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Abstract. There is a high public demand to increase transparency in government spending. Open spending data has the power to
reduce corruption by increasing accountability and strengthens democracy because voters can make better informed decisions.
An informed and trusting public also strengthens the government itself because it is more likely to commit to large projects.
OpenSpending.org is a an open platform that provides public finance data from governments around the world. In this article, we
present its RDF conversion LinkedSpending which provides more than 2.4 million planned and carried out financial transactions
from nearly 250 datasets from all over the world from 2005 to 2035 as Linked Open Data. This data is represented in the RDF
Data Cube format and is freely available and openly licensed.
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1. Introduction

A W3C design issue [6] motivates making govern-
ment data available online as Linked Data for three rea-
sons: “1) Increasing citizen awareness of government
functions to enable greater accountability; 2) Contribut-
ing valuable information about the world; and 3) En-
abling the government, the country, and the world to
function more efficiently.” Increasing the transparency
of government spending specifically is in high demand
from the public. For instance, in the survey publica-
tion [14], “Public access to records is crucial to the
functioning government” was rated with a mean of 4.14
(1 = disagree completely, 5 = agree completely). Open
spending data can reduce corruption by increasing ac-
countability and strengthening democracy because vot-
ers can make better informed decisions. Furthermore,
an informed and trusting public also strengthens the
government itself because it is more likely to commit
to large projects (see [3] for details).

Several States and Unions are bound to financial
transparency by law, such as the European Union1 with
its Financial Transparency System (FTS)2 [10]. Public
spending services satisfy basic information needs, but
in their current form they do not allow queries which
go further than simple keyword search or which cannot
be answered with data from one system alone. Linked
data solves those problems by providing a unified for-
mat, a powerful query language and the possibility of
integration with services such as CORDIS3 and linked
datasets such as Greece public spending [17].

Our contribution is an RDF transformation of the
OpenSpending4 project which provides government
spending financial transactions from all over the world
and is thus suitable as a core knowledge base that can
be enriched and integrated with other, more focussed

1“2. The Commission shall make available, in an appropriate and
timely manner, information on recipients, as well as the nature and
purpose of the measure financed from the budget[...]” [1]

2http://ec.europa.eu/budget/fts
3The European Community Research and Development Informa-

tion Service, http://cordis.europa.eu/.
4http://openspending.org
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datasets. Some advantages of an RDF version over a re-
lational database are (1) querying over multiple datasets
at once using interlinks and (2) an additional custom vo-
cabulary for each of the datasets, which are very hetero-
geneous (see Table 5 for SPARQL queries for common
use cases).

The structure of the paper is as follows. Section 2 de-
scribes OpenSpending, which is the source of the data,
and its statistical data model. Section 3 explains the tar-
get RDF data cube vocabulary and the transformation
process to it. Section 4 describes, how and where the
dataset is published and in which way users can access
the data. Section 5 gives an overall view of the data sets,
gives details about the licence used and describes the
datasets it is interlinked to. The is followed by a descrip-
tion of usage scenarios in Section 6. Section 7 presents
related spending datasets as linked open data (LOD).
The last section discusses known shortcomings of the
datasets and future work. The prefixes used throughout
this publication are defined in Table 1.

Table 1
Namespaces

prefix URL

os http://openspending.org/

owl http://www.w3.org/2002/07/owl#

ls http://linkedspending.aksw.org/resource/

lso http://linkedspending.aksw.org/ontology/

qb http://purl.org/linked-data/cube#

sdmxd http://purl.org/linked-data/sdmx
/2009/dimension#

dbpedia http://dbpedia.org/resource/

dbp http://dbpedia.org/property/

2. OpenSpending Source Data

OpenSpending is a project which aims to “[. . .]
track every government financial transaction across
the world[. . .]”5 and, at September 2013, contains
more than 15 million government transactions in 321
datasets. It contains this data in structured form stored
in database tables and provides searching and filtering
as well as visualizations and a JSON REST interface.

The Data Cube Model The domain model of Open-
Spending is that of a data cube (also OLAP cube, hy-
percube) which is a multi-dimensional dataset in which
statistical observations are central. This is similar to a
star schema in database terms. Each cell corresponds
to an observation (an instance of spending or revenue)
that contains measurements (e.g. the amount of money

5http://openspending.org/

spent or received). The context of the measurement is
provided by the dimensions like the purpose, depart-
ment and time of a spending item and optionally by
attributes, which further describe the measured value,
e.g., the unit of the measurement.
"sub-programme": {
"label": "Sub-programme",
"type": "compound",
},
"amount": {

"datatype": "float",
"label": "Total",
"type": "measure",

}
Fig. 1. simplified excerpt of an OpenSpending model

"sub-programme": {
"label":"Security and safeguarding liberties

",
"html_url":"http://openspending.org/eu-

budget/sub-programme/security-and-
safeguarding-liberties",

"name":"security-and-safeguarding-liberties"
},
"html_url": "http://openspending.org/eu-

budget/entries/017dfcb58d05671ef9eb5a9f77
fef39c8b14150c",

"amount": 41.2
Fig. 2. simplified excerpt from an OpenSpending entry

Figure 1 shows an excerpt from the model of the
OpenSpending dataset eu-budget with the dimension
“sub-programme” and the measure amount. Figure 2
shows the the corresponding part of an entry of the
dataset, which contains the actual values for the dimen-
sion and the measure of the observation.

3. Conversion of OpenSpending to RDF

Because the source data adheres to the data cube
model, a conversion of the data to RDF needs an appro-
priate RDF vocabulary.

The RDF DataCube vocabulary The RDF DataCube
vocabulary [2], i.e. an RDF variant of the previously
explained data cube model, is an ideal fit for the trans-
formed data.

First and foremost, this vocabulary provides the
backbone structure for every LinkedSpending dataset,
see Figure 3. Each dataset is represented by an in-
stance of qb:DataSet and an associated instance of
qb:DataStructureDefinition which includes

6Simplified version of the structure described in [2].
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Table 2
Conversion of OpenSpending to LinkedSpending classes and
instances

Source URL JSON Path LinkedSpending class LS instance scheme

I os:name.json qb:DataSet ls:name
II os:name/model qb:DataStructureDefinition ls:name/model

III
os:name/model $.mapping.* os:{Country,Time}Component

Specification or
qb:ComponentSpecification

lso:propertyname -spec

IV

os:name/model

$.mapping.*[?(@.type="compound")] qb:DimensionProperty

lso:propertyname
V $.mapping.*[?(@.type="date")] qb:DimensionProperty

VI $.mapping.*[?(@.type="measure")] qb:MeasureProperty

VII $.mapping.*[?(@.type="attribute")] qb:AttributeProperty

VIII os:name/entries.json $.results[*].dataset qb:Observation ls:observation-
datasetname-hashvalue

Fig. 3. Used RDF DataCube concepts and their relationships6

component specifications. Each component specifica-
tion is associated to a component property which can
be either a dimension, an attribute or a measure. RDF
Data Cube is supported by tools such as the faceted
browser CubeViz as well as other tools in the LOD2
Stack [4].

Transformation All of the OpenSpending datasets
describe observations referring to a specific point or
period in time and thus undergo only minor changes.
New datasets however, are frequently added. Because
of this, the huge number of datasets and their size,
an automatic, repeatable transformation is required.
This is realized by a program7 which fetches a list
of datasets on execution and only transforms the
ones who are not transformed yet. Table 2 shows for
each class used by LinkedSpending, at which URL
the information used to create the instances of those
classes is found. In case there are multiple instances
described at one URL, a JSON path8 expression is
given, that locates the corresponding subnodes. Fi-

7written in Java, available as open source at https://github
.com/AKSW/openspending2rdf

8JSON path (http://code.google.com/p/json-path
/) is a a query language for selecting nodes from a JSON documents,
similar to XPath for XML

nally, the table contains the patterns that describe
resulting LinkedSpending URLs. For example, the
OpenSpending URL os:berlin_de/model con-
tains the node $.mapping.amount which has a
type value of “attribute” and is, thus, transformed to
the OpenSpending instance lso:amount of the class
qb:AttributeProperty.

Equivalent component properties (dimensions, at-
tributes and measures) are identified as follows: A
configuration file optionally specifies the mapping of
dataset and property name to an entity in the Linked-
Spending ontology. In most cases such a mapping entry
is not specified, however, and the property URI is by
default generated based on the property name. Proper-
ties with the same name in different datasets not having
a mapping entry that states otherwise are assumed to
represent the same concept and thus given the same
URL.9

Error Handling The OpenSpending API lists 321
datasets with 247 of them having a LinkedSpending
equivalent. The discrepancy is caused by loss in several
stages. In the first step, all datasets are downloaded, in
several parts if necessary, which are then joined. 69 of
the datasets do not contain any observations, however,
and are thus not processed any further. The remaining
252 datasets are then transformed, noting the number
of errors such as missing values for a component prop-
erty. In order to detect faulty datasets and to guaran-
tee high quality data, there is a threshold on the num-
ber of errors. If the error count of the transformation
of a dataset reaches both at least 30 and 10% of all
observation-property pairs yet processed, the transfor-

9Although that has the possibility of mismatches, such a mismatch
has not been spotted yet. Still, evaluating and, if necessary, improving
the automatic matching is part of future work.

https://github.com/AKSW/openspending2rdf
https://github.com/AKSW/openspending2rdf
http://code.google.com/p/json-path/
http://code.google.com/p/json-path/
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mation is aborted, which removes 5 additional datasets,
leaving 247.

Sustainability The data conversion process of new
datasets is started weekly by a chronjob on the server
without interrupting the accessibility of the SPARQL
endpoint and the services building on it.

4. Publishing

LinkedSpending data is published using OntoWiki [5],
which manages several parts of the the Linked Data
Lifecycle [4], such as Storage/ Querying and Search/Brows-
ing/Exploration. The interface for human and ma-
chine consumption of the data is available at http
://linkedspending.aksw.org. Depending on
the actor and the needs, OntoWiki provides various
abilities to gather the published RDF data as described
as follows.

The data can be explored by viewing the properties
of a resource, its values and by following links to other
resources (see Figure 4). Using the SPARQL endpoint10

provided by the underlaying Virtuoso Triple Store11,
actors are able to satisfy complex information needs.

10http://linkedspending.aksw.org/sparql
11http://virtuoso.openlinksw.com

Fig. 4. View of the dataset berlin_de in the OntoWiki

Fig. 5. Facetted browsing in CubeViz by restricting values of dimen-
sions

Faceted search offers a selection of values for certain
properties and thus slice and dice of the dataset accord-
ing to the interests on the fly. Examplarily depicted in
Figure 5 is all Greek police spending in a certain region.
Visualization supports discovery of underlying patterns
and gain of new insights about the data, for example
about the relative proportions of a budget (see Figure 6).
We set up the RDF DataCube Browser CubeViz [15] as
part of the human consumption interface.

Table 3
Technical details of the LinkedSpending dataset

URL http://linkedspending.aksw.org

Version date and number 2013-8-14, 1.0
License PDDL 1.012

SPARQL endpoint http://linkedspending.aksw.org
/sparql

Compressed N-Triples
Dump

http://linkedspending.aksw.org
/extensions/page/page/export/

datahub entry http://datahub.io/dataset
/linkedspending

Licensing All published data is openly licensed under
the PDDL 1.0. in accordance with the open definition13.

5. Overview over the Datasets

LinkedSpending consists of 247 datasets (continu-
ally growing) with more than 2.4 million observations
total. The amount of observations of the individual
datasets varies considerably between two (spendings

12http://opendatacommons.org/licenses/pddl
/1.0/

13http://opendefinition.org/

http://linkedspending.aksw.org
http://linkedspending.aksw.org
http://linkedspending.aksw.org/sparql
http://virtuoso.openlinksw.com
http://linkedspending.aksw.org
http://linkedspending.aksw.org/sparql
http://linkedspending.aksw.org/sparql
http://linkedspending.aksw.org/extensions/page/page/export/
http://linkedspending.aksw.org/extensions/page/page/export/
http://datahub.io/dataset/linkedspending
http://datahub.io/dataset/linkedspending
http://opendatacommons.org/licenses/pddl/1.0/
http://opendatacommons.org/licenses/pddl/1.0/
http://opendefinition.org/
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Fig. 6. CubeViz visualization of the romanian budget of 2013

in Prague of about 5000CZK for an unknown purpose)
and 242 209 (“Spending from ministries under the Dan-
ish government”). Table 4 details the average and total
amount of data in bytes, triples, and observations. Fig-
ure 7 shows the distribution of the numbers of measures,
attributes and dimensions of the datasets. Measures
represent the quantity that an observation describes.
All datasets have at least one measure which is the
amount of money spent or received and for most of
them (217) that is the only one but the maximum is
7 in the dk-corporate-tax-list dataset which
contains measures for different kinds of profits as well
as losses. Attributes give further context to the measure-
ment. The number of attributes is more varied, ranging
from 2 to 26, with all datasets having at least a currency
and a country, and most of them additionally the time
the observations refer to. While the number of dimen-
sions ranges from 014 up to 32, almost all of the datasets
have between 1 and 6 dimensions, the most common
ones being the year and the time the dataset and the
observations refers to, respectively.

Technical details about the datasets are described in
Table 3.

Use of Established Vocabularies: Apart from stan-
dard vocabularies such as RDF, RDFS, OWL and XSD,
the datasets are modelled, first and foremost, accord-

14there is only one dataset with no dimensions which a test dataset
on OpenSpending, as a data cube with no dimensions is not useful
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Fig. 7. Numbers of measures, attributes and dimensions of the
datasets. 217 datasets have exactly one measure (clipped bar).

ing to the RDF Data Cube vocabulary (see Section 2).
LinkedSpending follows the RDF Data Cube recom-
mendation to make heavy use of the model of the Statis-
tical Data and Metadata eXchange (SDMX) initiative15

for measures, attributes and dimensions.The deep struc-
ture of the datasets is very heterogeneous but there are

15http://sdmx.org

http://sdmx.org
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Table 4
Amount-of-data (all values rounded to the nearest integer).

Total Average

number of datasets 247
filesize (RDF/N-Triples) 10 012MB 41MB
triples 49 619 572 200 889

observations 2 404 313 9734

some properties which are commonly specified and thus
modelled with established vocabularies. The year and
date, a dataset and an observation refers to, respectively,
is expressed by sdmx-dimension:refPeriod
and XSD. Currencies are taken from DBpedia [12]
and countries are represented using the vocabulary of
LinkedGeoData [16], which is the main hub for spatial
linked data.

Interlinking: There are two distinct possibilities to
align entities to another vocabulary: 1) to use the enti-
ties of the vocabulary directly and 2) to create an own
RDF resource with interlinks, like owl:sameAs, to
that vocabulary. We generally preferred to use entities
of a vocabularies directly, such as the currencies and
countries, because this is a more elegant and less con-
voluted approach as long as the used vocabularies are
stable and exactly correspond to the required meaning.
While we did not find sameAs link targets on obser-
vation level, i.e. exactly the same statistical observa-
tions described in other datasets, there are many pos-
sibilities for interlinks between datasets or dimension
values and concepts they refer to. Using the labels of
those datasets and dimension values, it is possible, for
example, to link values of the dimension “region” of
a federal budget, and thus indirectly also the observa-
tions which use those values, to the cities in DBpedia
or LinkedGeoData whose labels are contained in the
label of the region value URI.

Example Queries: Table 5 contains example queries
for common use cases. Queries 1–6 are easily possible
with a relational database as well. Query 7 however
demonstrates the benefit of the interlinked nature of
RDF datasets, in this case the interlinking to DBpedia
currencies, by querying over two different graphs.16

Query 8 demonstrates the advantage of having a custom
vocabulary17 for each dataset. An equivalent query us-
ing relational databases would thus be more convoluted.

16parts of DBpedia and LinkedGeoData describing countries and
currencies have been integrated in the SPARQL endpoint. With feder-
ated querying however, nearly the whole LOD cloud can be queried.

17In this case the “Hauptfunktion” and “Oberfunktion” are unique
to the berlin_de dataset

6. Usage Scenarios

Apart from the information needs that can already be
satisfied using the source data, there are usage scenarios
that are easier or only possible with LinkedSpending.

Economic Analysis: LinkedSpending is represented
in Linked Open Data which facilitates data integration.
Currencies and countries from DBpedia and Linked-
GeoData, respectively, are already integrated. This al-
lows queries such as query 7 in Table 5, which asks
for datasets with currencies whose inflation rates are
greater than 10%.

LinkedSpending can also be used to compute eco-
nomic indicators across several datasets. A possible
indicator about the economic situation of a country is
the spending on education per person where the popu-
lation size can be taken from the LinkedGeoData coun-
tries linked from the datasets Such information is of-
ten spread across several datasets, e.g. there is a spe-
cific dataset for Uganda.18. LinkedSpending allows
to serve as a hub for the integration of those datasets
and their provenance information. More datasets can be
integrated with similarity-based interlinking tools such
as LIMES [13]19 and Silk [18].

Finding and Comparing Relevant Datasets:
Government spending amounts are often much

higher than the sums ordinary people are used to deal-
ing with but even for policy makers it is hard to under-
stand, if a certain amount of money spent is too high or
normal. Comparing datasets and finding those which
are similar to another one helps separating common
values from outliers which should be further investi-
gated. For example, if another country has a similar
budget structure but spends way less on healthcare with
a similar health level, it should be investigated, whether
that discrepancy is caused by inherent differences such
as different minimum wages or a different climate or if
it is due to preventable factors such as inefficiencies or
corruption. While OpenSpending provides several hun-
dreds of datasets which can be searched and it allows
browsing and visualization of any single one, it does
not provide a comparison function between datasets.
Because of the mechanism to identify equivalent prop-
erties (see Section 3), SPARQL queries can compare
different datasets, e.g. between similar structures in
different countries. Query 9 in Table 5 shows a simple

18one such dataset is ugandabudget, which contains the
Uganda Budget and Aid to Uganda, 2003–2006

19and its web interface SAIM[9], available at http://saim
.aksw.org

http://saim.aksw.org
http://saim.aksw.org
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Table 5
Examplary SPARQL queries for typical use cases.

information need SPARQL Query

1 list of all datasets s e l e c t ∗ {? d a qb : D a t a S e t }

2 all measures of the dataset
berlin_de

s e l e c t ?m { l s : b e r l i n _ d e qb : s t r u c t u r e ? s . ? s qb : component ? c . ? c qb : measure
?m. }

3 all years which have observa-
tions in the de-bund dataset
from 2020 onwards

s e l e c t d i s t i n c t ? d a t e {? o a qb : O b s e r v a t i o n . ? o qb : d a t a S e t l s : de−bund . ? o
sdmxd : r e f P e r i o d ? d a t e . FILTER ( xsd : d a t e ( ? d a t e ) >= "2020−1−1" ^^ xsd : d a t e )
}

4 spendings of more than 100
billion e

s e l e c t ∗ {? o l s o : amount ? a . ? o dbo : c u r r e n c y d b p e d i a : Euro . FILTER ( xsd : i n t e g e r
( ? a ) >" 1E11 " ^^ xsd : i n t e g e r ) }

5 datasets with multiple years s e l e c t ? d c o u n t ( ? y ) a s ? c o u n t { ? d a qb : D a t a S e t . ? d l s o : r e f Y e a r ? y . } ha v i ng
( c o u n t ( ? y ) >1)

6 sums of amounts for each
reference year of the dataset
berlin_de

s e l e c t ? y ( sum ( xsd : i n t e g e r ( ? amount ) ) a s ?sum )
{? o qb : d a t a S e t l s : b e r l i n _ d e . ? o l s o : r e f Y e a r ? y . ? o l s o : amount ? amount . }

group by ? y

7 datasets with currencies
whose inflation rate is greater
than 10%

s e l e c t d i s t i n c t ? d ? c ? r {? o qb : d a t a S e t ? d . ? o dbo : c u r r e n c y ? c . ? c dbp :
i n f l a t i o n R a t e ? r . f i l t e r ( ? r > 10) }

8 Berlin city subsectors of re-
search and education that
have had their budget re-
duced from 2012 to 2013

s e l e c t ? l ( sum ( xsd : i n t e g e r ( ? amount12 ) ) a s ? sum12 ) ( sum ( xsd : i n t e g e r ( ? amount13
) ) a s ? sum13 )

{
? o qb : d a t a S e t l s : b e r l i n _ d e .
? o l s o : H a u p t f u n k t i o n < h t t p : / / o p e n s p e n d i n g . o rg / b e r l i n _ d e / H a u p t f u n k t i o n / 1 > .
? o l s o : O b e r f u n k t i o n ? o f . ? o f r d f s : l a b e l ? l .
{? o l s o : r e f Y e a r " 2012 " ^^ xsd : gYear . ? o l s o : amount ? amount12 . } UNION
{? o l s o : r e f Y e a r " 2013 " ^^ xsd : gYear . ? o l s o : amount ? amount13 . }

}
group by ? l
ha v i ng ( sum ( xsd : i n t e g e r ( ? amount12 ) ) > sum ( xsd : i n t e g e r ( ? amount13 ) ) )

9 datasets ordered by their
number of properties in com-
mon with 2012_tax (hav-
ing at least one such common
property)

s e l e c t d i s t i n c t ? d c o u n t ( ? c )
{

? d qb : s t r u c t u r e ? s . ? s qb : component ? c .
? s qb : component ? c2 . l s :2012 _ t a x qb : s t r u c t u r e ? s2 .
? s2 qb : component ? c . ? s2 qb : component ? c2 .
FILTER ( ? c !=? c2 AND ? d != l s :2012 _ t a x )

}
order by desc ( c o u n t ( ? c ) )

query to detect datasets which are most similar to any
particular dataset. This is done by calculating the num-
ber of common measures, attributes and dimensions.

7. Related Work

The TWC Data-Gov Corpus [7,8] consists of linked
government data from the Data-gov project. However,
it only contains transactions made in the US and does
not overlap with OpenSpending. The publicspending.gr
project generates and publishes [17] public spending
data from Greece based on the UK payment ontology
and without using statistical data cubes. The UK gov-

ernment expenditure dataset COINS20 is available as
Linked Data21. LOD Around-The-Clock (LATC)22 is
a project, which was funded by the European Union
(EU) and converted European open government data
into RDF. One of its outcomes is the FTS23 [10] project,
which transforms and publishes financial transparency
data of the EU. Furthermore, the Digital Agenda Score-
board [11] is an EU project which keeps track of the
transformation of statistical data to RDF.

20http://data.gov.uk/dataset/coins
21http://openuplabs.tso.co.uk/sparql/gov

-coins, in a beta version
22http://latc-project.eu
23http://ec.europa.eu/budget/fts

http://data.gov.uk/dataset/coins
http://openuplabs.tso.co.uk/sparql/gov-coins
http://openuplabs.tso.co.uk/sparql/gov-coins
http://latc-project.eu
http://ec.europa.eu/budget/fts
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8. Conclusions, Shortcomings, Future Work

As shown in Section 3, we converted several hun-
dreds of financial datasets to RDF and, as shown in
Section 4, we published them as Linked Open Data in
several ways. However, we recognise a few shortcom-
ings and our goal is to enrich the meta data with the
help of domain experts and to refine the structure of the
individual datasets. Furthermore, we plan to improve
the automatic configuration of CubeViz.

Individual Modelling Because the source data is al-
ready structured, the transformation of all the datasets
without the need of text extraction and in an auto-
matic way was feasible. On a deep level however, there
is much unmodelled structure that is unique to each
dataset or at most shared between several of them, for
instance the categorization of spending into several spe-
cific “plans” in German budgets. Because of the amount
of datasets, modelling all details, and thus also improv-
ing the internal and external connectivity, requires ei-
ther a large-scale cooperation or a crowd-driven ap-
proach, which we did not perform yet.

Languages The source data does not contain language
tags and the language of the labels does not always
match the country the data refers to. Automatic lan-
guage detection on single labels did not yield a satis-
fying success rate and it is not possible to increase the
precision of the language detection by combining the
estimates about several different labels of an observa-
tion because their language is not always identical. Sta-
tistical examinations of the relations between labels of
different entities and more complex schemes based on
those examinations, however, could achieve language
detection with a higher success-rate.

Drilldowns Because of the hierarchical organization
of the different coded properties “groups” and “func-
tions”, the visualizations on openspending.org
permit “zooming” (drilldown) in and out of the differ-
ent levels of the data. The RDF Data Cube vocabulary
specifies the use of skos:ConceptSchema or qb
:HierarchicalCodeList but neither variant is
fully implemented yet and it is not clear, which of those
modelling possibilities will win out in the long run and
get better tool support.

Acknowledgements: Special thanks goes to the
people behind the OpenSpending project, including
Friedrich Lindenberg for suggesting the conversion to
RDF.
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