) 

 

Once the SoFi procedure is compiled, a new tab appears in the main menu in IGOR. 

 

Figure 2 The tab άSoFiέ appears once the procedure is compiled. 

 

 SoFi menu 

The tab άSoFiέ contains several main options: 

 Initialize SoFi 

άƛƴƛǘƛŀƭƛȊŜ {ƻCƛέ ƭŀǳƴŎƘŜǎ ǘƘŜ {ƻCƛ ŎƻŘŜ ŀƴŘ ǎŜǘǎ ŀƭƭ ƛǘǎ ǾŀǊƛŀōƭŜǎ ŀƴŘ ǎǘǊƛƴƎǎ 

Before launching SoFi the first time in a new Igor experiment, the user must read ǘƘŜ ǳǎŜǊΩǎ 

agreement and agree to the terms and conditions. Only then SoFi can be used. The terms and 

ŎƻƴŘƛǘƛƻƴǎ Ŏŀƴ ōŜ ŘƻǿƴƭƻŀŘŜŘ ŀǎ ŀ ǇŘŦ ƻǊ ōŜ ǊŜǾƛǎƛǘŜŘ ŀƴȅǘƛƳŜ ǳƴŘŜǊ άǘŜǊƳǎ ŀƴŘ ŎƻƴŘƛǘƛƻƴǎέΦ 
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 Delete unused data (e.g. closed plots) 

SoFi deletes all waves from previous plots that are not in use anymore.  

 Recreate panel, i.e. clise graphs, tables, panels only 

άǊŜŎǊŜŀǘŜ ǇŀƴŜƭΣ ƛΦŜΧΦέ closes all graphs and restarts the main panel. This button leaves the PMF 

input, external data and the imported PMF results data untouched. 

 Recreate settings except folders ά9ȄǘŜǊƴŀƭψŘŀǘŀέ ŀƴŘ άwŜŦŜǊŜƴŎŜψǘǎκǇǊέ 

άwŜŎǊŜŀǘŜ ǎŜǘǘƛƴƎǎ ŜȄŎŜǇǘ ŦƻƭŘŜǊǎ ά9ȄǘŜǊƴŀƭψŘŀǘŀέ ŀƴŘ άwŜŦŜǊŜƴŎŜψǘǎκǇǊέέ additionally, resets all 

variables and strings related to SoFi. This button leaves the imported PMF input data, external 

data and PMF results untouched. 

 Recreate SoFi, i.e. entire SoFi folder 

This option is similar to άLƴƛǘƛŀƭƛȊŜ {ƻCƛέΦ 9ǾŜǊȅǘƘƛƴƎ ǿƛƭƭ ōŜ ǊŜŎǊŜŀǘŜŘ, all data will be deleted. 

 SoFi panels to top 

A helpful option when many graphs, tables and panels are open. Open panel can easily be brought 

back to the front via this menu or via the indicated short cuts. The panel must be open in the back 

or being minimized, it cannot be built through this menu. 

 Open cluster panel 

Opens the cluster panel. The cluster panel cannot be opened from the main SoFi panel or any 

other panels but only here. Note, Ctrl+Shift+8 opens and closes the panel, Ctrl+8 brings the panel 

to the front if already open. 

 Main settings 

Allows the user to modify main settings. Currently, the following settings are available and 

modifiable from here: 

άD9b9w![ ƻǇǘƛƻƴǎέ enable/disable the progress bar, enable/disable pop-up about the 

windows position, colors of the PMF factor positions, default unit for the 

PMF results, RT settings 

ά5!¢! ƻǇǘƛƻƴǎέ signal to noise used in SoFi (S/N), downweighting and robust value for 

results, S/N threshold for the (un)explained variation plot, resolution for 

the daily cycle plot, averaging threshold for cycle plots 

άC!aL[¸ ǿŀǾŜέ user-defined families for HR-data. Details can be found in 3.4.9. 
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Figure 3 Main settings panel for SoFi 

 General settings 

There are two main settings the user has to option to enable or disable. The progress bar in the 

main SoFi panel is enabled by default. It has been shown, that this can also use some 

computational power, therefore there is the option to disable it.  

By default, SoFi reopens closed panels at their last position (as long as they are not connected to 

another panel). If experiments are opened on a different screen, this might get messed up and 

the panel is opened outside of what can be seen on the screen. In this case, the (re)open panel 

should be enabled so the panels will be opened at the position as they were opened in a new 

experiment. 

 Customize colors for the factor position(s) 

The user has the possibility to define colors for the factor positions up to 100 positions. Pressing 

ǘƘŜ ά{ILC¢έ ƪŜȅ ǎŜƭŜŎǘǎ ŀŘƧŀŎŜƴǘ ŦŀŎǘƻǊ ǇƻǎƛǘƛƻƴǎΦ tǊŜǎǎƛƴƎ ǘƘŜ ά/¢w[έ ƪŜȅ ŀƭƭƻǿǎ ǘƘŜ ǳǎŜǊ ǘƻ ŀŘŘ 

non-adjacent factor positions. Once the factors are choseƴΣ ǇǊŜǎǎƛƴƎ ƻƴ ά{ǘŀǊǘ ŘŜŦƛƴƛƴƎέ ǇƻǇǎ ǘƘŜ 

color palette, in which the colors for the chosen factor positions are defined. This process is 

additive, i.e., the user can define a second or third step other colors or existing factors or new 

colors for other factors. 
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Figure 4 hǇǘƛƻƴǎ ǇǊŜǎŜƴǘ ŦƻǊ άŎƘŀƴƎŜ Ƴŀƛƴ ǎŜǘǘƛƴƎǎέ ǇŀƴŜƭ ƻƴ ǘƘŜ ƭŜŦǘΦ ¢ƘŜ ǊƛƎƘǘ ǇŀƴŜƭ ƛǎ ǳǎŜŘ ǘƻ ǎŜƭŜŎǘ ǳǎŜǊ-

specific colors for the various factor positions. 

 

 RT settings 

By default, SoFi beeps for a RT run and also autosaves the experiment. The user can disable these 

options.  

 Signal to noise (S/N) 

The user defines which method of S/N calculation should be employed in SoFi for the cell-wise or 

averaged approach. This affects the variable S/N plot (see 5.3) or when estimating the 

(un)explained variation in the result plots (see 8.5). In case of activation of the cell-wise 

calculation, S/N ratios are estimated for each cell/entry of the PMF input separately, whereas the 

averaged treatment provides an averaged (over time) S/N ratio per variable. 

Cell-wise 

abs(data_i,j) / error_i,j 

data_i,j / error_i,j  See supplement in Brown et al. (2015) 

 

Averaged 

sum(data_i) / sum(error_i) 

sum(abs(data_i))/ sum(error_i) 

sqrt(sum(data_i^2))/sqrt(sum(error_i^2) 

data_i / error_i 

sum(data_i) / sum(error_i) See supplement in Brown et al. (2015) 

άiέ ōŜƛƴƎ ǘƘŜ ƛƴŘŜȄ ǊǳƴƴƛƴƎ ƻǾŜǊ ǘƛƳŜ ŀƴŘ άjέ ōŜƛƴƎ 

the index for the variables. 
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 Downweight values for results 

The error matrix for a PMF result can either contain the downweighted values (default case) or 

be shown without the downweighted values (see 6.2.3). The former has the advantage that the 

user sees what the ME-2 solver tried to minimize during the iteration. The latter shows the 

residuals, without the downweighted values that is relevant (and gives also more realistic values 

for Q), in case many variables were classified as weak or bad and downweighted. 

 Robust values for result 

The robust mode truncates the dependency of the iterative process from the scaled residuals (see 

2.1.2), preventing e.g. outliers to drive a PMF solution, by rescaling and hence by modifying the 

corresponding errors. The user has the possibility to see the result including this modification 

(default case) or to remove this effect from the error matrix. The advantage of applying the robust 

mode is that the minimization process as solved by ME-2 can be inspected. Removing this option 

reveals which variables or points in time are better or worse explained among all points that hit 

and remained until convergence at the robust limit. 

The last two points (3.4.8.5 and 3.4.8.6) can be performed while inspecting the PMF results. This 

allows the user to compare the result with and without the application of these threshold limits. 

 Calculate explained variation 

By default, the explained variation is calculated over the effective time series (excluding 

blacklisted time points). If the whole time series should be used for the calculation of the 

explained variation (e.g. for rolling PMF), this can be changed here. 

 S/N threshold for the unexplained variation 

Paatero (2010) introduced a metric based on the estimation of the measurement variation 

explained by the factors. The explained variation (EV) is a dimensionless quantity that indicates 

how much variation in time or variation in each variable is explained by each factor. As an 

example, the equation for the explained variation EV for the ith point in time for the kth factor is 

given by: 

Ὁὠ
В Ͻ Ⱦ

В В Ͻ Ⱦ
 

Similar equations can be formulated for the unexplained variation (UEV) by replacing the product 

Ὣ ϽὪ  in the numerator with Ὡ . Expressing the explained and the unexplained variation for a 

variable j as EVjk is done by simply replacing in the expression the sum over j with the sum over i. 

If all variation is explained by the model, then EV = 1. According to Paatero (2010) a variable 

should be regarded as explained only if the UEV for that variable is less than 25 %. 

(12) 
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The UEV is further separated into the real UEV for data possessing a high S/N value and UEV for 

noisy data. This separation is performed using the S/N threshold defined in this section (default 

value is 2). 

 Resolution in daily cycle 

The resolution for the daily cycle plots supported in SoFi can be changed here. The default value 

is one that leads to the classical daily cycle resolution between 0 and 24. This option is interesting 

and necessary, in case the PMF input data or external data possess a lower resolution than one 

hour. 

 User-defined families for HR-data 

For HR-data, the user can define custom families based on a list of criteria. This is not limited to a 

specific instrument type but it requires as input the chemical formula information. The user-

defined families can be created after the initialization of the data (5.1). .ȅ ŎƭƛŎƪƛƴƎ ƻƴ ά!ŘŘ ƴŜǿ 

ŦŀƳƛƭȅέ ŀƴ ƛƴǘŜǊŀŎǘƛǾŜ ŘƛŀƭƻƎǳŜ ƛǎ ōŜƛƴƎ ǇƻǇǇŜŘΣ ǿƘŜǊŜ ǘƘŜ ǳǎŜǊ ƛǎ ŀǎƪŜŘ ǘƻ ŜƴǘŜǊ ŀ ŦŀƳƛƭȅ ƴŀƳŜ 

(what should be shown in the legend later, starting with a letter, no space or special characters), 

a criterion (see below for details) and a color. SoFi automatically creates a family for ions where 

ǘƘŜ ƴŀƳŜ Ŏƻƴǎƛǎǘǎ ƻŦ ƴǳƳōŜǊǎ όάƴƻǘψƛŘŜƴǘƛŦƛŜŘέύ ŀƴŘ ƛƻƴǎ ǘƘŀǘ ŀǊŜ ƴƻǘ ŀǎǎƛƎƴŜŘ ǘƻ ŀƴȅ ŦŀƳƛƭȅ 

όάƻǘƘŜǊέύΦ ¢ƘŜ ŎƻƭǳƳƴ άƴǳƳōŜǊ ƻŦ ǾŀǊƛŀōƭŜǎέ ǿƛƭƭ ōŜ ŜƳǇǘȅ ǳƴǘƛƭ ǘƘŜ ǎǇŜŎƛŜǎŦŀƳƛƭȅǘŜȄǘ ǿŀǾŜ ǿƛǘƘ 

the family assignment is created. 

CŀƳƛƭƛŜǎ Ŏŀƴ ōŜ ǳǇŘŀǘŜŘ όƴŀƳŜΣ ŎǊƛǘŜǊƛƻƴ ŀƴŘ ŎƻƭƻǊύ ǘƘǊƻǳƎƘ ǘƘŜ ά¦ǇŘŀǘŜ ŦŀƳƛƭȅέ ōǳǘǘƻƴΦ ¢ƘŜ ǳǎŜǊ 

is asked for which family that should be updated and is asked to provide the position (row, starting 

from 0), afterwards an interactive dialogue is popped. The user can also delete single entries in 

the table or the whole table. Furthermore, the list of families and their criteria and color can be 

saved and loaded (via .itx files). 

/ƭƛŎƪƛƴƎ ƻƴ ǘƘŜ ά/w9!¢9 ΨǎǇŜŎƛŜǎŦŀƳƛƭȅǘŜȄǘΩέ ōǳǘǘƻƴ ǿƛƭƭ ǘƘŜƴ ŎǊŜŀǘŜ ǘƘŜ ǎǇŜŎƛŜǎŦŀƳƛƭȅtext wave 

with the family assignment for each ion. The ions assigned to a specific family can be inspected 

ōȅ ǎŜƭŜŎǘƛƴƎ ǘƘŜ ŦŀƳƛƭȅ ƛƴ ǘƘŜ ŘǊƻǇŘƻǿƴ ƳŜƴǳ ŀƴŘ ǘƘŜƴ ŎƭƛŎƪƛƴƎ ƻƴ ǘƘŜ άƛƴǎǇŜŎǘ ΨΧΩέ ōǳǘǘƻƴΦ 

 Define a family based on a chemical formula 

One way to define families, is to categorize chemical formulas according to their elemental 

composition (similar to the default for HR-AMS data). The criterion is essential to determine the 

family assignment. It follows the format of an element (case sensitive) followed by round 

brackets. If the round brackets are left empty, it means that any number of that specific element 

is accepted. If a number is specified within the round brackets, it means that only the exact 

specified number of that element is accepted. SoFi also accepts > and < before the number in the 

brackets if the number of that specific element should be larger or smaller than the following 

number, respectively. Note: only chemical formulas with only the specified elements will be 
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assigned to the family. However, it is possible to define multiple criteria for one family. If a certain 

element should be ignored throughout the whole family assignment process (e.g. Na for EESI 

data), it can be added to the list of ignored element(s) ǘƘǊƻǳƎƘ ǘƘŜ άƛƎƴƻǊŜ ŜƭŜƳŜƴǘέ ōǳǘǘƻƴΦ ¢ƻ 

ǊŜƳƻǾŜ ƛƎƴƻǊŜŘ ŜƭŜƳŜƴǘǎΣ ŎƭƛŎƪ ƻƴ ǘƘŜ άŎƘŜŎƪ ƛƎƴƻǊŜŘ ŜƭŜƳŜƴǘόǎύέ ōǳǘǘƻƴ ǿƘƛŎƘ ǿƛƭƭ ǇƻǇ ŀ ǘŀōƭŜΣ 

delete the element therein.  

LŦ ǘƘŜ ǳǎŜǊ ŘŜŦƛƴŜŘ ǘƘŜ Řŀǘŀ ŀǎ !a{ Řŀǘŀ ƛƴ ǘƘŜ άŘŜŦƛƴŜ taC ƛƴǇǳǘέ ǎŜƭŜŎǘƛƻƴΣ ǘƘŜ ǳǎŜǊ ǿƛƭƭ ōŜ 

asked whether SoFi should check for some ions in the list that are assigned by the Aerodyne 

ŘŜŦŀǳƭǘ ǘƻ ŀ ŦŀƳƛƭȅΣ ŜǾŜƴ ƛŦ ǘƘŜ ŘƻƴΩǘ Ŧǳƭƭȅ ŦǳƭƭŦƛƭƭ ǘƘŜ ŦŀƳƛƭȅ ŎǊƛǘŜǊƛƻƴ όŜΦƎΦ /b ōŜƛƴƎ ŀǎǎƛƎƴŜŘ ǘƻ 

CHN, CO being assigned to CHO1 or CO2 being assigned to CHOgt1). If the user wishes to do so, a 

window is popped where the critical ions are listed and the family can be assigned via a dropdown 

menu. SoFi will try to suggest families but it will fail if the default Aerodyne names are different 

from the user-defined families. In this case the user has to select the family him/herself. 

 

Figure 5 Sample criteria list for defining families based on the chemical formula. For the criterion, an 

element should always be followed by round brackets. If the brackets are left empty, any number 

of this element is accepted (e.g. C()H() will include all ions with the formula CxHy). If a specific 

number of on element is expected, that number should be written inside the brackets (e.g., 

C()H()O(1) for CxHyO1 or C()H()O(>1) for CxHyO>1). 

 Define a family based on a number of a specific element 

Another way to define families, is to categorize based on the number of a specific element in the 

chemical formula. The syntax for this kind of defining the families, the syntax is hashtag (#) 

followed by the specific element and in brackets the number of this element. For example, 

assigning families based on the numbers of nitrogen in the chemical formula could look like Figure 

6Φ bƻǘŜ ǘƘŀǘ ǘƘŜ ŦŀƳƛƭȅ άƻǘƘŜǊέ ƛǎ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ŎǊŜŀǘŜŘ ōȅ {ƻCƛΦ 
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Figure 6 Sample criteria list for defining families based on a number of a specific element. In this case the 

families should be assigned by the number of nitrogen (N) in the chemical formula. For the criteria 

use # followed by the element and a number in brackets (e.g., #N(1) for all ions that contain exactly 

one nitrogen). 

 Manual 

The option άaŀƴǳŀƭέ downloads the latest SoFi manual as a pdf from the Datalystica server. An 

internet connection is required for this. 

 History 

SoFi downloads the newest history file from the Datalystica server (internet connection required). 

The history file contains all bug fixes and improvements since SoFi 6.5 (2018). It is strongly 

recommended to always use the newest SoFi version. If older versions are being used, it is the 

ǳǎŜǊΩǎ ǊŜǎǇƻƴǎƛōƛƭƛǘȅ ǘƻ ƳŀƪŜ ǎǳǊŜ ǊŜǎǳƭǘǎ ŀǊŜ ƴƻǘ ŎƻƳǇǊƻƳƛǎŜŘ ōȅ ōǳƎǎ ǘƘŀǘ ŀǊŜ ǎƻƭǾŜŘ ƛƴ ƴŜǿŜǊ 

versions. 

 Terms and conditions 

This option downloads the terms and conditions as a pdf from the Datalystica server. It is the 

same that the user must read and accept before launching SoFi. 

 Credits 

άCǊŜŘƛǘǎέ ƻǇǘƛƻƴ Ǉrovides an e-mail address and a phone number for further support. 
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 License information 

Get information about what type of license and for how long it is active. Furthermore, the licensee 

as well as the license serial number are displayed. 

 Close SoFi package/key procedure 

The SoFi procedure files are hidden and cannot be closed (killed) manually. If there are e.g., 

problems with SoFi and you wish to reload the procedure files, the SoFi procedures can be closed 

with this option. 

 Perform communication tests 

SoFi checks the communication between Igor and the operating system as well as between Igor 

and the Datalystica server. If there are problems with the activation of the SoFi license, these 

tests should be performed and the results sent to our support (support@datalystica.com). The 

results are printed in the Igor history (Ctrl+J). 

 SoFi license activation step 

Pressing on any tab or button on the main SoFi panel will automatically connect to the Datalystica 

server and validate your SoFi Pro license. Make sure you are connected to the Internet. 

Otherwise, the validation process fails, and you will be asked to use SoFi without the license, i.e. 

very limited options, as long as the license cannot be verified. 

The license button turns green for successful license authentication and shows how many licenses 

of your SoFi Pro package are currently in use. On the left side, the number of days left for the SoFi 

Pro license is shown in green. Below in gray the panel reports the remaining time prior to the next 

server connection (Figure 7). 

To log off from the server press on the license button (green button). This option is useful in case 

only a few licenses are purchased, and SoFi Pro should be sequentially used on several PCs. 

Thereafter, IGOR must be recompiled manually. The simplest approach is to save, close and 

reopen the IGOR experiment. 

SoFi requires the Internet for the license validation and will connect to the server every 24 hours, 

once being logged in. During these 24 hours SoFi Pro works perfectly offline. Hence, if SoFi Pro 

must be used offline, make sure you validate your license first while being connected to the 

Internet. 

 

mailto:support@datalystica.com


 
 

 -27- 

 

Figure 7 SoFi license panel with one SoFi Pro license activated (green panel). The example shows 61 days 

left for the SoFi Pro license (green text on the left of the button) and SoFi will attempt the next 

connection to the server for the license validation in one hour (gray text below). 

 Data hierarchy in IGOR 

Once SoFi is launched the folder SoFi with all its subfolders are created under the root folder (see 

Figure 8). The data folders contain: 

ά9ȄǘŜǊƴŀƭψŘŀǘŀέ Raw data loaded by the user. 

άwŀǿψƛƴǇǳǘέ The raw PMF input. 

άwŀǿψprέ External reference profiles together with the associated variable 

bases (must be in txt format, see 5.2.1 for more details) 

άwŀǿψǘǎέ The time series of external data together with the associated time 

stamp (see 5.2.2 for more details). 

άwŜŦŜǊŜƴŎŜψǇǊέ The reference profiles that contain the same variables present in the 

PMF input matrix. 

άwŜŦŜǊŜƴŎŜψǘǎέ The external information that matches the time of the PMF input 

(default resolution), SoFi Pro: in addition, hourly, daily, weekly, 

monthly and yearly resolution are also evaluated. 

Note: The user should not be concerned about the length (time series) / amount of variables 

(profiles) of the external data. There is a matching algorithm (see 5.2) that makes sure that the 

external information is harmonized to that of the PMF input. 
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ά9ŦŦψƛƴǇǳǘέ The PMF input used for the current PMF run. 

άwŜǎǳƭǘǎέ Once the model results are imported by the user, they will be stored 

ƛƴ ǘƘŜ ŦƻƭŘŜǊ άǊƻƻǘΥ{ƻCƛΥwŜǎǳƭǘǎΥ···έΣ with ά···έ ōŜƛƴƎ ǘƘŜ ƴŀƳŜ ƻŦ 

the user-defined HDF5 file. 

άtǊŜŀƴŀƭȅǎƛǎέ Data related to the pre-treatment part (tab 2 in the main SoFi 

panel). 

ά±ŀǊƛŀōƭŜǎέ All variables are necessary for the software. The user is not 

supposed to modify anything here!!!  

άLƴŘŜǇψ!ƴŀƭȅǎƛǎέ All variables and waves required for independent analysis panels 

(bootstrap, marquee and clustering panel). 

 

Figure 8 Data structure for SoFi. 

 Newer SoFi versions 

SoFi checks for newer SoFi versions on our homepage (https://datalystica.com/downloads/) 

every time the SoFi software package has been successfully compiled. This is typically the case 

when, for example the Igor experiment is opened for the first time. Whenever a newer SoFi 

version is found (for SoFi 9 and SoFi 10 independently) on the homepage, the user gets a unique 

warning message (see Figure 9). 

https://datalystica.com/downloads/
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Figure 9 Warning for a newer SoFi version available on our homepage. 

There are several different ways to update your experiment to a newer SoFi version. If all SoFi 

experiments are closed, it is easiest to simply replace the SoFi-X.ipf file in the original location. 

When the experiment is opened again, it will automatically read the newest version. While 

working with SoFi, the current SoFi main package can be closed via the main menu and the new 

SoFi-X.ipf can simply be dragged, dropped and compiled in the open experiment.  
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 LƳǇƻǊǘ ŀƴŘ ŘŜŦƛƴŜ ǘƘŜ ƛƴǇǳǘ Řŀǘŀ 

SoFi is structured in a task-dependent panel system. The main panel is shown in Figure 10. This is 

the panel that controls all major tasks in SoFi, such as defining the PMF input, creating various 

PMF cases, launching the ME-2 solver, importing and visualizing the results. 

{ǳōǇŀƴŜƭǎ ǎƘƻǳƭŘ ōŜ ƻǇŜƴŜŘ ŀƴŘ ŎƭƻǎŜŘ ōȅ ŎƭƛŎƪƛƴƎ ƻƴ ǘƘŜ ǊŜǎǇŜŎǘƛǾŜ άƻǇŜƴέ ōǳǘǘƻƴǎΦ /ƭƻǎƛƴƎ 

panels and/or graphs using X (top right) could cause unexpected behavior of some features. 

 

Figure 10 aŀƛƴ {ƻCƛ ǇŀƴŜƭΣ ƛƳǇƻǊǘ ǘŀōΦ ¢ƘŜ άLƳǇƻǊǘ Řŀǘŀέ ōǳǘǘƻƴ ŀƭƭƻǿǎ ŀǳǘƻƳŀǘƛŎ ƛƳǇƻǊǘ ƻŦ ǘƘŜ taC ƛƴǇǳǘ 

ŀƴŘ ŜȄǘŜǊƴŀƭ ǘƛƳŜ ǎŜǊƛŜǎ ŀƴŘ ǇǊƻŦƛƭŜǎΦ ¦ƴŘŜǊ ά5ŜŦƛƴŜ taC ƛƴǇǳǘέ ǘƘŜ ǳǎŜǊ Ƙŀǎ ǘƻ ŘŜŦƛƴŜ ǘƘŜ taC 

input. 

 Import data 

The first step is to import the data into the proper folder of the current IGOR experiments. This 

can be done manually or automatically. SoFi currently supports automatic data import for the 

PMF input from IGOR text files (.itx) and excel files (.xls and .xlsx), as well as external time series 

and external profiles from IGOR text files (.itx), excel files (.xls and .xlsx), comma-separated values 

ŦƛƭŜǎ όΦŎǎǾύΣ Řŀǘŀ ŦƛƭŜǎ όΦŘŀǘύ ŀƴŘ ǘŜȄǘ ŦƛƭŜǎ όΦǘȄǘύΦ ¦ǎƛƴƎ ǘƘŜ ōǳǘǘƻƴ άLƳǇƻǊǘ Řŀǘŀέ ƻǇŜƴǎ ǘƘŜ ƛƳǇƻǊt 

panel where the details for the automatic import can be specified. For the manual import, please 

consult the subchapters for the locations where the data has to be copied to. 

Please contact support@datalystica.com if you experience problems with importing your data. 

We are always happy to expand the import function. 

mailto:support@datalystica.com
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 PMF Import 

The PMF import needs to be stored under άǊƻƻǘΥ{ƻCƛΥ9ȄǘŜǊƴŀƭψŘŀǘŀΥwŀǿψƛƴǇǳǘέΦ The PMF input 

should contain at least the data and error matrix, as well as the time series and profile (variable) 

vector. The error matrix can also be calculated by SoFi if the user imports from an excel file (Figure 

11, left) details below. 

 

Figure 11 Import panel for the PMF input (left) from an IGOR txt file and for external time series from an Excel 

file (middle) and for combining matrices (right). 

By the drop-down menu on the top, the user can select the data file type from which SoFi should 

import the PMF input. For .itx files, the required matrices should be stored as separate 1D or 2D 

waves, so that it can be imported automatically, and no further information is required. The 

άLƳǇƻǊǘέ ōǳǘǘƻƴ ƻǇŜƴǎ ŀ ŦƛƭŜ ŘƛŀƭƻƎ ǘƻ ǎŜƭŜŎǘ ǘƘŜ ΦƛǘȄ ŦƛƭŜΦ  

For PMF iƴǇǳǘǎ ŦǊƻƳ ŀƴ ŜȄŎŜƭ ŦƛƭŜΣ ǘƘŜ ǳǎŜǊ ŦƛǊǎǘ ƴŜŜŘǎ ǘƻ ǎŜƭŜŎǘ ǘƘŜ ŦƛƭŜ όǾƛŀ ǘƘŜ ά/ƘƻƻǎŜ ŦƛƭŜέ 

button) and then specify the cells in which the data matrix, error matrix, time series and profiles 

can be found. In addition, the spreadsheets have to be specified. Data matrix and error matrix are 

allowed to be in separate spreadsheets. For excel files, SoFi imports the profile vectors based on 

the row names as a text wave and generates automatically a corresponding numeric wave, as 

needed to define the PMF input. If the field for the error matrix is left blank, SoFi assumes that 

there is no error message and gives the option to let the error matrix (later named 

ά9ǊǊƻǊψaȄψ{ƻCƛέύ ōŜ ŎŀƭŎǳƭŀǘŜŘ ŀǳǘƻƳŀǘƛŎŀƭƭȅΦ CƻǊ ǘƘƛǎ ŦŜŀǘǳǊŜΣ {ƻCƛ ǎǳǇǇƻǊǘǎ two types of error 

matrix calculation: 

 

άPolissar et al., 1998έ  In the approach described by Polissar et al. (1998), data matrix and 

error matrix are composed as fixed fractions of the method detection 

limit (MDL): 



 
 

 -32- 

Ὂέὶ ὧέὲὧȢ ὈὒȡὧέὲὧȢ  άὩὥίόὶὩάὩὲὸίȟ„
ρ

σ
ὓὈὒ 

Ὂέὶ ὧέὲὧȢ ὈὒȡὧέὲὧȢ
ρ

ς
ὓὈὒȟ„

υ

φ
ὓὈὒ 

άbƻǊǊƛǎ Ŝǘ ŀƭΦΣ нлмпέ In this approach uses an equation-based uncertainty and an error 

fraction for concentrations above the MDL. For concentrations below 

the MDL, the approach from Polissar et al. (1998) is followed. This error 

matrix calculation is also used in EPA PMF.  

Ὂέὶ ὧέὲὧȢ Ὀὒȡ „ Ὡὶὶέὶ ὪὶὥὧὸὭέὲϽὧέὲὧȢ ὓὈὒ 

Ὂέὶ ὧέὲὧȢ Ὀὒȡ  „
υ

φ
ὓὈὒ 

Both error matrix calculations require the input of the method detection limit (MDL) for each 

element/species/ion/etc. as illustrated in Figure 12. The equation-based uncertainty according to 

Norris et al. (2014), additionally requires the input of the error fraction. SoFi accepts an error 

fraction for each element or one error fraction for all elements. Both, input values and error 

fraction, need to be separated by semicolons. 

 

Figure 12 Interface to enter the detection limits for each element/species/ion/etc. 

.ȅ ŎƘŜŎƪƛƴƎ ǘƘŜ ōƻȄ ά!ǾŜǊŀƎŜ ǘƛƳŜ ǎŜǊƛŜǎέΣ {ƻCƛ ŀǾŜǊŀƎŜǎ ǘƘŜ ƛƳǇƻǊǘŜŘ taC ƛƴǇǳǘ ǘƻ ǘƘŜ ŘŜǎƛǊŜŘ 

time resolution (in minutes), storing both, the original input and the averaged input under 

άǊƻƻǘΥ{ƻCƛΥ9ȄǘŜǊƴŀƭψŘŀǘŀΥwŀǿψƛƴǇǳǘέΦ !ŦǘŜǊ ǘƘŜ ƛƳǇƻǊǘ ƻŦ ǘƘŜ ƻǊƛƎƛƴŀƭ PMF input, a window pops 

up where the user has to define the desired time resolution (in minutes). For the import from an 

.itx file, the user has to additionally define the data matrix, error matrix and time series. 

(15) 

(14) 

(13) 

(16) 
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Figure 13 Interface to average the PMF input. The desired time resolution needs to be entered in minutes. 

The definition of data matrix, error matrix and time series is only required for import from .itx files.  

If present, the minerr1ion wave will be automatically averaged too. However for PMF, SoFi will 

ǘŀƪŜ ŀƴŘ ŀǇǇƭȅ ǘƻ ǘƘŜ ŜǊǊƻǊ ƳŀǘǊƛȄ ǘƘŜ ǿŀǾŜ ǿƛǘƘ ǘƘŜ ƴŀƳŜ άƳƛƴŜǊǊмƛƻƴέ ƻƴƭȅΦ IŜƴŎŜΣ ǘƘŜ ǳǎŜǊ 

must remove a resulting suffix manually and make sure that the main minerr1ion wave with 

default resolution has a different name or is removed from the raw input folder. 

 Time series import 

The external time series need to be stored under άǊƻƻǘΥ{ƻCƛΥ9ȄǘŜǊƴŀƭψŘŀǘŀΥwŀǿψǘǎέ, which is 

ŘƻƴŜ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ƛŦ ǘƘŜ άLƳǇƻǊǘ ŜȄǘŜǊƴŀƭ ǘǎέ ƻǇǘƛƻƴ ƛǎ ŎƘƻǎŜƴΦ ¢ƘŜ ƳƛƴƛƳǳƳ Řŀǘŀ ǘƘŀǘ ƛǎ 

required, is a time series and a corresponding numeric value series. In a first step, the user has to 

choose the file type from which the data should be imported. In the following the specifications 

for the different file types are explained: 

itx files: ƴƻ ŦǳǊǘƘŜǊ ƛƴŦƻǊƳŀǘƛƻƴ ƛǎ ǊŜǉǳƛǊŜŘΣ ǘƘŜ άLƳǇƻǊǘέ ōǳǘǘƻƴ ǿill open a file dialog 

to select the .itx file and all waves in this file will be imported.  

.xls/.xlsx files: ƛƴ ŀ ŦƛǊǎǘ ǎǘŜǇΣ ǘƘŜ ǳǎŜǊ Ƙŀǎ ǘƻ ǎŜƭŜŎǘ ǘƘŜ ŦƛƭŜ ōȅ ŎƭƛŎƪƛƴƎ ƻƴ ά/ƘƻƻǎŜ ŦƛƭŜέΦ ¢ƘŜ 

user needs to define where to find the time series (only one column at the 

time), by giving the start and end cell, e.g. A2,A40. Similar for the data 

(concentrations). The user has to again give the start and end cell, however 

here more than one column is supported, e.g. B2,H40. The spreadsheet name 

also has to be defined. SoFi will import the data column-wise. 

Row-wise import is not supported. 

.csv,.dat., txt files:  ǘƘŜ ǳǎŜǊ Ƙŀǎ ǘƻ ŎƘƻƻǎŜ ǘƘŜ ŦƛƭŜ ōȅ ŎƭƛŎƪƛƴƎ ƻƴ ά/ƘƻƻǎŜ ŦƛƭŜέΦ CƛǊǎǘΣ ǘƘŜ ǳǎŜǊ Ƙŀǎ 

to define in which column the time series can be found. 

Please note, the column number starts from 0. In the following three options, 

ǘƘŜ ǳǎŜǊ ǎƘƻǳƭŘ ŘŜŦƛƴŜ ǘƘŜ ǘƛƳŜ ŦƻǊƳŀǘ ǘƘŀǘ ƛǎ ǳǎŜŘΦ άCƻǊƳŀǘέ ŘŜŦƛƴŜǎ ǘƘŜ 

ŘŀǘŜ ŦƻǊƳŀǘΣ ǿƘƛƭŜ άϝέ ƛǎ ǘƘŜ ŘŀǘŜ ǎŜǇŀǊŀǘƻǊ όŜΦƎΦ άΦέΣ άκέΣ ά-άύ ǿƘƛŎƘ Ƙŀǎ ǘƻ ōŜ 



 
 

 -34- 

ǎǇŜŎƛŦƛŜŘ ƛƴ ά5ŀǘŜ ǎŜǇŀǊŀǘƻǊ όϝύέ όǿƛǘƘƻǳǘ άέύΦ ²ƘŜǘƘŜǊ ǘƘŜ ǘƛƳŜ ǎŜǊƛŜǎ 

contains a time information and if so in which format, has to be selected 

ǳƴŘŜǊ ά¢ƛƳŜέΦ Lƴ the next step, the columns which contain data need to be 

ǎǇŜŎƛŦƛŜŘΦ άмǎǘ ŎƻƭǳƳƴ ƻŦ Řŀǘŀέ ƛǎ ǘƘŜ ŎƻƭǳƳƴ ŦǊƻƳ ǿƘŜǊŜ ǘƘŜ Řŀǘŀ ǎƘƻǳƭŘ ōŜ 

imported (note, column numbers start from 0ύΦ άbō ƻŦ ŎƻƭǳƳƴǎέ ŘŜŦƛƴŜǎ Ƙƻǿ 

many columns should be imported. It can be either set to a certain number 

or to import all columns after the 1st data columns, set it to 0. To name the 

ƛƳǇƻǊǘŜŘ ǿŀǾŜǎ ŎƻǊǊŜŎǘƭȅΣ ǎŜǘ ǘƘŜ άIŜŀŘŜǊ όǊƻǿύέ ƻƴ ǿƘŜǊŜ ǘƻ ŦƛƴŘ ǘƘŜ ƴŀƳŜǎ 

(note, row numbers start from 0). If there is no header, Igor will name the 

ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ǿŀǾŜǎ άǿŀǾŜ·έΣ ǿƛǘƘ · ōŜƛƴƎ ŀƴ ƛƴŎǊŜŀǎƛƴƎ ƴǳƳōŜǊΦ άbō ƻŦ 

Ǌƻǿǎ ǘƻ ǎƪƛǇέ ŘŜŦƛƴŜǎ Ƙƻǿ Ƴŀƴȅ Ǌƻǿǎ ǎƘƻǳƭŘ ōŜ ǎƪƛǇǇŜŘΦ ¢ƘŜ ƘŜŀŘŜǊ ƛǎ ƴƻǘ 

ŀǳǘƻƳŀǘƛŎŀƭƭȅ ƛƴŎƭǳŘŜŘΦ Lƴ ά/ƻƭǳƳƴ ǎŜǇŀǊŀǘƻǊέ ǘƘŜ ŎƻƭǳƳƴ ǎŜǇŀǊŀǘƻǊ needs 

to be defined. In case the columns are separated by tabs, please use \ t. 

ά5ŜŎƛƳŀƭ ŎƘŀǊŀŎǘŜǊέ ƛǎ ǇǊŜ-defined as dot but can be changed into comma.  

If data waves with the same name are being imported at different steps, they are not over-

written, but a continuous number is added to the end of newly imported wave. 

 AE33 data import 

SoFi offers the option to read multiple AE33 files automatically, extract the valid data and perform 

source apportionment (Sandradewi et al., 2008). In a first step, the raw data has to be imported. 

SoFi offers the option to only import (a) the date and total eBC (BC6), (b) date, all wavelengths 

and some diagnostics and (c) all available data. Note that with option (a) post processing is not 

possible (as the status is not imported) and depending on the amount of imported files, option 

(c), although recommended, can take quite some time. The imported waves will be saved under 

root:SoFi:External_data:Raw_ts:AE33_raw, a separate folder with all imported raw AE33 waves. 

All waves and folder names should be kept as imported otherwise further processing of the data 

might fail. 
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Figure 14 Interface to import and treat AE33 files. AE33 files can be imported, treated (valid measurements 

extracted) and corrected and displayed for a short checkup. 

The data treatment is performed in a separate panel that opens through the "Data treatment for 

AE33 files" button. Typically, the raw AE33 data consists of the full time series, also including also 

filter tape advances, etc. calibrations besides valid measurements. For the data preparation, SoFi 

filters out all valid measurements (status = 0, 128, 256) and changes the units to what is commonly 

used. The valid data is saved under root:SoFi:External_data:Raw_ts:AE33_treated. As this folder 

is not accessed by SoFi when treating external data (yellow panel), the user has the option to save 

a copy of (a) total eBC (BC6), (b) all imported waves or (c) no waves under 

root:SoFi:External_data:Raw_ts for later.  

Under diagnostics and data validation, some key parameters (eBC from all wavelengths, total 

flow, k parameter from all wavelengths as well as BCx vs ATNx_1) can be plotted for quick visual 

validation (normally or as histogram). The user can access the raw as well as the treated AE33 

waves. The attenuation for the BCx vs ATNx_1 plot are ATN0 corrected. The AAE can also be 

plotted after source apportionment is performed. 

SoFi also offers the option to perform source apportionment on the eBC. For more information 

on the source apportionment approach please consult the work published by (Sandradewi et al., 

2008) or (Zotter et al., 2017). SoFi performs the source apportionment using the user-ŘŜŦƛƴŜŘ ʰ 

values and the corresponding wavelengths. The source apportionment results are directly saved 

under root:SoFi:External_data:Raw_ts so that they can be easily used in SoFi later on. 

It is possible to correct the filter tape settings (multiple scattering parameter (C) and filter leakage 

(Z)), as well as to recalculate the flow. These calculations can be performed over the whole 

imported data set or from/to specific dates. The dates refer to filter exchange dates (based on 

status code for tape change procedure). For the flow, the user can select from the five flow 
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reporting standards in the AE33 (Table 1). For the used flow reporting standard, multiple 

scattering parameter (C) and filter leakage (Z) value, the user should check the setup files 

όά!9ψ{9¢¦tψ!9оо-ώΧϐέύΦ 

Table 1 flow reporting standards in the AE33. 

Standard Pressure Temperature 

AMCA 101325 Pa 21.11 °C 

EPA 101325 Pa 25 °C 

ISO 101325 Pa 20 °C 

NIST 101325 Pa 0 °C 

IUPAC 100000 Pa 0 °C 

.ȅ ǇǊŜǎǎƛƴƎ άǇŜǊŦƻǊƳ ŎƻǊǊŜŎǘƛƻƴ όƻǾŜǊǿǊƛǘŜǎ ǿŀǾŜǎύέΣ ǘƘŜ ǊŜŎŀƭŎǳƭŀǘƛƻƴ ƻǾŜǊǿǊƛǘŜǎ ŀƭƭ ƛƳǇƻǊǘŜŘ 

waves in the AE33_raw and AE33_treated data folder that are affected by the correction. The 

original .dat files are not changed.  

 Profile import 

The external profile series need to be stored under άǊƻƻǘΥ{ƻCƛΥ9ȄǘŜǊƴŀƭψŘŀǘŀΥwŀǿψǇǊέ, which is 

ŘƻƴŜ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ƛŦ ǘƘŜ άLƳǇƻǊǘ ŜȄǘŜǊƴŀƭ ǇǊέ ƻǇǘƛƻƴ ƛǎ ŎƘƻǎŜƴΦ ¢ƘŜ ƳƛƴƛƳǳƳ Řŀǘŀ ǘƘŀǘ ƛǎ 

required, is a profile series (variable vector) and a corresponding intensity series. In a first step, 

the user has to choose the file type from which the data should be imported. The required 

specification for the import is similar to the time series import, except that there are not 

information about the time ŦƻǊƳŀǘ ǊŜǉǳƛǊŜŘΦ tƭŜŀǎŜ Ŏƻƴǎǳƭǘ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ǳƴŘŜǊ άǘƛƳŜ ǎŜǊƛŜǎ 

ƛƳǇƻǊǘέ ƻƴ Ƙƻǿ ǘƻ ǎŜǘ ǳǇ ǘƘŜ ƛƳǇƻǊǘ ŀƴŘ ǊŜǇƭŀŎŜ ǘƛƳŜ ǎŜǊƛŜǎ ōȅ ǇǊƻŦƛƭŜ ǎŜǊƛŜǎΦ {ƻCƛ ƛƳǇƻǊǘǎ ǘƘŜ 

ǇǊƻŦƛƭŜ ǾŀǊƛŀōƭŜ ǾŜŎǘƻǊ ŀǎ ŀ ǘŜȄǘ ǿŀǾŜΣ ǎƻ ǘƘŀǘ ƛǘ Ŏŀƴ ōŜ ŘƛǊŜŎǘƭȅ ǳǎŜŘ ƛƴ ǘƘŜ άǘǊŜŀǘ ŜȄǘŜǊƴŀƭ Řŀǘŀέ 

option. 

 Combine matrices 

SoFi can combine matrices diagonally (e.g., for multi-time PMF), horizontally (e.g., for combining 

organic and inorganic matrices from the same instrument) and vertically (e.g., combining data 

from different seasons from the same instrument). The matrices have to be imported first, 

afterwards the user has to provide the name of the two matrices and the corresponding 

profiles/timeseries that should be combined. If more than two matrices should be combined, the 

procedure has to be repeated several times.  

SoFi will automatically get rid of empty row/columns like during the initialization process as long 

as the missing value is either nan or zero. This is most important for diagonally combined matrices 

as these rows/columns would not be caught during the initialization process. If SoFi find a 
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ƳƛƴƛƳǳƳ ŜǊǊƻǊ ǿŀǾŜ ǿƛǘƘ ǘƘŜ ƴŀƳŜ άminErr1ionέΣ {ƻCƛ ǿƛƭƭ ŀǎƪ ƛŦ ǘƘŜ ƳƛƴƛƳǳƳ ŜǊǊƻǊ ǿŀǾŜ ǎƘƻǳƭŘ 

also be applied during the combination of the matrices.  

 Define PMF input 

The internal string variables in SoFi must be linked to the just imported PMF data. This is done 

using the dropdown ƳŜƴǳǎ ά5ŀǘŀέ όŦƻǊ ǘƘŜ Řŀǘŀ ƳŀǘǊƛȄύΣ ά9ǊǊƻǊέ (for the error matrix)Σ άPR (nb)έ 

(for the profile (variables) in numeric format)Σ άPR (txt)έ (for the profile (variables) in text format), 

and άTS (nb)έ (for the time series in numeric format) (Figure 15).  

 

Figure 15 aŀƛƴ {ƻCƛ ǇŀƴŜƭΦ ¦ƴŘŜǊ ά5ŜŦƛƴŜ taC ƛƴǇǳǘέ ǘƘŜ ǳǎŜǊ Ƙŀǎ ǘƻ ŘŜŦƛƴŜ ǘƘŜ taC ƛƴǇǳǘΦ 

 The data and error matrix 

The main matrices with the measured data and the corresponding error matrix. SoFi can calculate 

simple error matrices during the data import (see 4.1.1). The error matrix must contain the word 

ά_ŜǊǊέ ƛƴ ǘƘŜ ƴŀƳŜΦ ¢Ƙƛǎ ŀƭƭƻǿǎ ŦƻǊ ŀƴ ƛƴǘŜǊƴŀƭ ŘƛŦŦŜǊŜƴǘƛŀǘƛƻƴ ōŜǘǿŜŜƴ ǘƘŜ Řŀǘŀ ŀƴŘ ŜǊǊƻǊ ƳŀǘǊƛȄΦ 

Large names, e.g. more than 15-20 characters should be avoided. This is a restriction given by the 

ME-2 solver. 

 The time wave 

άTS(nb)έ contains the numerical information of the time series. The dates do not have to be 

continuous but it is advantageous for the plots later on to avoid jumping back and forth when 

choosing line styles. In case of thermogram data, set define the temperature wave (either 

continuous or thermogram cycles) here are time wave, as PMF will performed over this dimension 

(i.e. treating it similar as the time wave in traditional PMFs). 



 
 

 -38- 

 The variable vectors 

άPR (nb)έ Ŏƻƴǘŀƛƴǎ ǘƘŜ ƴǳƳŜǊƛŎŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ƻŦ ǘƘŜ ǾŀǊƛŀōƭŜǎΦ άPR (txt)έ Ƴǳǎǘ ōŜ ƻŦ ǘŜȄǘ ŦƻǊƳŀǘ 

and typically contains the text information of the variable, e.g. the name of the elements for 

elemental analysis or the name of the ions for HR-AMS analysis. However, even for unit mass 

resolution variables both vectors are required. In such a case the information is in both vectors 

the same but with a different representation, i.e., ƴǳƳŜǊƛŎŀƭ ŦƻǊ άPR (nb)έ ŀƴŘ ǘŜȄǘ ƛƴŦƻǊƳŀǘƛƻƴ 

ŦƻǊ άPR (txt)έΦ After selecting a wave for PR (nb), SoFi will ask if a text wave with the same 

information but in text format should be generated. This is useful for UMR data.  

 Data type 

The dropdown menu allows specifying the details of the PMF input data, such as the type of data: 

Q-ACSM/Q-AMS (UMR), ToF-ACSM/ToF-AMS (UMR), HR-AMS, Xact, Figaero TD, others. This is 

important to define, if the CO2-related variables should be excluded (ACSM/AMS) (see 4.2.4.1 and 

4.2.4.2), for correct access to the spectral database (where available), as well as to specify units 

of the PMF input. For ACSM and AMS the unit ά˃g/m3έ, ŦƻǊ ·ŀŎǘ ǘƘŜ ǳƴƛǘ άƴƎκƳ3έ and for Figaero 

ǘƘŜ ǳƴƛǘ άŎƻǳƴǘǎκǎέ ŀƴŘ άϲ /έ is automatically passed, respectively. For the other cases the user is 

prompted to define the units manually. The unit information is used in SoFi any time the 

contribution is visualized. 

Currently, SoFi offers the following options for AMS/ACSM data: 

Table 2 Data type options available in SoFi. 

Option type Comments 

Q-ACSM / Q-AMS (UMR) m/z 16, 17, 18, 19, 20 are based on m/z 

44. 

ToF-ACSM / ToF-AMS 

(UMR)  

m/z 16, 17, 18, 19, 20 and 28 are based 

on m/z 44. 

AMS HR / ToF-ACSM X 

(CO=CO2) 

m/z 16, 17, 18 and 28 are based on CO2 

signal. 

AMS HR (CO fitted) m/z 16, 17, 18 are are based on CO2 

signal, CO is supposed to be fitted! 

Xact - 

Figaero TD PMF over Figaero-CIMS thermograms 

other - 
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 Fragmentation table for UMR ACSM/AMS 

Over time, different fragmentation tables have been used, leading to inconsistent data structures. 

To make sure corrections, ŜǎǇŜŎƛŀƭƭȅ ǘƘƻǎŜ ƛƴǾƻƭǾƛƴƎ ǘƘŜ ŜȄŎƭǳǎƛƻƴ ƻŦ /hі-related variables, are 

properly applied, the input data needs to be linked with the correct fragmentation table. 

According to Aerodyne, only one of the two fragmentation tables that are shown in Table 3   

should be used, everything else is outdated. 

Table 3 Fragmentation tables confirmed by Aerodyne. For HR-AMS the corresponding ions are shown in 

the brackets. 

m/z Q-ACSM/AMS ToF-ACSM/AMS 

16 (O) 0.04*frag_organic[18] 0.04*frag_Org[18] 

17 (HO) 0.25*frag_organic[18] 0.25*frag_Org[18] 

18 (H2O) 1*frag_organic[44] 0.225*frag_Org[44] 

19 0.000691*frag_organic[18],0.002*frag_organic[17] 0.000691*frag_Org[18],0.002*frag_Org[17] 

20 0.002*frag_organic[18] 0.002*frag_Org[18] 

28 (CO) 
 

frag_Org[44] 

44 (CO2) 44 44 

 

The user has the option to choose between the two fragmentation tables. SoFi checks 

automatically whether the fragmentation table in the input data matches the instrument type 

that has been defined by the user. If there's a mismatch, SoFi alerts the user and adjusts the input 

data, so it aligns with the selected instrument type. This can also be used for better comparison 

of data from different ACSM so that they all use the same fragmentation table. 

 Exclude CO2-related variables (for ACSM/AMS) 

Based on the fragmentation table (see Table 3), several ions are calculated based on the CO2 

measurement and are not real measurements. Excluding those /hі-related variables is essential 

for obtaining a physically meaningful and stable PMF solution. Including them in the PMF input 

introduces redundancy, which violates the PMF assumption that each variable provides 

independent information. 

This issue becomes especially critical when PMF is run in robust mode, which is standard practice. 

During the iterative optimization, individual copies of m/z 44 can be treated differently: one copy 

may be downweighted when its residual-to-uncertainty ratio exceeds the robust threshold, while 

other copies are not. As a result, identical signals are handled inconsistently, even though they 

represent the same physical quantity. 

For this reason, SoFi removes all CO2-related variables prior to PMF and adds them back 

ŀŦǘŜǊǿŀǊŘǎ ǳǎƛƴƎ ǘƘŜ ŀǇǇǊƻǇǊƛŀǘŜ ŦǊŀƎƳŜƴǘŀǘƛƻƴ ǘŀōƭŜΦ ¢Ƙƛǎ ŜƴǎǳǊŜǎ ǘƘŀǘ ǘƘŜ /hі ǎƛƎƴŀƭ ƛǎ ǘǊŜŀǘŜŘ 

consistently and influences the solution in a controlled and physically meaningful way. 
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Simply downweighting the CO2-related variables is not sufficient. Even with reduced weights, 

these variables remain in the PMF input. So the problem of redundant information and 

inconsistent treatment of identical signal persists. Furthermor, it can bias the solution toward 

explaining variability in CO2, particularly affecting oxygenated factors at the expense of less 

intense but chemically important ions. 

To guarantee that this exclusion is applied correctly, the fragmentation table in the data must 

match the selected instrument type. SoFi therefore enforces instrument-consistent 

fragmentation tables based on the instrument that the user selected, to ensure reliable and 

reproducible analyses. 

 Minimum error for ACSM and AMS data 

For the ACSM and AMS data the user can further apply the minimum error to the error matrix, if 

available. It is important to pass the wave ǿƛǘƘ ǘƘŜ ŜȄŀŎǘ ƴŀƳŜ άƳƛƴ9ǊǊмƛƻƴέ όƎŜƴŜǊŀǘŜŘ ŦǊƻƳ ǘƘŜ 

previous data analysis software SQUIRREL/PIKA or Tofware (ACSM)) under 

άǊƻƻǘΥ{ƻCƛΥ9ȄǘŜǊƴŀƭψŘŀǘŀΥwŀǿψƛƴǇǳǘΥέΦ Do not change the name of this wave! 

 Figaero TD 

Use this option to analyze thermal desorption aerosol mass spectrometry data from FIGAERO-

CIMS, to gain insights into sources and processes based on desorption temperature profiles 

(volatility). Prior to the PMF analysis in SoFi, the data must be processed with MaS-PET (curtesy 

of Dr. Angela Buchholz) first to ensure correct data structure, calibration, and uncertainty 

treatment. Export following data from MaS-PET. 

Import all PMF relevant waves (data and error matrix, temperature, numeric and text wave with 

variable information as well as idxSample) into άǊƻƻǘΥ{ƻCƛΥ9ȄǘŜǊƴŀƭψŘŀǘŀΥwŀǿψƛƴǇǳǘΥέ. When 

selecting this option, the user also has to give SoFi the time stamp of the original filters. This will 

later be used as the time the thermograms are averaged to. It needs to be a numerical wave with 

the same length as idxSample.  
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 {ƻCƛ ς ǇǊŜπǘǊŜŀǘƳŜƴǘ 

 Treat missing data in PMF input 

Every cell of the PMF data matrix represents an equation that is used during the ME-2 

minimization process. Missing information in the PMF input must be treated accordingly and 

excluded from the set of equations. Two cases can be distinguished, a) entire row / column has 

no information, b) few missing data. 

The two cases should be treated in this order a) than b) and the first step is to define the symbol 

ŦƻǊ ƳƛǎǎƛƴƎ ƛƴŦƻǊƳŀǘƛƻƴ ǳƴŘŜǊ ά5ŜŦƛƴŜ ǎȅƳōƻƭ ŦƻǊ ƳƛǎǎƛƴƎ ŘŀǘŀέΦ 

a) Entire row / column has no information 

Note that entire rows / columns are removed directly from the main imported input under 

άǊƻƻǘΥ{ƻCƛΥ9ȄǘŜǊƴŀƭψŘŀǘŀΥwŀǿΥƛƴǇǳǘέΣ ƻƴŎŜ ǘƘŜ ōǳǘǘƻƴ άƛƴƛǘƛŀƭƛȊŜ taC ƛƴǇǳǘ ϧ ŎƘŜŎƪ ŦƻǊ ƳƛǎǎƛƴƎ 

Řŀǘŀέ ƛǎ ǇǊŜǎǎŜŘΦ ¢ƘŜ ǇǊƻŎŜǎǎ ƛǎ repetitive, in that if various symbols are present for missing 

information, e.g. NaN and 0 for AMS data, the symbol can be changed using the corresponding 

button and the initialization process can be repeated. This action also creates a copy of the 

current taC ƛƴǇǳǘ ǳƴŘŜǊ άǊƻƻǘΥ{ƻCƛΥ9ŦŦψƛƴǇǳǘέΦ 

If more symbols representing missing data are present, the order matters and the user must start 

with the one that is uninterruptedly present throughout an entire row / column. This allows to 

correctly remove entire missing rows / columns. 

  

Figure 16 Main SoFi panel, pre-treatment tab, with the menu to define missing data symbols. 
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b) Few missing data points 

At this stage, only completely empty rows and columns are removed. For the tagging and the 

exclusion of single missing data points, please consult 6.2.2 άII. Missing dataέ.  

 Treat external data 

The external information is harmonized to match the PMF input data using the yellow panel by 

clicking on ά¢ǊŜŀǘ ŜȄǘŜǊƴŀƭ Řŀǘŀ ŦƻǊ ǘƘŜ taC ǊǳƴκǊŜǎǳƭǘ ŎƻƳǇŀǊƛǎƻƴέ (Figure 16). 

 Profiles 

The algorithm extracts the PMF variables present in the external vector(s) and stores the copy of 

the external vector(s) with the same length as the number of variables in the PMF matrix under 

άǊƻƻǘΥ{ƻCƛΥ RefereƴŎŜψǇǊέΦ aƛǎǎƛƴƎ ǾŀǊƛŀōƭŜǎ in the external vector(s) ŀǊŜ ŘŜŦƛƴŜŘ ŀǎ άNaNέs. The 

extraction works by comparing the text information, e.g. name of ions for HR-AMS of the PMF 

input with that of the external data. Therefore, the x-axis for the external data must be linked to 

the text information (Figure 17 left panel). tǊŜǎǎƛƴƎ ǘƘŜ ά{ILC¢έ ƪŜȅ ŀƭƭƻǿǎ ǘƻ ǎŜƭŜŎǘ ŀŘƧŀŎŜƴǘ 

ŜƴǘǊƛŜǎ ǿƘƛƭŜ ǘƘŜ ά/¢w[έ ƪŜȅ ŀƭƭƻǿǎ ǘƘŜ ǳǎŜǊ ǘƻ ŀŘŘ ƴƻƴ-adjacent entries. 

It is possible that the reference profile does not include all variables that are present in the PMF 

ƛƴǇǳǘΣ ŜǎǇŜŎƛŀƭƭȅ ƛƴ ǘƘŜ ŎŀǎŜ ƻŦ Iw ŘŀǘŀΦ {ƛƴŎŜ {ƻCƛ ǇŜǊŦƻǊƳǎ ŀƴ ŜȄŀŎǘ ǘŜȄǘ ƳŀǘŎƘΣ ǘƘŜǎŜ άƳƛǎǎƛƴƎ 

ƛƻƴǎέ ŀǊŜ ƭŜŦǘ ōƭŀƴƪ ƛƴ ǘƘŜ ǊŜ-gridded profiles. If such missing variables (i.e., NaNs) are detected, 

SoFi asks the user whether a missing ion wave should be created. This missing ion wave will have 

values for all variables that are NaN. The value is based on a fraction of the variable with the 

highest intensity. The user can define the fraction him/herself. 

 Online spectral database 

Datalystica provides a platform for reference spectra that can be directly accessed from within 

SoFi. Obviously, this requires an active internet connection. Based on the data type defined under 

άнύ 5ŜŦƛƴŜ taC ƛƴǇǳǘέ ƛƴ ǘƘŜ άLƳǇƻǊǘ Řŀǘŀέ ǘŀōΣ ǘƘŜ ƻǇǘƛƻƴ άŦǊƻƳ ŘŀǘŀōŀǎŜέ ƛǎ ŀǾŀƛƭŀōƭŜ ƛŦ 

ǊŜŦŜǊŜƴŎŜ ǇǊƻŦƛƭŜǎ ŦƻǊ ǘƘƛǎ ŘŀǘŀǘȅǇŜ ŜȄƛǎǘ ƻƴ ǘƘŜ ǎǇŜŎǘǊŀƭ ŘŀǘŀōŀǎŜΦ hƴŎŜ ǘƘŜ ƻǇǘƛƻƴ άŦǊƻƳ 

ŘŀǘŀōŀǎŜέ ƛǎ ǎŜƭŜŎǘŜŘΣ ǘƘŜ ƭƛǎǘ ƻŦ ŀǾŀƛƭŀōƭŜ ǊŜŦŜǊŜƴŎŜ ǎǇŜŎǘǊŀ ƛǎ ǎƘƻǿƴ ƛƴ ǘƘŜ ǘŀōƭŜΦ ¢ƘŜ ǳǎŜǊ Ŏŀƴ 

select the ǊŜŦŜǊŜƴŎŜ ǇǊƻŦƛƭŜǎ ǘƘŀǘ ƘŜ ǿƻǳƭŘ ƭƛƪŜ ǘƻ ƛƳǇƻǊǘ ŀƴŘ ǇǊŜǎǎ ƻƴ ά9ȄǘǊŀŎǘ ŜȄǘŜǊƴŀƭ 

ƛƴŦƻǊƳŀǘƛƻƴ ώΧϐέ ŀƴŘ ǘƘŜ ǎŜƭŜŎǘŜŘ ǇǊƻŦƛƭŜǎ ǿƛƭƭ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ōŜ ŘƻǿƴƭƻŀŘŜŘΣ ǎǘƻǊŜŘ ǳƴŘŜǊ 

άǊƻƻǘΥ{ƻCƛΥ9ȄǘŜǊƴŀƭψŘŀǘŀΥǊŀǿψǇǊέ όƻǊƛƎƛƴŀƭ ǊŜŦŜǊŜƴŎŜ ǇǊƻŦƛƭŜύΣ ǿƘƛƭŜ ŀǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜΣ the 

reference profile with the same length and number as the PMF input (and the same 

ŦǊŀƎŜƳŜƴǘŀǘƛƻƴ ǘŀōƭŜ ƛƴ ŎŀǎŜ ƻŦ !a{κ!/{aύ ƛǎ ǎǘƻǊŜŘ ǳƴŘŜǊ άǊƻƻǘΥ{ƻCƛΥwŜŦŜǊŜƴŎŜψǇǊέΦ 
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Figure 17 Left panel: extraction of reference profiles. Middle panel: reference profiles from database. Right 

panel: re-grid panel for collocated external time series. 

 

 Time series 

The algorithm re-grids the time series of the external data. The following options are available: 

ά9·¢w!/¢ όǎŀƳŜ ǘƛƳŜǇΦύέ In case the time stamp of the external data equals that of the PMF 

input with the presence or absence of certain points. 

άLb¢9wth[!¢9έ In case time resolution of the external wave is similar but not equal 

to that of the PMF input.  

ά!±9w!D9έ In case the time resolution of the external wave is higher, e.g. PMF 

input resolution 30 min and external resolution 5 min. 

(start/middle/end sav. t.) defines where the data should be stored, either as the start / 

middle / end saving time. Choose the option based on the saving 

time of your PMF input data. The time series of the PMF input 

serves as the basis for the averaging, therefore the averaging 

option should be chosen to match the way that the PMF input data 

was measured. 

The hourly, daily, weekly, monthly and yearly averages (as shown in Figure 18) are automatically 

evaluated. By default, the averages are not plotted. If for sanity purposes, the user wishes to get 

ǘƘŜ Ǉƭƻǘǎ ŦƻǊ ŀƭƭ ŀǾŜǊŀƎŜǎΣ ǘƘŜ ŎƘŜŎƪōƻȄ άǇƭƻǘ ǎŀƴƛǘȅ ŎƘŜŎƪέ ǎƘƻǳƭŘ ōŜ ŎƘŜŎƪŜŘΦ This option is very 

useful, when  
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ü comparing PMF results with hourly, daily, weekly, monthly and yearly resolution 

ü quick inspections of PMF results, where the analysis with a high temporal resolution would 

require too much waiting time. 

ü comparing PMF results to external data that has a lower time resolution, e.g. PMF on AMS 

and 24 hours filter data as external data. Then the options hourly or daily can be used for 

comparison. 

 

Figure 18 Sanity plot of temperature over time for default resolution (black, instrument resolution), averaged 

using the resolution of the PMF input (red, raw resolution), hourly resolution (green) and daily 

resolution (blue). Various resolutions can be enabled/disabled from the control bar on top. 

The algorithm stores a copy of the external wave(s), with the same number of points as in the 

taC ƛƴǇǳǘ ƳŀǘǊƛȄ ǳƴŘŜǊ άǊƻƻǘΥ{ƻCƛΥ9ȄǘŜǊƴŀƭψŘŀǘŀΥwŜŦŜǊence_ts:rawέ as well as the corresponding 

hourly, daily, weekly, monthly and yearly ŎƻǇƛŜǎ ǳƴŘŜǊ άǊƻƻǘΥΧΥƘƻǳǊƭȅέ, άǊƻƻǘΥΧΥŘŀƛƭȅ, etc.έ. 

aƛǎǎƛƴƎ ǾŀǊƛŀōƭŜǎ ŀǊŜ ŘŜŦƛƴŜŘ ŀǎ άbŀbέǎΦ ¢ƘŜ Ȅ-axis is the regular time series information in 

numerical representation. 

It is convenient to add the units of the external time series (Figure 17 right panel). This information 

is later used when the corresponding external time series is plotted in the result section. Pressing 

ǘƘŜ ά{ILC¢έ ƪŜȅ ŀƭƭƻǿǎ ǘƻ ǎŜƭŜŎǘ ŀŘƧŀŎŜƴǘ ŜƴǘǊƛŜǎ ǿƘƛƭŜ ǘƘŜ ά/¢w[έ ƪŜȅ ŀƭƭƻǿǎ ǘƘŜ ǳǎŜǊ ǘƻ ŀŘŘ ƴƻƴ-

adjacent entries. After saving the external wave(s), a sanity plot pops and compares the raw time 

series and the re-gridded time series (Figure 18). This is performed for every chosen external time 

series. 

 Wind data 

Wind data (wind direction and wind speed) are treated specially when averaged in SoFi. Wind 

direction is averaged by averaging the x and y components of the angles separately and merging 

them back together after having averaged (direction dependent averaging). For wind speed 
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information the normal average as well as the direction dependent average as described above 

for the wind direction is applied. 

 

Note: wind direction is only averaged direction dependent when the name of the wave with the 

ǿƛƴŘ ŘƛǊŜŎǘƛƻƴ ƛƴŦƻǊƳŀǘƛƻƴ ƛǎ άwind_dirέΦ ²ƛƴŘ ǎǇŜŜŘ ƛǎ ŀǾŜǊŀƎŜŘ direction dependent when the 

ƴŀƳŜ ƻŦ ǘƘŜ ǿŀǾŜ ǿƛǘƘ ǘƘŜ ǿƛƴŘ ǾŜƭƻŎƛǘȅ ƛƴŦƻǊƳŀǘƛƻƴ ƛǎ άwind_velέΦ aƻǊŜƻǾŜǊΣ ǘƘŜ direction 

dependent averaging for the wind_ǾŜƭƻŎƛǘȅ ƛǎ ƴƻǘ ŘƛǊŜŎǘƭȅ ǇƻǇǇŜŘ ƻƴ ǘƘŜ ά{ŀƴƛǘȅψǇƭƻǘέ ƎǊŀǇƘ όǘƘƛǎ 

graph shows the normally averaged wind velocity), but the wave is generated and stored under 

ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ¢ƛƳŜ ǎŜǊƛŜǎ ŦƻƭŘŜǊ ǿƛǘƘ ǘƘŜ ƴŀƳŜ άwind_vel_degdepέΦ 

 

 Explore PMF input 

It is highly recommended to perform a variable exploration prior to the PMF analysis. The user 

should get a feeling, especially the key variables, how they vary over time. For this reason, an 

ŀŘŘƛǘƛƻƴŀƭ ǇŀƴŜƭ ǿŀǎ ŘŜǾŜƭƻǇŜŘ ǘƘŀǘ ǇƻǇǎ ŀŦǘŜǊ ŎƭƛŎƪƛƴƎ ƻƴ ά9ȄǇƭƻǊŜ ǘǊŜƴŘ ƻŦ ǘƘŜ ǾŀǊƛŀōƭŜǎέ όFigure 

16). The explore data panel (green panel, Figure 19) has two adjacent subpanels that govern the 

options on the graph and on the data. The following options are available: 

 Options for the variable(s) 

άǇƭƻǘέ point plot, image and HR-family (for HR-AMS data only) 

άȅ-ǾŀǊΦέ a list of all variables of the PMF input matrix including external 

data 

άȄ-ǾŀǊΦέ time, a list of all variables of the PMF input matrix including 

external data 

άŎƻƭƻǊ- ǾŀǊΦέ normal (no wave), time, hours, any variable of the PMF input 

matrix including external data 

άŘŀǘŀέ all data, effective data (exclude blacklisted data = effective PMF 

input data) 

άǘ-Ǉƭƻǘέ normal time series, diurnal cycle, weekly cycle, monthly cycle, 

yearly cycle 

άǘȅǇŜέ abs, fraction (a variable normalized by the sum of all input 

variables), signal to noise (S/N) (consult 3.3 for the S/N 

calculation) 

άǎŜƭŜŎǘ ōŀǎŜŘ ƻƴ Ŏƭŀǎǎ κ ǘƛƳŜέ see 5.3.2 for more information 
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άƳƻǾƛƴƎ ǿƛƴŘƻǿέ only working when col-t is different than normal. The user can 

use the slider to move through to better understand the 

relationship at certain days, hours or concentrations. 

 

 

 Point plots 

The point plots allow the user to explore the data, either as standard plot, i.e. variables or 

externals vs date/time or as scatter plots. If a color-scheme is chosen for scatter plots, a dynamic 

plot analysis is available, where one can scroll through the date by moving the slider on the left-

hand side. By default, the effective input data (without the blacklisted data) will be plotted, 

however the user has the option to display all data.   

Plotting the variables uses a string search algorithm in the background and therefore the names 

of the variables (in the variables text wave) must differ. If for example elements from various size 

fractions are present, then the element name must contain the information of the size fraction 

ǘƻƻΣ ŜΦƎΦ άbŀέ ŦƻǊ ǘƘŜ ŜƭŜƳŜƴǘ ƛƴ ōƻǘƘ ǎƛȊŜ ŦǊŀŎǘƛƻƴǎ ƛǎ ƴƻǘ ǎǳŦŦƛŎƛŜƴǘΣ ƛǘ ǎƘƻǳƭŘ ōŜ άbŀψŦƛƴŜέ ŀƴŘ 

άbŀ_ŎƻŀǊǎŜέΣ ƻǊ ŀ ǎƛƳƛƭŀǊ ǎǇŜŎƛŦƛŎŀǘƛƻƴΦ 

LŦ ŦǊŀŎǘƛƻƴŀƭ !/{a ƳκȊ пп Ǿǎ ƳκȊпо ƛǎ ǇƭƻǘǘŜŘΣ ά{ŀƭƭȅΩǎ ǘǊƛŀƴƎƭŜέ (Ng et al., 2011a)can be added 

automatically to the plot (Figure 19).  

 

Figure 19 Panel for exploration of the input variables. Left part shows the graph and the subpanels on the 

right govern options of the graph and data. 
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By default, cycle plots in SoFi report the information in άǎǘŀǊǘ ǎŀǾƛƴƎ ǘƛƳŜέΦ ¢ƘŜ Řŀǘŀ ƻŦ ŜΦƎΦ ŀ daily 

cycle stored under 2 pm is representative for the data between 2 and 3 pm. This can be changed 

in the main settings. 

 Image plots 

¢ƘŜ ǳǎŜǊ Ŏŀƴ ŀƭǎƻ Ǉƭƻǘ ǘƘŜ ŜƴǘƛǊŜ Řŀǘŀ ƳŀǘǊƛȄ ǳǎƛƴƎ ǘƘŜ ƻǇǘƛƻƴ άƛƳŀƎŜέ ŦǊƻƳ ǘƘŜ ǾŜǊȅ ŦƛǊǎǘ ŘǊƻǇ-

down menu (Figure 20). In case the data contains several outliers, the user can modify the color-

scale using the slider (red rectangle) ƻƴ ǘƘŜ ǎǳōǇŀƴŜƭ άDw!tIέΦ Moreover, the user has the 

possibility to select a region of interest from the image plot by either directly drawing a 

marquee or by using the marquee limits from the variable options (blue rectangle) and then 

popping this information using the options from the right mouse button (

 

Figure 21). 
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Figure 20 Image plot of the entire input matrix. The slider (red rectangle) can be used to vary the size of the 

color-scale. 

 

Figure 21 Image plot of the entire input matrix including popped information over the region of interest. 

 HR-family plots 

For HR-AMS data, the user can inspect the OM:OC, O:C, H:C, N:C and S:C of each measurement 

point (Figure 22) to easily identify special events or measurement periods before performing 

PMF. As with the points plots, this figure can also be plotted as cycle plot. 
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Figure 22 For HR-AMS the OM:OC, O:C, H:C, N:C and S:C of each measurement point is plotted. 

Furthermore, the mass defect plot can be inspected. More details on the mass defect plot can be 

found in Sect. 8.5.6.2. Please note that if the user chose to exclude the CO2-related variables, they 

are not added back into the matrix on which the calculation is performed, therefore the plot here 

and in the analysis panel (where the variables are added back to the matrix) might differ. 

 

Figure 23 mass defect plot for HR-data. 
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 Select based on class / time 

This selection panel allows the user the easily and efficiently inspect data based on a multitude 

of options summarized in Figure 24. Here the options are discussed based on the three tabs 

separately. 

άǘƛƳŜ-ǎŜƭŜŎǘƛƻƴέ selection of hours, days, months and relevant years 

άƻǾŜǊǾƛŜǿ ƻǾŜǊ ǘƛƳŜέ user can select several regions of interest with the marquee (draw a 

marquee around the period of interest (only points with both x- and y-

coordinates falling in the marquee will be considered), click on the right 

ƳƻǳǎŜ ōǳǘǘƻƴ ŀƴŘ ŎƻƴŦƛǊƳ ǳƴŘŜǊ ǘƘŜ ƳŜƴǳ άƳŀǊǉǳŜŜέΦ Note: this 

option is additive, i.e., the user can select and confirm various regions 

several times with the marquee tool. ¢ƘŜ ǳǎŜǊ Ŏŀƴ ǎŜƭŜŎǘ ǳƴŘŜǊ άǘƛƳŜ 

seǊƛŜǎ ǿŀǾŜέ ŀƭǎƻ ŜȄǘŜǊƴŀƭ ǿŀǾŜǎΦ ¢Ƙƛǎ ŀƭƭƻǿǎ ǎŜƭŜŎǘƛƴƎ Ǉƻƛƴǘǎ ƴƻǘ ƻƴƭȅ 

based on the PMF input, but also on external waves, e.g. investigating 

variables during episodes with high concentration of a tracer. 

άŎƭŀǎǎέ All entries are selected as default, i.e., all points are used. The user can 

specify points to belong to certain classes and select among these when 

present from this tab (see 5.4.1 for more details on the class) 
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Figure 24 The three tabs of the selection subpanel based on time / class. 

 Options for the graph representation 

άtƻǇ ƎǊŀǇƘέ pops the current representation from the panel 

ά/ƭƻǎŜ ƎǊŀǇƘόǎύΧέ closes all graphs related to the exploration panel 

άǘȅǇŜέ user can choose between various default trace representations, 

e.g. solid line, dashed line, etc. 

άǎƛȊŜέ size of the trace 

άǊŜǇǊΦέ Option only available for cycle plots, where mean or median 

and the corresponding spreads (standard deviation, 

interquartile range (IQR), IQR with 10th and 90th %, IQR with 

percentiles and min/max) can be added to the representation 

άǳǎŜ ǘƘƛǎ ŎƻƭƻǊκŘŜŦiƴŜ ŎƻƭƻǊέ user can define color for the current trace. If nothing is specific, 

SoFi uses colors from the color palette starting with red and 
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moving row-wise and using every 2nd color (avoids using similar 

colors twice). 

άƭƛƴŜŀǊ Ŧƛǘέ performs a linear fit, makes only sense when performing a 

scatter plot 

άŜǊǊƻǊ-ȄΦΦέ error also assumed for the x-wave and least squares are not 

vertical but rather orthogonal to the fit (ODR = 2 in IGOR) 

άǘƘǊƻǳƎƘ ȊŜǊƻέ fit is forced to go through zero, i.e., intercept = 0 

άbŜǿέ κ ά!ŘŘέ Chosen data can be plotted using the button άbŜǿέ, or added 

to an existing graph using the button ά!ŘŘέ. 

άRemove lastέ The last trace is removed from the graph 

 

Two graphical examples for this exploration panel are shown in Figure 25.  

       

Figure 25 Daily cycle of m/z 57 mass (left), scatter plot of f44 against f43 colored over time. 

 

 Select or modify effective PMF input 

 Class(es) 

Variables or time points can be grouped together into classes. Classes are a powerful tool for: 

άtaC ƛƴǇǳǘέ PMF can be performed over certain classes of variables or time 

points only, e.g. PMF over air masses affected by continental air 
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(back-trajectory data would be a class wave), firework period vs 

non-firework period. 

ά/-ǾŀƭǳŜέ classes can receive different relative errors when performing PMF 

(see 6.2.4.4) for more details). This option is only available for 

variable classes. 

άwŜǎǳƭǘ ƛƴǎǇŜŎǘƛƻƴέ PMF results over Profile / Time series can be shown for defined 

classes only. This can be interesting if e.g. PMF is run over filter 

data from PM10 and PM2.5 filter data and some results should be 

inspected in detail for the respective size fraction. 

 

Classes can be defined in two different ways in SoFi. 

 

Import from preexisting text file 

Classes have already been defined beforehand and need to be read and linked in SoFi. Class waves 

can exist for variables or time points and the user gƻǾŜǊƴǎ ǘƘŜ ƻǇǘƛƻƴ ōŀǎŜŘ ƻƴ ǘƘŜ άtǊƻŦƛƭŜΣ ¢ƛƳŜ 

ǎŜǊƛŜǎέ ŘǊƻǇŘƻǿƴ ƳŜƴǳ ƻƴ ǘƘŜ άtaCψƛƴǇǳǘψǎŜƭέ ǇŀƴŜƭ όǳǇǇŜǊ ǊŜŘ ǊŜŎǘŀƴƎƭŜ ƻƴ Figure 26). The 

ŘǊƻǇŘƻǿƴ ƳŜƴǳ άŎƭŀǎǎ ƴŀƳŜǎ όǘȄǘ ǿŀǾŜύέ ǊŜǇƻǊǘǎ ǘƘŜ ƭƛǎǘ ƻŦ ǿŀǾŜǎ ŎƻƴǘŀƛƴŜŘ ǳƴŘŜǊ 

άǊƻƻǘΥ{ƻCƛΥ9ȄǘŜǊƴŀƭψŘŀǘŀΥwŀǿψƛƴǇǳǘΥέΣ ǿƘŜǊŜ ǘƘŜ ǳƴǇǊƻŎŜǎǎŜŘ taC ƛƴǇǳǘ ƛǎ ǎǘƻǊŜŘ όƭƻǿŜǊ ǊŜŘ 

rectangle on Figure 26). The class waves must be in text format and possess the same length as 

the PMF input (over variables / time points). It is important that all variables / time points belong 

to a specified class, if a class wave is read. If not, the user must complete defining the untagged 

variables / time points directly in SoFi.  
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Figure 26 Create classes based on text wave. The text wave has the same dimension as the time series and 

assigns each time point to a class. 

Define classes directly in SoFi 

If no classes are defined from external class waves, all variables / time points belong to the default 

Ŏƭŀǎǎ άŀƭƭ ŜƴǘǊƛŜǎέΦ ¢ƘŜ ǳǎŜǊ Ŏŀƴ ŘŜŦƛƴŜ ŎƭŀǎǎŜǎ ŦƻǊ ǾŀǊƛŀōƭŜǎ ƛƴ {ƻCƛ ōȅ ŜƴǘŜǊƛƴƎ ƛƴǘƻ άǘȅǇŜ ƛƴŘŜȄέΥ 

Index based blocks: ǳǎŜ άςέ ŦƻǊ ŀ ǊŀƴƎŜ ŀƴŘ άΤέǘƻ ǎŜǇŀǊŀǘŜ ǎƛƴƎƭŜ ƛƴŘƛŎŜǎ ƻǊ ǊŀƴƎŜǎ ŀƴŘ ǇǊŜǎǎ 

ϦŎǊŜŀǘŜ ƴŜǿ ōƭƻŎƪέ ǘƻ ŎǊŜŀǘŜ ǘƘŜ ōƭƻŎƪǎ ŀƴŘ ƴŀƳŜ them in the popped-

up window (red rectangle on Figure 27). 

Monthly blocks: ǳǎŜ ǘƘŜ ƪŜȅǿƻǊŘ άƳƻƴǘƘƭȅέ ǘƻ ŎǊŜŀǘŜ ōƭƻŎƪǎ ƳƻƴǘƘ-wise. The blocks will 

automatically be named after the month and year of the corresponding 

time point. 

Hourly blocks: use the keyword "hours" followed by the hours that should be used for 

ǘƘŜ ōƭƻŎƪǎΦ 9ΦƎΦ άƘƻǳǊǎмт-нлέ ǿƛƭƭ ŎǊŜŀǘŜ ƻƴŜ ōƭƻŎƪ ǘƘŀǘ ƛƴŎƭǳŘŜǎ ŀƭƭ 

points that are between 5 and 8 pm. 

Minutely blocks: use the keyword "minutes" followed by the hours that should be used 

ŦƻǊ ǘƘŜ ōƭƻŎƪǎΦ 9ΦƎΦ άƳƛƴǳǘŜǎмл-нлέ ǿƛƭƭ ŎǊŜŀǘŜ ƻƴŜ ōƭƻŎƪ ǘƘŀǘ ƛƴŎƭǳdes all 

points that are between minutes 10 and 20. 

Fixed length blocks: ǳǎŜ ǘƘŜ ƪŜȅǿƻǊŘ άōƭƻŎƪέ ŦƻƭƭƻǿŜŘ ōȅ ǘƘŜ ƴǳƳōŜǊ ƻŦ Ǉƻƛƴǘ ȅƻǳ ǿŀƴǘ ǘƻ 

ƘŀǾŜ ƎǊƻǳǇŜŘ ǘƻƎŜǘƘŜǊΦ 9ΦƎΦ άōƭƻŎƪмлέ ǿƛƭƭ ŎǊŜŀǘŜ ƴŜǿ ōƭƻŎƪǎ ŜǾŜǊȅ мл 

points. Please note that this format is only supported for data with low 

time resolution. 

Instrument-wise blocks: ǳǎŜ ǘƘŜ ƪŜȅǿƻǊŘ άƛƴǎǘǊǳƳŜƴǘǎέ ŦƻƭƭƻǿŜŘ ōȅ ǘƘŜ ƴǳƳōŜǊ ƻŦ ƛƴǎǘǊǳƳŜƴǘǎ 

you have in your data. The data of the instruments must be added 

ǘƻƎŜǘƘŜǊ ŀƭƻƴƎ ǘƘŜ ŘƛŀƎƻƴŀƭΦ 9ΦƎΦ άƛƴǎǘǊǳƳŜǘǎнέ ǿƛƭƭ ŎǊeate two blocks in 

the time series and the profiles automatically. For the instrument names 

a window pops up, asking for the name of the instrument, i.e. group 

name. 

Thermogram-wise blocks: for thermogram data, where PMF is performed over a series of 

ǘƘŜǊƳƻƎǊŀƳǎ ƛƴǎǘŜŀŘ ƻŦ ŀ ǘƛƳŜ ǎŜǊƛŜǎΣ ǳǎŜ ǘƘŜ ƪŜȅǿƻǊŘ άƛŘȄ{ŀƳǇƭŜέΦ 

Based on the provided filter index, a new group for each thermogram is 

created. 
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Figure 27 Define class for the variables at position 0-10 including variables at position 12 and 15. This class 

ǊŜŎŜƛǾŜŘ ǘƘŜ Ŏƭŀǎǎ ƴŀƳŜ άŎƭŀǎǎψLέ ŀƴŘ ŀ red color. Colors can be changed by right clicking on the 

entry for which the color should be changed. 

/ƭƛŎƪƛƴƎ ƻƴ άŎǊŜŀǘŜ ŀƴŘ ŀŘŘ ŀ Ŏƭŀǎǎέ ǇǊƻƳǇǘǎ ǘƘŜ ǳǎŜǊ ǘƻ ŘŜŦƛƴŜ ǘƘŜ ƴŀƳŜ ŀƴŘ ǘƘŜ ŎƻƭƻǊ ŦƻǊ ǘƘŜ 

new class. In the example (Figure 27) ǘƘŜ Ŏƭŀǎǎ άŀƭƭ ŜƴǘǊƛŜǎέ ƛǎ ǎǘƛƭƭ ǇǊŜǎŜƴǘΣ ŀǎ ƻƴƭȅ ǎƻƳŜ ǾŀǊƛŀōƭŜǎ 

have been classified so far. As soon as all variables or time points are members of user-defined 

ŎƭŀǎǎŜǎΣ ǘƘŜ ŘŜŦŀǳƭǘ Ŏƭŀǎǎ άŀƭƭ ŜƴǘǊƛŜǎέ ŘƛǎŀǇǇŜŀǊǎΦ ¢ƘŜ ǳǎŜǊ Ŏŀƴ ƛƴǎǇŜŎǘ ǘƘŜ ƎǊƻǳǇŜŘ ǾŀǊƛŀōƭŜǎ ƻǊ 

time Ǉƻƛƴǘǎ ǳƴŘŜǊ ǘƘŜ ǘŀō ά±ƛǎǳŀƭƛȊŜ ŎƭŀǎǎόŜǎύ όǎŜŜ Figure 28). 

The colors are assigned by SoFi based on the number of classes. They can be easily changed by 

clicking right on the class where the color should be changed and from the color pallet a new color 

can be chosen. In case there are typos or wrongly chosen names, double clicking on the class 

name allows changing the name. 

     



 
 

 -56- 

Figure 28 LƴǎǇŜŎǘƛƻƴ ƻŦ ǘƘŜ Ƨǳǎǘ ŘŜŦƛƴŜŘ Ŏƭŀǎǎ άŎƭŀǎǎψLέ ŀǎ ƎǊŀǇƘ όƭŜŦǘύ ŀƴŘ ƛƴ ǘŀōƭŜ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ όǊƛƎƘǘύΦ ¢ƘŜ 

plot on the left colors the variables with the user-defined color. All other variables that currently 

ǎǘƛƭƭ ōŜƭƻƴƎ ǘƻ ǘƘŜ ŘŜŦŀǳƭǘ Ŏƭŀǎǎ άŀƭƭ ŜƴǘǊƛŜǎέ ŀre visualized in black. 

Defining classes should occur before the blacklisting process as the class txt waves always refer 

to the entire PMF input. First blacklisting and then defining groups of variables or timepoints could 

cause some unexpected problems when visualizing the results later in the result panels. 

 Input data 

Input data used for a PMF run can be modified using the blacklist function. This is advantageous, 

when points in time (spikes due to transient events, electronic noise or a PMF over only specific 

points is sought) or some variables (problematic and/or unnecessary variables, e.g. very noisy 

variables or variables with very little variability or a PMF over only specific variables is sought) 

ǎƘƻǳƭŘƴΩǘ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŦƻǊ ŀ taC ǊǳƴΦ The PMF input (green panel) shows the current PMF input, 

whereas blacklisting is performed on the adjacent subpanel (see Figure 29). The selection 

subpanel contains the same options as those already presented for the subpanel under 5.3.2 and 

the user is referred to this section for the overview of the options. 

 

Figure 29 PMF input panel useful for controlling the user-specified PMF input and for tagging points in time 

or variables into classes. 

The default case considers all points in time and all variables for the PMF input. Removing some 

points or variables requires the user to select options either using checkboxes, the marquee 

function or the cursor (for variables only) on the subpanel. Once the selection is completed (it is 

an additive process and must be performed for the profile and the time series separately) (see 

Figure 30 for an example over time), the user can blacklist the selection by pressing on the button 
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ά.[!/Y[L{¢ κ w9ah±9 {9[9/¢LhbΧέ on the third tab on the adjacent subpanel (see Figure 31). 

This will update the graphs and tables from the PMF input panel and the blacklisted data is 

supposed to disappear (see Figure 32). 

  

Figure 30 Left: example where points between 0 and 2 am during the weekends for the months March and 

October for 2019 are blacklisted / removed. Right: example where middle period is blacklisted / 

removed by marquee selection. 

 

 

Figure 31 taC ƛƴǇǳǘ ǇŀƴŜƭ ǎǳōǇŀƴŜƭ ǎƘƻǿƛƴƎ ǘƘŜ ǘƘƛǊŘ ǘŀō ǿƛǘƘ ǘƘŜ ά.[!/Y[L{¢ κ w9ah±9 {9[9/¢LhbΧέ ŀƴŘ 

ǘƘŜ άw9{9¢ Lbt¦¢Χέ ōǳǘǘƻƴǎΦ 
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Figure 32 Left: default PMF input, i.e., all points over time and all variables are considered. Right: PMF input 

after being blacklisted by the user. 

Blacklisting removes the selection, i.e., the user is supposed to unselect what should not be 

present later on in the PMF input. If some points have been erroneously removed, the only way 

to ǊŜǎǘƻǊŜ ǘƘŜ taC ƛƴǇǳǘ ƛǎ ōȅ ŎƭƛŎƪƛƴƎ ƻƴ άRESET INPUTέ from the third tab. This button calls the 

ƻǇǘƛƻƴ άLƴƛǘƛŀƭƛȊŜ taC ƛƴǇǳǘ ϧ ŎƘŜŎƪ ŦƻǊ ƳƛǎǎƛƴƎ Řŀǘŀέ όFigure 16) and reinitializes the entire PMF 

input matrix (see 5.1). 

User-specific PMF input data can be stored and loaded from IGOR txt files directly from SoFi under 

άLƴǇǳǘ ŦƛƭŜέ όǎŜŜ Figure 29). Saving the PMF input will also store user-defined values for F or G, if 

already present and their corresponding a-values (see 6.3.1 and 6.3.3). This allows the user to 

store specific PMF input settings or initial values and constraints that can be loaded and tested, 

later, if desired. 

 Blacklist single points based on MDL 

SoFi offers the option to blacklist single measurement points of selected variables based on a 

user-defined threshold. For this, the variable has to be selected and a threshold defined. By 

clicking on the button άBlacklist all data below thresholdέ, SoFi will go through all measurements 

of the selected variable and all entries below the threshold will be set to missing data threshold 

value minus one. The missing data threshold value is defined in the orange panel (see 6.2.2). By 

default it is set to -99. This value, as well as the error matrix replacement value, should not be 

changed after blacklisting any value here otherwise the data wonΩǘ ōŜ ǇǊƻǇŜǊƭȅ ŜȄŎƭǳŘŜŘΦ  

Variables can also be άun-blacklistedέ by clicking on restore all data for chosen variables and all 

data point will be reset to the original data and error matrix. 
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Figure 33 blacklist single points measurement points of a variable based on a user-defined threshold (e.g. 

detection limit). 

The graph shows the number of data points that are being excluded from the PMF analysis. Either 

because they were blacklisted here based on a threshold value, or because there were empty 

cells that were treated in 6.2.2. So this graph not exclusively shows data below the threshold but 

also missing data in general (after being treated as missing data in the orange panel). The graph 

can be popped and also x-labels (variable names instead of numbers) are available.  
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 {ƻCƛ ς taC Ǌǳƴόǎύ 

 Define path, nb. of executables and name of HDF5 file 

The άtaC Ǌǳƴέ tab is fully dedicated to set a specific PMF call using the PMF input and error 

matrices defined under the ǘŀōǎ άLƳǇƻǊǘ Řŀǘŀέ ŀƴŘ άtǊŜ-ǘǊŜŀǘƳŜƴǘέ ŀƴŘ to finally call ME-2 (see 

Figure 34). 

 

Figure 34 Main SoFi panel, PMF run tab. 

 Path 

The user gives the ƭƻŎŀǘƛƻƴ ǿƘŜǊŜ ǘƘŜ aŜнΦŜȄŜ ŦƛƭŜ ǊŜǎƛŘŜǎ ōȅ ǇǊŜǎǎƛƴƎ ǘƘŜ ōǳǘǘƻƴ άŦƻƭŘŜǊ ƻŦ 

ŜȄŜŎǳǘŀōƭŜέΦ  

The user need to have writing rights at the location where the ME2_engine folder is placed in, as 

hdf files will be generated and written into. 

 nb. of executables 

The user defines the number of ME-2 instances that will run in parallel. This number must be less 

than or equal to the number of cores in your PC. 

Example: If you chose 4 cores, SoFi will assign to any idle ME-2 instance out of four instances 

a new task during the solving process. 

It could happen that some tasks are calculated faster (or slower) than the others. Therefore, the 

DOS windows are not necessarily all popped at the same time. Moreover, the run numbers in the 
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log file / command history will not necessarily be in increasing order. Especially with rolling PMF, 

the initialization time for the ME2 engine might be longer than running PMF so that not all cores 

will be taken advantage of (e.g. with rolling PMF).  

 HDF5 file name 

¢ƘŜ ǳǎŜǊ ŘŜŦƛƴŜǎ ŀ ǇǊƻǇŜǊ ƴŀƳŜ ŦƻǊ ǘƘŜ taC Ǌǳƴ ǳƴŘŜǊ άI5Cр ŦƛƭŜ ƴŀƳŜ ǎǘƻǊƛƴƎ ǘƘŜ ŎǳǊǊŜƴǘ taC 

ǊǳƴέΦ LŦ ǘƘƛǎ ƴŀƳŜ ŀƭǊŜŀŘȅ ŜȄƛǘǎ, SoFi prompts the user to try with another name. 

ΗΗΗ ¢ƘŜ ά5ŜƭŜǘŜ ŦƛƭŜέ ōǳǘǘƻƴ ǊŜƳƻǾŜǎ ǘƘŜ ǎǇŜŎƛŦƛŜŘ I5Cр ŦǊƻƳ ǘƘŜ h{Φ Despite a last warning 

prompt, the user should pay attention not to delete important information. SoFi does not 

control hidden back-ups of the HDF5 files !!! 

 Define general model options 

¢ƘŜ ƻǊŀƴƎŜ ōǳǘǘƻƴ ά5ŜŦƛƴŜ ǎŜǘǘƛƴƎǎ ǇŜǊǘƛƴŜƴǘ ǘƻ ǘƘŜ ŎǳǊǊŜƴǘ taC Ǌǳƴέ (Figure 34) pops the panel 

governing all PMF settings (Figure 43). 

 Define number of factors 

άǎǘŀǊǘƛƴƎ ŦŀŎǘƻǊέ defines the minimal number of factors (p) investigated by the model. 

άŜƴŘƛƴƎ ŦŀŎǘƻǊέ defines the maximal number of factors (p) investigated by the model. 

άƴōΦ ƻŦ taC Ŏŀƭƭǎέ is the number of calls with the identical settings. SoFi will automatically 

adjust this value for fpeak analysis (see 6.3.2 for more details), for 

systematic a-value sensitivity analysis (see 6.3.3 for more details) and for C-

value analysis (see 6.2.4.4) 

Example: άǎǘŀǊǘƛƴƎ ŦŀŎǘƻǊέ Ґ м ŀƴŘ άŜƴŘƛƴƎ ŦŀŎǘƻǊέҐ р ǘƘŜ ƳƻŘŜƭ will return solutions 

with 1, 2, 3, 4, and 5 factors. 
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Figure 35 taC ǎŜǘǘƛƴƎǎΣ ǘŀō άDŜƴŜǊŀƭ ǎŜǘǘƛƴƎǎΦ 

 Missing data 

The ME-2 solver needs clear instructions on what is a missing value. In a first step, during the 

initialization, completely empty rows and columns were removed, as described in 5.1. Since there 

might also be single measurements points that are missing/below detection limit, these must be 

defined here. At this stage the PMF input must contain only one symbol for missing data, e.g. 

άbŀbέΣ άƛƴŦέΣ άлέ ƻǊ ά-фффέΣ ōǳǘ ƴƻǘ ƳƻǊŜ ǘƘŀƴ ƻƴŜΦ 

/ƭƛŎƪƛƴƎ ǳƴŘŜǊ άII.bύ 5ŜŦƛƴŜ ǾŀƭǳŜǎ ŦƻǊ ƳŀǘǊƛȄ ŎŜƭƭǎ ŎƻƴǘŀƛƴƛƴƎ ƴƻ Řŀǘŀέ ǇǊƻƳǇǘǎ ǘƘŜ ǳǎŜǊ ǘƻ ŘŜŦƛƴŜ 

the symbol for missing data together with an uncertainty value for its error cell (see Figure 36). 

Missing data that receives values that are smaller than the threshold value defined under A.II) (by 

default -99) are automatically excluded from the minimization process in ME-2. For safety 

reasons, their errors are also replaced by a very high value, e.g. 1000 times the highest error. 

 

Figure 36 Prompting the value for missing data, the negative entry and its corresponding error value. 
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 Down-weighting 

Briefly, if the estimated measurement errors are uncertain, typically the case around detection 

limit and especially, if the systematic part of the error (background or blank) is not considered or 

poorly estimated, one could consider increasing the error / downweight the error. The weight 

strategy is based on the signal to noise ratio (see 3.3). Following options are available for weighing 

the errors (Figure 37): 

Model type 

άǎŜƭŜŎǘέ the error matrix is untouched 

άǎǘŜǇ ŦǳƴŎǘƛƻƴέ the two-step function proposed in Paatero and Hopke, (2003) is applied to 

the error matrix. The user defines the steps and their corresponding 

weights. By default, a variable is considered weak if the S/N is smaller than 

2 and is downweighted by a factor 2, a variable is considered bad if the S/N 

is smaller than 0.2 and is downweighted by a factor 10. 

άмκ{нb ŦǳƴŎǘƛƻƴέ the error is continuously downweighted with the penalty function 1 / S2N 

for S2N lower than 1 and untouched otherwise. This idea was first discussed 

in Visser et al., (2015). 

 

Data type 

άŀǾŜǊŀƎŜŘέ  weighing the data is based on the averaged S/N ratio 

άŎŜƭƭ-ǿƛǎŜέ  weighing the data is performed on each cell separately. 

 

 

Figure 37 taC ǎŜǘǘƛƴƎǎΣ ǘŀō άDŜƴŜǊŀƭ ǎŜǘǘƛƴƎǎέΣ down-weighting. 

The weighted data is shown in the small graph. For more details, the S/N plot as well as the 

ŀŦŦŜŎǘŜŘ ŜǊǊƻǊǎ Ŏŀƴ ōŜ ƛƴǎǇŜŎǘŜŘ ǳǎƛƴƎ ǘƘŜ ōǳǘǘƻƴǎ άƛƴǎǇŜŎǘ ǎƛƎƴŀƭ ǘƻ ƴƻƛǎŜ Ǉƭƻǘέ ŀƴŘ άpop 

ǿŜƛƎƘǘŜŘ ŘŀǘŀέΣ ǊŜǎǇŜŎǘƛǾŜƭȅ όFigure 38). The weight can be applied and removed with the 

ōǳǘǘƻƴǎ άŀǇǇƭȅ ǿŜƛƎƘǘ ŦŀŎǘƻǊέ ŀƴŘ άǳƴŘƻ ǿŜƛƎƘǘ ŦŀŎǘƻǊέΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ 
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Figure 38 Signal to noise (top) and weighted errors (bottom) for the averaged data on the left and cell-wise 

on the right. 

LŦ ǘƘŜ ǳǎŜǊǎ ƛǎ ǘǊŜŀǘƛƴƎ !a{ κ !/{a Řŀǘŀ ŀƴŘ ŎƘƻƻǎŜǎ ǘƘŜ ƻǇǘƛƻƴ άŎƻƴǎƛŘŜǊ ŀƭƭ ǾŀǊƛŀōƭŜǎέ όƴƻǘ 

excluding the CO2 related variables), the option for downweighing those variables is available 

(Figure 39). The user has the option to apply or remove the applied weight using the buttons 

άdown-weight CO2 ǊŜƭŀǘŜŘ ǾŀǊΦέ ŀƴŘ άǳƴŘƻ /h2 ǿŜƛƎƘǘέΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ 

 

Figure 39 taC ǎŜǘǘƛƴƎǎΣ ǘŀō άDŜƴŜǊŀƭ ǎŜǘǘƛƴƎǎέΣ down-weighting, showing the CO2-related button. 

Many of the just mentioned free parameters have not been systematically tested and hence no 

recommendations can be given at this stage. There are plans for a study that will address the 

sensitivity of PMF results with respect to these settings. 
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 Error matrix (general) 

 

Figure 40 taC ǎŜǘǘƛƴƎǎΣ ǘŀō άDŜƴŜǊŀƭ ǎŜǘǘƛƴƎǎέΣ ŜǊǊƻǊ ƳŀǘǊƛȄ όƎŜƴŜǊŀƭύΦ 

 Matrix scaling factor 

If the smallest error that is passed on to the ME-2 solver is too small, the solver will not run. This 

can be critical for data sets with very low mass concentrations. In this case, a matrix scaling factor 

can be applied, meaning that the data and error matrix will be multiplied with this factor when 

sending the data to the solver. The input data in SoFi will not be affected. When importing the 

PMF run, the same matrix scaling factor is applied to the time series. So overall, the PMF result 

will be the same (as the scaling is applied to the error and data matrix and the result is normalized 

(profiles) and rescaled (time series), respectively).  

 Single weight 

Single variables can be down-weighted using the drop-down menu for the variables and the 

weight value (Figure 40) and the applied weights always easily inspected (Figure 41). Apply single 

weights with prudence and based on logical reasoning, e.g., uncertainties of a variable are not 

well-characterized, PMF result is not effectively apportioning this variable, etc., as each weight 

must be justified in the end. Ideally, a sensitivity analysis of these single weights is also performed 

to assess the impact on the PMF result. 

 

Figure 41 Overview over the user-defined weight values. Here the error of m/z 44 was multiplied by a factor 

of 2. 
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 Linear Error 

In SoFi, the linear error expression (C3 expression) present in ME-2 can be added and enabled for 

the PMF calculation (Figure 40). 

The current error matrix will be updated accordingly: 

 

]j][i[matrixdataC]j][i[matrixerror]j][i[matrixerror Ö+= 3  

 

/ƭƛŎƪƛƴƎ ƻƴ ά!ύ [ƛƴŜŀǊ ŜǊǊƻǊ ό/оύ ōŀǎŜŘ ƻƴ ΨƛƴǇǳǘ ŘŀǘŀΩέ ŀƭƭƻǿǎ ǘƘŜ ǳǎŜǊ ǘƻ ŘŜŦƛƴŜ ǘƘŜ /о ǾŀƭǳŜΦ 

Once the C3 variable in IGOR is different than 0 (default), the C3 error button turns green and the 

C3 value is considered. 

 Relative scaling (C-value approach) 

Relative scaling is useful in case the analyst has reasons to believe that the error of certain 

variables needs to be increased / decreased compared to others. Several causes could legitimate 

this approach. Two cases where this might be relevant are briefly discussed. 

άǾŀǊƛƻǳǎ ǊŜƭŀǘƛǾŜ ŜǊǊƻǊǎέ data from various instruments has different relative errors, e.g. 

one instrument 0.1% and the other 10% errors. PMF will fit the 

data from the first instrument more, as its Q contribution is much 

larger. 

άŘƛŦŦŜǊŜƴǘ ŀƳƻǳƴǘ ƻŦ ǾŀǊΦέ one instrument has 100 variables, the other 10. Variables from 

both instruments have a proper error estimation, e.g. 5% error. 

However, PMF will fit the data from the first instrument more, as 

its Q contribution is much larger. This becomes even more 

relevant, if co-variation between variables of the same instrument 

is high. 

Rescaling the error of certain variables is achieved using the definition of classes in SoFi. The 

variables that should be rescaled must be part of one class (see 5.4.1). The following options are 

available: 

άǎŜƭŜŎǘέ The error matrix is untouched 

ά¦ǎŜǊ-specific C-ǾŀƭǳŜǎέ The user defines C-values that should be tested on the adjacent 

table popping after having chosen this option (see Figure 42). The 

C-value is used to divide the current error, as shown in the 

following formula: 

 

(18) 

(17) 
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„ „ Ͻ
ρ

ὅ
 

 where s represents the error to be rescaled. Default C-value is 

one, i.e., the new error stays untouched.  

  

Figure 42 άǳǎŜǊ-specific C-ǾŀƭǳŜǎέ ƻǇǘƛƻƴ ǿƛǘƘ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ /-values in the table on the right. 

A C-value can be specified for every defined class. If for example three classes have been defined, 

the adjacent table will pop three columns to be filled. The number of entries also defines the 

number of PMF runs. In the current example (see Figure 42) four runs are made, where the errors 

of the first class are left untouched, whereas the errors of the second class are systematically 

divided first by 1, 10, 100 and finally 1000, i.e., the second class receives 1, 10, 100 and 1000 times 

more weight during these runs, respectively. 

See also Fehler! Verweisquelle konnte nicht gefunden werden. (example of combined criterion) 

for monitoring C-value runs using the criteria panel. 

For further details on the manual technique of the C-value the user is referred to the paper 

discussing the weighing strategy as C-value between AMS and gas-phase data (Slowik et al., 2010; 

Crippa et al., 2013). 

 Convergence criteria 

The parameters controlling the goodness of fit during the PMF run can be configured directly from 

the table on the first tab (Figure 43). Model optimization is performed in three sequential stages; 

each stage corresponds to a row in the table. Final convergence is achieved only if the parameters 

of the third stage (last row) are fulfilled. These parameters can be modified by the user, and this 

is necessary to achieve convergence for e.g. large datasets, strongly non-zero fpeak values, etc. 
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There are two convergence criteria. The first criterion inspects the stability of Q between steps of 

the iteration process. If the difference in Q between the last and the actual iterative step is smaller 

ǘƘŀƴ άŘŜƭǘŀvέΣ ŜΦƎΦ <0.1, for the number of consecutive steps provided in the column 

άŎƻƴǎψǎǘŜǇǎέΣ ǘƘŜ ŀƭƎƻǊƛǘƘƳ ŎƻƴǾŜǊƎŜǎΦ ¢ƘŜ ƻǘƘŜǊ ŎƻƴǾŜǊƎŜƴŎŜ ŎǊƛǘŜǊƛƻƴ ƛǎ άƎƎнψǎǘŜǇǎέΣ ǿƘŜǊŜ 

the norm of the squared Jacobian matrix (matrix containing all partial derivatives of Q with 

respect to the model variables) is compared to the threshold value provided, e.g. of 0.1. The 

άƳŀȄψǎǘŜǇǎέ ŎƻƭǳƳƴ ƛǎ ǎƛƳǇƭȅ ǘƘŜ ƴǳƳōŜǊ ƻŦ ƳŀȄƛƳŀƭ ƛǘŜǊŀǘƛǾŜ ǎǘŜǇǎ allowed at a given stage. If 

this maximal number of steps is reached during stages 1 or 2, the model moves on to the next 

stage and continues to search for a convergent solution. If this however occurs during the final 

stage, the model returns a non-convergent solution. Non-convergent solutions remain empty 

after having been imported and this is also reported in the log file. The user should easily 

recognize non-convergent solutions and can thereafter rerun the model using less restrictive 

convergence criteria, e.g. ƛƴŎǊŜŀǎƛƴƎ ōȅ мл ƻǊ млл ǘƘŜ ǾŀƭǳŜǎ ƻŦ άŘŜƭǘŀvέ ŀƴŘκƻǊ άƎƎнψǎǘŜǇǎέ ƻŦ 

the three stages (they should be increased/decreased together). 

Note: Most often there is a problem in the error matrix or with the PMF settings and therefore 

convergence is not achieved. So before changing the convergence criteria, the user should double 

check the error matrix and the PMF settings. 

 

Figure 43 taC ǎŜǘǘƛƴƎǎΣ ǘŀō άDŜƴŜǊŀƭ ǎŜǘǘƛƴƎǎέΣ ŎƻƴǾŜǊƎŜƴŎŜ ŎǊƛǘƛŜǊƛŀ. 

 Pre-PMF evaluation 

A quick SVD analysis can be performed before running PMF. SoFi will show the singular value vs 

the number of factor as well as the slope of the singular value change. This analysis can give some 

insights on the matrix rank of the PMF input, which could help to support the determination of 

the ideal number of PMF factors. 
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Figure 44 taC ǎŜǘǘƛƴƎǎΣ ǘŀō άDŜƴŜǊŀƭ ǎŜǘǘƛƴƎǎέΣ tǊŜ-PMF evaluation. 

 

 Other various options 

 Robust model threshold (A) 

PMF is run in the robust mode to safeguard the PMF run from drifting away due to outliers (see 

2). The user can enable or disable the robust mode and define the threshold for the robust 

criterion in section A) (Figure 45). 

 

Figure 45 taC ǎŜǘǘƛƴƎǎΣ ǘŀō άDŜƴŜǊŀƭ ǎŜǘǘƛƴƎǎέΣ ƻǘƘŜǊǎΦ 

 Model normalization (B) 

The user can select whether the sum of each factor profile is normalized to one during the 

iteration (enabled) or factor profiles are left unnormalized (default case, disabled). 

 Mass closure (C) 

There is the option to fit the sum of all factor contributions to a certain mass, e.g. PM1, PM2.5, 

PM10 that can be chosen with the pop-up menu. The mass wave must be present under 
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άǊƻƻǘΥ{ƻCƛΥ9ȄǘŜǊƴŀƭψŘŀǘŀΥwŜŦŜǊŜƴŎŜψǘǎΥǊŀǿέ (consult section 5.2.2). Selecting a possible time 

wave ŎƘŀƴƎŜǎ ǘƘŜ ǊŜŘ ōǳǘǘƻƴ άƳŀǎǎ ŎƭƻǎŜ ŘƛǎŀōƭŜŘέ ǘƻ ǘƘŜ ƎǊŜŜƴ ōǳǘǘƻƴ άƳŀǎǎ ŎƭƻǎǳǊŜ ŜƴŀōƭŜŘέΦ 

This adds mass balance equations to Qaux and those are simultaneously fitted with all other 

equations defined by the regular PMF algorithm Qm (Figure 45). 

This option should only be used, when the mass difference is very small. The user is not supposed 

ǘƻ ǊŜƎǳƭŀǊƭȅ Ŧƛǘ άƛƴǾƛǎƛōƭŜέ ƳŀǎǎΦ It is also recommended to run the model without fitting the 

missing mass and to compare the mass differences. 

 Multi -time (D) 

The multi-time feature offers the possibility to run the PMF algorithm on a dataset containing two 

and more classes of data that differ in temporal resolution (Ogulei et al., 2005). The goal is to 

utilize the native resolution of each of the classes of instruments without being forced to average 

beforehand but rather consider and taking care of the different resolutions when performing 

PMF. The PMF equation that is solved instead of (1) is the following: 

ὼ
ρ

ὸ ὸ ρ
Ὢ Ὣ Ὡ  

 

where ὼ  represents a single point of the model matrix X for the instrument sample s and the 

variable j, ὸ  and ὸ  are the start and end time of the sample s, respectively, Ὢ  is the mass 

fraction of variable j from factor k, Ὣ  is the mass contribution of factor k for a given time-point 

i for the variable j and Ὡ  is the non-modelled part of the residual matrix E for sample s and 

variable j. 

The sample with the highest temporal resolution represents the main equations in X. For the main 

equations ὸ  and ὸ  are identical and the inner sum disappears, as well as the normalization 

fraction at the beginning. For the other samples, the point ὼ  is represented as the average over 

all points from the main equations present during the sampling period, i.e., between ὸ  and ὸ , 

as stated in equation (19).  

In case the measurement for the classes with lower time resolution contains some gaps, then it 

is extremely important to pass the information of the start and end time for these classes. In order 

to pass this information, the user MUST pass the PMF input time series as a 2D matrix, where the 

first column contains the start time and the second column the end time. Note that the start time 

for the main/default class is not used, hence for this class the time series input wave can (in case 

it is easier for the user) contain two times the same information. 

In order to perform multi-time, the user is supposed to prepare and read the input and error 

matrices in SoFi as described with the following schematic: 

(19) 
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Figure 46 Input data and error matrices for multi-time 

where sample 1 has the highest time-resolution and sample 2, 3, etc. have always lower time-

resolution. The empty/white parts in the final matrix (right Figure) ŀǊŜ ŀƭƭ άƴŀƴsέΦ ¢ƘŜ ǘƛƳŜ ǎŜǊƛŜǎ 

of all samples are passed in their native time-resolutions. This means that the time series wave 

will move back and forth, as the samples 2, 3, etc. are supposed to cover the same time-range as 

sample 1. SoFi will then find the proper index values and pass them to ME-2 for the additional 

averaging for the equations ὼ  for the samples 2, 3, 4, etc. given in the example in Figure 46. The 

points of the higher classes are expected to be within the main time series, i.e., that of the first 

class. If that is not the case, SoFi will automatically not consider these averaged points (gap-safe). 

Moreover, the multi-time code is also safe when used in combination with the bootstrap 

resampling technique (see 6.4.1). 

¢ƻ ǇǊŜǇŀǊŜ ǘƘŜ ŘƛŀƎƻƴŀƭ ƳŀǘǊƛȄΣ ǘƘŜ ǳǎŜǊ Ŏŀƴ ǳǎŜ ǘƘŜ άŎƻƳōƛƴŜ ƳŀǘǊƛŎŜǎέ ƻǇǘƛƻƴ ƛƴ ǘƘŜ ƛƳǇƻǊǘ 

panel (4.1.4). The user is supposed to define the non-diagonal elements in the data and error 

matrix as missing values (please consult 6.2.2). In addition, the user must define a class for each 

instrument sample over time and over the variables (consult 5.4.1), the multi-time equations are 

not properly passed otherwise.  

The resulting adjustment factors – ŘŜǎŎǊƛōŜŘ ōŜŦƻǊŜ ŀǊŜ ǊŜǇƻǊǘŜŘ ŀǎ ǿŀǾŜ άŀŘƧǳǎǘƳŜƴǘ ŦŀŎǘƻǊέ 

in the corresponding result folder: άroot:SoFi:Results:HDF filename:Solutions:run_XέΣ ŦƻǊ ŦǳǊǘƘŜǊ 

manual inspection. Note that adjustment factors close to unity indicate a good agreement 

between the different measurements. 

 

  



 
 

 -72- 

 Define options for the model matrices 

 Seed 

The seed option populates the model matrices G and F. Random initialization typically explores 

the amount of local minima, where the final Q-value is still high, compared to the global minimum 

or regions in the Q-space with almost identical minimal Q-value (rotational ambiguity, see 2.3). 

Increasing the number of PMF runs with completely random values for G or F augments the 

changes to find these regions. 

 

Figure 47 taC ǎŜǘǘƛƴƎǎΣ ǘŀō άModel MATRICESέΣ seed. 

¢ƘŜ ǘŀōƭŜ ƛƴ ǘƘŜ ǘŀō άModel MATRICESέ ŦƻǊ ǘƘŜ ǎŜƭŜŎǘƛƻƴ άǎŜŜŘέ ǎƘƻǿǎ ǘƘŜ ƻǾŜǊǾƛŜǿ ƻŦ ǘƘŜ ŎƘƻǎŜƴ 

model entries for the matrix F άtǊƻŦƛƭŜǎέ or G άǘƛƳŜ ǎŜǊƛŜǎέ όFigure 47ύΦ ¢ƘŜ ŘŜŦŀǳƭǘ ǾŀƭǳŜ ƛǎ άǊέ ŦƻǊ 

random. The user governs the various possibilities with the subpanel that appears after pressing 

ƻƴ ά5ŜŦƛƴŜ ƳƻŘŜƭ ŜƴǘǊƛŜǎέΦ 

 Settings 

άCŀŎǘƻǊέ For which factor position a seed value should be set - all factors or a 

single factor position, e.g. factor 1, can be chosen 

άLƴƛǘƛŀƭ ƳƻŘŜƭ ǾŀƭǳŜǎέ Option on how to set the seed value, can be one of the following 

options: 

- random (r): always completely random entries (default) 
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- pseudo random (pr): randomly initialized at the beginning of a PMF 

call, and the same random value is used through all other runs 

belonging to the same PMF call 

- zero(0): sets the seed value for the entire factor/selected variable 

to zero (works without external reference data) 

- from vector (fv): solution matrix F / G is populated using external 

ƛƴŦƻǊƳŀǘƛƻƴ ŦǊƻƳ ǘƘŜ ŦƻƭŘŜǊ άǊƻƻǘΥ{ƻCƛΥwŜŦŜǊŜƴŎŜψǘǎ:raw or 

root:SoFi: Reference_ǇǊέΦ /ƻƴǎǳƭǘ 5.2 for preparing external data 

directly in SoFi. 

ά±ŀǊƛŀōƭŜǎέ Whether the seed value for all variables (all entries), all variables of 

external vector or single variables should be set 

άbƻǊƳŀƭƛȊŜ ŦŀŎǘƻǊέ vector used for setting seed value can be normalized (set sum factor 

below, by default 1) or not. 

ά²ǊƛǘŜ ƛƴǘƻ ƳƻŘŜƭ ƳŀǘǊƛȄέ Update the model matrix, table in the main PMF settings window will 

update accordingly. 

άǊŜǎŜǘ όΧύ ƳŀǘǊƛȄέ reset (to random) either entire matrix or the current factor position 
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Figure 48 Panel for initial model values from vector. HOA_Paris profile normalized to 1 is going to be written 

on factor position 1 for the profile matrix F. 

 hǇǘƛƻƴǎ ŦƻǊ άŦǊƻƳ ǾŜŎǘƻǊ όŦǾύέ 

²ƘŜƴ ŎƘƻƻǎƛƴƎ άŦǊƻƳ ǾŜŎǘƻǊ όŦǾύέ ǘƘŜ ǇŀƴŜƭ άƳƻŘŜƭψŘŜŦƛƴŜέ όFigure 48) 4 additional options are 

available. For each external vector one can either choose all variables of the vector or a specific 

variable to populate the model matrix. The chosen variable(s) of is (are) shown in the left table 

άǳǎŀōƭŜ ǾŀǊƛŀōƭŜǎ ŦǊƻƳ ŜȄǘŜǊƴŀƭ ǾŜŎǘƻǊέΦ ¢ƘŜ ŜƴǘǊƛŜǎ ƻŦ ŎǳǊǊŜƴǘ ƳƻŘŜƭ ŎƻƭǳƳƴ ǿƘƛŎƘ ŀǊŜ ǎǘƛƭƭ 

ǳƴŘŜŦƛƴŜŘ ŀǊŜ ŘƛǎǇƭŀȅŜŘ ƛƴ ǊƛƎƘǘ ǘŀōƭŜ άǳƴǎǇŜŎƛŦƛŜŘ ƳƻŘŜƭ ǾŀǊƛŀōƭŜǎέΦ ¢ƘŜ ǘŀōƭŜǎ ƎŜǘ ǳǇŘŀǘŜŘ ŜŀŎƘ 

time some information is passed to the model matrix by clicking the button (write into model 

ƳŀǘǊƛȄέΦ Writing information to the model matrix is additive. If the vector of the matrix F / G 

Ŏƻƴǘŀƛƴǎ ǎƻƳŜ ǳƴŘŜŦƛƴŜŘ ŜƴǘǊƛŜǎΣ ǘƘŜ ōǳǘǘƻƴ ά{ƻƳŜ ǾŀǊΦ ƻŦ ŦŀŎǘƻǊ ǎǘƛƭƭ ǳƴǎǇŜŎƛŦƛŜŘέ ǊŜƳŀƛƴǎ 

ȅŜƭƭƻǿΦ !ǎ ǎƻƻƴ ŀǎ ŀƭƭ ŜƴǘǊƛŜǎ ŀǊŜ ŘŜŦƛƴŜŘΣ ǘƘƛǎ ōǳǘǘƻƴ ǘǳǊƴǎ ǘƻ ƎǊŜŜƴ ά!ƭƭ ƳƻŘŜƭ ǾŀǊΦ ƻŦ ŦŀŎǘƻǊ 

ŘŜŦƛƴŜŘέΦ 

¢ƘŜ ǳǎŜǊ Ƙŀǎ ǘƘŜ ƻǇǘƛƻƴ ǘƻ ƴƻǊƳŀƭƛȊŜ ǘƘŜ ŜƴǘǊȅ ǘƻ ǘƘŜ ǾŀƭǳŜ ǇǊƻǾƛŘŜŘ ǳƴŘŜǊ ά{ǳƳ ŦŀŎǘƻǊ ǾŀǊΦέΦ 

This option is linked with the information that is written and not to the final vector present in the 

model matrix. 

 

Example 

The user wants to normalize the sum of a profile vector (matrix F) to one and the information of 

this vector is stored in two independent external vectors, A and B. Then the following calculation 

should be commuted: 

1))()(( =+Ö BA sumsumw  

w representing the weight value. 

)()(. AA sumwvaluenor Ö=  

)()(. BB sumwvaluenor Ö=  

with )(. Avaluenor  and )(. Bvaluenor  ōŜƛƴƎ ǘƘŜ ǾŀƭǳŜǎ ŜƴǘŜǊŜŘ ǳƴŘŜǊ ǘƘŜ ǾƻƛŎŜ άbƻǊƳŀƭƛȊŜ 

ŦŀŎǘƻǊ ǾŀǊΦέ ƻƴ ǘƘŜ ǇŀƴŜƭ άƳƻŘŜƭψŘŜŦƛƴŜέ όFigure 48). 

Writing the information of one or more external vectors to the model matrix G or F from the 

άǎŜŜŘέ ƻǇǘƛƻƴ ŘƻŜǎ ƴƻǘ ƳŜŀƴ ǘƘŀǘ ǘƘƛǎ ƛƴŦƻǊƳŀǘƛƻƴ ƛǎ ŎƻƴǎǘǊŀƛƴŜŘΦ ¢Ƙƛǎ ƛƴŦƻǊƳŀǘƛƻƴ ǎƛƳǇƭȅ 

represents the starting condition for the PMF run(s). Constraining this information or data that is 

derived upon this information is performed using the other two techniques in: άŀ-ǾŀƭǳŜέ or 

άǇǳƭƭƛƴƎ Ŝǉǳŀǘƛƻƴǎέ, see 6.3.3 and 6.3.4 for more details. 

 

(20) 

(21) 

(22) 
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 fpeak 

The following fpeak options are available: 

άŘƛǎŀōƭŜŘέ fpeak rotations are disabled. 

άƎƭƻōŀƭ ŦǇŜŀƪέ enables rotations that affect the entire model matrices. 

άƛƴŘƛǾƛŘǳŀƭ ŦǇŜŀƪέ enables rotations that affect only chosen contributions, profiles. 

 

For these fpeak options the following types of analyses are supported: 

άexact fpeakέ exact fpeak value is used. 

άsensitivity fpeakέ fpeak values are systematically tested between an initial and final fpeak 

using a user-defined fpeak resolution. 

άrandom ŦǇŜŀƪέ fpeak values are randomly tested between an initial and final fpeak with 

a user-defined fpeak resolution. 

 Global fpeak 

The global and the individual fpeak are those described earlier under 2.4. The user must enter the 

initial and final fpeak and the fpeak step interval. The range of fpeak values should be selected in 

a way that allows to fully investigate the range of solutions that are environmentally interpretable 

and at the same time are of mathematically similar quality (i.e., similar Q value) (Figure 49). 

Example 

One might explore the range of fpeak that leads to a 10% increase of the normalized scaled 

residuals (Q/Qexp). A number of past studies have simply investigated a predefined fpeak range, 

e.g. fpeak values between -1 and 1, regardless of its effect on Q. This approach should be avoided, 

since the fpeak rotation is a function of the model and therefore, Q/Qexp will vary based on the 

input data and the model result. 
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Figure 49 taC ǎŜǘǘƛƴƎǎΣ ǘŀō άModel MATRICESέΣ ŦǇŜŀƪΦ 

Selecting one of the two options, άƎƭƻōŀƭ ŦǇŜŀƪέ ƻǊ άƛƴŘƛǾƛŘǳŀƭ ŦǇŜŀƪέ, enables the fpeak rotations 

for the PMF run(s).  

 

 Individual fpeak 

The user defines the initial, final fpeak and the fpeak step interval as for the global fpeak. In the 

cells of the matrix (Figure 50ύ ǇŀǎǎƛƴƎ άbŀbέ ǘŜƭƭǎ {ƻCƛ ǘƻ Ǉŀǎǎ ǘƘŜ ŎǳǊǊŜƴǘ ŦǇŜŀƪ ŘǳǊƛƴƎ ǘƘŜ taC 

run(s). Conceptually, it can be regarded as the scalar with which time series of one factor is added 

or subtracted (based on the sign of fpeak) from another factor time series. The notation follows 

the rules of linear algebra. 

Example 

If for example the entry T [0,1] = -5, this implies that the time series of factor 1 is subtracted by 

magnitude -5 from the time series 2. Vice versa the factor profile of factor 2 is added to the factor 

profile of factor 1 by the same magnitude with opposite sign, 5. 

However, a zero entry in T does not prevent addition/subtraction from occurring, but rather 

indicates that this rotation, should it occur, is neither favored nor penalized by the model. 



 
 

 -77- 

 

Figure 50 taC ǎŜǘǘƛƴƎǎΣ ǘŀō άModel MATRICESέΣ ƛƴŘƛǾƛŘǳŀƭ ŦǇŜŀƪ ŜƴŀōƭŜŘ with the example for T[0,1] as 

άbŀbέ ŦƻǊ ǘƘŜ ŦǇŜŀƪ ǾŀƭǳŜΦ 

 a-value constraints 

a-values can only be selected AFTER the seed values have been defined. 

The a-value option allows constraining one and more entries of the profile matrix F or the time 

series matrix G (see 2.4.4). The constrained information can be monitored on the table / graphs 

ƻŦ ǘƘŜ ǇŀƴŜƭ άtaCψƻǇǘƛƻƴǎέ όFigure 51). Adding or changing the constraints is done using the 

ŀŘƧŀŎŜƴǘ ǎǳōǇŀƴŜƭ άŎƻƴǎǘǊŀƛƴǘ ŘŜŦƛƴŜέ (Figure 52). 

To enable the a-value constraints, use the dropdown menu below the table. The a-values are only 

used by the ME-2 solver when the button ά!-ǾŀƭǳŜ ŎƻƴǎǘǊŀƛƴǘǎ ŀǊŜ ŜƴŀōƭŜŘέ turns green (Figure 

50) and seed values are set first.  

a-value option combined with displacement for the seed 

In case the a-value strategy fails in providing sufficient variation within the user-defined a-value 

range, for example the case when always the same result value is reached, independent of the a-

value range, then, the user has the possibility to displace the seed value in combination with the 

a-value settings. The difference compared to classical a value approach is that within the 

displacement option, the seed value is perturbed based on the settings of the a-value, but then 

the current/new seed value is locked during the PMF iteration. This allows to explore values 

ǎƭƛƎƘǘƭȅ ŀōƻǾŜ ƻǊ ōŜƭƻǿ ƎƛǾŜƴ ŀƴŎƘƻǊ ǾŀƭǳŜǎ ǘƘŀǘ ǿƻǳƭŘƴΩǘ ōŜ ŀŎŎŜǎǎƛōƭŜ ǳǎƛƴƎ ŎƭŀǎǎƛŎŀƭ ŀ-value 
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exploration otherwise. Anchor values can be perturbed systematically, for example using 

sensitivity analysis (supported up to 5 independent dimensions) or using random exploration (as 

typically the case in EPA PMF). The reader is referred to Paatero et al. (2014) for more details 

about this technique. 

 

Figure 51 taC ǎŜǘǘƛƴƎǎΣ ǘŀō άModel MATRICESέΣ a-value. 

 

 Main settings 

άCŀŎǘƻǊέ all factors or a single factor position, e.g. factor 1 

ά¢ȅǇŜ ƻŦ ŎƻƴǎǘǊŀƛƴǘέ άŜȄŀŎǘ a-ǾŀƭǳŜέ 

 άмst ŘƛƳΦ ǎŜƴǎƛǘƛǾƛǘȅέ 

 άнnd - 5th dim. sensitivityέ 

 άǊŀƴŘƻƳέ 

 άǇŀǎǎ ƭƛƳƛǘǎ directly to ME-нέ 

ά±ŀǊƛŀōƭŜǎέ all model variables, all variables of external variables, all entries, single 

variables, e.g. m/z 44 

The user has the option to choose which base of variables is used to pass 

the information of the constraint. Constraining variables is additive, as 

for defining the variables (see 6.3.1). 

Some more details on the options are the following. 
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 Exact a-value (exact) 

An exact a-value, e.g. 0.1 is used to constrain the defined information (profile / time series) 

 1st dim. sensitivity (1dim. sens) 

The a-value is systematically changed from άƛƴƛǘƛŀƭ ŀ-ǾŀƭǳŜέ, using the step ƛƴǘŜǊǾŀƭ ƎƛǾŜƴ ōȅ άa-

ŘŜƭǘŀέ ǳǇ ǘƻ άŦinal a-valueέ. This allows studying the PMF outcome as a function of the a-value in 

one dimension. 

If you erroneously define two different settings for sensitivity analysis in one dimension, SoFi will 

only use the settings that are encountered first. 

Example 

First factor has a final a-value of 1 and second factor a final a-value of 0.5 and both factors have 

the constraint: one dimensional sensitivity analysis. For the one-dimensional sensitivity analysis 

the final a-value passed to ME-2 will be 1, since the first factor is internally evaluated before the 

second one. 

 

 2nd dim. sensitivity (2dim. sens) to 5th dim. sensitivity (5dim. sens) 

This option should be used if the a-value combinations should be tested individually. The a-value 

is systematically changed from άƛƴƛǘƛŀƭ ŀ-ǾŀƭǳŜέ, using the step ƛƴǘŜǊǾŀƭ ƎƛǾŜƴ ōȅ άa-ŘŜƭǘŀέ ǳǇ ǘƻ 

άŦinal a-valueέ. This allows studying the PMF outcome as a function of the a-value in a 2nd up to 

5th dimension. 

If only a sensitivity analysis in one dimension should be performed, the first dimension must be 

chosen (see above). Using higher dimensions and keeping previous dimensions empty or non-

defined generates an error message in SoFi. 

Example 

The first factor has a final a-value of 1 and a a-delta of 0.2 and performs a one-dimensional 

sensitivity analysis. The second factor has a final a-value of 0.5 and a a-delta of 0.1 and is linked 

with the two-dimensional sensitivity analysis. All possible a-value combination will be run, SoFi 

will perform 

ρ

πȢς
ρϽ

πȢυ

πȢρ
ρ σφ ὶόὲί 

 Random a-value (random) 

Random a-ǾŀƭǳŜǎ ŀǊŜ ǇŀǎǎŜŘ ŦǊƻƳ ŀ ǳƴƛŦƻǊƳ ŘƛǎǘǊƛōǳǘƛƻƴ ōŜǘǿŜŜƴ ȊŜǊƻ ŀƴŘ άCƛƴŀƭ a-ǾŀƭǳŜέ ǿƛǘƘ 

ŀ ǇǊŜŎƛǎƛƻƴ ƎƛǾŜƴ ōȅ άa-ŘŜƭǘŀέΦ 

(23) 
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 Pass limits directly to ME-2 (limits) 

If for a specific source, e.g. a traffic source the range of the profile is known, this range (limits) 

could be directly passed to ME-2 using this option. Two vectors representing the lower and the 

higher limits of the profile / time series are provided and ME-2 optimizes the profile during the 

PMF run within these limits. Note that a seed vector must be defined too. Use the lower or higher 

vector as starting condition when defining the corresponding seed information. 

 

 All model variables 

This option uses as base the variables defined in the model matrix F /  G. This leads to the same a-

value constraint throughout all variables. 

 All model variables of external vector 

This option uses as base the variables of an external vector. This is useful, when various a-values 

should be used within a constrained vector (coming from various external profiles), e.g. if some 

variables of the constrained vector are more accurate than others or the profile that should be 

constrained does not contain all ions that are present in the PMF input and the missing ions 

should be constrained with a loose a-value too. In such a case the less accurate ones could receive 

a higher a-value. 

Similar to ǘƘŜ άƳƻŘŜƭψŘŜŦƛƴŜέ ǇŀƴŜƭ όFigure 48ύ ǘƘŜ άŎƻƴǎǘǊŀƛƴǘψŘŜŦƛƴŜέ ǎƘƻǿǎ the variables that 

can be constrained (left table άǾŀǊƛŀōƭŜǎ ǘƘŀǘ Ŏŀƴ ōŜ ŎƻƴǎǘǊŀƛƴŜŘέ) as well as the ones that are still 

ǳƴŎƻƴǎǘǊŀƛƴŜŘ όǊƛƎƘǘ ǘŀōƭŜ άǎǘƛƭƭ ǳƴŎƻƴǎǘǊŀƛƴŜŘ ǾŀǊƛŀōƭŜǎ). The latter table gets updated each time 

some information is passed to the constraint matrix. If the vector of the matrix F / G contains 

some unconstrained entries, ǘƘŜ ōǳǘǘƻƴ ά{ƻƳŜ ǾŀǊΦ ƻŦ ŦŀŎǘƻǊ ǎǘƛƭƭ unconstrainedέ ƛǎ ȅŜƭƭƻǿΦ !ǎ 

soon as all entries are constrained, ǘƘƛǎ ōǳǘǘƻƴǎ ǘǳǊƴǎ ǘƻ ƎǊŜŜƴ ά!ƭƭ ƳƻŘŜƭ ǾŀǊΦ ƻŦ ŦŀŎǘƻǊ 

constrainedέΦ 
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Figure 52 The HOA_Paris profile defined on factor 1 of the matrix F earlier (see Figure 48) is going to be 

constrained with a fixed a-value of 0.2. 

¢ƘŜ ōǳǘǘƻƴ άǿǊƛǘŜ ƛƴǘƻ ƳƻŘŜƭ ƳŀǘǊƛȄέ ǿǊƛǘŜǎ ǘƘŜ ŎƘƻǎŜƴ ǎŜǘǘƛƴƎǎ ŀƴd the user can monitor the 

changes on the main panel (Figure 51ύΦ LŦ ŀƴ ŜƴǘǊȅ ǿŀǎ ŜǊǊƻƴŜƻǳǎƭȅ ŘŜŦƛƴŜŘΣ ǘƘŜ ōǳǘǘƻƴ άǊŜƳƻǾŜ 

ƭŀǎǘ ǎŜǘǘƛƴƎǎέ can be used to ǊŜƳƻǾŜ ǘƘŜ ƭŀǎǘ ǿǊƛǘƛƴƎΦ ¢ƘŜ ōǳǘǘƻƴ άǊŜǎŜǘ ŜƴǘƛǊŜ ƳŀǘǊƛȄέ ǊŜǎŜǘǎ ǘƘŜ 

current constraint matrix to default, i.e., empty entries όά-άύ for the entire matrix (Figure 52). 

9ǾŜǊȅ ǘƛƳŜ ǘƘŜ ǳǎŜǊ ǿŀƴǘǎ ǘƻ έǿǊƛǘŜ ƛƴǘƻ ƳƻŘŜƭ ƳŀǘǊƛȄέΣ {ƻCƛ ŎƘŜŎƪǎΣ ǿƘŜǘƘŜǊ ǳƴŘŜŦƛƴŜŘ 

information is going to be constrained and constraints only existing information, i.e. seed values 

need to be set beforehand. 

It is recommended to constrain an entire profile / time series. If a wave is only partially 

constrained, its unconstrained part could grow during the PMF run and become dominant upon 

normalization in SoFi. 

 Displacement 

The displacement approach in SoFi allows the user to introduce random and/or systematic 

perturbations of selected anchor elements across up to five independent dimensions. Initially, 

the anchor values are modified according to the chosen a-value constraints. Once the 

displacement is appliŜŘΣ ƘƻǿŜǾŜǊΣ ǘƘŜǎŜ ŀƴŎƘƻǊǎ ŀǊŜ ƪŜǇǘ ŦƛȄŜŘ όάŦǊƻȊŜƴέύΣ ŜƴǎǳǊƛƴƎ ǘƘŀǘ ǘƘŜ 

model explores variations around a defined configuration rather than continuously re-adjusting 

the constraints. Displacement helps probe how sensitive the solution is to small, controlled shifts 

in key anchor positions. Because anchors are frozen after displacement, there is a risk of over-
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constraining the model, additionally, only a limited portion of the rotational space is explored, 

and relevant alternative solutions may still be missed if the chosen displacements are not 

representative.  

 Pulling equations 

Pulling is another method used in ME-2 to introduce a priori information into the factorization. In 

addition to fitting the measured data, the model can be guided towards predefined values or 

relationships between variables in the profile matrix F or the time series matrix G (see 2.4.5).  

This is achieved by adding additional equations that penalize deviations from the specified targets 

during the optimization. Pulling therefore allows the user to incorporate external knowledge 

while still allowing the model to adjust the solution according to the measured data and is 

therefore regarded as a soft constraining technique.  

Pulling equations can be written manually or with the help of SoFi. The ME-2 solver is very 

sensitive to the form of the pulling equations and its limits, so the equations should be defined 

carefully. To enable the pulling equations, use the dropdown menu below the table. The pulling 

equations are only used by the ME-н ǎƻƭǾŜǊ ǿƘŜƴ ǘƘŜ ōǳǘǘƻƴ άtǳƭƭƛƴƎ Ŝǉǳŀǘƛƻƴǎ ŀǊŜ ŜƴŀōƭŜŘέ 

turns green (Figure 53).  

 

Figure 53 taC ǎŜǘǘƛƴƎǎΣ ǘŀō άƳƻŘŜƭ a!¢wL/9{έΣ pulling equations. The table shows the defined pulling 

equation, the newly popped panel next to it should be used to define the pulling equations.  
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SoFi offers a wide range of options for different pulling equations. They are described in the 

following. Not all combinations of mathematical options are compatible with each other. 

Additionally, some information has to be added manually.  

 Pulling method 

SoFi (and the ME-2 solver) distinguish between two types of pulling: automatic pulling and 

manual pulling. In automatic pulling, the user specifies a target value together with a constraint 

strength and a tolerance. The strength determines how strongly deviations from the target 

influence the optimization, while the tolerance defines the acceptable range around the target 

value. This approach provides a flexible way to guide the solution without strictly enforcing the 

constraint. 

In manual pulling, the constraint is treated as an additional equation with a defined uncertainty. 

The user specifies the target value and an expected deviation, and the model minimizes the 

difference between the calculated value and the target during the optimization. Manual pulling 

is therefore typically used when reliable prior information is available and a more explicit 

constraint is desired. 

 Pulling type and following pulling equation 

The first part of the pulling information is dedicated to the actual pulling equation and the target 

value. Depending on the type of what should be pulled, the pulling equation can look slightly 

different, but the main format is:  

 

model variables to be pulled = [pulling value];[pulling strength];[pulling uncertainty] 

 

For more user-friendliness, SoFi offers templates for pulling single variables, sums, differences 

and ratios. Especially for the ratios, the user should make use of them as the equation syntax of 

the ME-2 solver is quite rigid, and the ratio has to be written as a difference equal to zero, division 

in the pulling equation is not allowed/recognized, the ME-2 solver only accepts a sum or 

difference of terms, where terms are either single terms or products (Figure 54). 

For manual pulling, only equal equations are allowed, for auto pulling, the solver also accepts 

unequal pulling equations (>= and <=), as the ME-2 solver has access to different so-called error 

models that allow one-sided pulling, where as for manual pulling only symmetrical pulling is 

allowed. 

(24) 
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Figure 54 CƻǊ ǎǳƳ ƻǊ ŘƛŦŦŜǊŜƴŎŜ ƻŦ ǘŜǊƳǎΣ ǘƘŜ άbŜǿ ŎǳǊǊŜƴǘ ƛƴŦƻǊƳŀǘƛƻƴέ ǎǘŀǊǘǎ ŀ ƴŜǿ ŜǉǳŀǘƛƻƴΣ ƻǘƘŜǊ ǘŜǊƳǎ 

Ŏŀƴ ōŜ ŀŘŘŜŘ Ǿƛŀ ǘƘŜ άŀŘŘ ǘƻ ŎǳǊǊŜƴǘ ƛƴŦƻǊƳŀǘƛƻƴέ όƭŜŦǘύΦ wŀǘƛƻǎ ƘŀǾŜ ǘƻ ōŜ ǿǊƛǘǘŜƴ ŀǎ ŀ ŘƛŦŦŜǊŜƴŎŜ 

of two terms that is equal to zero, where one term includes the multiplication with the target value.   

 Pulling strength 

The influence of a pulling constraint on the solution is controlled by its associated parameters, so 

the second part of the pulling information is dedicated to these pulling details, i.e. the pulling 

method (AUTO or MAN), the weight/strength and the tolerance/uncertainty. 

The constraint weight/strength determines how strongly the model attempts to satisfy the 

specified constraint. Increasing this value increases the contribution of the constraint to the 

objective function (Q), thereby forcing the solution closer to the target value. Low values result 

in weak constraints with little influence on the solution, whereas very high values may dominate 

the optimization and reduce the influence of the measured data. 

For automatic pulling, the tolerance defines the acceptable deviation from the target value. 

Smaller tolerances enforce the constraint more tightly, while larger tolerances allow greater 

flexibility. The tolerance should typically be chosen in accordance with the expected variability or 

uncertainty of the target value. For manual pulling, the uncertainty plays a similar role. It 

represents the expected error of the constraint and determines how strongly deviations are 

penalized. Smaller values correspond to stricter constraints, while larger values reduce the 

influence of the constraint. 

 Constraint mode 

Similar to the a-value approach, SoFi offers exact, random and automatic sensitivity analysis of 

several dimensions. This can be applied to the target value and/or the constraint weight/strength 

and or the constraint tolerance/uncertainty. For any sensitivity analysis or random pulling value, 

the notation is the following: 

ȰÔÙÐÅȱȟ ȰÉÎÉÔÉÁÌ ÖÁÌÕÅȱȟ ȰÆÉÎÁÌ ÖÁÌÕÅȱȟ ȰÒÅÓÏÌÕÔÉÏÎȱ (25) 
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These three parameters, i.e, target, weight and tolerance are treated as independent parameters. 

Therefore, the user can perform independent sensitivity analysis for these three parameters, if 

desired. This results in three independent sensitivity analysis dimensions, i.e., one is 1D, the 

second is 2D and the third one is 3D. 

6.3.5.4.1. Exact pulling (EXT) 

An exact target value is used to pull the current information (profile / time series) during the 

iteration towards this anchor value. No square brackets need to be defined, for easy readability 

the exact value is just passed to the pulling information. 

6.3.5.4.2. 1st dimension sensitivity analysis (1D) 

The user-defined information (target or weight or tolerance) is systematically changed from an 

initial value, using user-defined step intervals to a final value. This allows studying the PMF 

outcome as a function of the pulling information in one dimension. 

For the target value, the user can make use of menus for the minimum and maximum value as 

well as the step size. For the weight/strength and the tolerance/uncertainty, the user has the 

option to add a template into the pulling information and has to change the information there 

manually (Figure 55).  

If you erroneously define two different settings for sensitivity analysis in one dimension, SoFi will 

only use the settings that are encountered first. 

 

Figure 55 Define pulling equations. Sensitivity analysis for the target value can be chosen through entering 

the desired values for minimum, maximum and step size. For the weight and the tolerance a 

template will be inserted and the user has to manually enter the vaƭǳŜǎ ƛƴ ǘƘŜ άŎǳǊǊŜƴǘ ǇǳƭƭƛƴƎ 

ƛƴŦƻǊƳŀǘƛƻƴέ ŦƛŜƭŘΦ 
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6.3.5.4.3. 2nd dim. sensitivity (2D) to 5th dim. sensitivity (5D) 

The user-defined information (target or weight or tolerance) is systematically changed from an 

initial value, using user-defined step intervals to a final value. This allows studying the PMF 

outcome as a function of a pulling information in a 2nd up to 5th dimension. 

If only a sensitivity analysis in one dimension should be performed, the first dimension must be 

chosen. Using higher dimensions and keeping previous dimensions empty or non-defined 

generates an error message in SoFi. 

 

Example 

The first equation has a min. target value of 0 and a final target value of 1 and a step size of 0.2 

and performs a one-dimensional sensitivity analysis. The second equation has a minimum and 

maximum weight of 10 and 50, respectively, and step size of 10 and is linked with the two-

dimensional sensitivity analysis. SoFi will perform 

ρ

πȢς
ρϽ

τπ

ρπ
ρ σπ ὶόὲί 

 

6.3.5.4.4. Random pulling (RND) 

Random pulling values are passed from a uniform distribution between initial value and final value 

with resolution of delta-value. 

 Write pulling information  

Once all the pulling parameters are defined, the pulling information needs to be written into the 

ƳƻŘŜƭ ƳŀǘǊƛȄΣ Ǿƛŀ ǘƘŜ ōǳǘǘƻƴ άǿǊƛǘŜ ƛƴǘƻ ǘƘŜ ƳƻŘŜƭ ƳŀǘǊƛȄέΦ ¢ƘŜ ǳǎŜǊ ŀƭǎƻ Ƙŀǎ ǘƘŜ ƻǇǘƛƻƴ ǘƻ 

remove either the last or a specific pulling information from said matrix as well as to reset the 

entire matrix. 

5ƻƴΩǘ ŦƻǊƎŜǘ ǘƻ ŜƴŀōƭŜ ǘƘŜ ǇǳƭƭƛƴƎ Ŝǉǳŀǘƛƻƴǎ ōŜŦƻǊŜ ǊǳƴƴƛƴƎ taCΦ  

 

 Factor specifications 

9ŀŎƘ ŦŀŎǘƻǊ ǊŜŎŜƛǾŜǎ ǘƘŜ ŘŜŦŀǳƭǘ ƴŀƳŜ άŦŀŎǘƻǊ [position]έΦ ¢ƘŜ ǳǎŜǊ Ŏŀƴ ŎƘŀƴƎŜ ǘƘŜǎŜ ƴŀƳŜǎ ǳƴŘŜǊ 

άŦŀŎǘƻǊ ǎǇŜŎǎέ (Figure 56) and give proper source names instead. The factor names in the analyze 

PMF plots are based on these names and it is also important for averaging PMF solutions with a 

different number of factors. 

(26) 
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Figure 56 taC ǎŜǘǘƛƴƎǎΣ ǘŀō άaƻŘŜƭ a!¢wL/9{έΣ factor specs (left) default names, (right) user-defined names. 

 

When averaging PMF results in SoFi (see 7.5.1), factor possessing the same name will be averaged 

together. This allows the user to import various HDF files with various sources. The averaged 

result will then be based on all factor names defined by the user. As a consequence, the final 

factor specs list of the averaged solution might be larger than the factor specs list of a single HDF 

file. 

If an HDF file contains multi-factor solutions and the various factor solutions at the same position 

ǎƘƻǳƭŘƴΩǘ ƴŜŎŜǎǎŀǊȅ ōŜ ŀǾŜǊŀƎŜŘ ǘƻƎŜǘƘŜǊΣ ǘƘŜƴ ǘƘŜ ǳǎŜǊ Ƙŀǎ ǘƘŜ Ǉƻǎǎƛōƛƭƛǘȅ ǘƻ Ǉŀǎǎ ǾŀǊƛƻǳǎ ƴŀƳŜǎ 

for a factor position. CŀŎǘƻǊ ƴŀƳŜǎ ǎƘƻǳƭŘ ƴƻǘ ƛƴŎƭǳŘŜ άҌέ ƛƴ ǘƘŜ ƴŀƳŜΣ ƻǘƘŜǊǿƛǎŜ {ƻCƛ ǿƛƭƭ ƭŀǘŜǊ 

falsely mistake it as two factors that should be added.  

 

Example 

Averaging three different HDF file together, where only HOA and COA is a common factor 

between all of them.  

Table 4 factor specifications of three HDF files and what that means for the averaged solution. 

HDF 1 HDF2 HDF3 avg. solution in SoFi 

HOA HOA HOA HOA form all files 

COA COA COA COA from all files 
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BBOA SV-OOA BBOA BBOA from HDF1 and 2 

OOA LV-OOA SV-OOA OOA from HDF 1 

  LV-OOA SV-OOA from HDF 2 and 3 

   LV-OOA from HDF2 and 3 

 

Example 

An HDF file with 4 and 5 factor PMF runs, where the 4th position in 4-factor runs represents 

something different then the 4th position in 5-factor runs. When averaging over 4- and 5-factor 

solutions, SoFi will use dedicated factor positions for OOA and LV-OOA. This leads to a six-factor 

solution for the averaged solution, since OOA and SV-OOA are separated from each other. 

Table 5 factor specifications for one HDF file containing 4 and 5 factor runs and the averaged solution. 

HDF avg. solution in SoFi 

HOA HOA 

COA COA 

BBOA BBOA 

OOA;LV-OOA OOA 

SV-OOA SV-OOA 

 LV-OOA 

 

If this was not done prior to running PMF, so the information on the user-defined factor names is 

not stored in the HDF file, the user can also manually change the factor names before averaging 

the solutions. The factor specs list can be found here: 

root:SoFi:Results:έNAME_OF_HDF_FILEέ:Parameter:model_txt_factor_specs 

 Consideration of the priority of the rotational tools 

The explorative techniques for the rotational ambiguity are additive. The fpeak rotations can be 

enabled besides other techniques, such as the a-value or pulling equations or C-value approach, 

etc. The fpeak rotations have least priority, i.e., rotations are not allowed, if the resulting values 

are for example outside the limits given by the a-value constraints. 
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 Estimation of the statistical uncertainty 

The final PMF result / solution must also contain a quantitative measure of the statistical 

uncertainty. For ambient aerosol data the highest contributors to the statistical uncertainty are 

mainly random changes of the emission sources. Past studies ((Paatero et al., 2014) and (Ulbrich 

et al., 2009)) typically employed ǘƘŜ ǊŜǎŀƳǇƭƛƴƎ ǎǘǊŀǘŜƎȅ άōƻƻǘǎǘǊŀǇέ (Davison and Hinkley, 1997) 

to address and quantify this type of error for AMS data. 

 Bootstrap resampling strategy  

he bootstrap method generates a new set of input matrices for analysis by randomly resampling 

from the original dataset (Efron, 1979). This resampling strategy involves duplicating some data 

points while omitting others, which effectively perturbs the input data (see Figure 57). Given that 

a sufficient number of resamples has been performed, the variation within the identified factors 

across all bootstrapped runs allows to estimate the statistical uncertainty.  

 

Figure 57 Schematic of the default PMF input matrix (left) and a resampled one (right side). The colors 

represent the resampled rows. Note that the dark green color appears twice, whereas the olive-

green present in the default PMF matrix is absent. 

Main Settings 

άǳƴōƭƻŎƪŜŘέ individual time points are randomly sampled  

άǳǎƛƴƎ ŘŜŦƛƴŜŘ ŎƭŀǎǎŜǎέ all points belonging to the same class are grouped (blocked) together. 

Check 5.4.1 for how to create classes. Classes can be created on 

external text waves, indices or keywords.  

In the unblocked bootstrap, individual data points are randomly sampled with replacement from 

the original dataset to create new, resampled datasets. Each new dataset contains the same 

number of data points as the original, but certain data points may appear multiple times, while 

others may not appear at all. A crucial point when applying the bootstrap strategy on the PMF 

model is the presence of sufficient variability for retrieving the expected sources. If for example, 

the data covers a special period such as a fireworks event, it might happen that after resampling, 

the points reflecting this specific period are eventually missing and little variability is available to 
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separate the specific source. The blocked bootstrap addresses the limitations of the standard 

bootstrap for time-dependent dependent data. Instead of resampling individual data points, 

blocks of data are resampled together. These blocks can be defined by the user (5.4.1). These 

blocks preserve the natural dependencies within the data. The choice of block size should align 

with the natural variability in the data. For example, in traffic data, daily blocks or blocks of rush 

hour vs non-rush hour might capture diurnal patterns, while smaller blocks would be 

inappropriate. 

Bootstrap repeats play a crucial role in ensuring that the uncertainty estimates are robust and 

reliable. A higher number of repeats typically improves the accuracy of the uncertainty 

assessment for the identified factors. This is because each repeat introduces a different sample 

of the data, helping to capture a broader range of variability that might exist in the dataset. 

Insufficient bootstrap repeats can lead to misleading uncertainty estimates, as the resampled 

datasets may not capture all the relevant patterns or variabilities, particularly in complex or noisy 

datasets. The number of bootstrap repeats is controlled by the number of PMF calls under 

άD9b9w![ ǎŜǘǘƛƴƎǎέΦ For standard PMF analysis (static PMF input), it is generally recommended 

to perform at least 500 - 1000 bootstrap repeats, but in the end choosing the appropriate number 

of repeats is often a balance between computational feasibility and the need for accurate 

uncertainty estimation. In rolling PMF, the number of bootstrap repeats per window can be lower 

than in standard PMF, due to the smaller size of the data window that is rolled over the dataset 

which also lead to additional repeats for each day (Chen et al., 2022).  

 

Figure 58 taC ǎŜǘǘƛƴƎǎΣ ǘŀō άRESAMPLING strategyέ 
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 Input perturbation 

The input perturbation will randomly perturb the input matrix with a value within ± x * the error 

matrix. The scaling factor x can be defined by the user, by default it is set to 1 so that each value 

is randomly varied within ± its error. This technique is used to assess how sensitive the PMF 

solution is to variations in the input data and to estimate the robustness and uncertainty of the 

factorization results. By perturbing the input data multiple times, a range of PMF solutions can be 

generated. The variability across these solutions helps to estimate statistical uncertainties in the 

factor profiles and contributions. This provides a more realistic view of the robustness of the 

identified sources, taking into account the inherent uncertainties in the input data. 

 Rolling mechanism 

The main limitation of PMF is the modeling of static factor profiles that stand in contradiction 

with a dynamic system, where source profiles are supposed to vary over time. To account for a 

possible temporal variation of the factor profiles a rolling approach was suggested (Parworth et 

al. (2015), Canonaco et al. (2021)) for ambient AMS/ACSM data. 

Unlike traditional PMF, where the entire dataset is analyzed at once, rolling PMF applies the PMF 

model to small, overlapping windows of data that move across the timeline. This approach allows 

for tracking how factor contributions evolve over time (see Figure 59). To maximize the 

effectiveness of rolling PMF, it is essential to follow some best practices and guidelines: 

- The PMF window must be smaller compared to the entire dataset, e.g. several days/weeks 

if the total PMF input comprises several years. More importantly, the window length 

should be chosen as such that the assumption of static factor profiles is legitimate. 

- To avoid sharp transitions between consecutive windows, it's important to overlap the 

windows which ensures that the factors identified in adjacent windows evolve smoothly 

over time rather than abruptly changing from one window to the next. 

 

Figure 59 Schematic of a rolling PMF window. 
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Main Settings 

άǿƛƴŘƻǿ ǿƛŘǘƘέ size of the PMF window expressed in days 

άǿƛƴŘƻǿ ǎƘƛŦǘέ shift of the PMF window expressed in days 

άƴōΦ ƻŦ ǊŜǇŜŀǘǎέ estimate of the nb. of repeats due to the overlap of windows 

 

 

Figure 60 taC ǎŜǘǘƛƴƎǎΣ ǘŀō άROLLING ƳŜŎƘŀƴƛǎƳέ 

Ideally the rolling PMF approach is combined with the bootstrap resampling strategy to estimate 

the uncertainties in rolling PMF. Because each window contains fewer data points than the full 

dataset, fewer bootstrap runs are typically needed. Furthermore, if any factors are constrained, 

the rolling PMF approach should also be combined with the random a-value strategy. For more 

details please refer to Canonaco et al. (2021) and Chen et al. (2022) and analysis therein.  

 Call ME-2 and perform PMF 

SoFi calls ME-2 and passes the PMF input with the current instruction file together with the 

defined and constrained information, if present, to ME-2. 

Before the ME-2 solver is called, SoFi will give a short warning on how many PMF calls will be 

performed and whether the user wishes to continue. The progress can be monitored with the 

tǊƻƎǊŜǎǎ ōŀǊ άa9-н Ŏŀƭƭέ ŀǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ Ƴŀƛƴ ǇŀƴŜƭ όFigure 34ύΦ ¢ƘŜ ǇǊƻƎǊŜǎǎ ōŀǊ ά{ƻCƛέ ǊŜŀŎǘǎ 

on calculations performed in IGOR for SoFi only. 
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 {ƻCƛ ς taC ǊŜǎǳƭǘόǎύ 

 Import result files (HDF file(s)) 

 Define path of ME2.exe file 

The user gives the location where the MEнΦŜȄŜ ŦƛƭŜ ǊŜǎƛŘŜǎ ōȅ ǇǊŜǎǎƛƴƎ ǘƘŜ ōǳǘǘƻƴ άŦƻƭŘŜǊ ƻŦ 

ŜȄŜŎǳǘŀōƭŜέ όFigure 61). If the PMF run(s) were performed from the same experiment, this path 

is already defined. However, tƘŜ άtaC ǊŜǎǳƭǘέ ǘŀō ƛǎ ŎƻƳǇƭŜǘŜƭȅ ƛƴŘŜǇŜƴŘŜƴǘ ŦǊƻƳ the previous 

tabs and PMF results can be consulted even if they have been generated from another IGOR 

experiment or from another PC. The only restriction is given by the existence and the structure of 

the ME-2 folder under the OS. If the user wants to inspect some PMF results that was run on 

another PC, then the HDF5 file containing the PMF results must be stored in άME2_Resultsέ of 

the άME2_engineέ folder: Χ\ME2_Engine\ ME2_Results. 

 

 

Figure 61 Main SoFi panel, PMF result tab. 
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 Select HDF5 file(s) containing the PMF run(s) 

The current SoFi version supports analysis of multiple PMF runs of a single PMF call (one HDF5 

file) but also among various PMF calls (several HDF5 files).  

¢ƘŜ ōǳǘǘƻƴ άLLΦŀ {ŜƭŜŎǘ I5Cр ŦƛƭŜόǎύ ŎƻƴǘŀƛƴƛƴƎ ǘƘŜ taC ǊŜǎǳƭǘόǎύέ ƻǇŜƴǎ ŀ ǎǳōǇŀƴŜƭ ǿƘŜǊŜ ǘƘŜ ǳǎŜǊ 

decides which of the HDF5 files will be considered (Figure 62). The list contains all HDF files under 

the previously chosen solver location. ¢Ƙƛǎ ǿƛƴŘƻǿ Ƴǳǎǘ ōŜ ŎƭƻǎŜŘ ōȅ ǇǊŜǎǎƛƴƎ ƻƴ ǘƘŜ άLLΦŀ ώΧϐέ 

button again. 

Multiple PMF runs can be chosen by prŜǎǎƛƴƎ ǘƘŜ ά{ILC¢έ key selects adjacent PMF runs or by 

pǊŜǎǎƛƴƎ ǘƘŜ ά/¢w[έ ƪŜȅ ǘƻ ŀŘŘ ƴƻƴ-adjacent PMF runs. Unselected PMF runs will not present in 

IGOR or if previously present, they will be removed after having asked the user with a prompt 

message. This is necessary to keep the IGOR experiment small to avoid possible άƻǳǘ ƻŦ ƳŜƳƻǊȅέ 

errors. Removing the PMF runs from IGOR will obviously not affect their storage place on the HDF 

file(s). 

 

Figure 62 Subpanel showing the list of HDF5 files to be chosen for the PMF analysis. 

¢ƘŜ ƻǇǘƛƻƴ ά/ƻƴǎǳƭǘ ƎǊŀƴŘ ƭƻƎ ŦƛƭŜ όŦƻǊ ŀƭƭ I5C ŦƛƭŜǎύ ǿƛƭƭ ǇƻǇ ŀ ƭƛǎǘ ƻŦ ǘƘŜ Ƴŀƛƴ ǇŀǊŀƳŜǘŜǊǎ, e.g., 

nb. of factors, nb. of timepoints, types of constraints, etc. in each file listed. This allows the user 

to keep the overview over the conducted PMF runs without being forced to import each of them 

for visual inspection. 

 Import the chosen HDF5 file(s) into IGOR 

tǊŜǎǎƛƴƎ ƻƴ ǘƘŜ ōǳǘǘƻƴ άLLΦō LƳǇƻǊǘ ǘƘŜ ŎƘƻǎŜƴ I5Cр ŦƛƭŜόǎύ ƛƴǘƻ LDhwέ ǿƛƭƭ ƛƳǇƻǊǘ ǘƘŜ Ƴŀƛƴ 

information of the HDF5 file(s) to the corresponding folders. With this, only a subselection of the 

results, necessary for the plots in 7.2.2 is imported, not the full HDF file. 
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 Manual selection of PMF run(s) form a HDF file 

hƴ ǘƘŜ ōƭǳŜ ǇŀƴŜƭ ǘƘŀǘ ǇƻǇǎ ŀŦǘŜǊ ǇǊŜǎǎƛƴƎ άLLLΦŀ {ŜƭŜŎǘ taC runόǎύ ŦǊƻƳ I5Cр ŦƛƭŜόǎύέ (Figure 61), 

the user browses through the HDF5 files and selects the run(s) that should be kept for the 

subsequent PMF analysis (Figure 63). 

 Settings 

ά/ƘƻƛŎŜ ōŀǎŜ ƻƴέ Manual choice (default case), automated selection (see 7.3) 

ά{ŜƭŜŎǘ I5Cр ŦƛƭŜέ List of imported HDF5 files to choose the PMF runs from 

άŀǾƎΦ taC Ǌǳƴόǎύέ Whether PMF runs should be averaged. For more information, see 7.5. This 

option is useful for the finalization and should only be used in combination 

with the criteria-ōŀǎŜŘ ǎŜƭŜŎǘƛƻƴΦ 5ŜŦŀǳƭǘ ƛǎ άƴƻ ŀǾŜǊŀƎŜέΦ 

άȄ-ŀȄƛǎ ǘȅǇŜέ User defines the x-label for the graph (see Figure 63) from the list: run nb., 

nb. of factors, fpeak value, a-value, pulling value, C-value 

 Choose PMF runs(s) 

As a small overview, the user has four different types of graphs to decide which PMF run(s) can 

be interesting for further inverstigation: Q/Qexp, absolute values, relative values, explained 

variation plot. Whereas the Q/Qexp graph shows the Q/Qexp for each run, the other plots show a 

bit more details on how the factors are distributed: in absolute values, in relative values and also 

taking into account the (un)explained variation. 

For selecting one or several PMF runs, the user best says in the Q/Qexp tab, where an overview 

graph of the Q/Qexp of each PMF run in the current (chosen) HDF file is shown. For selecting a 

PMF run the user drags a marquee around the bar and confirms the selection by ŎƭƛŎƪƛƴƎ ƻƴ άSoFi 

marqueeέ Ҕ ά{ŜƭŜŎǘƛƻƴ ƻǇǘƛƻƴǎέ Ҕ ά{9[ŜŎǘ ŎǳǊǊŜƴǘέ in the context menu of the right mouse button. 

The choice άUNSELect currentέ ŀƴŘ άUNSELect ŀƭƭέ resets the option for the current HDF file or 

for all HDF files, respectively. The gray bars (only x- value) representing PMF runs that should be 

further investigated must be in the marquee! 

Chosen PMF runs are highlighted in the Q/Qexp graph in blue. The marquee selection is additive 

and can be performed on any of the ƎǊŀǇƘǎ ǇǊŜǎŜƴǘ ƻƴ ǘƘŜ ǇŀƴŜƭ ά{ŜƭŜŎǘψtaCǊǳƴǎέ ŀǎ ǿŜƭƭ ŀǎ ƻƴ 

the popped graphs. But only in the Q/Qexp graph the chosen vs non-chosen runs are 

distinguishable by color.  
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Figure 63 {ŜƭŜŎǘƛƴƎ ŀ ǎŜǘ ƻŦ ǎƻƭǳǘƛƻƴǎ ŦǊƻƳ ǘƘŜ I5Cр ŦƛƭŜ άDummyέ ǿƛǘƘ ǘƘŜ ƳŀǊǉǳŜŜΦ 

 Criteria-based selection 

When a PMF analysis involves several hundred or even thousands of individual runs, as for 

instance during bootstrapping (see 6.4) or a rolling window analysis (see 6.5), it quickly becomes 

impractical to review each solution manually. To simplify this process, SoFi provides a criteria-

based approach, that condenses the information from all runs into a few representative metrics, 

referred to as criteria. 

Instead of examining every single PMF run, the user can define specific criteria that act as proxies 

for the overall model behavior. These may include, e.g., a correlation coefficient, a ratio between 

selected variables, or the sum of certain parameters. Advanced statistical tests for more objective 

selection of the proper PMF runs are also accessible. Moreover, 1D array, e.g., a particular factor 

profile or diurnal cycle and 2D arrays in form of scatter plot with user-defined x, y and color can 

be explored as a function of each PMF run (see below for more details). 

Each run is then assigned a set of scores for the chosen criteria, which can be visualized and 

compared directly within SoFi. To access the criteria-based selection the user must select the 

ƻǇǘƛƻƴ άŀǳǘƻƳŀǘŜŘ ǎŜƭŜŎǘƛƻƴέ ƛƴ ǘƘŜ ŘǊƻǇ-Řƻǿƴ ƳŜƴǳ ά/ƘƻƛŎŜ ōŀǎŜŘ ƻƴΥέ όFigure 64).  
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Figure 64 Select_PMFruns panel showing the criteria-based selection button. 

/ƭƛŎƪƛƴƎ ƻƴ ǘƘŜ ōǳǘǘƻƴ άCriteria-ōŀǎŜŘ ǎŜƭŜŎǘƛƻƴέ ƭŀǳƴŎƘŜǎ ǘƘŜ ǎǳōǇŀƴŜƭ άtaCψŎǊƛǘŜǊƛŀέ όǎŜŜ 

Figure 65), in which the criteria will be defined, the runs inspected, and environmentally 

reasonable solutions chosen. 

 

Figure 65 ά{ŜƭŜŎǘψtaCǊǳƴǎέ ǿƛǘƘ ƛǘǎ ǎǳōǇŀƴŜƭ άtaCψŎǊƛǘŜǊƛŀέ 
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 Type of criterion 

¢ƘŜ ŦƛǊǎǘ ǘŀō ƛƴ ǘƘŜ άtaCψŎǊƛǘŜǊƛŀέ ƎƻǾŜǊƴǎ ǘƘŜ ŘŜŦƛƴƛǘƛƻƴ ŀƴŘ ƻǾŜǊǾƛŜǿ ƻŦ ǘƘŜ ǳǎŜǊ-defined criteria 

(see Figure 66). Point criteria can be used for sorting. 

άǇƻƛƴǘέ single point is monitored for each PMF run 

-average single value (the final wave that could be a sum, product, ratio, etc. of 

other waves) is averaged. 

-sum single value is the sum of the final wave. 

-Multilin ear regr. multilinear regression on PMF results. Up to ten independent variables 

can be defined 

-R Pearson R-Pearson value useful for linear relationships 

-R Spearman also rank correlation, useful for any type of relationship. 

-Kendall tau rank correlation coefficient that analyzes concordant and discordant 

pairs 

-R uncentr cosine similarity, use for profile information 

άimageέ 1D array is monitored for each PMF run. 

άmovieέ 2D array with user-defined colors, i.e., a colored scatter plot is 

monitored for each PMF run. 

The various types of criteria are color-coded to allow to user to easily distinguish between them 

ƛƴ ǘƘŜ ƻǾŜǊǾƛŜǿ ƭƛǎǘ άƭƛǎǘ ƻŦ ŎǊƛǘŜǊƛŀέ (Figure 66). 
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Figure 66 Different colors for the different types of criteria help to easily distinguish them. 

 Criteria list 

Several different criteria can easily be defined in SoFi and the risk of losing track of which criterion 

was defined for which factor is high. Therefore, a small overview table, including the color-code 

of type of criteria, showing the defined criteria is always visible from the first tab. A more detailed 

batch table containing all information to a criterion, like exact time point chosen, type of data 

(abs or fraction) or resolution, can be consulted from the second tab (see Figure 78). 

  

Figure 67 Several criteria visualized in the criteria list with the proper color-code. Criteria in bold are those 

that contain a temporal sub-selection. Highlighted criteria are used for repositioning unconstrained 

factors. 

Criteria that must be evaluated are checked. If a criterion has already been evaluated in a previous 

round, there is no need to re-evaluate it again (besides when it is used for sorting). This saves a 

lot of computational time and makes the criterion analysis faster. Criteria that should be used for 

repositioning (sorting) of unconstrained factors must be selected and are highlighted in the 

criteria list (ǎŜŜ ōŜƭƻǿ ǳƴŘŜǊ ά¢ƘŜ ŎǊƛǘŜǊƛŀ ŀǇǇǊƻŀŎƘ ƻƴ ǳƴŎƻƴǎǘǊŀƛƴŜŘ ŦŀŎǘƻǊǎέ ŀƴŘ άŀŎǘƛǾŜ ǾŜǊǎǳǎ 

ǇŀǎǎƛǾŜ ŎǊƛǘŜǊƛŀέ ŦƻǊ ƳƻǊŜ ŘŜǘŀƛƭǎ όǎŜŜ Figure 67)). Furthermore, constraints always overpower 

sorting criteria, meaning that constraint factors cannot be sorted but are fixed in the position that 

they were constrained in. Criteria that contain a sub-ǎŜƭŜŎǘƛƻƴ ŦǊƻƳ ǘƘŜ ǇŀƴŜƭ ά{ŜƭŜŎǘ ōŀǎŜŘ ƻƴ 

Ŏƭŀǎǎ κ ǘƛƳŜέΣ ŀǊŜ ǾƛǎǳŀƭƛȊŜŘ ƛƴ bold in the criteria list.  
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 Active (sorting) versus passive (monitoring) criteria  

In case many PMF runs with several unconstrained factors are run and the solutions are not 

inspected manually, the problem arises that the positions of the factors will most likely vary. 

Table 6 Example with 4 factors and 2 PMF runs 

PMF run 1 

position 1 2 3 4 

factor HOA COA BBOA OOA 

PMF run 2     

position 1 2 3 4 

factor HOA BBOA COA OOA 

 

Swapping occurred for position 2 and 3 between the PMF runs 1 and 2. The factors need to be 

repositioned based on certain conditions / criteria, to guarantee that position 1 carries always 

HOA, position 2 COA, position 3 BBOA and position 4 OOA. 

¢ƘŜ ǇǊƻōƭŜƳ ƻŦ ǊŜǇƻǎƛǘƛƻƴƛƴƎ ŦŀŎǘƻǊǎ ƻƴ ŀǾŀƛƭŀōƭŜ Ǉƻǎƛǘƛƻƴǎ ƛǎ ǘƘŜ ŎƭŀǎǎƛŎ άǎŀƳǇƭƛƴƎ ǿƛǘƘƻǳǘ 

ǊŜǇƭŀŎŜƳŜƴǘέ ǇǊƻōƭŜƳ ǘƘŀǘ ǎŎŀƭŜǎ ǿƛǘƘ ǘƘŜ ŦŀŎǘƻǊƛŀƭ ƻŦ ǘƘŜ number of positions, e.g. for 6 

unconstrained positions there are 6! or 6*5*4*3*2 = 720 possibilities. SoFi computes all 

combinations and evaluates all defined criteria. The scores are then internally weighted (z-score 

followed by gaussian rank transformation), so that they all have similar weight and range. SoFi 

Pro employs the Hungarian algorithm to optimally sort factors. While the Hungarian algorithm is 

highly effective, its computational cost increases rapidly with the number of unconstrained 

factors. E.g., for 10 unconstrained factors there are already 3ΩснуΩулл ŎƻƳōƛƴŀǘƛƻƴǎ ǇŜǊ ǊǳƴΣ ǎƻ 

constraining known and very stable factors (e.g. fixed elemental ratios) reduces the 

dimensionality of the sorting problem and allows SoFi Pro to focus the computational effort on 

the remaining unconstrained components. The combination with the highest sum of scores is 

returned as chosen combination for ordering the factors. This guarantees that the unconstrained 

factors are score-sorted in the best possible way. 

A criterion used for repositioning an unconstrained factor is a so-called active criterion. For each 

factor, only one active (sorting) criteria can be defined, unless it is a constrained factor, then the 

constraint overpowers the sorting. A passive criterion, will simply give the score for the current 

position, without affecting its sorting. Passive criteria are typically used for constrained factors, 

where the factor position is already fixed and known in advance, or as further criteria for factors 

that are being sorted.  
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The user governs whether a criterion is active / passive directly from the criteria list by selecting 

ǘƘŜ ŀŎǘƛǾŜ ƻƴŜǎ ǿƛǘƘ ǘƘŜ ƳƻǳǎŜ ōȅ ŎƭƛŎƪƛƴƎ ƻƴ άŎǊƛǘŜǊƛƻƴ ȄέΦ !ŎǘƛǾŜ ŎǊƛǘŜǊƛŀ ŀǊŜ ƘƛƎƘƭƛƎƘǘŜŘ όǎŜŜ 

Figure 67). !ƭƭ άǇƻƛƴǘέ ŎǊƛǘŜǊƛŀ ōŜǎƛŘŜǎ ǘƘŜ ƳǳƭǘƛƭƛƴŜŀǊ ǊŜƎǊŜǎǎƛƻƴ Ŏŀƴ ōŜ ǳǎŜŘ ŦƻǊ ǎƻǊǘƛƴƎκŀǎ ŀƴ 

active criteria. 

 

 Criterion syntax 

¢ƘŜ ά5!¢!έ subpanel (see ) provides all options required to define specific criteria. The following 

list is shown for a temporal criterion (ts). Options for criterion on profiles are characterized by 

(pr). Each data type is internally distinguished by a characteristic prefix or suffix (shown in bold 

brackets in the list below). These identifiers are essential for SoFi to correctly recognize and 

evaluate the respective criterion. It is therefore important that users do NOT modify these 

prefixes or suffixes. When criteria are entered manually, the appropriate prefix or suffix must 

always be included; otherwise, SoFi will not be able to process the criterion properly. Note that 

the features from this subpanel are typically additive. This means that existing information in the 

criterion line is not overwritten but new information is rather appended to the preexisting one. 

 

ά¢ƛƳŜ ǎŜǊƛŜǎΣ tǊƻŦƛƭŜǎέ to define the type of data (contributions (ts) or profiles (pr)) 

άŘŜŦŀǳƭǘΣ ƘƻǳǊƭȅΣ Řŀƛƭȅ ǊŜǎΦέ to define the temporal resolution 

άȅ όȄύ-ǘȅǇŜέ solution (ts, pr), variable of solution (tsΣ Χ[var.]), external (ts, pr, 

ext_), variable (ts, var_), res. (ts, RES_), abs. res. (ts, ABSRES_), 

scaled res. (ts, RESW_), abs. scaled res. (ts, ABSRESW_), Q res. 

(ts, QRES_), explained variation (ts, explvar_), hours (tsΣ Χ[hour]) 

άȅ όȄύ-ǾŀǊέ ǾŀǊƛŜǎ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ άȅ-ǘȅǇŜέ ǎŜƭŜŎǘƛƻƴ 

άƴƻǊƳŀƭΣ ŎȅŎƭŜǎέ to define whether normal, daily, weekly, monthly or yearly cycles 

should be used 

άŀōǎΣ ŦǊŀŎǘƛƻƴέ to define whether absolute data or fraction, i.e., data normalized 

to the sum should be used 

άŎƻƳǇŀǊƛǎƻƴ ǿƛǘƘ ŀƭƭ otherέ additional p-values from significance tests and information about 

highest other score (in different factor) can be calculated 

άǎŜƭŜŎǘ ōŀǎŜŘ ƻƴ ŎƭŀǎǎκǘƛƳŜέ option to evaluate criteria based on class or time. Note, the 

computational time of the criteria will increase when a specific 

class or time has been chosen. Check  5.3.1 or 5.3.2 for more 

information about this time/class selection.  
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There are only few rules to the criterion line: 

1) ¢ƘŜ ǇǊŜ ŀƴŘ ǎǳŦŦƛȄŜǎ ŘŜǎŎǊƛōŜŘ ŜŀǊƭƛŜǊ ƛƴ ά¢ƘŜ ǎǳōǇŀƴŜƭ 5!¢!έ a¦{¢ ōŜ ǎǘǊƛŎǘƭȅ ŦƻƭƭƻǿŜŘ 

2) EACH term containing a wave specification, e.g. factor 1 or RESW[total] as well as at the 

ŜƴŘ ƻŦ ŜŀŎƘ ŎǊƛǘŜǊƛƻƴ ƭƛƴŜ a¦{¢ ŜƴŘ ǿƛǘƘ ŀ ǎƛƴƎƭŜ ǉǳƻǘŀǘƛƻƴ ƳŀǊƪ ΨΦ 

3) EACH term MUST start with either a space (the case for the first term) or some 

ƳŀǘƘŜƳŀǘƛŎŀƭ ǎȅƳōƻƭǎΣ ŜΦƎΦ άόύέΣ άҌέΣ ά-άΣ άϝέΦ 

This is essential, as the evaluation of each term has the following architecture: 

άŀƴȅ ǎȅƳōƻƭέ-άǘŜǊƳέ-άŀƴȅ ǎȅƳōƻƭέ-άǉǳƻǘŀǘƛƻƴ ƳŀǊƪέ όǘŜǊƳƛƴŀǘƛƻƴύ 

If those rules are not followed, SoFi will fail when treating the individual strings and this causes a 

bad evaluation of the criterion or unspecific IGOR error messages. Therefore, make sure you know 

the criteria syntax before changing and defining new manual criteria from the criterion line. 

 

In addition to this subpanel, the user can directly change, add or remove terms from the criterion 

line and perform simple mathematical operations that are also typically supported from the IGOR 

command line. 

Mathematical operations currently supported from the criterion line 

Table 7 mathematical operations for criteria definitions. 

mathematical operation examples 

addition, subtraction, multiplication, division wave1Ω + wave2Ω, wave1Ω-wave2Ω, ǿŀǾŜмΩϝǿŀǾŜнΩΣ 

ǿŀǾŜмΩκǿŀǾŜнΩ 

exponentiation exp(wave1Ω), wave1Ω̂2, 10^wave1Ω 

square root sqrt(wave1Ω)Ω 

min, max min(wave1Ω, wave2Ω)Ω, max(wave1Ω, wave2Ω)Ω 

histogram(x min, x max, nb. of bins, wave) histogram(-5, 5, 1000, wave1Ω)Ω 

rules with brackets (wave1Ω+wave2Ω)*(wave3Ω+wave4Ω)/wave5Ω 

constant values ǿŀǾŜмΩҌǿŀǾŜнΩҌрΩΣ ǿŀǾŜмΩҌǿŀǾŜнΩҌрΩ 

  

Some combined examples όǿŀǾŜмΩҌǿŀǾŜнΩύκнҌǎǉǊǘόǿŀǾŜоΩϝǿŀǾŜпΩ̂2)Ω 

 min(histogram(-5,5,100, wave1Ω), histogram(-5,-

5,100, wave1Ω))Ω 
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In these examples wave1, wave2, wave3, wave4 and wave5 can be anything from the options 

ǇǊŜǎŜƴǘŜŘ ǳƴŘŜǊ ǇǊŜǎŜƴǘŜŘ ǳƴŘŜǊ ά¢ƘŜ ǎǳōǇŀƴŜƭ 5!¢!έΦ 

For the expressions min(wave1, wav2) and max(wave1, wave2) the comparison is performed on 

a point-by-point basis for the two waves. The result wave has the dimension of wave1 or wave2 

(they must have the same dimension) and contains for each point i the smallest value, i.e., 

min(wave1[i], wave2[i]) is performed for all points i. 

histogram(x min, x max, nb. of bins, wave1) creates the histogram for the specified wave1 with 

ǘƘŜ ǇŀǊŀƳŜǘŜǊǎΣ Ȅ ƳƛƴΣ Ȅ ƳŀȄ ŀƴŘ ƴōΦ ƻŦ ōƛƴǎΦ {ŜƭŜŎǘƛƴƎ ǘƘŜ ƻǇǘƛƻƴ άŦǊŀŎǘƛƻƴέ ƴƻǊƳŀƭƛȊŜǎ ǘƘŜ ǎǳƳ 

of the histogram to 1. Note that the histogram option can be applied only once per criterion. 

Moreover, histogram is interesting when comparing the residuals of the classes on a bin-by-bin 

basis in combination with the option min(), see with the examples a few pages below.  

 

A combined criterion 

The user has the possibility to combine two and more criteria into a new one. This is important 

when for example one criterion is not enough to capture the desired expression. This is typically 

ǘƘŜ ŎŀǎŜΣ ǿƘŜƴΣ ŜΦƎΦ ǾŀǊƛƻǳǎ ǘƛƳŜ ƻǊ Ŏƭŀǎǎ ǎŜǘǘƛƴƎǎ όǎǳōǇŀƴŜƭ Ψ{ŜƭŜŎǘ ōŀǎŜŘ ƻƴ Ŏƭŀǎǎ κ ǘƛƳŜΩύ ǎƘƻǳƭŘ 

be combined. 

The combined criterion has the following syntax: ŎǊƛǘŜǊƛƻƴ ·Ω Ҍ ŎǊƛǘŜǊƛƻƴ ¸Ω 

where X and Y stand for the positions of the two criteria. This example shows the sum, but any 

mathematical combination as well as combinations between normal and GRAND criteria are in 

theory possible. 
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 Examples on how to set up the list of criteria 

Some examples that illustrate how to set up a criterion follow here. 

 Correlation between the contribution of factor 1 (hypothetical traffic) and NOx (see 

Figure 68) 

1) ¦ƴŘŜǊ άǘȅǇŜέ ǎelect άǇƻƛƴǘέ ŀƴŘ άw-PŜŀǊǎƻƴέ ƻǊ άw-tŜŀǊǎƻƴϣнέ. Note that the box turns 

green as this is the color-code for the Pearson option. 

2) In tƘŜ ǎǳōǇŀƴŜƭ ά5!¢!έ select ǘƘŜ ƻǇǘƛƻƴ ά¢ƛƳŜ ǎŜǊƛŜǎέΣ άsolutionέ ŦƻǊ άȅ-ǘȅǇŜέ ŀƴŘ ǘƘŜƴ 

the first entry, i.e., factor_1. In addition, select άexternalέ ŦƻǊ άȄ-ǘȅǇŜέ ŀƴŘ bhx data. 

3) At this stage, the criterion line shows ŦŀŎǘƻǊψмΩΤŜȄǘψbhȄΩ. 

4) /ƭƛŎƪƛƴƎ ƻƴ ά²ǊƛǘŜέ ǿƛƭƭ ǿǊƛǘŜ ǘƘƛǎ ŎǊƛǘŜǊƛƻƴ ŀƴŘ Ǉŀǎǎ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ǘƘŀǘ ŀƭƭ Řŀǘŀ όƴƻ 

temporal sub-selection was chosen) is used for the evaluation. 

5) ¢ƘŜ ǎǳŎŎŜǎǎŦǳƭƭȅ ǿǊƛǘǘŜƴ ŎǊƛǘŜǊƛƻƴ ƛǎ ǊŜǇƻǊǘŜŘ ǳƴŘŜǊ άƭƛǎǘ ƻŦ ŎǊƛǘŜǊƛŀέΦ 

 

Figure 68 άtaCψŎǊƛǘŜǊƛŀψŘŜŦƛƴŜέ ǎǳōǇŀƴŜƭ ǿƛǘƘ ǘƘŜ ŜȄŀƳǇƭŜ ƻŦ wψǇŜŀǊǎƻƴ ōŜǘǿŜŜƴ ŦŀŎǘƻǊм ŀƴŘ bhȄ Řŀǘŀ 
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 Ratio between certain hours of the day for factor 2 (see Figure 69) 

1) ¦ƴŘŜǊ άǘȅǇŜέ ǎŜƭŜŎǘ άǇƻƛƴǘέ ŀƴŘ άŀǾŜǊŀƎŜέΦ bƻǘŜ ǘƘŀǘ ǘƘŜ ōƻȄ ǘǳǊƴǎ ǊŜŘ ŀǎ ǘƘƛǎ ƛǎ ǘƘŜ ŎƻƭƻǊ-

code for the average option. 

2) Lƴ ǘƘŜ ǎǳōǇŀƴŜƭ ά5!¢!έ ǎŜƭŜŎǘ ǘƘŜ ƻǇǘƛƻƴ ά¢ƛƳŜ ǎŜǊƛŜǎέΣ άƘƻǳǊǎέ ŦƻǊ άȅ-ǘȅǇŜέ ŀƴŘ ǘƘŜƴ 

ǎŜƭŜŎǘ άŦŀŎǘƻǊψнώhr11]. 

3) At this stage, the criterion line shows factor_2[hr12]Ω. 

The user can directly add the remaining information, i.e., + 

factor_1[hr12]')/2)/((factor_1[hr6]'+ factor_1[hr7]'+ factor_1[hr8]')/3)Ω 

This expression will evaluate the ratio between the peak at noon (11 am and 12 pm) 

compared to the average value of 6, 7 and 8 am. 

4) /ƭƛŎƪƛƴƎ ƻƴ ά²ǊƛǘŜέ ǿƛƭƭ ǿǊƛǘŜ ǘƘƛǎ ŎǊƛǘŜǊƛƻƴ ŀƴŘ Ǉŀǎǎ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ǘƘŀǘ ŀƭƭ Řŀǘŀ όƴƻ 

temporal sub-selection was chosen) is used for the evaluation. 

5) ¢ƘŜ ǎǳŎŎŜǎǎŦǳƭƭȅ ǿǊƛǘǘŜƴ ŎǊƛǘŜǊƛƻƴ ƛǎ ǊŜǇƻǊǘŜŘ ǳƴŘŜǊ άƭƛǎǘ ƻŦ ŎǊƛǘŜǊƛŀέΦ 

 

Figure 69 άtaCψŎǊƛǘŜǊƛŀψŘŜŦƛƴŜέ ǎǳōǇŀƴŜƭ ǿƛǘƘ ǘƘŜ ŜȄŀƳǇƭŜ ƻŦ the ratio between the lunch peak to some 

morning hours for factor 2. 
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 Monitoring the mass fraction of m/z 60 (f60) of the third factor (see Figure 70) 

1) ¦ƴŘŜǊ άǘȅǇŜέ ǎŜƭŜŎǘ άǇƻƛƴǘέ ŀƴŘ άŀǾŜǊŀƎŜέΦ bƻǘŜ ǘƘŀǘ ǘƘŜ ōƻȄ ǘǳǊƴǎ ǊŜŘ ŀǎ ǘƘƛǎ ƛǎ ǘƘŜ ŎƻƭƻǊ-

code for the average option. 

2) Lƴ ǘƘŜ ǎǳōǇŀƴŜƭ ά5!¢!έ ǎŜƭŜŎǘ ǘƘŜ ƻǇǘƛƻƴ ά¢ƛƳŜ ǎŜǊƛŜǎέΣ άǎƻƭǳǘƛƻƴ of var.έ ŦƻǊ άȅ-ǘȅǇŜέ ŀƴŘ 

ǘƘŜƴ ǎŜƭŜŎǘ άŦŀŎǘƻǊψ3 60:60. Lƴ ŀŘŘƛǘƛƻƴΣ ǎŜƭŜŎǘ ŀƭǎƻ άŦǊŀŎǘƛƻƴέΦ 

3) At this stage, the criterion line shows factor_3[60ϐΩ. 

This expression will evaluate the mass fraction of m/z 60 of the third factor. 

4) /ƭƛŎƪƛƴƎ ƻƴ ά²ǊƛǘŜέ ǿƛƭƭ ǿǊƛǘŜ ǘƘƛǎ ŎǊƛǘŜǊƛƻƴ ŀƴŘ Ǉŀǎǎ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ǘƘŀǘ ŀƭƭ Řŀǘŀ όƴƻ 

temporal sub-selection was chosen) is used for the evaluation. 

5) The successfully written criterion is reported under άƭƛǎǘ ƻŦ ŎǊƛǘŜǊƛŀέ. 

 

Figure 70 άtaCψŎǊƛǘŜǊƛŀψŘŜŦƛƴŜέ ǎǳōǇŀƴŜƭ ǿƛǘƘ ǘƘŜ ŜȄŀƳǇƭŜ ƻŦ f60 for the third factor. 
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 Monitoring the correlation value R upon a multilinear regression (see Figure 71) 

The linear regression is between the time series of factor 1 (hypothetical traffic) and factor 3 

(hypothetical biomass burning) to black carbon EC, assuming only traffic and biomass burning to 

contribute to black carbon. 

1) ¦ƴŘŜǊ άǘȅǇŜέ ǎŜƭŜŎǘ άǇƻƛƴǘέ ŀƴŘ άMultilinear regressionέΦ bƻǘŜ ǘƘŀǘ ǘƘŜ ōƻȄ ǘǳǊƴǎ orange 

as this is the color-code for the Multilinear regression option. 

2) Lƴ ǘƘŜ ǎǳōǇŀƴŜƭ ά5!¢!έ ǎŜƭŜŎǘ ǘƘŜ ƻǇǘƛƻƴ ά¢ƛƳŜ ǎŜǊƛŜǎέΣ άǎƻƭǳǘƛƻƴέ ŦƻǊ άȅ-ǘȅǇŜέ ŀƴŘ ǘƘŜƴ 

ǎŜƭŜŎǘ άŦŀŎǘƻǊψ1έ. Lƴ ŀŘŘƛǘƛƻƴΣ ǎŜƭŜŎǘ άŜȄǘŜǊƴŀƭέ ŦƻǊ άȄ-ǘȅǇŜέ ŀƴŘ ǘƘŜƴ ά9Cέ. 

3) At this stage, the criterion line shows factor_1ΩΤ ŜȄǘψ9/Ω. The user can directly add the 

remaining information, i.e., + ŦŀŎǘƻǊψоΩ to the first part of the string. The final expression 

reads: ŦŀŎǘƻǊψмΩҌ ŦŀŎǘƻǊψоΩΤ ŜȄǘψ9/Ω 

This expression will perform a multilinear regression and find the optimal values for the 

slopes a and b inΥ 9/ Ґ ŀϊŦŀŎǘƻǊψм Ҍ ōϊŦŀŎǘƻǊψоΦ 9/ ƛǎ ǘƘŜ ŘŜǇŜƴŘŜƴǘ ǾŀǊƛŀōƭŜ ŀƴŘ factor_1 

and factor_3 are the two independent variables. The current option allows the user to add 

up to 5 independent variables and always only one dependent variable. For sorting, this 

criterion is only useful to a limited extent. For sorting, all factor combinations should be 

tested. However, SoFi can only iterate over the last-mentioned factor in the combination, 

meaning that with the current criterion, factor_1 remains fixed while combinations with 

other factors are evaluated. Hence we recommend using alternative criteria for sorting. 

4) /ƭƛŎƪƛƴƎ ƻƴ ά²ǊƛǘŜέ ǿƛƭƭ ǿǊƛǘŜ ǘƘƛǎ ŎǊƛǘŜǊƛƻƴ ŀƴŘ Ǉŀǎǎ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ǘƘŀǘ ŀƭƭ Řŀǘŀ όƴƻ 

temporal sub-selection was chosen) is used for the evaluation. 

5) ¢ƘŜ ǎǳŎŎŜǎǎŦǳƭƭȅ ǿǊƛǘǘŜƴ ŎǊƛǘŜǊƛƻƴ ƛǎ ǊŜǇƻǊǘŜŘ ǳƴŘŜǊ άƭƛǎǘ ƻŦ ŎǊƛǘŜǊƛŀέΦ 

 

Figure 71 άtaCψŎǊƛǘŜǊƛŀψŘŜŦƛƴŜέ ǎǳōǇŀƴŜƭ ǿƛǘƘ ǘƘŜ ŜȄŀƳǇƭŜ ƻŦ the multilinear regression between EC and 

factor_1 and factor_3  
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 Monitoring the ratio between the fraction of m/z 57 and m/z 55 for the second factor 

(see Figure 72) 

1) ¦ƴŘŜǊ άǘȅǇŜέ ǎŜƭŜŎǘ άǇƻƛƴǘέ ŀƴŘ άŀǾŜǊŀƎŜέΦ bƻǘŜ ǘƘŀǘ ǘƘŜ ōƻȄ ǘǳǊƴǎ ǊŜŘ ŀǎ ǘƘƛǎ ƛǎ ǘƘŜ ŎƻƭƻǊ-

code for the average option. 

2) Lƴ ǘƘŜ ǎǳōǇŀƴŜƭ ά5!¢!έ ǎŜƭŜŎǘ ǘƘŜ ƻǇǘƛƻƴ άProfilesέΣ άǎƻƭǳǘƛƻƴέ ŦƻǊ άȅ-ǘȅǇŜέ ŀƴŘ ǘƘŜƴ ǎŜƭŜŎǘ 

άŦŀŎǘƻǊψ2 57:57. 

3) At this stage, the criterion line shows factor_2[57ϐΩΦ 

The user can directly add the remaining information, i.e., κŦŀŎǘƻǊψнώррϐΩΦ 

This expression will evaluate the ratio between m/z 57 and m/z 55 for the second factor. 

4) /ƭƛŎƪƛƴƎ ƻƴ ά²ǊƛǘŜέ ǿƛƭƭ ǿǊƛǘŜ ǘƘƛǎ ŎǊƛǘŜǊƛƻƴ ŀƴŘ Ǉŀǎǎ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ǘƘŀǘ ŀƭƭ Řŀǘŀ όƴƻ 

temporal sub-selection was chosen) is used for the evaluation. 

5) ¢ƘŜ ǎǳŎŎŜǎǎŦǳƭƭȅ ǿǊƛǘǘŜƴ ŎǊƛǘŜǊƛƻƴ ƛǎ ǊŜǇƻǊǘŜŘ ǳƴŘŜǊ άƭƛǎǘ ƻŦ ŎǊƛǘŜǊƛŀέΦ 

 

Figure 72 άtaCψŎǊƛǘŜǊƛŀψŘŜŦƛƴŜέ ǎǳōǇŀƴŜƭ ǿƛǘƘ ǘƘŜ ŜȄŀƳǇƭŜ ƻŦ the ratio of m/z 57 to m/z 55 for the second 

factor. 
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 Correlation on the diurnal cycle between the contribution of factor 1 (hypothetical 

traffic) and NOx for the weekdays only (see Figure 73) 

1) ¦ƴŘŜǊ άǘȅǇŜέ ǎŜƭŜŎǘ άǇƻƛƴǘέ ŀƴŘ άw-tŜŀǊǎƻƴέ ƻǊ άw-tŜŀǊǎƻƴϣнέΦ bƻǘŜ ǘƘŀǘ ǘƘŜ ōƻȄ ǘǳǊƴǎ 

green as this is the color-code for the Pearson option. 

2) Lƴ ǘƘŜ ǎǳōǇŀƴŜƭ ά5!¢!έ ǎŜƭŜŎǘ ǘƘŜ ƻǇǘƛƻƴ ά¢ƛƳŜ ǎŜǊƛŜǎέΣ άǎƻƭǳǘƛƻƴέ ŦƻǊ άȅ-ǘȅǇŜέ ŀƴŘ ǘƘŜƴ 

the first entry, i.e., ŦŀŎǘƻǊψмΦ Lƴ ŀŘŘƛǘƛƻƴΣ ǎŜƭŜŎǘ άŜȄǘŜǊƴŀƭέ ŦƻǊ άȄ-ǘȅǇŜέ ŀƴŘ bhx data. 

3) At this stage, the criterion line shows ŦŀŎǘƻǊψмΩΤŜȄǘψbhȄΩΦ 

4) {ŜƭŜŎǘ ŘƛǳǊƴŀƭ ŎȅŎƭŜ ŀƴŘ ǿŜŜƪŘŀȅǎ ŦǊƻƳ ǘƘŜ ά{ŜƭŜŎǘ ōŀǎŜŘ ƻƴ Ŏƭŀǎǎ κ ǘƛƳŜέ ǇŀƴŜƭ 

5) /ƭƛŎƪƛƴƎ ƻƴ ά²ǊƛǘŜέ ǿƛƭƭ ǿǊƛǘŜ ǘƘƛǎ ŎǊƛǘŜǊƛƻƴ ŀƴŘ Ǉŀǎǎ ǘƘŜ ǎŜƭŜŎǘŜŘ ƛƴŦƻǊƳŀǘƛƻƴ ǘƘŀǘ ƛǎ ǳǎŜŘ 

for the evaluation. 

6) ¢ƘŜ ǎǳŎŎŜǎǎŦǳƭƭȅ ǿǊƛǘǘŜƴ ŎǊƛǘŜǊƛƻƴ ƛǎ ǊŜǇƻǊǘŜŘ ǳƴŘŜǊ άƭƛǎǘ ƻŦ ŎǊƛǘŜǊƛŀέΦ Note that the criterion 

is bold, as a temporal sub-ǎŜƭŜŎǘƛƻƴ ŦǊƻƳ ǘƘŜ ǇŀƴŜƭ ά{ŜƭŜŎǘ ōŀǎŜŘ ƻƴ Ŏƭŀǎǎ κ ǘƛƳŜέ is applied. 

 

Figure 73 άtaCψŎǊƛǘŜǊƛŀψŘŜŦƛƴŜέ ǎǳōǇŀƴŜƭ ǿƛǘƘ ǘƘŜ ŜȄŀƳǇƭŜ ƻŦ wψǇŜŀǊǎƻƴ ōŜǘǿŜŜƴ ŦŀŎǘƻǊм ŀƴŘ bhȄ Řŀǘŀ ŦƻǊ 

a specific temporal sub-selection.  
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 Monitoring the ratio between the mass fraction of m/z 44 for the fourth factor to the 

scaled residual of m/z 44 (see Figure 74) 

1) ¦ƴŘŜǊ άǘȅǇŜέ ǎŜƭŜŎǘ άǇƻƛƴǘέ ŀƴŘ άŀǾŜǊŀƎŜέΦ bƻǘŜ ǘƘŀǘ ǘƘŜ ōƻȄ ǘǳǊƴǎ ǊŜŘ ŀǎ ǘƘƛǎ ƛǎ ǘƘŜ ŎƻƭƻǊ-

code for the average option. 

2) Lƴ ǘƘŜ ǎǳōǇŀƴŜƭ ά5!¢!έ ǎŜƭŜŎǘ ǘƘŜ ƻǇǘƛƻƴ άTime seriesέΣ άǎƻƭǳǘƛƻƴ of var.έ ŦƻǊ άȅ-ǘȅǇŜέ ŀƴŘ 

ǘƘŜƴ ǎŜƭŜŎǘ άŦŀŎǘƻǊψ4 44:44. 

3) At this stage, the criterion line shows factor_4[44ϐΩΦ The user can directly add the 

remaining information, i.e., /RESW_[44]'. 

This expression will evaluate the ratio between the mass fraction of m/z 44 of the fourth 

factor that is supposed to highly contribute to m/z 44 and the scaled residual of m/z 44. 

4) /ƭƛŎƪƛƴƎ ƻƴ ά²ǊƛǘŜέ ǿƛƭƭ ǿǊƛǘŜ ǘƘƛǎ ŎǊƛǘŜǊƛƻƴ ŀƴŘ Ǉŀǎǎ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ǘƘŀǘ ŀƭƭ Řŀǘŀ όƴƻ 

temporal sub-selection was chosen) is used for the evaluation. 

5) ¢ƘŜ ǎǳŎŎŜǎǎŦǳƭƭȅ ǿǊƛǘǘŜƴ ŎǊƛǘŜǊƛƻƴ ƛǎ ǊŜǇƻǊǘŜŘ ǳƴŘŜǊ άƭƛǎǘ ƻŦ ŎǊƛǘŜǊƛŀέΦ 

 

Figure 74 άtaCψŎǊƛǘŜǊƛŀψŘŜŦƛƴŜέ ǎǳōǇŀƴŜƭ ǿƛǘƘ ǘƘŜ ŜȄŀƳǇƭŜ ƻŦ ǘƘŜ mass fraction of m/z 44 of the fourth 

factor to the scaled residual of m/z 44. 
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 Monitoring C-value runs with a combined criterion 

When data from two different instruments, e.g. AMS and PTR-MS, are combined, a relative 

rescaling is performed using the C-value approach (see 6.2.4.4). Ideally, the scaled residuals for 

each instrument should be comparable (same mean value and spread), i.e., their histograms 

should have maximal overlap. This can be monitored using the following scheme of criteria as 

example: 

1) ¦ƴŘŜǊ άǘȅǇŜέ ǎŜƭŜŎǘ άǇƻƛƴǘέ ŀƴŘ άŀǾŜǊŀƎŜέΦ Lƴ ǘƘŜ ǎǳōǇŀƴŜƭ ά5!¢!έ ǎŜƭŜŎǘ ǘƘŜ ƻǇǘƛƻƴ 

ά¢ƛƳŜ ǎŜǊƛŜǎέΣ άǎŎŀƭŜŘ ǊŜǎΦέ ŦƻǊ άȅ-ǘȅǇŜΣ ά ŀƴŘ ǘƘŜƴ ǎŜƭŜŎǘ άέǘƻǘŀƭψƳŀǘǊƛȄέΦ !ǘ ǘƘƛǎ ǎǘŀƎŜΣ ǘƘŜ 

ŎǊƛǘŜǊƛƻƴ ǊŜŀŘǎ w9{²ώǘƻǘŀƭψƳŀǘǊƛȄϐΩΦ 

2) Add the histogram options (min, max and number of bins) to the criterion line, so that it 

reads e.g. histogram(-рΣрΣмлллΣw9{²ώǘƻǘŀƭψƳŀǘǊƛȄϐΩύΩΦ {ŜƭŜŎǘ άŦǊŀŎǘƛƻƴέ ŀƴŘ ǎŜƭŜŎǘ class 1 

(e.g. AMS) ŦǊƻƳ ǘƘŜ άǎŜƭŜŎǘ ōŀǎŜŘ ƻƴ ŎƭŀǎǎκǘƛƳŜέ ƻǇǘƛƻƴΦ ¢ƘŜƴ ǿǊƛǘŜ ǘƘŜ ŎǊƛǘŜǊƛƻƴ ƛƴǘƻ ǘƘŜ 

list. 

3) Repeat, but this time, select class 2 (e.g. PTR-MS)Σ ŦǊƻƳ ǘƘŜ άǎŜƭŜŎǘ ōŀǎŜŘ ƻƴ ŎƭŀǎǎκǘƛƳŜέ 

option.  

4) bƻǿ ŎǊŜŀǘŜ ǘƘŜ ŎǊƛǘŜǊƛƻƴ ǿƘŜǊŜ {ƻCƛ ŀŎǘǳŀƭƭȅ ŎƻƳǇŀǊŜǎ ǘƘŜ ƘƛǎǘƻƎǊŀƳǎΦ ¦ƴŘŜǊ άǘȅǇŜέ 

ǎŜƭŜŎǘ άǇƻƛƴǘέ ŀƴŘ άǎǳƳέΦ /ƘŜŎƪ ǘƘŀǘ both classes are checked. 

5) Manually write ƳƛƴόŎǊƛǘŜǊƛƻƴ лΩΣŎǊƛǘŜǊƛƻƴ мΩύΩ and add the criterion to the list. 

 

Figure 75 άtaCψŎǊƛǘŜǊƛŀψŘŜŦƛƴŜέ ǎǳōǇŀƴŜƭ ǿƛǘƘ ǘƘŜ ŜȄŀƳǇƭŜ ǘƘŜ ƘƛǎǘƻƎǊŀƳ ŀǇǇǊƻŀŎƘ ŦƻǊ /-value PMF.  
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 Evaluate the criteria 

tǊŜǎǎƛƴƎ ƻƴ ǘƘŜ ōǳǘǘƻƴ ά9ǾŀƭǳŀǘŜ ƭƛǎǘ ƻŦ ŎǊƛǘŜǊƛŀέ ŀƭƭƻǿǎ {ƻCƛ ǘƻ ƭƻƻǇ ƻǾŜǊ ŀƭƭ taC Ǌǳƴǎ ōŜƭƻƴƎƛƴƎ 

to the current HDF file and to evaluate the user-defined list of criteria (see Figure 76). SoFi will 

(re-)evaluate all criteria that have a checked checkbox. To save time when updating only one 

ŎǊƛǘŜǊƛƻƴΣ ǘƘŜ ǳǎŜǊ Ŏŀƴ ǳƴŎƘŜŎƪ ŀƭƭ ŎǊƛǘŜǊƛŀ ǘƘŀǘ ŘƻƴΩǘ ƴŜŜŘ ǘƻ ōŜ ǊŜŜǾŀƭǳŀǘŜŘΦ 

In addition, the dropdown menu under άŎǊƛǘŜǊƛŀ ŦƛƭŜέ ŎƻƴǘǊƻƭǎ ǎŀǾƛƴƎκƭƻŀŘƛƴƎ ƻǇǘƛƻƴǎ ƻŦ ǘƘŜ ƭƛǎǘ ƻŦ 

criteria. 

άb9²έ creates a new criteria list. If the current list is not empty, it will be 

deleted. 

ά[h!5 ƭƛǎǘ ƻŦ ŎǊƛǘŜǊƛŀέ A criteria list stored as an IGOR txt file can be imported 

ά[h!5 ƭƛǎǘ ƻŦ ŎǊƛǘŜǊƛŀ ŀƴŘ  A criteria list including its scores (makes only sense if the criteria  

ŜǾŀƭǳŀǘƛƻƴέ file to be loaded belongs to the same HDF file) stored as an IGOR 

txt file can be imported 

άSAVE ƭƛǎǘ ƻŦ ŎǊƛǘŜǊƛŀέ A criteria list will be saved in an IGOR txt file 

άSAVE list of criteria and  A criteria list including its scores will be saved as an IGOR txt file 

ŜǾŀƭǳŀǘƛƻƴέ  

If a criteria list is loaded, it should be from the same experiment, as indices are loaded as well. If 

those do not match, the evaluated scores will be NaN.  

  

Figure 76 άtaCψŎǊƛǘŜǊƛŀέ ǎƘƻǿƛƴƎ ǘƘŜ ƭƛǎǘ ƻŦ ǇƻǎǎƛōƭŜ ǳǎŜǊ-defined criteria. Only checked criteria will be 

evaluated. Bold criteria are taking into account class/time, highlighted criteria are used for sorting. 



 
 

 -113- 

 Inspect criteria score 

SoFi reports the scores for each criterion and PMF run in the 2nd ǘŀō άнύ {ŜƭŜŎǘ taC Ǌǳƴόǎύέ ƻŦ ǘƘŜ 

άtaCψŎǊƛǘŜǊƛŀέ ǇŀƴŜƭ όǎŜŜ Figure 78). The default case reports the scores for all PMF runs as is, 

i.e., the PMF runs are unsorted. Using the adjacent option subpanels allows the user to control 

various aspects of the scores to better judge which PMF runs are worth being further investigated 

as a whole. 

¢ƘŜ ōǳǘǘƻƴ άǇƻǇ ōŀǘŎƘ ǘŀōƭŜέ will open a table which contains all the information on what was 

selected in the previous tab for the selected criterion (see Figure 77). Note that the first 8 entries 

in the batch file are reserved and the batch file is not removed, as long as the experiment stays 

imported into IGOR and the criteria are not removed. Therefore, the user can use the cell of the 

8th position to enter user-specific notes, if required. 

 

Figure 77 Batch table for criterion number 3. The first column contains the batch file with information on the 

criterion. The remaining columns represent the effective time series, its time series index, the 

effective variables and its index, respectively. 

 

¢ƘŜ ǎǳōǇŀƴŜƭ ά5!¢!έ 

άcriteriaέ defines which criterion should be investigated 

άŦŀŎǘƻǊǎέ If PMF call contains runs with different number of factors 
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άsortingέ ǎŎƻǊŜǎ ƻŦ ŎǊƛǘŜǊƛŀ Ŏŀƴ ōŜ άǳƴǎƻǊǘŜŘέΣ ǎƻǊǘŜŘ ƛƴ άŀǎŎŜƴŘƛƴƎ ƻǊŘŜǊέ 

ƻǊ άŘŜǎŎŜƴŘƛƴƎ ƻǊŘŜǊέ (see below for more details) 

άother highestέ plot the score of either the 2nd highest (if score is highest) or total 

highest (in case score is not highest compare to all others) 

classified score (see below for more details) 

άǇ-ǾŀƭǳŜǎέ plot p-values based on a T-test, and also p-values for the 

correlation coefficients, if available. This information can be 

directly used to exclude correlation coefficient that are not 

statistically significant. 

άΧ MARQUEE selectionΧέ use exact limits instead of the marquee selection in the plot 

άCƛƴŘ PMF ǊǳƴǎΧέ SoFi finds the PMF runs that fulfill the user selection on all 

criteria. This option is crucial when selecting on sorted scores. 

άƴōΦ ƻŦ ŎƻƳƳƻƴ ǊǳƴǎΥέ The number of common PMF runs is visualized here 

ά!ǇǇƭȅ ǎŜƭŜŎǘƛƻƴέ The runs in common are directly passed to the marquee selection 

(see Figure 63) ready to be further analyzed in SoFi 

 

Figure 78 Criterion f43 for the profile of factor 5 (gray line). The adjacent subpanel governs all options related 

to the selection of a PMF run. 

The task of the user is to select, using the marquee tool, scores (PMF runs) that should be 

investigated as full PMF result. To better visualize the range and density of the scores, the score 

plot can be sorted either in ascending or descending order. When e.g. high scores are expected, 

the user can more easily select the proper scores in a sorted plot. 
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Figure 79 Criterion f43 for the profile of factor 5 (gray line) including the slope of the score plot (red curve). 

Drawing the marquee and select the points around a region of interest highlights them in blue. 

The crucial question is where to stop with the selection. This can either be based on absolute 

values known from a priori thresholds or derived from other statistical analyses (see stability of 

criteria 7.3.9 or BS 9.2). Another option is to rely on statistical measurements. For this, all point 

criteria have the option of using p-values of a T-test. For average type criteria, the p-values are 

derived from an ANOVA test across all factors, for correlations it is multiple-testing-corrected p-

values (p values to factors). For correlations, the p-value of the correlation (p value uncorrel.) are 

also available and for the multilinear regression the MLR coefficients are also available. The p-

values that should be plotted can be selected via the checkbox. And instead of using a marquee, 

the p-value can be used for the selection of the good runs. For this, the user needs to define the 

maximum value below which the runs should be chosen (p-vale (H0=ident)). 

Another possibility is to only select solutions for which the highest score compared to all other 

factors can be achieved. For this, the option άother highestέ can be used. If selected, SoFi plots 

the next lower (if the score of this run is already highest) or the highest (if the score of this run is 

not the highest). This can also be used for automated selection (scores >= other high).  

Furthermore, the shape of the score plot, when sorted can also be investigated. As first metric, 

strong decreases of the score plot suggest a high degree of mixing within the factors (see Figure 

79). Note that the user can select PMF runs to be further investigated using the marquee tool 

(just presented) or by directly passing the limits on the subpanel (see red rectangle on Figure 79). 

Ψ[ŜŦǘΩ ŀƴŘ ΨǊƛƎƘǘΩ ǊŜŦŜǊ ǘƻ ǘƘŜ ōƻǳƴŘŀǊƛŜǎ ƻƴ ǘƘŜ Ȅ-axis. These could be either the index values, e.g. 

0 and 100 for left and right, respectively. In case a rolling PMF run is performed, then the user can 

also pass the time information, e.g. 21/04/2019 and 21/06/2019 for left and right, respectively. 
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In addition, the user can also filter out score points based on the p-values from significance tests 

as well as the 2nd classified scores values (see 7.3.9 for more details). 

Some impressions on the score plots for various criteria are shown in the next few plots. 

a) Point representation 

 

 

b) Point representation 

 

 

c) Image representation 

 

d) Movie representation 

 

 

Figure 80 a) R-Pearson between factor 1 and EC_tr. b) Explained variation of m/z 60 in factor 3. Note that for 

missing values the default is -9.99. c) Diurnal cycle of factor 1 over the PMF runs. The user can 

marquee regions of interest and pop the corresponding statistics. d) Scatter plot of m/z 44 vs m/z 

43 for PMF run 719. The slider or variable menu can be used to roll over the  various PMF runs. 
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Once the regions in the score plots for all criteria are chosen the runs fulfilling all selections are 

ƛŘŜƴǘƛŦƛŜŘ ŀƴŘ ƘƛƎƘƭƛƎƘǘŜŘ ŦƻǊ ŦǳǊǘƘŜǊ ŀƴŀƭȅǎƛǎ άCƛƴŘ taC Ǌǳƴǎ ŦǳƭŦƛƭƭƛƴƎ ǎŜƭŜŎǘƛƻƴ ŦƻǊ ŀƭƭ ŎǊƛǘŜǊƛŀέ 

ŀƴŘ ά!ǇǇƭȅ ǎŜƭŜŎǘƛƻƴέ όǎŜŜ Figure 81). After ǇǊŜǎǎƛƴƎ ƻƴ ά!ǇǇƭȅ ǎŜƭŜŎǘƛƻƴέΣ ǘƘŜ ǳǎŜǊ ƛǎ ŀƭǎƻ ŀǎƪŜŘ 

whether a quick scan over the selected PMF runs should be performed to estimate the Q-statistics 

and the amount of missing days, a relevant quantity for rolling PMF (see 6.5) runs (see Figure 82). 

 

 

Figure 81 PMF runs fulfilling the selection for all criteria are visualized and selected for further analysis. 

 

 Inspect selected PMF runs 

The selection (see Figure 81) together with the effectively chosen PMF runs can be visually 

ƛƴǎǇŜŎǘŜŘ ŦǊƻƳ ǘƘŜ ǘƘƛǊŘ ǘŀō άоύ LƴǎǇŜŎǘ ǎŜƭŜŎǘƛƻƴέΦ ¢ƘŜ ǳǎŜǊ Ŏŀƴ ŎƻƳǇŀǊŜ ǘƘŜ ǎŎƻǊŜ or the score 

histogram of all PMF runs (gray histogram), with the user-selection (blue histogram) and the 

effectively chosen PMF runs (green histogram) (see Figure 82). This visualizes which score range 

is effectively chosen, as the chosen region of PMF runs from the 2nd tab (see Figure 79) sets only 

the boundaries. However, the effective score limits may be even smaller. 
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Figure 82 All PMF runs (gray histogram), user-selected PMF runs (blue histogram) and the effective PMF runs 

(green histogram). 

Available options on the adjacent subpanels 

άŘŀǘŀέ select between normal (score plot), histogram (normal) and 

histogram(pdf) 

άǎƻǊǘƛƴƎέ ƛƴ ŎŀǎŜ ƻŦ ƴƻǊƳŀƭΥ ǎŎƻǊŜǎ ƻŦ ŎǊƛǘŜǊƛŀ Ŏŀƴ ōŜ άǳƴǎƻǊǘŜŘέΣ ǎƻǊǘŜŘ ƛƴ 

άŀǎŎŜƴŘƛƴƎ ƻǊŘŜǊέ ƻǊ άŘŜǎŎŜƴŘƛƴƎ ƻǊŘŜǊέ 

άƴōΦ ƻŦ ƘƛǎǘƻƎǊŀƳ ōƛƴǎέ in case of histograms: slider for the number of bins for the 

histograms  

άŎǊƛǘŜǊƛƻƴέ defines which criterion should be investigated 

άv-ǎǘŀǘƛǎǘƛŎǎέ Q statistics on the effective PMF runs after a quick scan over the 

PMF runs 

άnon-midelled ts-pointsέ statistics on the missing time-points  

άŎƻƴǎƛŘŜǊŜŘ taC Ǌǳƴǎέ statistics on the considered PMF runs 

 

 Inspect criteria stability 

The degree of stability for the score-choice in SoFi can be judged by comparing the highest score 

of another factor, independent from whether a factor was constrained or not. If the score of 

another factor is higher than for the current factor (where that score was supposed to be highest), 

this solution could be regarded as mixed and discarded. In addition, to the score values, its p-
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values from significance tests can be inspected too όƻƴƭȅ ǿƘŜƴ ŎƘŜŎƪōƻȄ άŎƻƳǇŀǊƛǎƻƴ ǿƛǘƘ ŀƭƭ 

ƻǘƘŜǊ ŦŀŎǘƻǊǎέ ƛǎ ŎƘŜŎƪŜŘΣ ǎŜŜ Figure 66). This option will perform a T-test for comparing two 

regular waves, e.g. the explained variation or a relative lunch peak or a Chi-Test for a correlation 

coefficient. If the p value is low, the scores tend to be statistically significant (see Figure 83). Note 

that for factors with higher score values higher than for that under consideration, an arbitrary p-

value of one is passed pointing towards mixed/bad PMF solutions. 

 

Figure 83 Criterion score explained variation of m/z 60 for factor 3 (gray line) including the score of highest 

other factor (black) and the p-values from a T-test (black line). Mainly only the gray points at the 

beginning of the plot are statistically significant and should be considered. For all the other points, 

the score of the other factors is mostly higher and these PMF runs should be discarded, as they are 

mixed. 

 Different number of factors in one HDF file 

This option is relevant when inspecting multi-factor solutions with the criteria panel, e.g. PMF 

runs within one HDF file with e.g. five and six factors. When defining a criterion for the sixth factor, 

the score plot for this criterion will be empty half of the time, namely for all five-factor runs. This 

will cause all five-factor PMF runs to be missing in the final solution as they have a non-defined 

value (NaN) and they would be all discarded when finding the PMF runs that fulfill all criteria 

selections. Therefore, SoFi passes a zero to these non-defined values allowing the user to select 

these runs (zero values in Figure 84). 
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Figure 84 Score plot for the sixth factor in a rolling PMF with five- and six-factor solutions. The score curve is 

unsorted (left) and sorted in descending order (right). Note half of the score points have a-value of 

zero. These points represent PMF runs with five factors and therefore no score was evaluated for 

the sixth factor, as it is inexistent. 

Moreover, inspecting specific factor-runs from a multi-factor solution, e.g. the correlation 

coefficient between a factor and its tracer for 5-factor solutions only out of all PMF runs, is difficult 

on the entire score plot. The user can specify which factor-solution should be extracted (red 

rectangle in Figure 85 a)). The resulting score plot is visualized for these runs allowing the user to 

make selections based on score values for a specific factor-solution, e.g. score values for 5-factor 

PMF runs only. Finally, all user-selections are stored and the score plot over all PMF runs reports 

all selections. In the discussed example the blue points in Figure 85 b) are the selected 5-factor 

PMF runs. They are alternated by the non-selected gray points that represent the 6-factor PMF 

runs. 

SoFi prevents averaging PMF runs with different number of factors. Whenever the user selects 

ǿƛǘƘ ǘƘŜ ƳŀǊǉǳŜŜ ƻǊ ŦǊƻƳ ǘƘŜ ōǳǘǘƻƴ ά!ǇǇƭȅ ǎŜƭŜŎǘƛƻƴέ όFigure 79) some PMF runs, then PMF 

runs with unequal number of factors within the same PMF window or in case of rolling for the 

same rolling window (6.5), are automatically disabled. (In case a selection of PMF runs in an HDF 

file with multi-factor solutions leads to overlap period, SoFi will only consider the factor solutions 

with the highest occurrence. 

When averaging PMF runs from various HDF files, then the factors with the same name 

specification (see 6.3.1) are grouped and averaged together. 
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a)  

b)  

Figure 85 a) score plot for 5-factor PMF runs only. The user has selected all PMF-runs within the marquee 

(blue points). b) score plot for all factor-solutions. The previously selected 5-factor PMF runs are 

the blue points, whereas for the same period marked in a) the gray points are the non-selected 6-

factor PMF runs. All other gray points laying outside of the marquee in a) are 5- and 6-factor PMF 

runs, respectively. 
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 File settings and logfile 

The user can pop the main settings of the PMF call ǳǎƛƴƎ ǘƘŜ ōǳǘǘƻƴ άƭƻƎ ŦƛƭŜ (actual HDF file)έ 

(Figure 86). /ƭƛŎƪƛƴƎ ƻƴ ǘƘŜ ά/ƻƴǎǳƭǘ ƭƻƎ ŦƛƭŜέ ōǳǘǘƻƴ ƻǇŜƴǎ ŀ ǎŜǇŀǊŀǘŜ ǿƛƴŘƻǿΣ ǿƘŜǊŜ the history 

of all PMF runs (ME-2 read-out) belonging to the current PMF call (Figure 87) is shown (same as 

typically printed in the Igor history). 

 

Figure 86 Main file settings of the actual PMF call. 

 

Figure 87 Log file of ǘƘŜ ŎǳǊǊŜƴǘ taC ŎŀƭƭΣ ƘŜǊŜ άǎŜƴǎƛǘƛǾƛǘȅψLLέΦ 

 Options on how to import the chosen PMF run(s) 

²ƛǘƘ άLLΦō LƳǇƻǊǘ ŎƘƻǎŜƴ I5Cр ŦƛƭŜόǎύ ƛƴ LDhwέΣ ƻƴƭȅ ŀ ǎǳō ǎŜƭŜŎǘƛƻƴ ƻŦ ǘƘŜ taC ǊŜǎǳƭǘǎ ǿŜǊŜ 

imported, enough to create the overview graphs. For further inspection, all information from the 

selected PMF run(s) from 7.2 or 7.3 is/are imported into IGOR and evaluated after pressing on 

άLLLΦō !ƴŀƭȅȊŜ ŎƘƻǎŜƴ taC runόǎύέ όFigure 61). I.e., for each PMF run the residual matrices, 

explained variation matrix, relative matrices over profile and time series for the profile 
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(contribution-weighted) and the time series etc. are calculated. There is also the option to 

calculate different time resolutions and to average PMF runs. 

 Averaging 

SoFi Pro allows the user to average over several PMF runs. This is controlled via the dropdown 

menu άŀǾƎΦ taC Ǌǳƴόǎύ. 

Available options: 

άƴƻ ŀǾŜǊŀƎŜέ only single PMF runs are imported and evaluated 

άŎƻƳǇǳǘŜ ŀǾƎΦ όǎŀǾŜ  single PMF runs and average over these runs is computed and  

ǎƛƴƎƭŜ Ǌǳƴǎέ stored in SoFi. This option is relevant for a small number of PMF runs 

only 

άŎƻƳǇǳǘŜ ŀǾƎΦ όƻƴƭȅ  average of PMF runs is computed and stored in SoFi only. This  

ŀǾŜǊŀƎŜέ option is relevant when averaging over many runs that would cause an 

άƻǳǘ ƻŦ ƳŜƳƻǊȅέ ƛƴ LDhw ǿƘŜƴ ŀƭǎƻ stored as single PMF runs in IGOR 

Note that when averaging over bootstrap runs (see 6.4.1) the repeats per run are first removed. 

 

 Averaging (resolution) and data options 

The user can control the type in which resolution the result shall be imported. The default case 

Ŏƻƴǘŀƛƴǎ ǘƘŜ ŀǾŜǊŀƎŜ ŦƻǊ άǊŀǿέ ǘƛƳŜ ǊŜǎƻƭǳǘƛƻƴΦ άIƻǳǊƭȅέ, άŘŀƛƭȅέΣ άǿŜŜƪƭȅέΣ άƳƻƴǘƘƭȅέ ŀƴŘ 

άȅŜŀǊƭȅέ resolution can be added and will be performed for each single PMF run and also for the 

average over the single runs. Moreover, the user can control which data should be evaluated in 

SoFi (see Figure 88). CƻǊ CƛƎŀŜǊƻ ¢5 ŘŀǘŀΣ ǘƘŜǊŜ ƛǎ ŀƴ ŀŘŘƛǘƛƻƴŀƭ ƻǇǘƛƻƴΣ άŦƛƭǘŜǊ-ōŀǎŜŘέΣ ǿƘŜǊŜ ǘƘŜ 

data is averaged per filter (thermogram) and matched to the provided filter timestamp. 

By default, all data is imported, including all statistics. 

Note that averaging over lots of PMF runs could cause the averaging process to be very slow. 

²ƘŜƴ ŘƛǎŀōƭƛƴƎ ǘƘŜ ŎƘŜŎƪōƻȄ άŜǾŀƭǳŀǘŜ ǉǳŀƴǘƛƭŜǎέ ŦǊƻƳ ǘƘŜ ŀǾŜǊŀƎƛƴƎ ƻǇǘƛƻƴ άŘŀǘŀ ǎǘƻǊŜŘ ƻŦέ 

list, the quantile statistics is not evaluated. The result will contain the average and the standard 

deviation only and lowers the computational time by a factor 2-3. 
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Figure 88 Avg. options (orange ǊŜŎǘŀƴƎƭŜύ ŀƴŘ ŀǾƎΦ ǎǳōǇŀƴŜƭ όǇƻǇǇŜŘ ŀŦǘŜǊ ǇǊŜǎǎƛƴƎ ǘƘŜ ōǳǘǘƻƴ άŀǾƎΦ 

ǎŜǘǘƛƴƎǎέ, red rectangle). 

 Factor specification 

Factor specification (for more details consult 6.3.1) can be accessed for the current HDF file also 

ŦǊƻƳ ǘƘŜ ά{ŜƭŜŎǘψtaCǊǳƴǎέ ǇŀƴŜƭ ǳǎƛƴƎ ǘƘŜ ōǳǘǘƻƴ άŦŀŎǘƻǊ ǎǇŜŎǎέ. Moreover, factors can also be 

added, e.g., SV-OOA and LV-OOA can be combined to OOA on a new row ƛƴ ǘƘŜ άŦŀŎǘƻǊ ǎǇŜŎǎέ 

wave (Figure 89). After averaging the PMF run(s), these combined factors can be used in the red 

result panel for further analysis. 

Note that the combined factors MUST follow the list of real factors, i.e., they MUST be at the 

end of the list.  
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Figure 89 factor specs option for the modification of the factor names. Combination of two and more factors 

are also possible, in this example e.g. for SOA (factor 4 + factor 5) and POA (factor 1 + factor 2 + 

factor 3). 

 Technical information on the result folder 

The next lines describe the structure of the result folders, the two main parameter files that keep 

all main settings of the current PMF call as well as the information stored in the result folder of a 

single PMF run. This is just for a better understanding, no waves should be changed here as it can 

cause fatal errors.  

 Structure of the result folders 

root:SoFi:Results 

άΥ±ŀǊƛŀōƭŜǎέ All variables pertinent to the main result panel. The user must not change, 

delete or add anything in here. 

άΥhǾŜǊǾƛŜǿέ The waves relevant for the averaged results (see 7.5) 

άΥCƛƴŀƭέ This folder contains the final time series and profile matrices as mean and 

standard deviation, as well as median and quantiles. This data is useful for 

post-SoFi analysis, e.g. wind and trajectory analysis using ZEFIR (Petit et al., 

2017) 

 άΥtƭƻǘέ plotted waves 
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άΥDǊŀǇƘψƳŀŎǊƻέ macros for the recreation of the plots from the result panel tabs 

άώI5C ŦƛƭŜƴŀƳŜϐέ The result folders are listed here, e.g. sensitivity_I, abbreviated as sens_I 

hereinafter (see Figure 90) 

άΥ[HDF filename]ΥtŀǊŀƳŜǘŜǊέ The parameter files (general data and error matrix, time series, 

variable information, parameter files, convergence criteria for ME-2, name 

strings, unit string, log file, group information) 

άΥ[HDF filename]ΥhǾŜǊǾƛŜǿέ All representations relevant to the PMF call (see 7.2) 

άΥώI5C ŦƛƭŜƴŀƳŜϐΥ{ƻƭǳǘƛƻƴǎέ Contains the individual PMF runs of a PMF call, if these runs have 

been selected for the analysis (see 7.2) 

 

Figure 90 5ŀǘŀ ōǊƻǿǎŜǊ ǎƘƻǿƛƴƎ ǘƘŜ wŜǎǳƭǘ ǎǳōŦƻƭŘŜǊǎΣ ƛƴ ǇŀǊǘƛŎǳƭŀǊ ŦƻǊ ǘƘŜ άǎŜƴǎƛǘƛǾƛǘȅψLέ taC ŎŀƭƭΦ 

 Parameter files 

There are two main parameter files that declare all relevant information of the PMF call, 

solution_para and batch_file. Both are stored under root:SoFi:Results:[RUNNAME]:Parameter:.  

 Solution para 

Solution_para is a text wave with 17 positions reserved for various general information: 

έǎƻƭǳǘƛƻƴψǇŀǊŀώлϐέ  solver information 

έǎƻƭǳǘƛƻƴψǇŀǊŀώмϐέ  normalization during the PMF iteration 

έǎƻƭǳǘƛƻƴψǇŀǊŀώнϐέ  robust mode and its threshold value 

έǎƻƭǳǘƛƻƴψǇŀǊŀώоϐέ  threshold value for the missing data 

έǎƻƭǳǘƛƻƴψǇŀǊŀώпϐέ  matrix scaling factor 

έǎƻƭǳǘƛƻƴψǇŀǊŀώ5ϐέ  C3 value 

έǎƻƭǳǘƛƻƴψǇŀǊŀώ6ϐέ  weight model type including the parameters 

έǎƻƭǳǘƛƻƴψǇŀǊŀώ7ϐέ  weight application type 
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έǎƻƭǳǘƛƻƴψǇŀǊŀώ8ϐέ  CO2-related weight 

έǎƻƭǳǘƛƻƴψǇŀǊŀώ9ϐέ  mass closure 

έǎƻƭǳǘƛƻƴψǇŀǊŀώ10ϐέ  relative weighing (C-value) 

έǎƻƭǳǘƛƻƴψǇŀǊŀώм1ϐέ  fpeak value 

έǎƻƭǳǘƛƻƴψǇŀǊŀώм2ϐέ  a-value type and a-values of constrained information 

έǎƻƭǳǘƛƻƴψǇŀǊŀώм3ϐέ  reserved for pulling type 

έǎƻƭǳǘƛƻƴψǇŀǊŀώм4ϐέ  averaged S/N formula 

έǎƻƭǳǘƛƻƴψǇŀǊŀώм5ϐέ  cellwise S/N formula 

έǎƻƭǳǘƛƻƴψǇŀǊŀώм6ϐέ  reserved for statistical error propagation 

έǎƻƭǳǘƛƻƴψǇŀǊŀώм7ϐέ  rolling mechanism 

έǎƻƭǳǘƛƻƴψǇŀǊŀώмуϐέ  multi-time 

έǎƻƭǳǘƛƻƴψǇŀǊŀώм9]έ  instrument type 

 Batch file 

Batch_file is a numerical matrix containing the information for every PMF run. 

batch_file[number of PMF runs][varying, depending on the nb. of constraints] 

batch_file[0][0]  nb. of factor 

batch_file[0][1]  iteration index for a fixed nb. of factors 

batch_file[0][2]  rolling index 

batch_file[0][3]  total index, i.e., row dimension of the batch_file 

batch_file[0][>4] information of constraints (over time and/or profile). Each 

constraint (time series, profile) receives a separate column. 

 Main information 

¢ƘŜ ǳǎŜǊ ŘŜŦƛƴŜǎ ǿƘƛŎƘ taC Ǌǳƴǎ ǎƘƻǳƭŘ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŦƻǊ ǘƘŜ ŀƴŀƭȅǎƛǎ ŀƴŘ ǳǇƻƴ ǇǊŜǎǎƛƴƎ ƻƴ άLLLΦō 

!ƴŀƭȅȊŜ ŎƘƻǎŜƴ taC Ǌǳƴǎόǎύέ ǘƘŜ ǎƛƴƎƭŜ taC Ǌǳƴǎ ŀǊŜ ƛƳǇƻǊǘŜŘ όǎŜŜ 8.1). The result folder has the 

following name, e.g. for the first PMF run: 

άΥ[HDF filename]Υ{ƻƭǳǘƛƻƴǎΥǊǳƴψлέ 

where the zero stands for the run nb., i.e., the first run for this case. A result folder contains 

typically the following information: 

άŎǳǊǊ ƭƻƎέ log file of the current PMF run (log file of ME-2) 

άLƴǇǳǘ Řŀǘŀέ Shows the PMF input for the current PMF run. This is relevant for e.g. 

the bootstrap strategy (6.4) or the rolling mechanism (6.5). 

άƛƴƛψŦƛƭŜέ Text wave containing the instruction file passed to ME-2. 

άŦǇŜŀƪψƳŀǘǊƛȄέ Relevant, if fpeak runs have been performed 

The next result waves are stored in the corresponding resolution folders, i.e., άǊŀǿέΣ άƘƻǳǊƭȅέ, 

άŘŀƛƭȅέΣ άǿŜŜƪƭȅέΣ άƳƻƴǘƘƭȅέ ŀƴŘκƻǊ άȅŜŀǊƭȅέ. 
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άǎƻƭψǘǎκǇǊέ are the PMF results 

άǇǊκǘǎψŎƻƴǎǘǊέ Contains the information of the a-value constraints. It is a 3D matrix with 

nb. of factors in y and the lower and higher a-value limit in x for the first 

two layers. The third layer contains the a-value for every constrained 

model entry. 

 άw9[ψǇǊκǘǎέ Relative matrix for the time series and the profile matrix. The relative 

profile matrix is contribution-weighted. 

άRESψƳȄέ residual matrix 

άw9{²ψƳȄέ scaled residual matrix 

άw9{!.{ψƳȄέ absolute residual matrix 

άw9{²!.{ψƳȄέ scaled absolute residual matrix 

άvψƳȄέ Q-matrix 

ά9·t[ψƳȄέ Explained and unexplained variation matrix factor with the x over time, y 

over the variables and z over the nb. of factors. 

άw9{ψts/prέ averaged residual matrix over time / profile for all type of RES 

ά9·t[ψǘǎŜǊƛŜǎέ Explained and unexplained variation over time 

ά9·t[ψǇǊƻŦƛƭŜέ  Explained and unexplained variation over profile 
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 {ƻCƛ ς taC Ǌǳƴόǎύ ŀƴŀƭȅǎƛǎ 

 Select a PMF run 

The PMF_analyze panel (Figure 91) displays the results that have been calculated when pressing 

ƻƴ άLLLΦō !ƴŀƭȅȊŜ ŎƘƻǎŜƴ taC runόǎύέ όFigure 61), and hence it reacts very fast upon changes. The 

panel is divided into three main tabs from which the various graphs can be plotted. 

άDŜƴŜǊŀƭ ƛƴŦƻǊƳŀǘƛƻƴέ Ŏƻƴǘŀƛƴǎ ŦƻǳǊ ǎŜŎǘƛƻƴǎ ά{ŜƭŜŎǘ taC Ǌǳƴ ŦƻǊ ŜȄǇƭƻǊŀǘƛƻƴέΣ άLnfo for all 

PMF run(s) in adjacent ƭƛǎǘέΣ άǎŜǘǘƛƴƎǎ ŦƻǊ ŎƘƻǎŜƴ taC ǊǳƴΧέ ŀƴŘ 

άExport taC ǎƻƭǳǘƛƻƴέ 

άhǾŜǊǾƛŜǿ Ǉƭƻǘǎέ Factor time series, profile as well as overview residual plots (absolute 

residuals, scaled residuals, absolute scaled residuals, Q) 

ά5Ŝǘŀƛƭ Ǉƭƻǘǎέ Fraction plots, factor plots, scatter plots, residual analysis, residual 

histogram, correlation matrix, HR-data plots 

ά!ǾŜǊŀƎŜŘ ǎƻƭǳǘƛƻƴέ Plots for evaluating the PMF error, time-dependent factor profiles, 

time-dependent a-values. Only available for averaged solutions. 

 

Figure 91 άtaCψŀƴŀƭȅȊŜέ ǇŀƴŜƭ ς ǘŀō άDŜƴŜǊŀƭ ƛƴŦƻǊƳŀǘƛƻƴέΦ 
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 General information 

 Select PMF run for exploration 

The user selects the PMF run (one run at the time) that should be inspected. A drop-down menu 

ǿƛǘƘ ǘƘŜ ǎŀƳŜ ƭƛǎǘ ƛǎ ŀƭǎƻ ŀǾŀƛƭŀōƭŜ ŦǊƻƳ ǘƘŜ ǎǳōǇŀƴŜƭ ά5!¢!έΦ ¢Ƙƛǎ ŀƭƭƻǿǎ ŦƻǊ ŀ ǊŀǇƛŘ ǎŎŀƴΣ ƛƴ ŎŀǎŜ 

several PMF runs should be investigated. 

When nothing is selected (pressing SHIFT on the selection removes the current selection) and if 

άŎƻƳǇǳǘŜ ŀǾŜǊŀƎŜέ ƛǎ ŎƘƻǎŜƴ όǎŜŜ Fehler! Verweisquelle konnte nicht gefunden werden.), the 

averaged solution is presented as a result. 

 Info for all PMF run(s) in adjacent list 

¢Ƙƛǎ ǇŀǊǘ ǎƘƻǿǎ ǎƻƳŜ ƻǾŜǊǾƛŜǿ ǎǘŀǘƛǎǘƛŎǎ ƻŦ ǘƘŜ ŀǾŜǊŀƎŜŘ taC ǊǳƴǎΣ ƛƴ ŎŀǎŜ άŎƻƳǇǳǘŜ ŀǾŜǊŀƎŜέ ƛǎ 

chosen (see Fehler! Verweisquelle konnte nicht gefunden werden.). 

 Settings for chosen PMF run from adjacent list 

άŎƻƴǎǳƭǘ ƭƻƎ Χέ pops the log file written by ME-2 for the current run. 

άSwap factor positionΧέ If swapping occurred for unconstrained or loosely constrained 

factors, the user has the possibility to redefine the order of the 

factors. Swapping affects only the current/chosen PMF run in IGOR 

(Figure 92). 

 

Figure 92 Swapping subpanel showing the old positions (left column) and the new positions (right column). 

ά¦ǇŘŀǘŜ ŦŀƳƛƭȅ ŎƻƭƻǊǎΧέ This button only appears if user-defined families are detected by 

SoFi (see 3.4.9). If the user-defined families are defined or updated 

after running PMF, the family colors can be updated here. This 

affects only the current/chosen PMF run in IGOR. 
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 Export PMF solution 

The set of environmentally reasonable PMF runs, defined as final PMF solution can be exported 

to .itx, .txt and .dat files. Depending on whether the user has selected a single solution or the 

average (no selection) in the overview, the corresponding solution is exported. If the user chose 

to export an average solution as an .itx file, it is possible to choose between exporting only the 

mean time series/profiles or the solution with all the statistics. tǊŜǎǎƛƴƎ ƻƴ ǘƘŜ ά9ȄǇƻǊǘ ǎŜƭŜŎǘŜŘ 

or ŀǾŜǊŀƎŜ taC Ǌǳƴǎόǎύέ ōǳǘǘƻƴ ƻǇŜƴǎ ŀ ŘƛŀƭƻƎΣ ǿƘŜǊŜ ǘƘŜ ǳǎŜǊ Ŏŀƴ ŘŜŦƛƴŜ ǘƘŜ ŦƛƭŜ ƴŀƳŜ ŀƴŘ ǘƘŜ 

file format. Profiles and time series are exported in separate files. The time series is exported in 

the time resolution as selected in the data subwindow of the analyze (red) panel. After pressing 

continue, a dialog for the file path is opened. An option for exporting the data in a Zefir-friendly 

format (inclusive averaging) will be added soon. 

 Subpanels graph and data 

hƴŎŜ ǘƘŜ taC ǊŜǎǳƭǘ ǇŀƴŜƭ όǊŜŘ ǇŀƴŜƭύ ƛǎ ǇƻǇǇŜŘ ǘǿƻ ǎǳōǇŀƴŜƭǎ άƎǊŀǇƘέ ŀƴŘ άŘŀǘŀέ ŀǊŜ ǇƻǇǇŜŘ 

too. 

άDǊŀǇƘ ǇŀƴŜƭέ contains options related to the graph, e.g. mean or median representation, 

mode of representation (line, point, cross, etc.), size of representation, etc. 

ά5ŀǘŀ ǇŀƴŜƭέ contains options related to the type of data, e.g. time series or diurnal cycle 

These subpanels (Figure 93), once popped, remain constantly available, even if the user changes 

tab. Changing tab will load them automatically with the new options for the current graph. The 

same subpanels were already presented in 5.3.1 for the data, 5.3.2 for time-dependent options 

and 5.3.3 for the graph options and the reader is referred to those sections to learn more about 

these subpanels. 
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Figure 93 The two subǇŀƴŜƭǎ άƎǊŀǇƘέ ŀƴŘ άŘŀǘŀέ ƭƻŀŘŜŘ ǿƛǘƘ ǘƘŜ ǎŜǘǘƛƴƎǎ for e.g., a time series standard plot 

and the time-dependent options for the factor time series (right). 

The top dropdown menu of the DATA panel allows to select the PMF run or in case the average 

ǿŀǎ ŎŀƭŎǳƭŀǘŜŘΣ ǘƘŜ ŀǾŜǊŀƎŜ ǘƘŀǘ ǎƘƻǳƭŘ ōŜ ǇƭƻǘǘŜŘ ǿƛǘƘƻǳǘ ƎƻƛƴƎ ōŀŎƪ ŀƴŘ ŦƻǊǘƘ ǘƻ ǘƘŜ άDŜƴŜǊŀƭ 

ǎŜǘǘƛƴƎǎέ ǘŀōΦ 

Note: 5ƻ ƴƻǘ ŦƻǊƎŜǘ ǘƻ ǇǊŜǎǎ ƻƴ άŎƭƻǎŜ ǘƘŜ ƎǊŀǇƘǎέ ŀŦǘŜǊ ƘŀǾƛƴƎ ŦƛƴƛǎƘŜŘ ƛƴǎǇŜŎǘƛƴƎ ǘƘŜ ǊŜǎǳƭǘǎ ƻƴ 

a particular tab. Otherwise, SoFi accumulates too many waves and becomes slow. 

 Overview plots 

Factor time series, profiles and the overview residuals can be visualized. SoFi will use the default 

Igor colors if not defined otherwise (see 3.4.8.2). The residuals graphic contains the residual, 

absolute residual, scale residual, absolute scale residual and Q residual over time or variables, 

respectively. Figure 94 shows some possible graphs that are governed from this tab. The spread 

of the average solution, e.g. standard deviation or quantile statistics, as shown for the residuals 

shown in Figure 94 Ŏŀƴ ōŜ ŎƻƴǘǊƻƭƭŜŘ ŦǊƻƳ ǘƘŜ ǎǳōǇŀƴŜƭ άDw!tIέΦ 

For constrained information Ŏŀƴ ōŜ ǾƛǎǳŀƭƛȊŜŘ ōȅ ŎƘŜŎƪƛƴƎ άŀ-ǾŀƭǳŜǎέΦ 9.g. factor profiles were 

constrained in the solution shown in Figure 94; the shaded area spans the area between lower 

and higher constrains with the center of the area representing the anchor (constrained profile). 

A comparison between this gray area and the resulting profile (colored bar) shows in which 

direction (up or down) the solution was pulled during the in ME-2 run. 
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Figure 94 Factor profile (top left) and residuals over the variables (top right). The residuals over the variables 

are represented by the mean and interquartile range (IQR). Factor contributions (bottom left) and 

daily cycle residuals (bottom right) represented with the median, the bars for the IQR and the 

whiskers for the 10th to 90th %. 

 Time series specific options 

If imported into IGOR (see 7.5.2ύΣ ǘƘŜ ǳǎŜǊ Ŏŀƴ ǎǿƛǘŎƘ ōŜǘǿŜŜƴ ǘƘŜ ǾŀǊƛƻǳǎ ǊŜǎƻƭǳǘƛƻƴǎ άǊŀǿέΣ 

άƘƻǳǊƭȅέΣ άŘŀƛƭȅέΣ άǿŜŜƪƭȅέΣ άƳƻƴǘƘƭȅέ ŀƴŘ άȅŜŀǊƭȅέ ǊŜǎƻƭǳǘƛƻƴ ŦǊƻƳ ǘƘŜ ǎǳōǇŀƴŜƭ ά5!¢!έΦ In 

addition, temporal information can be represented as cycle plots, i.e., daily, weekly, monthly and 

yearly cycle.  

If the data resolution allows it, all time series plots can either be plotted as άƴƻǊƳŀƭέ ƻǊ as cycle 

plots. The available cycle plots are diurnal cycle, diurnal cycle over a week (i.e. the diurnal cycle is 

split into weekdays to better understand the average diurnal behavior on different days of the 

week), weekly cycle, monthly cycle and yearly cycle. For all cycle plots, the first value is repeated 

at the end. Weekday related plots start with Sunday. 
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For Figaero TD PMF in default resolution (i.e. the time series is the temperature dimension), these 

cycle plots are obviously not available. Instead, the thermograms can be averaged to into a single 

thermogram representing the average volatility behavior of a factor, using the option άdesorption 

temp.έ.  

CƻǊ CƛƎŀŜǊƻ ¢5 taCΣ ǘƘŜ ƻǇǘƛƻƴ άŦƛƭǘŜǊ-ōŀǎŜŘ ǊŜǎƻƭǳǘƛƻƴέ ƛǎ ŀƭǎƻ ŀǾŀƛƭŀōƭŜΦ ²ƛǘƘ ǘƘƛǎ ƻǇǘƛƻƴΣ ǘƘŜ 

individual thermograms (i.e. each measured filter) are averaged into one point. With the time 

series now representing the given time series, defined in the input, and not temperature 

anymore. Here, all the cycle plot from άnormalέ PMF are available again. 

The user can switch between absolute and fractional representation of the time series. 

 Profile specific options 

¢ƘŜ ŦƛǊǎǘ ǘƘǊŜŜ ƻǇǘƛƻƴǎ ŀǾŀƛƭŀōƭŜ ŦƻǊ ǇǊƻŦƛƭŜǎ ƛƴ ǘƘŜ άDw!tIέ ǇŀƴŜƭ ǊŜƭŀǘŜ ǘƻ ǘƘŜ Ȅ-axis 

representation in the graph. ²ƛǘƘ άȄ ŘƛƳ ŎƻƴǘƛƴǳƻǳǎέΣ ŀ Ŏƻƴǘƛƴǳƻǳǎ Ȅ-axis is used, which is useful 

for data where no mass is included in the x-axis, such as e.g. metal or traditional offline PMF and 

where certain elements/variables were blacklisted. ²ƘŜƴ ŎƘŜŎƪƛƴƎ άȄ-ƭŀōŜƭέΣ ƛƴǎǘŜŀŘ ƻŦ ǘƘŜ 

numeric representation on the x-ŀȄƛǎΣ {ƻCƛ ǿƛƭƭ ǳǎŜ ǘƘŜ ǘŜȄǘ ƛƴŦƻǊƳŀǘƛƻƴ ŦǊƻƳ ǘƘŜ ŘŜŦƛƴŜŘ άǇǊψǘȄǘέΦ 

άCŀŎǘƻǊ ǎǇŜŎǎέ ǿƛƭƭ ŀŘŘ ǘƘŜ ŘŜŦƛƴŜŘ ŦŀŎǘƻǊ ƴŀƳŜǎ ǘƻ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ŦŀŎǘƻǊΦ LŦ ƴƻ ŦŀŎǘƻǊ ƴŀƳŜǎ 

ǿŜǊŜ ŘŜŦƛƴŜŘΣ ǘƘŜ ŦŀŎǘƻǊǎ ǿƛƭƭ Ƨǳǎǘ ōŜ ŎŀƭƭŜŘ άŦŀŎǘƻǊ ώƴōϐέΦ 

¢ƘŜ άŎƻƴǘǊΦ ǿŜƛƎƘǘŜŘ ǾŀǊέ ƻǇǘƛƻƴ ǿƛƭƭ ŀŘŘ ǘƘŜ ǿŜƛƎƘǘŜŘ ŎƻƴǘǊƛōǳǘƛƻƴ ƻŦ ŜŀŎƘ ǾŀǊƛŀōƭŜ ƻƴ ǘƘŜ ǊƛƎƘǘ 

axis with black markers (Figure 95). This is especially interesting when the intensity of the 

different variables of the PMF input differ a lot (e.g., Xact data where there can be an order of 

magnitude difference in between the different elements). While the sum of all variables in profiles 

by default to 1 are normalized, the sum of the contr. weighted var. of one variable across all runs 

equals 1 (i.e.., the sum of the black markers at m/z 44 over all runs is 1). 
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Figure 95 Overview plot with contribution weighted variables. 

If user-ŘŜŦƛƴŜŘ ŦŀƳƛƭƛŜǎ ŀǊŜ ǎǇŜŎƛŦƛŜŘ ŦƻǊ ǘƘŜ ŎƘƻǎŜƴ ǎƻƭǳǘƛƻƴΣ ǘƘŜ ƻǇǘƛƻƴ άŎƻƭƻǊ ǿƛǘƘ ŦŀƳƛƭƛŜǎέ ƛǎ 

available. Similar to the HR family plot (8.5.6.1), the variables are colored based on their family 

affiliation, however the variables are not stacked (UMR resolution) as in the HR family tab. 

 Detail plots 

 Fraction 

Fractional representation in form of bar and pie charts is available over time and profile for 

contribution and (un)explained variation data. Bar graphs can be binned either over quantiles or 

over mass (including information of how often a certain mass bin is registered) for mass-

dependent graphs. For pie charts over time series, external data can be added to the pie chart 

(e.g., inorganic species so that the pie chart represents total PM mass). Moreover, the user can 

plot HR family information factor-wise as pie charts. The user can choose between bar and 

piechart representation.  
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Figure 96 bar plot of daily cycle for variable m/z 55 (top left), contribution-weighted bar plot of profile plot 

(top middle), mass-dependent bar plot of contribution, binned over quantiles (top right), 

(un)explained variation as pie chart over a user-defined episode (bottom left), pie chart of total NR-

PM, including organic PMF results and inorganic and pie chart of family contributions to factor 1 in 

a HR-AMS anaylsis. 

 Standard 

The standard tab allows plotting the information over time (time series plot) or over the profile 

(variable plot) for a multitude of user-selected tracers. Figure 97 shows some possible graphs 

ŦǊƻƳ ǘƘŜ άǎǘŀƴŘŀǊŘέ ǘŀōΦ The user also has the option here to plot the diurnals over a week, i.e. 

the diurnal of a variable/external/etc. for each day in the week in a single plot. 

The user can add several traces form the current PMF run or from any other PMF run, by simply 

going back to the selection tab, selecting another PMF run and adding to the existing graph. 
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Figure 97 daily cycle of factor 1 (hypothetical traffic) and its tracer EC (top left), weekly cycle of factor 1 from 

several PMF runs (top right), time series of factor 3 (hypothetical BBOA) with its proxy m/z 60 

(bottom left) and profile of factor 1 with an adjacent external traffic profile (bottom right). 

Moreover, pƭƻǘǎ ƎŜƴŜǊŀǘŜŘ ŦǊƻƳ ǘƘŜ άhǾŜǊǾƛŜǿ Ǉƭƻǘǎέ ƻǊ ǘƘŜ άCǊŀŎǘƛƻƴέ ǘŀō Ŏŀƴ ōŜ ƭƻŀŘŜŘ ƛƴǘƻ 

ǘƘŜ ά{ǘŀƴŘŀǊŘέ ǘŀōΦ ¢Ƙƛǎ ŀƭƭƻǿǎ ǘƘŜ ǳǎŜǊ ǘƻ ŀŘŘ ƻǘƘŜǊ ǘǊŀŎŜǎ ǘƻ ǘƘŜ ŜȄƛǎǘƛƴƎ ƎǊŀǇƘǎ ŦƻǊ ŀ ōŜǘǘŜǊ 

visualization and comparisonΦ /ƘƻƻǎŜ ŜƛǘƘŜǊ άƻǾŜǊǾƛŜǿ Ǉƭƻǘέ ƻǊ άŦǊŀŎǘƛƻƴ Ǉƭƻǘέ ǳƴŘŜǊ ǘƘŜ ƻǇǘƛƻƴ 

win temp. for adding the plot from the overview or fraction plot. Pressing either on the tab 

ά{ǘŀƴŘŀǊŘέ ƻǊ ƻƴ ǘƘŜ άbŜǿέ ōǳǘǘƻƴ ǿƛƭƭ Ŧƛƴŀƭƭȅ ŀŘŘ ǘƘŜ ǇǊŜŜȄƛǎǘƛƴƎ Ǉƭƻǘ όFigure 98). Select the 

ǘǊŀŎŜ ǘƻ ōŜ ŀŘŘŜŘ ŦǊƻƳ ǘƘŜ ŀǾŀƛƭŀōƭŜ ƻǇǘƛƻƴǎ ŀƴŘ ǘƘŜƴ ǇǊŜǎǎ ƻƴ ǘƘŜ ά!ŘŘέ ōǳǘǘƻƴ ŦƻǊ ŀŘŘƛƴƎ ǘƘƛǎ 

ǘǊŀŎŜΦ Lathw¢!b¢Υ ǘƘŜ ƻǇǘƛƻƴ άǿƛƴ ǘŜƳǇΦ άƳǳǎǘ ōŜ ǎŜǘ ǘƻ ŎǳǊǊŜƴǘΣ ƻǘƘŜǊǿƛǎŜ ǘƘŜ ƴŜǿ ǘǊŀŎŜ 

cannot be added (Figure 99). 
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Figure 98 tƭƻǘ ŀ ǇǊŜŜȄƛǎǘƛƴƎ Ǉƭƻǘ ŦǊƻƳ ǘƘŜ άhǾŜǊǾƛŜǿ Ǉƭƻǘǎέ ƻǊ άCǊŀŎǘƛƻƴέ ǘŀōΦ 

 

Figure 99 !ŘŘ ŀ ƴŜǿ ǘǊŀŎŜ ŦǊƻƳ ǘƘŜ ά{ǘŀƴŘŀǊŘέ ǘŀō ǘƻ ŀ ǇǊŜŜȄƛǎǘƛƴƎ ǇƭƻǘΦ 

 Scatter 

The scatter tab allows plotting the information as a scatter plot and color-coding it based on other 

information over time (time series plot) or over the variables (variable plot) for a multitude of 

user-selected tracers. Figure 100 ǎƘƻǿǎ ǎƻƳŜ ǇƻǎǎƛōƭŜ ƎǊŀǇƘǎ ŦǊƻƳ ǘƘŜ άǎŎŀǘǘŜǊέ ǘŀōΦ 

The user can compare traces between the current PMF run or also between various PMF runs, 

ǳǎƛƴƎ ǘƘŜ ŎƘŜŎƪōƻȄ άƘƻƭŘέ ŦƻǊ ǘƘŜ ȅ-axis, x-axis or color-axis, respectively. This keeps the trace 

constant to the previously selected PMF run. 
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Figure 100 factor 1 (hypothetical traffic) vs. its tracer EC color-coded by its proxy m/z 55 (top left), factor 4 vs. 

factor 4 from another PMF (top right), factor 3 (hypothetical BBOA) vs. the explained variation of 

its proxy m/z 60 color-coded by time (bottom left) and factor 3 (hypothetical BBOA) vs. an external 

BBOA profile (bottom right). 

 Option model subtraction  

SoFi Pro offers the possibility to compare a specific modeled outcome to the measured quantity 

that the model should ideally reproduce. In the case of ACSM data with primary and secondary 

organic aerosol sources the experimentalist can e.g. remove the primary contribution of specific 

variables and compare the modeled fractions of the secondary sources (typically the entries of 

the factor profile) to the secondary measured contribution. Consult Canonaco et al., (2015) for 

more details on its application. 

Example 
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The fraction of m/z 44 and 43, i.e., f44 and f43 of the modeled secondary factors should be 

compared to the contribution of measured f44 and f43 from the secondaries only. 

y-type and x-type must read άƳƻŘŜƭ ǎǳōǘǊŀŎǘƛƻƴέ. y-var and x-var are m/z 44 and m/z 43, 

ǊŜǎǇŜŎǘƛǾŜƭȅ ŀƴŘ ǘƘŜ ƻǇǘƛƻƴ άŦǊŀŎǘƛƻƴέ ǎƘƻǳƭŘ ōŜ ŎƘŜŎƪŜŘΦ ¢ƘŜ ǘŀōƭŜ ƻƴ ǘƘŜ ǊƛƎƘǘ on Figure 101 

contains the group names for each factor, here POA and SOA ŀƴŘ άŀŎǘǳŀƭ ǘȅǇŜέ ƛǎ ǘƘŜ ƴŀƳŜ ƻŦ ǘƘŜ 

group of factors that will be used for the comparison. The contribution of all factors that do not 

ōŜƭƻƴƎ ǘƻ ǘƘŜ ƎǊƻǳǇ άŀŎǘǳŀƭ ǘȅǇŜέ ƛǎ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ǊŜƳƻǾŜŘ ŦǊƻƳ ǘƘŜ ǘƻǘŀƭ ƳŜŀǎǳǊŜŘ ŎƻƴǘǊƛōǳǘƛƻƴ 

on the variables y-type and x-type. 

 

Figure 101 MƻŘŜƭ ǎǳōǘǊŀŎǘƛƻƴ ǇŀƴŜƭ ǿƛǘƘ ǘƘŜ ŦƛǊǎǘ ǘƘǊŜŜ ŦŀŎǘƻǊǎ ōŜƭƻƴƎƛƴƎ ǘƻ ǘƘŜ ƎǊƻǳǇ άth!έ ŀƴŘ ǘƘŜ ƭŀǎǘ 

ǘƘǊŜŜ ǘƻ ǘƘŜ ƎǊƻǳǇ ά{h!έΦ ¢ƘŜ ŦŀŎǘƻǊǎ ōŜƛƴƎ ŦǳǊǘƘŜǊ ŀƴŀƭȅȊŜŘ ŀǊŜ ǘƘƻǎŜ ŘŜŦƛƴŜŘ ǳƴŘŜǊ άŀŎǘǳŀƭ ǘȅǇŜέΣ 

i.e., SOA. 

Given the linear relationship in PMF, the variability of the measured points (red points in Figure 

102) is supposed to be captured by the linear combination of the modeled factor profiles (green 

points in Figure 102). This implies that the measured points that are properly reproduced by the 

PMF model are those that are on a line if e.g. two factor profiles are modeled. This is the case 

here, as light and dark green points represent two SOA factors form a rolling PMF run (see 6.5 for 

details on the rolling strategy). 
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Figure 102 Outcome of the model subtraction option for f44 vs f43. The POA contribution of f44 and f43 has 

been removed leading to the red points. The light and dark green points are the fraction of the SOA 

factor profiles. 

bƻǘŜ ǘƘŀǘ ǿƘŜƴ ǇŜǊŦƻǊƳƛƴƎ άƳƻŘŜƭ ǎǳōǘǊŀŎǘƛƻƴέ Ǉƭƻǘǎ ƻƴ ŀōǎƻƭǳǘŜ ǾŀƭǳŜǎΣ ǘƘŜ ƳƻŘŜƭŜŘ ŦǊŀŎǘƛƻƴ 

of the factor profiles cannot be compared to the measured contribution. Hence, only the 

measured variables after having subtracted the contribution from the factors that should not be 

further inspected are plotted. 

Moreover, inspecting the shape of contribution subtracted measured points (red points in Figure 

102) might also reveal information on how many factors should be used for the PMF model. If for 

example these red points lie on a line, only two factors are enough to capture their variability. For 

the case where the shape of these points is triangular, then three points are required. If the shape 

of the points is more spherical-like, then only one factor suffices. 

 Option multilinear regression 

SoFi Pro offers the option to perform a multilinear regression between externals and PMF factors 

or externals and PMF factors plus externals. This could be used e.g. to perform a multilinear 

regression of eBC versus PMF combustion factors like traffic and biomass burning. y-type and x-

ǘȅǇŜ Ƴǳǎǘ ǊŜŀŘ άƳǳƭǘƛƭƛƴŜŀǊ ǊŜƎǊŜǎǎƛƻƴέΦ CƻǊ ǘƘŜ y-type, SoFi lists all externals. For x-type the user 

has to select (check) the factors (and externals) that should be used for the multilinear regression. 
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For easier navigation, the user can select in the dropdown menu for the x-var either only solutions 

or solutions and externals. SoFi supports multilinear regressions with up to 10 variables. 

SoFi presents the result as a scatter plot where the external is plotted versus the sum of the fitting 

parameter times the factors. The fitting parameters are displayed in the bottom right corner. The 

multilinear fit can either be forced through zero or can be allowed to have an intercept (checkbox 

άa[w ǘƘǊƻǳƎƘ ȊŜǊƻέύ, in which case this one is also listed together with the fitting parameters. 

 Residuals 

This tab hosts features relevant to the residual matrix. On one hand, the entire (scaled) residual 

matrix is accessible. On the other hand, residual histograms can be drawn for the total as well as 

for single variables or classes, if previously defined. In case of the C-value approach, the 

histograms of the different instrument classes can be inspected and compared here. 

 Entire residual matrix 

The entire (scaled) residual matrix can be visually inspected. The adjacent slider that controls the 

color-code of the matrix allows to dynamically inspect various regions of the (scaled) residual 

matrix and to verify that the entries of the matrix are random, i.e., unstructured over time and 

over the variables throughout all ranges (see Figure 103). Furthermore, the explained variation 

can be visually inspected here as well, following the same principle as for the residual matrix. 

  

Figure 103 Subsection of the scaled residual matrix color-coded between -0.4 and +0.4, based on the user-

ŘŜŦƛƴŜŘ ǎƭƛŘŜǊ ά{/!b ƻŦ ǊŜǎƛŘǳŀƭ ƳŀǘǊƛȄέ ǾŀƭǳŜ ƻƴ ǘƘŜ ǎǳōǇŀƴŜƭ άDw!tIέΦ 
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 Residual histogram 

Residual histograms are an easy and fast method for investigating whether the PMF result 

contains some systematic under- or overestimation (see Figure 104 for some examples). Ideally, 

ǘƘŜ taC ǊŜǎǳƭǘ ŘƻŜǎƴΩǘ Ŏƻƴǘŀƛƴ ŀƴȅ ǎȅǎǘŜƳŀǘƛŎ scaled residuals, i.e., the scaled residuals 

considering all input cells scatter around zero in a noisy way. This leads to a unimodal distribution, 

ideally Gaussian-shaped (the internally performed Chi squared statistical test tells the user the 

likelihood to the Gaussian-curve).  

Following histograms are accessible 

άǊŜǎƛŘǳŀƭέ the residual only is taken. This reveals how good the data is modeled. 

The shape is supposed to be unimodal. It is not expected to be Gaussian-

ƭƛƪŜΣ ŀǎ taC ŘƻŜǎƴΩǘ ŘƛǊŜŎǘƭȅ Ŧƛǘ ǘƘŜ ǊŜsidual, but the scaled residual (see 

below) 

άŀōǎΦ ǊŜǎƛŘǳŀƭέ absolute residual histogram. The histogram will be on the positive 

quadrant only. 

άǎŎŀƭŜŘ ǊŜǎƛŘǳŀƭέ scaled residual histogram. This quantity reveals how well the PMF model 

fitted the data. Ideally, the probability density function is unimodal and 

Gaussian-like. In addition, according to Paatero and Hopke (Paatero and 

Hopke, 2003), the scaled residual histogram is supposed to mainly 

scatter between +/- 3.  

άŀōǎΦ ǎŎŀƭŜŘ ǊŜǎƛŘǳŀƭέ absolute scaled residual histogram. The histogram will be on the positive 

quadrant only. 

άv ǊŜǎƛŘǳŀƭέ Q histogram. The histogram will be on the positive quadrant only. 

     

Figure 104 Histogram for total scaled residual (left) and residual of variable m/z 44. Note the extreme high 

bars at +/- 4 due to the robust mode. These lines are not considered for the Gaussian fit and its 

subsequent statistical significance test. 
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If the actual residual varies from this shape in that it is bi- or multimodal or showing some high 

spikes at negative or positive sides, further investigation of the PMF model is required. It might 

be that the number of factors is too high/low, if constraiƴǘǎ ǿŜǊŜ ŀǇǇƭƛŜŘ ǘƘŀǘ ǘƘŜȅ ŘƻƴΩǘ ƳŀǘŎƘ 

the natural variability of the datasets, etc. 

Relative weighting of classes (C-value approach) 

In case the analyst has performed relative reweighting of the errors of certain classes, their 

(scaled) residual histograms are plotted separately and proper statistical tests can be performed 

to judge, whether it is likely that the (scaled) residuals have the same underlying distribution. 

The following statistical analysis is directly accessible from SoFi: 

ά!bh±! όŜǉǳŀƭ ǾŀǊƛŀƴŎŜύέ a one-way ANOVA test with the assumption of equal variance and 

the underlying normal distribution for all (scaled) residual 

sampling distribution (classical ANOVA testing with the F 

distribution or T distribution for two classes). In addition, BartlŜǘǘΩǎ 

test for the equal variance is also computed and the result 

represented in the adjacent text box. 

ά!bh±! όǳƴŜǉǳŀƭ ǾŀǊƛŀƴŎŜύέ a one-way ANOVA test with the assumption of the underlying 

normal distribution for all (scaled) residual sampling distribution 

(Welch test) 

ά!bh±! όƴƻƴ-ǇŀǊŀƳŜǘǊƛŎύέ a non-parametric or rank one-way ANOVA test is performed. 

(Dunn-Holland-Wolfe test is performed that accounts for various 

classes with a different number of class members) 

 

Figure 105 dataset split in two classes and errors unweighted (left), the scaled residual of the two classes is 

optimized using the C-value approach (equilibrate group scaled RES) 
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Based on the reported p values for each statistical test the analyst can judge how likely the test 

hypothesis H0 is true, i.e., the mean values of the (scaled) residual distributions for each class 

arises from the same underlying distribution. 

An example is given in Figure 105, where a dataset is artificially split into two classes (class_I in 

green and class_II in orange) and the errors of class_II were manually increased by 3 orders of 

magnitude. The left panel shows the PMF run where class_II is underestimated (errors are 1000 

times larger than for the variables of class_I), as their scaled residuals are almost all positive. The 

green and the orange distribution are likely to occur from the same underlying normal distribution 

with ~24% probability (from a statistical point of view still satisfactory, as typical a-values are in 

the range 5%, 2% or 1%.). However, applying the dynamic equilibrate group scaled RES (C-value 

approach) made the scaled residuals for both classes even more similar with a p value of ~96%, 

i.e., both distributions arise from the same underlying normal distribution with 96% probability. 

 Image 

From the drop-down menu on the first window next to the analysis (red) panel, the user can select 

the type of the image plot. Currently, SoFi offers correlation, wind analysis and hierarchical 

clustering image plots. 

 Correlations 

Factor time series as well as factor profiles can be correlated to external data and/or variables  

and within each other. The following options are available: 

άwψtŜŀǊǎƻƴ όǎǉǳŀǊŜŘύέ R-Pearson value useful for linear relationships 

άwψ{ǇŜŀǊƳŀƴ όǎǉǳŀǊŜŘύέ also rank correlation, useful for any type of relationship 

άYŜƴŘŀƭƭ ǘŀǳ όǎǉǳŀǊŜŘύέ rank correlation coefficient that analyzes concordant and 

discordant pairs  

άwψǳƴŎŜƴǘǊ όǎǉǳŀǊŜŘύέ cosine similarity 

άCƛǎƘŜǊ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴέ Fisher z-transformation of a Pearson correlation coefficient 

For all these options the representation can be either in image, in a table or in a combined format 

(Figure 106). For the Pearson and Spearman correlation coefficients an additional table contains 

the p-values as well, to better judge on the significance level of the correlation. 
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Figure 106 Correlation image plot and correlation table between the factor contribution and external tracers 

ŘŜŦƛƴŜŘ ǳƴŘŜǊ ǘƘŜ ǇŀƴŜƭ ά5ŀǘŀέ. 

¢ŀōƭŜǎ ƻƴ ǘƘŜ ǎǳōǇŀƴŜƭ ά5ŀǘŀέ ŀƭƭƻǿ ǘƘŜ ǳǎŜǊ ǘƻ ǎŜƭŜŎǘ ǘƘŜ ǇǊƻǇŜǊ ŦŀŎǘƻǊǎ ŀƴŘ ŜȄǘŜǊƴŀƭǎ or 

variables (Figure 107). Default value is that all entries are used for the correlationΦ ²ƛǘƘ ǘƘŜ άƭƛǎǘέ 

drop-Řƻǿƴ ƳŜƴǳΣ ǘƘŜ ǳǎŜǊ Ŏŀƴ ǎŜƭŜŎǘ ǘƘŜ ŀȄƛǎΦ ²ƛǘƘ άŘŀǘŀέ ŘǊƻǇ-down menu, the user can switch 

between external data and variables (only time series). Y_list and x_list are independent of each 

other, so externals and variables can be correlated. SoFi will plot the correlation according to the 

position of the factor/external/variable in the list. To change the order, the entries can be dragged 

and dropped to the desired position. The selection and order of the externals/variables is saved, 

tƻ ǊŜǎŜǘ ƛǘ ǘƘŜ άwŜǎŜǘ ƭƛǎǘ ŀƴŘ ǎŜƭŜŎǘƛƻƴέ ōǳǘǘƻƴ ǎƘƻǳƭŘ ōŜ ǳǎŜŘΦ 

¢ƘŜ ǎǳōǇŀƴŜƭ άDǊŀǇƘέ also contains type of the representation (table R values, table p values, 

image, image+R values, image+p values) and the critical value for a significance test based on the 

threshold. The user can vary the threshold on the same panel and can check immediately for 

acceptable minimum R values. This test is only available within the option R-Pearson and Kendall 

tau. 
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Figure 107 Graph (left) and data (right) subpanels ŦƻǊ ǘƘŜ ǎŜŎǘƛƻƴ άcorrelationέΦ 

 Wind anaylsis 

SoFi offers the option of wind rose, pollution rose, joint probability and non-parametric wind 

regression (NWR) plots. The plots for the joint probability and the NWR are similar as they can be 

found in Zefir (Petit et al., 2017). All these plots require wind speed and wind direction. SoFi will 

look for waves named as they are generated in the treat external (yellow) panel. So by default, 

the wind_vel and wind_dir_degdep (direction dependent averaging, preferred) or wind_dir 

(normal average, not direction dependent) are used. If these waves do not exist, a pop-up appears 

where the user can select the wind speed and direction waves. The wind speed can be in either 

m/s or km/h. The result plot will be plotted in the same unit. The wind direction data needs to be 

in degrees with 0° representing the North azimuth. The user has the option between five different 

color gradients. 

In general, a nonparametric regression is a method of estimating the mean value of a dependent 

variable given the value of one or more predictor variables. In the case of NWR, the dependent 

variable is the concentration of a pollutant C, and the predictor variables are the average wind 

direction  and wind speed u. So the average pollutant concentration C is calculated as a function 

of wind speed u and wind direction  using Kernel functions (Henry et al., 2009) 
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where Ci, Ui, and Wi are the observed concentrations of the pollutant and the resulting wind speed 

and direction at a given time point, respectively. The smoothing parameters ̀ and h, are 

estimated based on the rule of thumb (Silverman, 1986). 

(27) 
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The Gaussian kernel is used for the wind direction 

ὑ ὼ ς“ ÅØÐπȢυὼ ȟЊ ὼ Њ 

, while for the wind speed the Epanechnikov kernel is used 

ὑ ὼ πȢχυρ ὼ ȟρ ὼ ρ π 

However, there is no evidence that the results are particularly sensitive to the choice of the kernel 

function.  

Wind rose 

The wind rose shows the direction the winds blew from and the length of each "spoke" around 

the circle shows how often the wind blew from that direction. The user can select the bin width 

in which the speed should be grouped as well as the maximum speed. Furthermore, the calm 

speed, meaning up to which wind speed is regarded as calm/windless, can be adjusted. 

 

Figure 108 Wind rose. In the data subpanel (right) the user can define the angle bin width, the speed bin width 

and the maximum speed. By default, the calm speed is set to zero, but can be changed by the user. 

 

Pollution rose 

The pollution rose applies the same plot structure as the wind rose but substitutes a 

concentration time series for wind speed. Similar to the wind rose, the bin size for the angle has 

to be defined. Furthermore, the concentrations bin width as well as the maximum concentration 

has to be set. For a drop-down menu, the user can select between concentrations from solutions, 

externals and variables.  

(28) 

(29) 






























































































































