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Introduction	
 
The main goal of this component is to enable advanced spatiotemporal analysis of business and 
public data that appear at different levels of granularity, thus, imposing challenges for data 
processing, presentation and exploration. This goal is achieved by 

 Developing a specialized component called ESTA-LD (Exploratory Spatio-Temporal 
Analysis for Linked Data) [1, 2].  

 Developing the required quality assessment services that will be used in the pre-
processing step in order to ensure that the input data is properly modelled prior to 
using ESTA-LD  (this tool was described in the previous report titled RDF Data Cube 
Validation tool) 

 Evaluating the ESTA-LD functionalities with data and statistics collected by two 
relevant Serbian government institutions - the National Statistical Office and the 
Business Registers Agency. The LOD is currently available via the Serbian CKAN1, 
while the original data is publicly available at the Statistical office databases2 and the 
Register of Regional Measures and Incentives3. 

 
In the last few years, the global Open Government Data (OGD) initiatives, such as the Open 
Government Partnership, have helped to open up governmental data to the public, thus creating a 
potential to integrate and analyse governmental data coming from different sources. ESTA-LD 
(Exploratory Spatio-Temporal Analysis for Linked Data) is a software tool for interactive 
analysis, visualization and drill-down style online access to highly granular spatio-temporal data. 
It is aimed for business users interested in spatial analysis of different socio-economic indicators 
modelled using W3C standard vocabularies (RDF Data Cube, eGovernment) and LinkedData 
principles. The data retrieved from a specified SPARQL endpoint is visualized on the choropleth 
map thus allowing the user to study the indicators (stored in a single or multiple datasets) across a 
geographic area. The geographic data (such as region borders), originally created from shape files, 
is stored in GeoJSON format. Different user interaction and filtering options are foreseen. 
Currently supported filtering options are selection of indicator under study, selection of the area of 
interest on the geographical map, selecting geo granularity level, selecting values from the 
hierarchical dimensions modelled with the SKOS vocabulary, and selecting the chart type. The 
results of the spatio-temporal analysis are visualized using Highcharts library, while choropleth 
map is used to visualize how measurements vary across a geographic area. 
 
This report is organized as follows. In the Section 2 we will first discuss use cases and modeling 
of spatio-temporal and afterwards introduce the business requirements of ESTA-LD, while 
Section 3 will provide information about the developed prototype. Finally, conclusions and future 
steps will be given in Section 4. 

Business	requirements	
 

                                                            
 
1 http://rs.ckan.net  
2 http://webrzs.stat.gov.rs/WebSite/public/ReportView.aspx  
3 http://www.apr.gov.rs/eng/Registers/RegionalDevelopmentMeasuresandIncentives.aspx  
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In this section we will first analyse different use cases and characteristics of spatio-temporal 
datasets, followed by the modelling principles and requirements that the component needs to 
address. 

Use	case	analysis	
 

First, let’s have a look at the possibilities for adoption of Linked Data technologies for improving 
the integration and enhancing the analysis of data coming from different sources (e.g. Register of 
the Regional Development Measures and Incentives4, Dissemination database of SORS - 
Statistical Office of the Republic of Serbia5). Instead of the current way of collecting and 
visualizing data, government agencies (such as SBRA - Serbian Business Registers Agency) could 
apply innovative approaches that:  

 extend the existing public service and standardize the data collection process; 
 ensure interoperability and improve transparency of data on European level; 
 allow advanced spatio-temporal analysis of available indicators; 
 offer user-friendly services in a secure and flexible manner allowing personalisation 

for different types of users (public administration, businesses and citizens). 
 
Data can be exposed for exploration in different ways, e.g. via a SPARQL endpoint at the 
publishers site or downloadable dump file registered with a government catalogue (e.g. the 
Serbian CKAN). Of particular interest are possibilities for integrating Linked Open Data for 
advanced analyses of socio-economic indicators in official government statistical systems as 
statistical data are often used as foundations for policy prediction, planning and adjustments, 
having a significant impact on the society (from citizens to businesses to governments). 

Characteristics	of	spatio‐temporal	datasets	
 

Many data objects in the real world have attributes related to both space and time, thus imposing 
challenges for visualizing both dimensions on a geographical map. Examples include 
environmental and meteorological data in real time navigational systems, socio-economic 
indicators in official government statistical systems, geo-positioning data, etc. Moreover, these 
data objects are often multi-dimensional in nature meaning that the information can be represented 
on different granularity levels in space and time, as well as the type of information. Examples of 
indicators with attributes related to both space and time are given in Table 1.  
 
Table 1: Basic characteristics of spatio-temporal data published by two Serbian government 
agencies 
Publisher Domain 1st dimension: 

Space 
Granularity 
levels 

2nd dimension: 
Time period, 
granularity 

Other dimensions 

SBRA Regional 
development 
measures and 
incentives by 

Country-region-
area-
municipality 

2010-2013, yearly Financial type 

                                                            
 
4 http://www.apr.gov.rs/eng/Registers/RegionalDevelopmentMeasuresandIncentives.aspx  
5 http://webrzs.stat.gov.rs/WebSite/public/ReportView.aspx  
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financial type 
SORS Demographic 

statistics, 
Population 
projections 

Country-region 2009-2010, yearly Sex, age 

SORS  Labour market Country-region 2008-2013, 
yearly-monthly 

Sex, age, occupation, type 
of settlement 

SORS Tourism 
(overnight stay) 

Country-region 2010-2013, 
yearly-monthly 

Tourist type 

 
Due to multidimensionality, in order to ensure efficient exploration and analysis, hierarchical data 
structures are needed for modelling the space and time dimensions (e.g. see Figure 1).  
 

 
Figure 1: Geographical map of Serbia displayed on different granularity levels 

 

RDF	Data	Cube	vocabulary	‐	modelling	statistical	data	
 

Based on the analysis of use cases and having in mind characteristics of spatio-temporal data, we 
will give an overview of modelling statistical data with the RDF Data Cube vocabulary along with 
examples taken from datasets that were published in cooperation with the Statistical Office of the 
Republic of Serbia. These examples will illustrate how statistical data can be modelled in way that 
makes it interoperable and easily integrated with other sources, while accounting for the 
characteristics of spatio-temporal datasets. 
 
In January 2014, W3C recommended the RDF Data Cube vocabulary [3], a standard vocabulary 
for modelling statistical data, see http://www.w3.org/TR/vocab-data-cube/. The vocabulary 
focuses purely on the publication of multi-dimensional data on the Web. It builds upon the core of 
the SDMX 2.0 Information Model [4]. In 2001, the Statistical Data and Metadata Exchange 
(SDMX6) Initiative was organised by seven international organizations (BIS, ECB, Eurostat, IMF, 
OECD, World Bank and the UN) to release greater efficiencies in statistical practice. 
 
A statistical data set comprises a collection of observations made at some points across some 
logical space. The collection can be characterized by a set of dimensions that define what the 
observation applies to (e.g. time, country) along with metadata describing what is measured (e.g. 

                                                            
 
6 http://www.sdmx.org/ 
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economic activity, prices), how it is measured and how the observations are expressed (e.g. units, 
multipliers, status). We can think of the statistical data set as a multi-dimensional space, or hyper-
cube, indexed by those dimensions. This space is commonly referred to as a cube for short; 
though the name shouldn't be taken literally, it is not meant to imply that there are exactly three 
dimensions (there can be more or fewer) nor that all the dimensions are somehow similar in size. 
Cubes are modelled with a set of dimensions, attributes and measures, where dimensions serve to 
identify the observations, measures are used to describe phenomena being observed, while 
attributes allow to qualify and interpret the observed values. Dimensions, measures, and attributes 
are component properties and they represent the core of the DSD (Data Structure Definition), 
which describes structure of the dataset and can be reused. Furthermore, it is possible to group 
subsets of observations together by creating slices through the cube in which one or more 
dimension values are fixed. Structure of a slice is given by associating it with a slice key, much 
like DSDs are used to describe structure of datasets. 
 
An example of how to use the vocabulary to represent one single observation is given in the 
example bellow. The observed socio-economic phenomenon is described using several 
dimensions modelled with the SKOS vocabulary. 
 
Example: Modeling socio-economic data with QB 
 

The observation is a coarse-grained representation of the indicator "Tourists arrivals" for the 
territory of country Serbia (geo:RS) and for year 2005 (time:Y2005). Additionally the indicator 
represents the "Total" number of tourists including "Domestic" and "Foreign". One single 
observation using the QB entity (qb:Observation) is as follows: 
 

@prefix rs: <http://elpo.stat.gov.rs/lod2/RS-DIC/rs/> 
@prefix qb: <http://purl.org/linked-data/cube#> 
 
http://elpo.stat.gov.rs/lod2/RS-DATA/Tourism/Tourists_arrivals/data/obs1> 

a qb:Observation ; 
rs:geo geo:RS ;   
rs:time time:Y2005 ; 
rs:dataType datatype:number ; 
rs:obsIndicator "Tourists arrivals" ; 
rs:obsTurists "Total" ; 
qb:dataset http://elpo.stat.gov.rs/lod2/RS-DATA/Tourism/Tourists_arrivals/data ; 
sdmx-measure:obsValue "1988469" . 

 

The example observation is identified through dimensions rs:geo, rs:time, 
rs:obsIndicator, and rs:obsTourists, while the measured value given through  
measure property smdx-measure:obsValue is described through attribute property 
rs:dataType.  

Modeling	hierarchical	data	with	SKOS	
 
In order to formalize the conceptualization of hierarchical dimensions (space, time), we can use 
the Simple Knowledge Organization System (SKOS), see http://www.w3.org/TR/2005/WD-
swbp-skos-core-spec-20051102/. SKOS Core is a model and an RDF vocabulary for expressing 
the basic structure and content of concept schemes such as thesauri, classification schemes, 
subject heading lists, taxonomies, 'folksonomies', other types of controlled vocabulary, and also 
concept schemes embedded in glossaries and terminologies. Concepts represented as 
skos:Concept are grouped in concept schemes (skos:ConceptScheme) that serve as code lists from 
which the dataset dimensions draw on their values. Semantic relation used to link a concept to a 
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concept scheme is skos:hasTopConcept. Herein, we will present an example of coding the space 
and time dimension in RDF. 
 
Example: Spatial dimension 
 

geo:RS21 
rdf:type geo:Region ; 
owl:sameAs <http://dbpedia.org/page/%C5%A0umadija_and_Western_Serbia> ; 
skos:broader geo:RS ; 
skos:narrower geo:RS212 , geo:RS216 , geo:RS211 , geo:RS215 , geo:RS213 ;          
skos:narrower geo:RS218 , geo:RS214 , geo:RS217 ; 
skos:notation "RS21"^^xsd:string ; 
skos:prefLabel "Region of Sumadija and Western Serbia"@en , "REGION ŠUMADIJE I 

ZAPADNE SRBIJE"@sr-rs .  
 

SKOS properties skos:broader and skos:narrower can be used for relating concepts of same type, 
in our case geographical area (geo:Region). However, if the concepts are not of the same type 
(e.g. to regions and municipalities), the skos:relatedalignment can be applied. 
 

@prefix rdf:   <http://www.w3.org/1999/02/22-rdf-syntax-ns#> . 
@prefix geo: <http://elpo.stat.gov.rs/lod2/RS-DIC/geo/> . 
@prefix skos: <http://www.w3.org/2004/02/skos/core#> . 
 
geo:_70980 

rdf:type geo:Municipality ; 
owl:sameAs <http://dbpedia.org/resource/Prijepolje> ; 
skos:notation "70980"^^xsd:string ; 
skos:prefLabel "Prijepolje"@en ; 
skos:related geo:RS211 . 

 
Example: Time dimension 
 
Observed data can be described with time information using different formats (e.g. seconds, day-
time, day, month, year). One way to specify the frequency of data (or time granularity) in a dataset 
is to use the SDMX CONTENT-ORIENTED GUIDELINES [5].  

 
@prefix rdf:   <http://www.w3.org/1999/02/22-rdf-syntax-ns#> . 
@prefix rdfs: <http://www.w3.org/2000/01/rdf-schema#> . 
@prefix skos: <http://www.w3.org/2004/02/skos/core#> . 
@prefix time:  <http://elpo.stat.gov.rs/lod2/RS-DIC/time#> . 
 
time:P1D 

rdf:type owl:Class ; 
rdfs:subClassOf skos:Concept ; 
skos:prefLabel "Daily (or Business)"@en . 

 
time:P1M 

rdf:type owl:Class ; 
rdfs:subClassOf skos:Concept ; 
skos:prefLabel "Monthly"@en . 

 
time:P1Y 

rdf:type owl:Class ; 
rdfs:subClassOf skos:Concept ; 
skos:prefLabel "Annual"@en . 

 
time:Y1980 

rdf:type time:P1Y ; 
skos:notation "Y1980"^^xsd:string ; 
skos:prefLabel "1980"@en . 

 
time:Y1980M1 
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rdf:type time:P1M ; 
skos:broader time:Y1980Q1 ; 
skos:notation "Y1980M1"^^xsd:string ; 
skos:prefLabel "1980/january"@en . 

Requirements	for	the	ESTA‐LD	component		
 
There are currently available tools that can be used to analyse Linked Data depending on the 
characteristics of the data and goals of the analysis. For instance, Facete provides faceted 
navigation of the model and visualization of points of interest (described with WGS84 
vocabulary) on a geographical map, while CubeViz can be used for visualization of statistics 
without possibilities to relate the indicators with geographical entities. ESTA-LD on the other 
hand aims at overcoming the limitations of CubeViz and Facete and offering generic interface for 
exploring spatio-temporal data. The overall vision regarding how ESTA-LD can be used is given 
in the following steps: 

1. The user uploads a graph into the local RDF data store; 
2. The user checks for validation of the integrity constraints. If errors are identified, automatic 

or semi-automatic repair of the multidimensional model is performed; 
3. The user can proceed with the exploration.   

 
Taking into account envisioned use cases and characteristics of the data, ESTA-LD needs to 
address the following requirements:  

 FR-1: support statistical and temporal geospatial information management including 
advanced analysis of spatio-temporal data.  

 FR-2: integrate quality analysis services. 
 
Furthermore, taking into consideration the requirements, as well as the recommendation of the EC 
’Interoperability Solutions for European Public Administrations’ (ISA) program7, we have further 
refined these recommendations as following: 

 FR-1.1 ESTA-LD has to support data retrieval from arbitrary SPARQL end points; 
 FR-1.2 ESTA-LD has to provide drill down based on 2 dimensions (temporal and 

space); 
 FR-1.3 ESTA-LD has to provide user-friendly filtering options for selecting values of 

interest; 
 FR-1.4 ESTA-LD has to provide different visualization/analysis options (bar chart, 

run chart, histogram); 
 FR-2.1 ESTA-LD has to provide quality assessment of business data and statistics 

modelled with standard W3C vocabularies (QB vocabulary, core business 
vocabulary); 

 FR-2.2 ESTA-LD has to provide support to the user in the quality assessment process. 

ESTA‐LD	GUI	(first	prototype)	
 
In this section, we will describe the architecture, implementation, and provide a guide for using 
the tool. 

                                                            
 
7 http://ec.europa.eu/isa/ 



 
 

8 
 

 

ESTA‐LD	Architecture	and	Implementation	
 

ESTA-LD is a web application implemented in Vaadin, while the creation and manipulation of 
charts and a map is performed using Javascript libraries. Representation and interaction with 
geographic information were implemented using Leaflet, an open source JavaScript library for 
mobile-friendly interactive maps (see http://leafletjs.com/). The geographic data (such as region 
borders), originally created from shape files, is stored in GeoJSON format. It is brought in and 
programmed with JavaScript and added to maps to create interactive visualizations. On the other 
hand, different statistical indicators, which are the subjects of the spatio-temporal analysis, are 
stored in the RDF Data Store. This data repository is accessed and queried using SPARQL query 
language, where the actual retrieval of data from the SPARQL endpoint is performed using 
Sesame framework. User selects different parameters such as graph, dataset, dimensions and their 
values by using various Vaadin components and a Leaflet map which is used for selecting the 
value of geographic dimension. After this, the application generates a SPARQL query which is 
then executed using Sesame and finally visualized on a chart created with Highcharts, a charting 
library written in pure HTML5/JavaScript, offering intuitive, interactive charts to a web site or 
web application (see http://www.highcharts.com/). On the other hand, the map is updated using 
Leaflet. ESTA-LD can be configured to work with any SPARQL endpoint. 
 

 
Figure 2: ESTA-LD Architecture 

 

Using	ESTA‐LD	
 
When launching the ESTA-LD component, the user specifies the SPARQL endpoint, and selects 
the graph that contains the data to be explored.  
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Figure 3: ESTA-LD GUI (run chart) 

 
The data is then retrieved from the specified SPARQL endpoint and visualized on the choropleth 
map. The choropleth map provides an easy way to visualize how measurement varies across a 
geographic area. It is an ideal way to communicate spatial information quickly and easily, since 
the data is aggregated or generalized into classes or categories that are represented on the map by 
grades of colour. The ranges of data values for different colours are recalculated every time a new 
set of data is retrieved from the SPARQL endpoint. 
 
After the data is retrieved, the user can utilize different filtering options that are currently 
implemented (see Figure 3): 

 For selecting values from the time dimension, 
 For selecting the indicator under study,  
 For selecting the granularity level for the space dimension. 

 
Interactive selection of the area of interest on the geographical map (for the selected area a bar-
chart or histogram representation of the indicator is displayed, see Figure 4). 
 

 
Figure 4: ESTA-LD GUI (run chart) 
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Conclusion	and	future	work	
 
The goal of the ESTA-LD component is to provide interactive analysis, visualization and 
drill-down style online access to highly granular spatio-temporal data. It is aimed for business 
users interested in spatial analysis of different socio-economic indicators modelled using W3C 
standard vocabularies (RDF Data Cube, eGovernment) and Linked Data principles. 
 
Currently, ESTA-LD works with the local Virtuoso RDF triple store. Supported filtering options 
are selection of indicator under study, selection of the area of interest on the geographical map, 
selecting geo granularity level, selecting values from the hierarchical dimensions modelled with 
the SKOS vocabulary, and selecting the chart type. The results of the spatio-temporal analysis are 
visualized using Highcharts library, while choropleth map is used to visualize how measurement 
varies across a geographic area. Final version of ESTA-LD will be more generic and include 
support for a number of spatial and time dimensions. It will be released next year after thorough 
evaluation of the component with different datasets from Serbian government institutions. 
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