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1 Context 

The corporate metadata repository provides a single point of access to metadata about statistical entities and 
statistical datasets at Statistics Canada. Also, to reduce survey costs and response burden, the agency is 
promoting the use of administrative data and other sources of data over survey data. Provenance and lineage 
become very important in assessing the value, reliability (source) and pertinence (frequency of access, 
connection to other entities) of those datasets because they are used and exchanged within Statistics Canada 
and externally. In addition, proper documentation of provenance and lineage metadata enables and supports 
good data strategy. The use of a standard to represent and properly interpret provenance and lineage becomes 
even more necessary.  

1.1 Some definitions 

Provenance and lineage are often used interchangeably, but the definitions specified below, align with the ones 
in the Common Statistical Data Architecture (CSDA). 

Provenance: is information about the source of the data (its owner), what it represents (its meaning), how it was 
captured/accessed/processed/produced, where it was stored (its location) along its path. 

Lineage: is information about where/how (transformations) the data moves over its life cycle.  

1.2 Provenance in GSIM/CSPA-LIM 

The corporate metadata repository is modelled based on the EIA – Entity Roadmap, in Figure 1, which is 
Statistics Canada national version of the Generic Statistical Information Model (GSIM) at a conceptual level. 

 

Figure 1 Enterprise Information Architecture - Entity Roadmap 
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The domain logical models are Statistics Canada implementations of the Common Statistical Production 
Architecture Logical Model (CSPA-LIM). These implementations are done incrementally or, sometimes, adapted 
nationally. What are in CSPA-LIM, elements that can be used as provenance to track lineage?  

1.2.1 Provenance 

The following elements inform about the source of an object from Figure 2 and Figure 3: 

 created date in Administrative Details 

 valid from/valid to in Administrative Details 

 version in Identifiable Artefact 

 description in Identifiable Artefact 

 process input/process output  

 change event source(s)/change event target(s) as relationships between Change Event Tuple and 
Identifiable Artefact. 

 administrator derived from the relationship between Agent In Role and Administrative Details 

 url in Administrative Details 

 

Figure 2 Base Group in LIM 

1.2.2 Lineage 
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 Links can be tracked between change event source(s) and change event target(s) with related change 
types. For instance, if the changeType attribute is versioning, then the source and target can help 
provide a version chain.  

 

Figure 3 Process Execution 
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The PROV-O “provides a set of classes, properties, and restrictions that can be used to represent and 
interchange provenance information generated in different systems and under different contexts. It can also be 
specialized to create new classes and properties to model provenance information for different applications and 
domains” [1]. 

PROV-O provides basic classes that can be “related to one another or to themselves” [1] as illustrated in Fig.1 
and the relationships are called properties:  

 Entity: “a physical, digital, conceptual, or other kind of thing with some fixed aspects; entities may be 
real or imaginary” [1]. 

 Activity: “something that occurs over a period of time and acts upon or with entities; it may include 
consuming, processing, transforming, modifying, relocating, using, or generating entities” [1]. 

 Agent: “something that bears some form of responsibility for an activity taking place, for the existence 
of an entity, or for another agent's activity” [1]. 

 

Figure 4. PROV-O basic classes. Copied from [1]. 

2 PROV-O and Statistics Canada entities 

Statistics Canada core business entities, modeled to align with GSIM and CSPA-LIM, can also be subdivided into 
PROV-O’s three categories:   

 Statistical activity/process: "Processes", "action steps" undertaken by Statistics Canada to produce (or 
support the production of) one or more statistical outputs 

 Agent: An actor that performs a role in relation to the statistical business process and/or any other 
entity such as data holding/data asset (custodian) 

 Other entities: Core concepts used to conduct statistical activities, such as dataset, variable, etc. 

Those core entities are identifiable artefacts with administrative details; referred to as admin identifiable items. .  

2.1 Provenance between Variables  

First, here is an example, looking at Statistics Canada derivation for First official language spoken Variable, found 
on the official website: http://www23.Statistics Canada.gc.ca/imdb/p3Var.pl?Function=DEC&Id=34004.  There 
are three variables used to derive it: Knowledge of official languages, Mother tongue and Language spoken most 
often at home, as illustrated in Figure 5.  

http://www23.statcan.gc.ca/imdb/p3Var.pl?Function=DEC&Id=34004
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Figure 5. Derivation of the First official language spoken. Copied from Statistics Canada Official Website 

Following the pattern in the model in Figure 4, Figure 6 below describes the provenance of the First official 
language spoken variable. It shows that First official language spoken was derived from Knowledge of official 
language, Mother tongue and Language spoken most often at home. The three latter variables are sources for 
the derivation of the First official language with is the target. It uses provenance of type Derivation.  
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Figure 6.  Provenance of "First official language spoken" variable 

At the instance level, the actual derived value for the First official language spoken may have up to three 
provenance chains. Illustrations are shown in Figure 7,    Figure 8 and Figure 9.  

First official 
language spoken 

: English 

Knowledge of 
official languages 

: English

wasDerivedFrom

                    

First official 
language spoken 

: English 

1. Knowledge of 
official languages 

: English AND French

2. Mother tongue 
: English and Other 

wasDerivedFrom

wasDerivedFrom

 

Figure 7 First official language spoken for UNIT A   Figure 8 First official language spoken for UNIT B 



Modelling Provenance in GSIM/CSPA-LIM 
 

 
Francine Kalonji 
Statistics Canada 

6 

 

 

First official language spoken 
: NEITHER English NOR French 

1. Knowledge of official 
languages 

: NEITHER English NOR French 

2. Mother tongue 
: Other

3. Language spoken 
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: Other
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Figure 9 First official language spoken for UNIT C 

2.2 Provenance between Datasets and Processes 

The example in Figure 10 shows the provenance of a dataset, Dataset 3, from two perspectives. The first one is 

that it is generated from a Record Linkage activity which used Dataset 1 and Dataset 2 as sources. The second 

perspective is that Dataset 3 is derived from both Dataset 1 and Dataset 2.   
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Figure 10 A record linkage activity 

2.3 Modeling provenance  

In the information model for the metadata repository, the ProvenanceLink object, as shown in Figure 11, was 
used to model provenance, instead of a ChangeEvent object. [1..*] items can be related to [1..*] items. The type 
attribute is used to hold the property selected from a controlled vocabulary, ProvenanceType.  

 

Figure 11. STATISTICS CANADA modeling of provenance (using PROV-O framework) 
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holding related items together. This would actually represent both the CSPA-LIM ChangeEvent and 
ChangeEventTuple objects, without the equivalent of changeDate attribute, which, at this point, does not seem 
relevant. 

Here is a table representation of ProvenanceLink, based on the example represented in Figure 6 and Figure 10. 

id type source target sortOrder description 

1 Derivation V2 V1 1  

1 Derivation V3 V1 2  

1 Derivation V4 V1 3  

2 Derivation D1 D3   

2 Derivation D2 D3   

3 Usage RL1 D1 1  

3 Usage RL1 D2 2  

3 Generation RL1 D3 3  

1 Table representation of ProvenanceLink 

3 Future considerations 

3.1 Statistics Canada 

The model will be extended to include other provenance types and subtypes, based on concerns from metadata 
analysts that not all provenance cases are covered. This is still under analysis.  

Also, provenance will need to be extended to Statistics Canada’s Identifiable items.   

3.2 International community 

It would be good to look at a provenance standard as an international community, using PROV-O as a stepping 

stone and expanding to including elements that pertain to the statistical domain or support statistical domain 

specific provenance. Statistics Canada is interested in working and sharing with other organizations which are 

looking at provenance from a statistical point of view.  

4 Challenges 

Reconciling similar terms and their definitions is certainly a challenge. On the other hand, there are terms that 
are different but have the same definition. This exercise is essential in mapping objects from one standard to the 
other. One concrete example is the term process, which is a very important object in determining the lineage. In 
PROV-O, the main classes are activity, entity and agent. An activity is “something that occurs over a period of 
time and acts upon or with entities; it may include consuming, processing, transforming, modifying, relocating, 
using, or generating entities” [1]. It generates or uses an entity. In GSIM, a business process is the “set of process 
steps to perform one or more Business Function to a deliver a Statistical Program Cycle or Statistical Support 
Program” and process step is “a work package that performs a Business Process”. And the Generic Statistical 
Business Process Model (GSBPM) makes use of phase and sub-process. 

By its definition, a PROV-O activity maps to a GSIM business process or a process step depending on the level of 
abstraction. Mapping to a GSBPM phase/sub-process was a bit trickier. One has process and process step while 
the other has phase and sub-process. After careful analysis, the consensus was that a process step can map to a 
sub-process or a drilled-down sub-process, if one exists. The sub-process or sub-sub-process are then 
orchestrated to constitute a business process. A Data Integration business process for processing administrative 
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data, may have several process steps that map to sub-sub-processes from 5.1 Integrate data, 5.4 Edit and 
impute and 5.5 Derive new variables and units in GSBPM, as illustrated in Figure 12.      
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Figure 12 Mapping of processes 
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