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Database as an RDF Cube
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Abstract. The Airbase is the European air quality dataset maintained
by the Environmental European Agency. The dataset is available on the
Web, and contains air quality monitoring data for 40 European coun-
tries. The multidimensional nature of the data makes it a good fit for
OLAP (Online Analytical Processing) systems. Moreover, by linking the
data to the Semantic Web, we can magnify its value, allowing for more
sophisticated data analytics. In this paper, we introduce and describe
QBOAirbase, a multidimensional provenance-augmented version of the
Airbase dataset. QBOAirbase models air pollution data as an RDF cube,
which has been linked to the YAGO and DBpedia knowledge bases.

1 Introduction
The Airbase1 is the European air quality dataset maintained by the EEA (Envi-
ronmental European Agency). The dataset is available on the Web, and contains
air quality monitoring data for 40 European countries. The numerical and mul-
tidimensional data contained in the Airbase dataset can be efficiently handled
by Online Analytical Processing systems (OLAP). Such systems are common in
data warehousing or business intelligence scenarios, and are optimized to handle
complex aggregation queries on multidimensional data with rare updates. Multi-
dimensional datasets, known as data cubes, consist of a set of observations, e.g.,
measurements of the concentration of an air pollutant. These observations are
described in terms of coordinates in a set of dimensions, e.g., time or location.
Observations are the target of OLAP applications.

OLAP applications can benefit considerably from RDF and Linked Data [1–3,
8]. Thanks to the Linked Open Data initiative2, resources from different datasets
have been interlinked when they refer to the same real-world concept. Such a
network of datasets constitutes what we call the Semantic Web, and allows us to
see the Web as a giant knowledge base that can be queried, “understood”, and
analyzed by software agents. The interest in OLAP on the Semantic Web has
been thrusted by the support for aggregation queries introduced in SPARQL 1.1
–the query language for RDF–, and the publication of the QB vocabulary [12]
to model multidimensional data in RDF. This has motivated the publication of
several datasets as RDF cubes3.
1 https://www.eea.europa.eu/ds_resolveuid/3c756b2021754f6bba40447397d67fdf
2 http://linkeddata.org/
3 https://www.w3.org/2011/gld/wiki/Data_Cube_Implementations
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Keeping track of the origin of the data is crucial in a setting with multiple
independent data providers. The provenance of a fact in an RDF data collection
is metadata about the source and the data transformations that led to the publi-
cation of that fact. Such metadata finds application in scenarios such as data
fusion or access control [4, 9]. While some RDF datasets have been augmented
with provenance information [6], these still constitute a minority.

We present QBOAirbase, a multidimensional, linked and provenance-
augmented version of the Airbase dataset in RDF. QBOAirbase represents
air pollution data as a three-dimensional multilevel cube modeled with
QB4OLAP [5] –an extension of QB that allows for multilevel dimensions. By lin-
king QBOAirbase to YAGO [10] and DBpedia [7], we enrich the Airbase dataset
with further information about the cities and countries of the monitoring sta-
tions, and the air pollutants. This opens the door to more sophisticated use cases
in the analysis of air pollution data. We elaborate on the design of QBOAirbase
in the following.

2 QBOAirbase

2.1 The Airbase Dataset

QBOAirbase is built upon version 8 of the Airbase dataset1. The original dataset
is a collection of CSV and XML files containing annual concentration measure-
ments for 238 air pollutants (e.g., SO2, PM10) in 40 European countries from
years 1969 to 2012. Besides the actual measurements, the files also contain infor-
mation about the data providers and the monitoring stations. For the latter, this
includes the station’s geographic location and technical details about the sensors’
configurations. The data is accessible via a SPARQL endpoint4. Unlike QBOAir-
base, this dataset is modeled with QB [12] instead of QB4OLAP [5] and provides
neither provenance information nor links to existing knowledge bases. Further-
more, the SPARQL endpoint does not offer detailed documentation about the
RDF schema and how to query the data.

2.2 Cube Structure

Observations. In QBOAirbase an observation maps to a measurement in the
original Airbase dataset, that is, the aggregation of a set of measurements for a
single air pollutant in an annual time span. QBOAirbase includes measurements
for a list of 15 pollutants out of the 238 present in the original dataset. This
is the minimal list of pollutants that a country must measure according to EU
regulations. The original dataset considers 20 aggregation functions such as the
annual mean, the maximum, the 50th percentile, among others. They are all
considered in QBOAirbase.

Dimensions. An observation is characterized by its coordinates in the year,
station, and sensor dimensions as Figure 1 shows. The edges in the figure define
the schema properties, i.e., the RDF properties that connect the different levels
of the cube structure. The station dimension contains three levels: station, city,
and country. For some stations we did not have access to the information of the

4 http://semantic.eea.europa.eu/sparql
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city, hence those stations can only be rolled-up to the country level. We have
manually linked the cities and countries in QBOAirbase to YAGO [10] and DB-
pedia [7]. The sensor dimension was artificially introduced and consists of two
levels: sensor and component. The sensor level represents a sensor configuration
and is described by a measurement unit, a type of equipment, a technique prin-
ciple of the equipment, an aggregation function, etc. A sensor can be rolled-up to
a component, which corresponds to an air pollutant (e.g., NO2). The pollutants
associated to the components have been manually linked to their correspond-
ing YAGO and DBpedia resources as we did for cities and countries. Both the
sensor dimension and the distinction between sensor and component allow us to
model the fact that a station can provide measurements for the same pollutant
under different sensor configurations, e.g., using a different aggregation function
or measurement unit. Sensors and pollutants are instances of the classes Sen-
sor and Property defined in the Semantic Sensor Network Ontology (SSN) [13].
SSN is a W3C candidate recommendation to describe sensors and measurement
procedures.

Observation

Station City

Year

air:schema/station
air:schema/inCity

Sensor Component
air:schema/component

Country
float

air:schema/measure

air:schema/locatedIn

air:schema/inCountry

air:schema/sensorair:schema/year

Fig. 1. QBOAirbase’s cube structure. The prefix air is a shorthand for
http://qweb.cs.aau.dk/airbase/data/.

2.3 Provenance

Each RDF triple in QBOAirbase is augmented with its workflow provenance [11].
In this model each triple is assigned an RDF resource, which we call its prove-
nance entity. Such an entity models the processes that led to the generation of
the triple, and is described with the W3C specification PROV-O [14]. A prove-
nance entity can represent the source of a given measurement (e.g., a file), a
schema mapping, or the result of a data operation such as a data extraction or
a join. A data operation is modeled as an activity in PROV-O. Activities can
produce or depend on provenance entities and they can directly or indirectly be
carried by agents. These can be people, organizations, or even software agents.

3 Applications and Outlook
The Airbase’s website provides an extensive list of reports in the form of fi-
gures, tables, interactive maps, and visualizations. Most of the reports can be
generated by OLAP operations on the available data. However, some reports
require additional data not present in the dataset. One example is the percentage
of urban population resident in areas where pollutant concentrations are higher
than the recommend limit values5, which requires the population of the cities and

5
https://www.eea.europa.eu/data-and-maps/figures/urban-population-resident-in-areas-pollutant-limit-target
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the recommended concentration values of the pollutants. Such information can
be obtained from another knowledge base. This justifies our decision of linking
QBOAirbase to other sources in the Semantic Web. Moreover, the workflow
provenance gives users more control on the data by e.g., restricting reports to
data coming from particular institutions.

QBOAirbase is publicly available at http://qweb.cs.aau.dk/qboairbase.
We also provide a SPARQL endpoint and a detailed documentation of the cube
and provenance design. As Airbase, QBOAirbase is released under the terms of
the ODC Open Database License (ODbL).
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