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ABSTRACT
It is widely recognised that the effectiveness of aid can be
improved by providing transparant insight into aid activi-
ties. The International Aid Transparency Initiative (IATI),
a multi-stakeholder initiative that seeks to improve the trans-
parency of aid, has developed an open standard for the pub-
lication of aid information. As of 2013, over 150 donors,
NGOs and governments have registered to the IATI reg-
istry by publishing their aid activities in this XML stan-
dard. Taking the IATI model as an input, we have created
a Linked Data model based on requirements elicitated from
qualitative interviews using an iterative requirements engi-
neering methodology and converted the open data to Linked
Data. In order to show the added benefits of Linked Data,
we have linked the IATI dataset to various other datasets
such as World Bank indicators and DBPedia information.
Finally, we have created several applications which combine
the information from the IATI dataset and the datasets it
was linked to. These applications and the description of
the model can be found on http://iati2lod.appspot.com.
As a result, we have shown that creating Linked Data for
the IATI dataset and linking it to other datasets give new
valuable insights in aid transparency. Based on actual in-
formation needs of IATI users, we were able to show that
linking IATI data adds significant value to the data and is
able to fulfill the needs of IATI users. Our approach and
requirements are reusable for converting an open dataset to
a Linked Data model in general. However, our implementa-
tion is completely customized for the IATI dataset.

Categories and Subject Descriptors
H.3.5 [Information Storage and Retrieval]: Online In-
formation Services - Data sharing; H.3.5 [Information Stor-
age and Retrieval]: Online Information Services - Web-
based services

Keywords
Linked Data, Data Enrichment, Linked Data Applications,
ICT 4 Development, International Aid Transparency Initia-
tive

1. INTRODUCTION
During the 3rd high level forum on Aid Effectiveness, held in
September 2008, the Accra Agenda for Action called for or-
ganisations, varying from governments to NGOs, to disclose
their information on aid activities in a timely and transpar-
ent manner1. It was during this same event that the Interna-
tional Aid Transparency Initiative (IATI) was founded. This
initiative has been working on creating an open standard for
publishing aid activities ever since. The main motto of this
multi-stakeholder initiative can be found on their website2:

“IATI makes information about aid spending eas-
ier to access, use and understand.”

The first organisation to publish aid information in the IATI
standard was the UK Department for International Devel-
opment (DFID) in January 2011 and in November 2012 the
100th organisation was the United Nations Women’s pro-
gramme. Other examples of governments and multilaterals
openly putting their aid information on the web are Sweden,
the United Nations Development Programme, the United
States and the World Bank, while foundations such as Comic
Relief and the William and Flora Hewlett Foundation and
household name NGOs like Oxfam GB and World Vision
UK have also started to publish data on their activities3. In
December 2012, version 1.02 of the IATI standard went live
and as of 2013, over 150 organisations have published their
aid information.

According to the Organisation for Economic Co-operation
and Development (OECD) approximately $500 billion is spent
every year on aid activities4. For this aid money to be spent
as effective as possible, it is crucial to be as transparent as
possible [30]. As a result, increased aid transparency could

1http://siteresources.worldbank.org/
ACCRAEXT/Resources/4700790-1217425866038/
AAA-4-SEPTEMBER-FINAL-16h00.pdf
2http://www.aidtransparency.net/
3http://www.aidtransparency.net/news/
150-organisations-publishing-data-to-iati
4http://stats.oecd.org/Index.aspx?DatasetCode=
TABLE1



lead to more effective planning by partnering donors, a bet-
ter way for monitoring performance, a reduced scope for
corruption and meaningul insights for domestic tax payers
as they can see where their tax money is going.

We believe that creating a Linked Data model based on the
IATI model, linking this model to external datasets and cre-
ating application based on this model can add value to the
existing IATI dataset, thereby increasing the transparency
and efficiency of aid spending. Linked Data is about pub-
lishing structured data on the Web and connecting data
between different data sources, effectively allowing data in
one data source to be linked to data in another data source
[9]. It is the standard for sharing heterogeneous distributed
datasets on the Web and is built upon the Resource De-
scription Framework (RDF) in order to create meaningful
data nodes and relationship between these nodes. Uniform
Resource Identifiers (URIs) are used to identify these nodes
or relationships, making it possible to reuse these URIs in
other datasets.

The added value of modeling the IATI standard as Linked
Data is twofold. First of all, by reusing existing Linked Data
vocabularies it is possible to compare IATI data to other
datasets which use the same vocabularies or to extract in-
formation automatically from the IATI data by making use
of applications which are able to interpret these vocabu-
laries. For example, the Simple Knowledge Organization
System (SKOS) vocabulary can be interpreted by several
Linked Data applications5.

Additionally, linking IATI data to other datasets in the LOD
cloud can be of added value since this allows for a compari-
son between the datasets or the addition of extra metadata
to the IATI data. Examples of datasets that the IATI Linked
Data could be linked to are governmental information, fi-
nancial reports, activity or project data, general country
information or geographical data.

In order to show the added value of modeling the IATI stan-
dard as Linked Data, we focus on three main elements in
this thesis: a Linked Data model based on the IATI model,
linked datasets for the IATI Linked Data model and Linked
Data applications built on top of the model. For creating a
Linked Data model, we focus on setting up the model in a
structured manner in order to create a reproducable process
for converting that IATI data to Linked Data. Furthermore,
since provenance is becoming increasingly more important
on the Web of Data [21], we are interested in the representa-
tion of the provenance within the IATI Linked Data model.
Finally, we research which external vocabularies can be used
for mapping concepts and relations in the IATI Linked Data
model, as is usual for Linked Data models. This results in
the first research question and its subquestions:

1. How can the IATI model best be converted to a Linked
Data model?

(a) How can we create the Linked Data model in a
structured manner?

5http://www.w3.org/2006/07/SWD/SKOS/reference/
20090315/implementation.html

(b) How can we keep track of provenance on the IATI
data?

(c) What standard vocabularies can be reused for en-
riching the Linked Data model?

The second topic of this thesis concerns the external datasets
that will be linked to the IATI Linked Data model. Since
the Web of Data contains many data sources, we look for
relevant datasets that can be linked to the IATI dataset.
Based on user’s needs as elicitated from qualitative inter-
views with experts on the IATI domain, we are interested in
finding relevant datasets and algorithms which are able to
link these datasets to the IATI Linked Data model, resulting
in the following research questions:

2. How can the IATI Linked Data model be enriched with
external datasets?

(a) Based on user’s needs, what external datasets are
relevant to the IATI Linked Data model?

(b) Which algorithms are best suited for linking these
external datasets?

Furthermore, we research Linked Data applications for the
IATI domain. We are especially interested in the added
value of Linked Data applications as opposed to Web appli-
cations built without the use of Linked Data. The specified
user’s needs will serve as an input for these applications as
we aim to fulfill these user’s needs with the applications.
Also, we look at the design choices made in the IATI Linked
Data model and find out what their impact on the final ap-
plications is. The research questions belonging to this topic
are:

3. How can a Linked Data application show the added
value of linking the IATI data to external datasets?

(a) What is the added value of the linked datasets
within the Linked Data application as apposed to
an application without Linked Data?

(b) What is the impact of the design choices made on
the IATI Linked Data model for the Linked Data
application?

As the final part of this thesis, we discuss the generaliza-
tion possibilities of the approach and methodologies as well
as the implementation of the IATI Linked Data conversion.
The main aim is to find out what parts of this thesis can
be reused for creating a Linked Data model from an open
dataset in general and similarly for creating links to other
datasets and creating Linked Data applications. This cre-
ates the following research questions:

4. How can the results of this thesis be generalized for
converting open datasets to Linked Data?

(a) To what extent is it possible to generalize the ap-
proach and methodology of converting the IATI
model to Linked Data?



(b) To what extent is it possible to generalize the
implementation of converting the IATI model to
Linked Data?

The remaining part of this thesis is divided up as follows:
in Section 2 we elaborate on the background and related
work of this thesis, followed by the requirements of the IATI
model and IATI user’s needs in Section 3. Furthermore, all
parts of this thesis are described in their own section: the
IATI Linked Data model in Section 4, the linked datasets
in Section 5, the Linked Data applications in Section 6 and
we elaborate on the generalization of this thesis in Section
7. Finally, the thesis is concluded in Section 8.

2. BACKGROUND AND RELATED WORK
In this section we explain the background and related work
for the topics of this thesis. It consists of four parts: the
IATI model in Section 2.1, Linked Data in Section 2.2, link-
ing datasets in Section 2.3 and Linked Data applications in
Section 2.4.

2.1 IATI model
In order to understand the conversion process of the IATI
model to a Linked Data model as described in Section 4,
we must first explain the contents of the IATI model itself.
The IATI model allows for publishing information about aid
spending and can be divided up into three parts: activities,
organisations and codelists. The main focus of the model
and the part which contains the most data is the activity
model. For each individual aid activity, a reporting organi-
sation is able to specify who is involved in the activity, what
the aims of the activity are, the financial details of the ac-
tivity and more. A complete description of the IATI activity
model is shown in Section 2.1.1.

The organisation part of the IATI model contains only a
fraction of the data as compared to the activity data and is
used to describe an organisation such as a donor, foundation,
agency or NGO. More details on the organisation model are
specified in Section 2.1.2. The third part of the IATI stan-
dard, codelists, is key to making IATI activity and organ-
isation data from different publishers comparable. Codes
are used to represent many standard values within an IATI
file. For example, codes exist for organisation types, such
as “Government” or “National NGO”, and for sectors, such
as “Agricultural services” or “Oil and gas”. A description of
the codelists is specified in 2.1.3. Finally, we describe the
metadata and provenance of the IATI files in Section 2.1.4.

2.1.1 Activities
As was briefly described above, activity files contain data
on individual aid activities. However, one XML file can
contain multiple activities, each activity indicated by the
<iati-activity> element. In Appendix A.1 a full example
of an IATI activity element is shown. In this section, we
elaborate on several elements of the example in order to
give an overview of the different types of elements within
the IATI activity files.

The top node for each IATI activity, <iati-activity>, not
only indicates the start of an activity, but also defines some
metadata on the file, as well as several default values. As

can be seen in the XML snippet below, metadata is specified
through the @last-updated-datetime, @hierarchy, @version
and @linked-data-uri attributes. Instead of providing infor-
mation on the actual activity, these attributes show when
this file was last updated, whether it is part of another ac-
tivity through the @hierarchy attribute, what version of the
IATI standard is used and whether the activity has a Linked
Data URI.

<iati-activity hierarchy="1" xml:lang="en" default-

currency="GBP" last-updated-datetime=

"2013-01-23T00:00:00" version="1.02"

linked-data-uri="http://ld.cafod.[..]">

Also, the default language and currency are introduced which
are assumed to be used in the remaining part of the XML
file. Most elements allow for a differentiation from these
defaults by explicitly specifying an @xml:lang for example.
However, if such an attribute is not specified, it is assumed
that the values of these default language or currency at-
tributes is used.

Another important element is the <iati-identifier> element,
which uniquely identifies this activity. We use the value of
this element in the activity URIs of our Linked Data model
to uniquely identify an activity, as can be seen in Section 4.2.
Furthermore, most elements have a reference to either the
codelist or organisation models. As can be seen from the
XML snippet below, the <reporting-org> element, which
indicates the organisation that reports on the activity, has
a reference to the organisation model through the @ref at-
tribute. Also, the @type attribute indicates the organisation
type, which refers to one of the codelists.

<reporting-org ref="GB-CHC-285776" type="21">

CAFOD

</reporting-org>

An interesting point to notice in the above snippet is the free
text value of the element, in which a name for the organisa-
tion can be specified. However, this makes conflicting infor-
mation within one element possible, because an organisation
can be specified through its reference and name. This occurs
often in the IATI model, for instance also in the <recipient-
country> element where the @code attribute refers to the
country codelist, but the name of the country can also be
specified in the text value of the element. In Section 4.2, we
show how these elements are processed in the IATI Linked
Data model.

Most of the activity model consists either of elements that
refer to codelists or organisations, or elements that denote
a literal value such as a title or description. However, some
elements, such as the <conditions> and <result> elements,
do not refer to any codelist but represent information that
is hard to be compared across IATI files. The <result>
element, for instance, represents the results of the activity
through indicators. However, these indicators are not stan-
dardized as codelists and are therefore likely to differentiate
between various reporting organisations. It is also interest-
ing to see that these elements are not often used, whereas the



elements containing references to codelists or organisations
are. A count of various elements and the @linked-data-uri
attribute, as gathered from all IATI activity files on July 1st,
2013, sorted by their number of occurrences, can be found
in Table 1.

Element Count
<transaction> 685,271

<policy-marker> 384,636
<sector> 291,365

<iati-activity> 233,193
<recipient-country> 187,142

<budget> 99,031
<planned-disbursement> 49,575

<recipient-region> 44,824
<condition> 15,133
<result> 11,383

<location> 6,854
<coordinates> 2,552

<gazetteer-entry> 1,200
<indicator> 0

@linked-data-uri 0

Table 1: Count of the main elements and the
@linked-data-uri attribute, as gathered from all
IATI activity files on July 1st, 2013, sorted by their
number of occurrences

As can be seen from the table, a total of 233,193 activities
have been specified as of July 1st, 2013, and the most com-
monly used elements are <transaction>, <policy-marker>
and <sector>. Even more so, from the table can be seen
that these elements are often specified multiple times within
an <iati-activity> element.

How the elements and attributes of the activity model are
converted to the IATI Linked Data model and the design
choices that were made in this process is further described
in Section 4. First, In the following sections, we describe
the remaining parts of the IATI model, starting with the
organisation model.

2.1.2 Organisations
Similarly to activity files, the XML files describing organ-
isations are able to contain multiple organisations in one
file. Each individual organisation is specified according to
an <iati-organisation> element. The number of elements
contained by the organisation model is less than the activ-
ity model and the model contains several elements for spec-
ifying the budgets that an organisation has allocated. An
example XML file specifying the “Department for Interna-
tional Development” organisation can be found in Appendix
A.2.

The organisation model, just like the activity model, con-
tains metadata on the XML file within the <iati-organisa-
tion> element through the @last-updated-datetime attribute.
However, in comparison to the activity model, no @version
or @linked-data-uri attributes can be specified. Further-
more, most elements are similar to the activity model, such
as the <iati-identifier> and <name> elements, respectively
corresponding to the <iati-identifier> and <title> elements
in the activity model.

The organisation model has three elements for the specifica-
tion of budgets. The total budget for a certain period can
be specified, as well as a breakdown per country or organ-
isation in the <total-budget>, <recipient-country-budget>
and <recipient-org-budget> elements. Below, an example
XML snippet of the <recipient-country-budget> is shown,
in which a budget for Afghanistan for the financial year
2012/13 is specified.

<recipient-country-budget>

<recipient-country code="AF">

Afghanistan

</recipient-country>

<period-start iso-date="2012-04-01">

Start of Financial Year 2012/13

</period-start>

<period-end iso-date="2013-03-31">

End of Financial Year 2012/13

</period-end>

<value currency="GBP" value-date=

"2012-04-01">

180445000

</value>

</recipient-country-budget>

As stated above, the number of entries in the organisation
model is significantly less than the number of entries in the
activity model. In Table 2 the exact number of elements
is shown. As can be seen from this table, a total of 3,525
organisations have been specified according to the IATI or-
ganisation model and the elements that are most frequently
used are <document-link> and <reporting-org>. Some el-
ements are rarely used, such as the <total-budget> element
which is specified only 19 times.

Interesting to note is that a number of XML files has not
been specified according to the IATI specifications. In total,
14 XML files had specified their organisation according to an
<organisation> element, instead of an <iati-organisation>
element. In addition, three XML files could not be parsed
since the XML was not valid and one file contained activity
information instead of specifying an organisation.

Element Count
<document-link> 3,957
<reporting-org> 3,597

<iati-organisation> 3,525
<recipient-country-budget> 714
<recipient-org-budget> 112

<total-budget> 19

Table 2: Count of the main elements as gathered
from all IATI organisation files on July 1st, 2013,
sorted by their number of occurrences

The conversion process of these organisation XML files to
the IATI Linked Data model is further described in Section
4. We continue to describe the last part of the IATI model,
the codelists, in the next section.



2.1.3 Codelists
The codelists can be seen as an IATI thesaurus, allowing the
IATI users to specify standardized elements within their ac-
tivity or organisation files and making it possible to compare
these elements throughout the complete IATI datamodel.
In total, 35 codelists are specified in the IATI model, as is
shown on the IATI codelists website6. An example of the
XML file for the “Aid Type” codelist is shown in Appendix
A.3.

In general, the following elements are attributed to a codelist:
<code>, <name>, <description>, <language>, <catego-
ry>, <category-name>, <category-description> and <ab-
breviation>. However, most codelists are not categorised
and therefore only consist of a code, name and sometimes a
description.

When looking at the activity and organisation models, we
see that the codelists are always referenced by their codes,
usually through a @code or @ref attribute within an element.
However, as was stated in Section 2.1.1, most elements allow
for a name to be specified as a text value of the element in
addition to the codelist code. Since providing a name as a
text value in these elements is often optional whereas the
codes are required, these names in the IATI activity and
organisation models are disregarded and we assume that the
specified codes are the values which are to be matched to the
codelists.

A complete overview of the number of codelists and their
categories is found in Table 3, showing that the IATI codelist
model contains a total of 1,490 codes. Most of these codes
originate from the organisation codelist, which specifies most
organisations within the IATI model by their own code.

Element Count
<code> 1,490

<abbreviation> 415
<description> 272
<category> 269

<category-description> 127
<codelist> 35

Table 3: Count of the main elements of the IATI
codelists

This standardizes setup of defining codes within the IATI
model allows us to reuse these codes in our Linked Data
model and represent it as a thesaurus, as is described in
Section 4. In the next section, we describe the metadata of
the IATI files.

2.1.4 Metadata
Metadata on the IATI activity and organisation files is not
mentioned on the IATI website and therefore we were sur-
prised to find additional information when looking up the
XML files. Besides the sparsely available metadata from
the IATI files themselves, such as the @version and @last-
updated-datetime attributes within the <iati-activity> and
<iati-organisation> elements, a number of elements is pro-

6http://iatistandard.org/codelists/all-codelists/

vided through the IATI API7. Through this API, a JSON
file can be looked up, of which an example is shown in Ap-
pendix A.4.

All of the data as shown in the example JSON file is standard
and provided for each XML file that is looked up through
the use of this API. Since no description is given for the
fields within this file on the IATI website, we interpreted the
results of this file ourselves. Some interesting fields present
in these JSON files are:

maintainer The maintainer of the IATI file. Not often
specified, but it does provide extra information on the
persons working on the IATI file.

author Similar to the maintainer element, this element pro-
vides extra information on the actual author of the
IATI file.

download url The download URL which shows the actual
XML file of an activity or organisation.

isopen A boolean whether the data is published under an
open license. In our Linked Data conversion, files that
are labeled as ‘false’ within this element are disre-
garded.

data updated The date and time on which the data was
last updated.

Based on these files, the provenance model within our Linked
Data model is constructed, combined with the information
from the IATI files themselves. The design choices and mo-
tivation for creating the provenance model are described in
Section 4. In the next section, we give a background on
Linked Data and related work that has been done on Linked
Data models for IATI.

2.2 Linked Data Model
Linked Data is about employing the Resource Description
Framework (RDF) and the HyperText Transfer Protocol
(HTTP) to publish structured data on the Web and to con-
nect data between different data sources, effectively allowing
data in one data source to be linked to data in another data
source [9]. It is now almost universally acknowledged that
stitching together the world’s structured information and
knowledge to answer semantically rich queries is one of the
key challenges of computer science, and one that is likely to
have tremendous impact on the world as a whole [1].

The origin of the Web of Data or Semantic Web, sometimes
also called Web 3.0 [24], lies in the concept of the Semantic
Network Model, as introduced in the early sixties by several
researchers who worked on a form to represent semantically
structured knowledge [11, 12, 31]. Inspired by this research
and the possibilities of the World Wide Web, the idea of ‘the
Semantic Web’ [5], as Tim Berners-Lee named it, arose. He
defined it as “a web of data that can be processed directly
and indirectly by machines.”

In order to be processed by machines, certain standards are
needed. As can be seen in Figure 1, the Semantic Web
7http://iatiregistry.org/registry-api



Figure 1: The Semantic Web stack [26]

has a stack for showing the technologies which are used for
building it up. Starting from the bottom, the URIs and
characters sets make for the unique identification of a con-
cept. The syntax, which can be specified in XML but other
formats exist, on top of these concepts provide the struc-
ture of content within documents, without actually supply-
ing the semantics. Then comes the Resource Description
Framework (RDF), which is the fundamental standard for
Semantic Web technologies and provides a data model that
supports fast integration of data sources by bridging seman-
tic differences [15].

On top of the RDF layer, we can see two layers: SPARQL
and RDFS. The latter stands for RDF Schema, which ex-
tends RDF in a vocabulary with semantics for hierarchies of
such properties and classes of RDF-based resources. SPAR-
QL, on the other hand, is a query language, which can be
described as the SQL language for the Semantic Web. An
example code snippet of the SPARQL language in which all
capitals and countries in Africa are queried from an example
dataset can be found below.

PREFIX abc: <http://example.com/exampleOntology#>

SELECT ?capital ?country

WHERE {

?x abc:cityname ?capital ;

abc:isCapitalOf ?y .

?y abc:countryname ?country ;

abc:isInContinent abc:Africa .

}

Stacked directly above the RDFS layer is the OWL language,
which is meant to describe properties and classes within on-
tologies. This language makes it possible to define cardi-
nality, equality and other characteristics of properties and
classes within an ontology. The remainder of the Semantic
Web stack is still in ongoing development, such as the Rule
Interchange Format (RIF), or simply not realized as of yet,
such as the unifying logic, proof and trust layers.

In the last few years, the Semantic Web has been growing
enormously [7]. This can probably best be viewed by taking

Figure 2: Linking Open Data cloud diagram, by
Richard Cyganiak and Anja Jentzsch [13]

a look at the LOD cloud, as shown in Figure 2. The contents
of this figure were created in September 2011 and by then
the cloud consisted of 295 datasets and more than 31 billion
RDF triples. Most of these triples are in the governmental
or geographical domain, but there’s also a lot of information
about media and (scientific) publications [13].

However, most data on the World Wide Web has not been
converted to RDF in order to fit into the LOD cloud. Even
the organisations or governments that do publish their data
online, often do not publish their data in the correct format
(RDF). Therefore, Tim Berners-Lee has set up his 5 star
Open Data plan8, in order to encourage people – especially
government data owners – along the road to good linked
data. This allows for the data to be reused, to be combined
with other datasets and discover more related data. The
plan consists of these five stars:

1 star Make your stuff available on the Web (whatever for-
mat) under an open license.

2 stars Make it available as structured data (e.g., Excel
instead of image scan of a table).

3 stars Use non-proprietary formats (e.g., CSV instead of
Excel).

4 stars Use URIs to denote things, so that people can point
at your stuff.

5 stars Link your data to other data to provide context.

Governmental or organisational open data is usually not
published as 5 star data, but rather as CSV or another non-
proprietary format. The same can be said about IATI data,
which is currently published in XML and can be retrieved
in both XML and JSON formats from the IATI registry9.
This allows anyone to reuse the available open data, but it
does not allow for linking the IATI data to external datasets
in the Linked Open Data (LOD) cloud. Therefore, we will
show the potential of non-5 star datasets by converting the
IATI data to 5 star Linked Data.

8http://5stardata.info/
9http://iatiregistry.org/



Related work on this topic is mostly focused on transforming
open governmental data to Linked Data. Particularly the
http://data.gov and http://data.gov.uk websites, respec-
tively originating from the United States and the United
Kingdom, have been working on creating a Linked Data por-
tal for the governmental data of their country. The efforts
and pitfalls that have been encountered while working on
http://data.gov.uk have been documented in [33]. The
main worries as posed by Shadbolt in this article are the
confidentiality of the data, the interpretation of data, the
quality of information and lost value of information through
the conversion process.

Even though these worries are mainly focused on the gov-
ernmental domain, they are relevant for our domain as well.
Confidentiality of the data is partly disregarded since the
IATI data is distributed under an open license and therefore
we assume all data is available for reuse. Interpretation of
the data, however, is a main concern that remains intact for
our dataset. Anyone can create an application based on the
IATI Linked Data model, but the way these applications are
interpreted is completely up to the users of the application.

Furthermore, the quality of the information provided in the
IATI activity or organisation files is another point of worry.
As we have already seen while looking at the organisation
files, some organisations have been specified according to an
<organisation> element, instead of an <iati-organisation>
element. Diverting from the standard makes the conversion
process significantly harder. Also, the IATI standard allows
for specifying contradictory information. One could, for ex-
ample, state that the <recipient-country> of an activity is
Afghanistan, but on the other hand specify a location in a
different country within the <location> element of the ac-
tivity.

Finally, losing information through the conversion process
of the XML files to Linked Data is a main concern of ours
as well. Since the information as specified IATI Linked Data
model should not have a gap when compared to the corre-
sponding XML files, information loss should be prevented.
Creating a gap between the two models might cause IATI
users to distrust the IATI Linked Data model, which could
result in the dismissal of the model itself.

Other Linked Data based projects contain GovTrack5510, a
civic project that collects data about the U.S. Congress and
republishes the data in XML and as Linked Data. Also, a
project by Goodwin et al. [20] used linked geographical data
to enhance spatial queries on the administrative geographic
entities in Great Britain. Another project that publishes
Linked Data and provides open source tools for participating
in collaborative Linked Data production is the TWC LOGD
Portal [18].

Moreover, related work on converting IATI data to Linked
Data can be viewed at the Linked Data wiki page of the
IATI standard11. The site provides an initial workflow for
converting IATI data into Linked Data and upload the data
to a triple store as a prototype. However, the XSLT script

10http://www.govtrack.us
11http://wiki.iatistandard.org/tools/linked_data/
start

for converting the IATI data considers only a subset of the
elements within the IATI files, whereas it would be prefer-
able to convert all available elements, and does not provide a
robust solution for converting the IATI data to Linked Data.

From this background and related work we take into account
the worries of converting an open dataset to Linked Data in
the process of converting the IATI data to Linked Data, as
shown in the descriptions of the requirements in Section 3.1.
In the following section we explain the background on the
linking of the external datasets to the IATI dataset, as well
as related work that has been conducted in this field.

2.3 Linking Datasets
The core concept behind Linked Data is to integrate differ-
ent datasets into a single interconnected Linked Open Data
(LOD) cloud [3]. Just like ordinary websites are generally
considered to have links to external material, Linked Data
is too. The value of the data can be extended by the data
it links to, inherently adding value to the original dataset.
A short and simple example, in the Turtle syntax, which il-
lustrates this fact is to state that PersonX from my datasets
knows PersonY in another dataset:

PREFIX myDataset: <http://mydataset.com/#>

PREFIX otherDataset: <http://otherdataset.com/#>

PREFIX foaf: <http://xmlns.com/foaf/spec/#term_>

myDataset:personX foaf:knows otherDataset:PersonY .

In this small example it can be seen that these two datasets
are now connected, where the information belonging to Per-
sonX, for example the name and email address, could reside
in my dataset. The information belonging to PersonY could
be provided by the other dataset. Also, the example shows
that a third dataset, the FOAF vocabulary12, can be used
to standardize often used relations or concepts by means of
a standard URI from that dataset. In theory we could now
look up and make a graph of people knowing other people
by making use of this standard FOAF property.

Even though the number of interconnected datasets and
links between the datasets is constantly growing, it still only
comprises a small fraction of the number of links that could
in theory be set [32]. For finding the links that could possi-
bly be of relevance to a dataset, often (semi-)automated link
generation approaches are used. Depending on the domain,
techniques for generating links can vary. Some domains have
commonly used standards, such as ISBN or ISSN numbers
in the publication domain, making linking the concepts in
various datasets straightforward by using the same identi-
fication schemas. Other datasets, without a standardized
identification schema, usually use the similarity of entities
within both datasets to generate their links [8].

For generating relevant links, several link generation frame-
works are available. One of these frameworks is Silk [27,
35] which has its own flexible configuration language, the
Silk Link Specification Language (Silk-LSL), to specify the
conditions concepts or relations must fulfill in order to be

12http://xmlns.com/foaf/spec/



interlinked. Links are generated by making use of similarity
values for each URI pair and a threshold which determines
whether the pair should be linked. Similarly to Silk-LSL,
LinQL [22] is a link generation language, which is an exten-
sion of the SQL language combining query and link discov-
ery methods. This is done by identifying the local data that
must be linked in combination with the external data that
should be looked for and a variety of linking methods such
as similarity, hyponym and synonym functions.

The problem we address regarding the IATI data is to re-
search which external datasets are relevant to the IATI data-
set and which algorithms are best suited for linking these
datasets to the IATI dataset. As described in Section 2.1.3,
the IATI model consists of a number of codelists which con-
tain standardized items such as ISO codes for countries and
standard codes for currencies. Some of these codelists can be
modeled directly to existing datasets, whereas we might be
able to match others by making use of similarity functions.

Related work on generating links again mostly focuses on
Government Linked Data (GLD). Especially the efforts of
linking the datasets of the http://data.gov website are
documented well by Ding et al. [16]. Besides using stan-
dard vocabularies such as FOAF and Dublin Core (DC)13

in their datasets, they have been linked to other datasets in
the LOD cloud. A semi-automated approach and Semantic
MediaWiki14 were used in order to create links to DBPedia
and Geonames for example.

As for related work on IATI Linked Data, not much work
had been done, since only a prototype of the Linked Data
model was available so far. However, in this prototype
links were explored between R4D publication records and
the DFID projects that fund them [14].

In our thesis we did not use any of the advanced linking tech-
niques such as the Silk framework or the LinQL link genera-
tion language. Instead, we created our own algorithms using
simple requests to webservices and SPARQL queries to ex-
ternal triple stores for matching the codelists of the IATI
Linked Data model directly to the external datasets. The
datasets that are matched to the IATI Linked Data model
and the algorithms that are used in the matching process
are described in Section 5. In the next section we describe
the background of Linked Data applications and the related
work relevant to the IATI model.

2.4 Linked Data Applications
The data contained by the LOD cloud keeps growing with
publishing Linked Data becoming increasingly more popu-
lar. However, in order for the data to become relevant for the
general public, applications will have to be developed to give
a clear insight into the Linked Data. At present the efforts
of creating Linked Data applications can be broadly clas-
sified into three categories: Linked Data browsers, Linked
Data search engines and domain-specific Linked Data appli-
cations [8].

Browsers for Linked Data are, just like traditional web brow-

13http://dublincore.org
14http://semantic-mediawiki.org

sers, meant to navigate between RDF datasets. They allow
for users to traverse between different datasets by means
of their URIs. On DBPedia, for example, the user can
visit the page of The Netherlands15 which displays all in-
formation DBPedia has about The Netherlands. Through
an owl:sameAs property, a link to other datasets containing
information about this country is created, such as the NY
Times dataset16 or information that resides on Freebase17.
Currently existing Linked Data browsers include the Tab-
ulator [4, 6], which allows users to expose pieces of data
in a controlled way, discover a pattern of interest from the
data and look for similar patterns in the LOD cloud, and
FOAFnaut, a browser based on the FOAF vocabulary18.

Linked Data search engines also perform similarly to con-
ventional search engines on the Web, as they are keyword-
based and oriented on human users. Traditional Linked
Data search engines such as Falcons [10] and SWSE [25]
indeed let the user mimic the very simple query capabili-
ties of conventional Web search engines. However, with the
introduction of the Google Knowledge Graph [19] and Face-
book Graph Search [34], more complex methods of search-
ing within graphs like the LOD cloud have been introduced.
These graph search engines make it possible to form queries
that go beyond merely keywords, providing the user the ca-
pability to ask questions like: ‘Find all people living in Am-
sterdam under 30 that have an interest in Artificial Intel-
ligence,’ thereby showing the potential the LOD cloud and
other graph databases have to offer.

Finally, domain-specific Linked Data applications provide a
way for developers to dive deeper into a certain domain by
gathering information from different datasets and merging
it into one application. Two examples of these applications
are DBPedia Mobile [2], which combines the information
from DBPedia and the GPS location of a mobile phone to
show interesting spots nearby, and BBC Music [28], which
combines information from their multiple channels and pro-
grammes to provide the user with related content on their
website19. More relevant to our research are the GLD appli-
cations, such as the Supreme Court Justices Decision Mak-
ing application20, which visualizes voting histories combined
with personal backgrounds from judges gathered from DB-
Pedia [17].

Related work concerning IATI applications is found in the
form of general applications that provide visualizations or
overviews of the IATI data itself, without linking to exter-
nal datasets. We have compiled a list of currently available
applications based on IATI data:

Aid Transparency Tracker The Aid Transparency Trac-
ker allows all aid donors’ schedules to be put together
into a single application. This enables an assessment of
their overall ambition; to compare fields across sched-

15http://dbpedia.org/page/Netherlands
16http://data.nytimes.com/N9126831021305207931
17http://www.freebase.com/m/059j2
18http://www.jibbering.com/foaf/
19http://www.bbc.co.uk/music
20http://data-gov.tw.rpi.edu/demo/stable/
supremeCourt/demo-10016-portal.html



ules; to show the publication of fields over time from
different donors, and provides CSV, JSON/JSONP and
iCal feeds for each donor. Available at http://tracker.
publishwhatyoufund.org/.

AidView AidView is a prototype demonstrating how de-
tailed and timely data on aid activities shared through
IATI can be made accessible to a wide range of people
through tablets and modern Web browsers. Available
at http://www.aidview.net/.

Akvo Openaid Similarly to AidView, Akvo Openaid pro-
vides the possibility to explore the IATI data and filter
on results or a range of indicators, such as publishers,
budgets, countries, regions and sectors. Available at
http://openaidsearch.org/.

Development Tracker This site provides a window on Bri-
tish aid spending, presenting users with detailed infor-
mation on international development projects funded
by the UK government. It draws on data published by
DFID, other UK government departments, and some
of DFID’s delivery partners (NGOs that receive and
spend UK aid funds). Available at http://devtracker.
dfid.gov.uk/.

IATI Explorer The IATI Explorer allows the user to se-
lect aid activities published to the IATI Registry and
then further filter and browse the data through an
interactive interface. It is possible to access a sum-
mary and full-view of each activity, and get the un-
derlying data as XML, JSON or CSV. Available at
http://iatiexplorer.org/.

International Aid Transparency Initiative Data This
application, by Aidan Berentsen, makes it possible to
filter available data by country, sector or donor, and
to explore what is contained in the data over time.
It won the Data Visualisation Competition by Google
and Guardian21. Available at http://iatid.com/.

The problem we address in this thesis is to show that a
Linked Data application for IATI data provides additional
value to the existing applications. Examples of such a Linked
Data application are to show additional geographical data,
metadata from DBPedia, World Bank indicators, govern-
mental data from http://data.gov or http://data.gov.

uk, or additional data of activities within an application.
The domain-specific applications that we have created based
on the IATI Linked Data model and the datasets linked to
the model are described in Section 6.

In the next sections, we first explain the requirements and
user’s needs which served as input for the creation of the
Linked Data model, the linking of external datasets and the
Linked Data application. After these specifications, we dis-
cuss each of these elements in more detail.

3. REQUIREMENTS
Creating a Linked Data model for the IATI model, select-
ing relevant datasets to link to the IATI Linked Data model

21http://www.guardian.co.uk/data/series/
google-data-visualisation-competition

and developing Linked Data applications all require exten-
sive domain knowledge of the IATI standard and the needs
of the IATI users. We have therefore decided to adopt a
requirements engineering approach in which we take qual-
itative interviews for extracting domain knowledge from a
user domain expert. The iterative requirements engineering
approach we have employed is based on the one described
by Loucopoulos and Karakostas [29], as shown in Figure 3.

Figure 3: Iterative Requirements Engineering Pro-
cess Model by Loucopoulos and Karakostas [29]

Starting out with the problem domain, the IATI standard22,
we first selected to interview the IATI user experts of the
OIPA framework23, which provides an API for the IATI
datasets, to gain an initial overview of the IATI model. The
goal of this meeting was to retrieve user’s needs and techni-
cal requirements from these domain experts. Furthermore,
we opted to have another meeting with a member of the
IATI working group in order to collect more qualitative in-
formation about IATI and refine the previously gathered
user’s needs and technical requirements. In the following
sections, we explain the requirements and user’s needs that
were elictated from these interviews.

3.1 Model Requirements
The requirements of the model are a combination of re-
quirements elicitated from the interviews with the IATI ex-
perts and general design principles related to the creation
of Linked Data models. A general design principle that we
adhere to is that all data from the IATI XML files should be
preserved and converted to RDF, even when non-IATI ele-
ments are used. As mentioned in Section 2.2, information
loss from a conversion to the RDF format causing a gap be-
tween the information that was specified by the publisher
and the information in the Linked Data model could make
the publishers mistrust the Linked Data model. Therefore
we decided that all elements, even when an element is not
specified as a standard IATI element, should be taken into
account when converting an IATI XML to RDF. Unfortu-
nately it is sometimes not possible to convert an element
since required fields are missing. In these cases, the element
is ignored.

22http://iatistandard.org/
23http://oipa.openaidsearch.org/



A key point as elicitated from the interviews is that the
structure of the IATI URIs, as used in the Linked Data
model, should be similar to the IATI model itself. By do-
ing so, the IATI Linked Data model is instantly recogniz-
able for the IATI users and consistent with the IATI model.
The same holds for the names of the elements and attributes
used in the IATI model and IATI Linked Data model. These
should be kept similar in order to keep both models consis-
tent.

In order to create a structured process for converting all
information of the IATI files, we start out by stating that
a new named node is created for every underlying element
of an IATI XML element, which has a relation to this up-
per element. For attributes and text values of an element
a relation is created to the element itself, with the values
of the attribute or text modeled as literals. This will keep
the structure of the IATI files similar to the Linked Data
model. However, there is an exception to this requirement:
if the underlying element only consists of a text value or
just one attribute, no extra node is needed and therefore a
direct relationship between the text value or attribute of the
underlying element and the upper element is created, mod-
eling these values as literals. This results in the following
specification for the first requirement:

1. Underlying elements of an XML element are modeled
as a new named node and a relation is created from the
upper element to the underlying element. Attributes
and text values of an element are modeled as literals
with a direct relation to the element itself.

(a) Exception: When an underlying element only
contains a text value or just one attribute, this
value or attribute of the underlying element is
modeled as a literal and directly related to the
upper element.

This requirement has two other exceptions, which are spe-
cific to the IATI model. First of all, identifiers are often
specified in as a @ref or @code attribute of an element. In
order to create unique URIs for each element, identifiers are
appended to the URI of its element. Also, when a IATI
codelist is specified, the URI specific to that codelist is used
instead of modeling the value as a literal. This allows for a
general approach to modeling codelist URIs.

Furthermore, in order to stick to the same structure as the
IATI model, the relationship between an underlying element
and its upper element is in the form of ‘upper-element’-
‘underlying-element’. The relationship between an element
and its attributes is in this form: ‘element’-‘attribute’ and
the text values of an element are related to their element
through the rdfs:label property. This is the second require-
ment:

2. The relationship between an element and an under-
lying element or attribute is in the form of ‘upper-
element’-‘underlying-element’ or ‘element’-‘attribute’.
Text values of an element are related to their element
through the rdfs:label property.

In order to illustrate the first two requirements, let’s take a
look at this small snippet of IATI XML:

<iati-activity>

<iati-identifier>

GB-CHC-285776-CHA024

</iati-identifier>

<transaction ref="42737">

<tied-status code="5"/>

<value value-date="2010-10-01">700000</value>

</transaction>

</iati-activity>

In this example an activity identifier is specified in the <iati-
identifier> element, which is used to identify all URIs con-
cerning this activity. Since this element only contains a text
value, the element will be directly linked to its upper node
(requirement 1a). However, since it also the identifier which
uniquely identifies the activity, it is also appended to the
URI of the activity. This creates the following URI for the
activity:

iati:activity/GB-CHC-285776-CHA024 2425

Also, a transaction of the activity – containing a reference
number for the transaction – is specified as an underlying
element of the activity. This creation a relationship between
the activity element and its underlying transaction element
through an iati:activity-transaction property (requirement
2). Thus a first triple that can be extracted from the XML
snippet is:

iati:activity/GB-CHC-285776-CHA024
iati:activity-transaction
iati:activity/GB-CHC-285776-CHA024/transaction/
42737 .

Furthermore, when looking at the underlying elements of
the <transaction> elements, the <tied-status> element is
specified with a @code attribute. Since this element only
has one attribute, we can directly link the element to the
<transaction> element (requirement 1a). The @code at-
tribute is a reference to the “Tied Status” codelist, which
has the general form of iati:codelist/TiedStatus/[code]. This
creates the following triple:

iati:activity/GB-CHC-285776-CHA024/transaction/
42737
iati:transaction-tied-status
iati:codelist/TiedStatus/5 .

In addition to requirements 1 and 2, several other require-
ments complete our list. First of all, each node has a rdf:type

24The namespace ‘iati:’ will be used in this document. In
practice, we have used the http://purl.org/collections/
iati/ as a namespace for the Linked Data model

25In this case, ‘iati-’ is stripped from the element



property to denote the type of the node. This requirement
does not originate from the interviews, but we found it use-
ful during the creation of SPARQL queries. Another re-
quirement is to disallow blank nodes in the model, since
it is impossible to set external RDF links to a blank node,
and merging data from different sources becomes much more
difficult when blank nodes are used [23]. Furthermore, up-
dating triples in a triple store becomes harder when not
all nodes are named and the experts on the IATI technical
group advised us not to use blank nodes. Instead, when a
URI cannot be given a unique identifier or reference, a hash
is used in the URI. This hash will be based on underlying
elements or attributes of the element. It varies per element
which underlying elements or attributes the hash is based
on. However, the required parts of an element are always
required for the hash as well and if these are missing, the
element is disregarded.

At the same time, we have tried to keep the number of nodes
(e.g. a seperate URI for a transaction is considered a node)
to a minimum in order to keep the number of triples as low
as possible. The rationale behind reducing the number of
nodes is to keep the model simple and prevent the creation
of unnecessary nodes in the model. Reducing the number of
nodes will also reduce the number of clauses within SPARQL
queries performed on the IATI Linked Data model. In com-
bination with the first two requirements, this has led to a
number of design choices during the process. These remain-
ing requirements are listed below:

3. All nodes have a rdf:type property to denote the type
of the node.

4. Blank nodes are not allowed.

5. In case a URI cannot be given a unique identifier or
reference, a hash is incorporated in the URI.

6. The number of nodes is kept to a minimum.

If we take a look at the above sample XML snippet again, ac-
cording to requirement 1, a new node should have been cre-
ated for the <value> element, related to the <transaction>
node. However, in order to reduce the number of nodes
(requirement 6), we have opted to create an iati:transaction-
value and iati:transaction-value-date property directly linked
to the transaction node:

iati:activity/GB-CHC-285776-CHA024/transaction/
42737
iati:transaction-value
“700000” .

iati:activity/GB-CHC-285776-CHA024/transaction/
42737
iati:transaction-value-date
“2010-10-01” .

Furthermore, since all nodes should have a rdf:type property
to denote the type of the node (requirement 3), we can iden-
tify two such cases: an activity and a transaction. Therefore

two extra triples are created, both having a rdf:type property
to respectively an iati:activity and iati:transaction object:

iati:activity/GB-CHC-285776-CHA024
rdf:type
iati:activity .

iati:activity/GB-CHC-285776-CHA024/transaction/
42737
rdf:type
iati:transaction .

These requirements serve as the guidelines for setting up
the Linked Data model, as described in Section 4. In the
next section we describe the user’s needs, which were also
elicitated from the interviews with the IATI experts.

3.2 User’s needs
The IATI users can be roughly categorized in four differ-
ent categories: funders, governments, locals and the general
public, each with their own interest in the IATI data. These
categories are based on the open personas as put together
by AidInfo26. In the following list, each of the user types is
explained:

Funders Funders want to know where the money of their
organisation is spent, but also where the money of
other funders, preferably in their own sector, is going.
This allows for better judgement as to where their in-
vestment are needed most.

Governments Governments of developing countries mostly
want to know how much money is spent in their coun-
try and what the budgets and planned disbursements
for their country are, possibly comparing themselves
to other countries.

Locals Locals residing in developing countries are inter-
ested in the organisations and projects going on in
their immediate local area. It is also of interest to
them who is funding these projects.

Public The public is interested in a wide variety of top-
ics. One likely topic is to see the spendings of their
own government, so that they can see where their tax
money is going.

A list of needs of these users is elicitated from the interviews,
as put together by various representatives from the IATI aid
field. The full list of user’s needs can be viewed in Appendix
B. From this list, we have extracted the following needs to
focus on in this thesis, which are explained in the remainder
of this section:

1. In total, how much does a given country receive in aid?

2. A comparative index of aid versus the Human Devel-
opment Index.

26http://www.aidinfolabs.org/category/tools/people



3. What is the geographic location of a project? How
much aid went to a given province, constituency or
village?

(a) Is the aid spent in places where the need is high-
est? Is it well distributed across the country?

(b) Can we attribute sub-national breakdowns for aid
so we can see how much goes to different parts of
recipient countries?

4. How does violent conflict in recipient countries affect
aid activities?

5. How does aid spending as registered in the IATI stan-
dard compare to World Bank indicators?

Apart from the first item, the items in this list are selected
because a connection to an external dataset is needed for
satisfying the user’s needs. This allows us to show that
linking the IATI Linked Data model to external datasets
can fulfill actual information needs which cannot be fulfilled
with just data from the IATI dataset.

As is mentioned above, the first item does not need external
data and can be fulfilled with just IATI data. However,
we did select this need because it can be easily realized as
the start of an application. For the second user’s need, a
connection to an external dataset containing information on
the Human Development Index (HDI)27 is needed. After
creating the links to an external dataset, an application can
be built which shows the countries sorted by the HDI and
their corresponding IATI data.

For the third user’s need, a connection is needed to addi-
tional geographical data with the IATI activities. After es-
tablishing a connection to the geographical dataset, it is
possible to make an applicationshowing a breakdown on aid
activities on sub-national level. Furthermore, user’s need 4
requires data on violent conflicts per country. When this
data is linked to the countries in the IATI Linked Data
model, we can compare the amount of aid a country receives
to the violent conflicts within that country.

The last user’s need was not extracted from the list of user’s
needs as specified in Appendix B. Instead, it was expressed
as one of the items OIPA is working on in the interview
with the IATI user experts of the OIPA framework. Since
the World Bank data is available as Linked Data as well, we
decided to add this as a user’s need to our list.

In Section 5, we show the relevant linked datasets that are
mapped to the IATI Linked Data model based on the above
specified user’s needs and the algorithms that are used for
matching these datasets. Also, in Section 6 we show that the
Linked Data applications partly fulfill the needs. However,
in the next section, we first describe the IATI Linked Data
model itself.

4. LINKED DATA MODEL
In this section, we describe the Linked Data model. In Sec-
tion 4.1, a description of the approach and methodology

27http://hdr.undp.org/en/statistics/hdi/

is given. Section 4.2 shows the results of the Linked Data
model followed by the implementation details in 4.3. Finally,
these results are evaluated in Section 4.4.

4.1 Approach and Methodology
As is described in Section 3, the Linked Data model is based
on the elicitation of the requirements and the IATI standard
from qualitative interviews with IATI user experts. During
the creation of the model, feedback was requested to experts
of the technical IATI group in order to validate the model
and the setup requirements. Based on this feedback, the
model and the requirements have been adjusted or updated
in an iterative fashion. Additional feedback was requested
from different channels as the model was published on rel-
evant groups on LinkedIn, as well as Linked Data experts
at the Vrije Universiteit Amsterdam because of their experi-
ence with Linked Data and provenance models. The model
is evaluated based on this feedback, as is described in Section
4.4.

Next to creating the Linked Data model itself, the properties
and concepts of the IATI Linked Data model are linked to
existing vocabularies. In order to so, we have evaluated ev-
ery concept and property within the IATI model and looked
for suiting standard vocabularies which can be mapped to
these relations or concepts.

4.2 Results
In this section, we show the results concerning the Linked
Data model. All three components of the IATI standard
are described: IATI activities in 4.2.1, IATI organisations in
4.2.2 and IATI codelists in 4.2.3. The provenance model
is shown in 4.2.4 and the external vocabularies that are
mapped to the Linked Data model are described in 4.2.5.

A complete overview of both the IATI model and the Linked
Data model can be found at http://iati2lod.appspot.

com/model in the form of a textual description and visu-
alizations.

4.2.1 IATI activities
The start of converting an IATI activity is the activity iden-
tifier, as specified in the <iati-identifier> element28. If this
element is missing – or misspelled for that matter – the activ-
ity is not converted, since it is a required element according
to the IATI standard. If the element is specified, the conver-
sion of the activity is started. Besides the iati:activity/[iden-
tifier] URI (requirement 1a), it is also stated that the activ-
ity is of rdf:type iati:activity (requirement 3).

An exception from the requirements is the <title> element,
for which the rdfs:label property is used instead of a iati:act-
ivity-title property as would be expected from requirement
2. The reason for doing so is because the <title> element
fits the rdfs:label property according to Semantic Web stan-
dards. Taking the IATI XML file in Appendix A.1 as an
example, the following triple is derived from the <title>
element:

28‘iati-’ is stripped from this element.



iati:activity/GB-CHC-285776-CHA024
rdfs:label
“Emergency support to individuals and house-
holds affected by food insecurity in Chad” .

Two attributes of the activity element have a direct relation-
ship to the activity URI: @hierarchy and @linked-data-uri.
The @hierarchy attribute is modeled according to require-
ment 2 using the iati:activity-hierarchy property. An excep-
tion is made for the @linked-data-uri attribute, which has
the owl:sameAs property, since this element contains a link
to additional information on the same activity. According
to requirement 1a, only the value of one other underlying
element is linked directly to the activity URI: <website>.
Containing just the URL of the activity’s website, it is re-
lated to the activity node through the iati:activity-website
property.

Because of requirement 6, a different approach is chosen for
the <activity-date> element. In order to keep the num-
ber of nodes to a minimum, each @type attribute of the
<activity-date> element has its own property: iati:start-
actual-date, iati:end-actual-date, iati:start-planned-date and
iati:end-planned-date. The corresponding text values of the
elements are modeled by adding ‘-text’ after each corre-
sponding property. This results in the following two triples
when converting the example XML from Appendix A.1:

iati:activity/GB-CHC-285776-CHA024
iati:start-actual-date
“2012-07-12” .

iati:activity/GB-CHC-285776-CHA024
iati:end-planned-date
“2013-05-14” .

Furthermore, several codelist elements have a direct rela-
tionship to the activity URI using a codelist URI. Starting
with the <activity-status>, it is linked using the iati:activity-
status property and iati:codelist/Activity Status/[code] as an
object. The other underlying elements containing a codelist
can be seen in Figure 4.

However, most underlying elements do not have a direct
relationship to the activity URI and require an extra node.
The <reporting-org> and <participating-org> elements, for
example, need an extra node for specifying their underly-
ing elements and attributes. According to requirement 3,
these nodes should have a rdf:type property to denote the
type of node. Since both elements indicate an organisation,
they are specified as an iati:organisation. The text values
of the elements are modeled using a rdfs:label property (re-
quirement 2). The @ref, @type and @role attributes all
have a relation to the organisational node in the form of
‘element’-‘attribute’ conform requirement 2. But since the
@ref attribute is ‘strongly recommended’ by the IATI model,
it sometimes is missing. In these cases we use the text value
of the element as an input for creating a hash (requirement
5). When no reference or name (text value) is specified, the
element is ignored.

<other-identifier> is an element which has a text serving as
an identifier, so the text value of the element is embedded
in the URI in order to uniquely identify this node. In ad-
dition, the text value is also has a relationship to this node
using the rdfs:label property. The @owner-ref attribute is
allocated to a codelist and modeled according to require-
ment 2. The @owner-name attribute is modeled according
to requirement 2 as well, resulting in the iati:other-identifier-
owner-name property. In addition, the rdf:type of the node
is iati:identifier (requirement 3).

An element which occurs more often, underneath other el-
ements as well, is the <description> element. In all cases
the description is modeled in the same way: since it con-
tains both a description in the text value of the element
and has a @type attribute, an extra node is created for each
description (requirement 2). The node contains a hash (re-
quirement 5) based on the description and the description
itself is modeled using a iati:description-text property (re-
quirement 2). In this case we did not employ the rdfs:label
property since the description field could contain a long de-
scription which we did not found suitable for this property.

The <contact-info> element is completely modeled accord-
ing to requirement 2. Since multiple elements of this kind
can be specified, a hash is placed in the URI of the <contact-
info> element (requirement 5), based on all the text values
of all underlying elements. Furthermore, it is of rdf:type
iati:contact-info (requirement 3).

Two very similar elements are the <recipient-country> and
<recipient-region> elements. Both are modeled completely
according to requirement 2. The text value of these elements
have a relation to their element through a rdfs:label property,
the @percentage attribute is modeled as a literal and the
@code attribute corresponds to respectively a country or
region codelist. The @code attribute is used as a reference
within the URI of the <recipient-country> or <recipient-
region> elements as well, since it is a required attribute by
the IATI model. If not specified, the element will be ignored.

The first element which is more extensive is <location>.
Based on requirement 5, an extra node is created with a
hash which is based on the <name>, <description>, <ad-
ministrative>, <coordinates> and <gazetteer-entry> ele-
ments. If none of these elements is specified, the node is
ignored. All elements are modeled as could be expected
from requirement 2, except for <name> and <coordinates>.
The <coordinates> element has three attributes: @latitude,
@longitude and @precision. All have a direct relationship to
the location URI in order to prevent another node for the
<coordinates> element, thus reducing the number of nodes
according to requirement 6. The <name> element is mod-
eled through a rdfs:label property. This results in a total of
14 triples for the <location> element in the example XML
of Appendix A.1:

1. A triple for creating a relationship between the URIs
of the <activity> and <location> elements.

2. A triple for creating the statement that the location
URI is of the rdf:type iati:location.



Figure 4: Visualisation of the relations directly mapped to the activity URI

3. A triple for specifying the <name> element using the
rdfs:label property.

4. Three triples for specifying the @latitude, @longitude
and @precision attributes of the <coordinates> ele-
ment, all having a direct relationship to the location
URI.

5. Two triples for creating a relationship between the lo-
cation URI and the extra nodes created for the <ad-
ministrative> and <gazetteer-entry> elements.

6. Two triples for creating the statement that the ad-
ministrative URI is of the rdf:type iati:administrative-
location and the gazetteer-entry URI of rdf:type iati:ga-
zetteer-entry.

7. For both of these two elements, a triple for specify-
ing the relationship between the element and its text
value using the rdfs:label property and a triple for re-
lating either the @country or @gazetteer-entry to their
respective element.

<sector> and <policy-marker> are two special elements,
since they are the only elements using special codelists. The
@vocabulary attribute is used in the codelist URI, as well as
the @code attribute. The URI for a sector is built up as fol-
lows: iati:activity/[activity-identifier]/sector/[vocabulary]/-
[code] . Other than that, these elements are modeled con-
form requirement 2.

In the <budget> and <planned-disbursement> elements,
requirement 6 is used to prevent the forming of extra nodes.
This leads to direct relations from these elements to their
@type attribute and the values of the <value>, <period-
start> and <period-end> elements. The @iso-date attribute
and text values of the <period-start> and <period-end>
have a direct relation to the <budget> or <planned-disbur-
sement> elements. Since these elements are also present
in the organisation model (see 4.2.2), their properties have
taken the more general form of iati:start-date and iati:end-
date for the @iso-date attribute, making mapping to exter-
nal vocabularies (see 4.2.5) less complex. The corresponding

text values of these elements are related to the <budget>
and <planned-disbursement> nodes by adding -text to the
properties of the @iso-date attribute.

The <related-activity> element has a slightly adjusted prop-
erty, since the relationship of the activity URI to this el-
ement is specified using the iati:related-activity property.
It relates to another activity, therefore the identifier speci-
fied as text is used in the following way within the related-
activity URI: iati:activity/[identifier].

The remaining elements <transaction>, <document-link>,
<conditions> and <result> are specified as can be expected
from requirements 1, 2, 3 and 5. The hash of the <transac-
tion> element is based on its <value>, <description> and
<transaction-date> elements. The hash of the <document-
link> is based on the @url attribute. The hash of the <con-
ditions> is based on the text values of the element, whereas
the hash of the <results> element is based on both the <ti-
tle> and <description> elements.

Finally, the contents of the <legacy-data> element are un-
known and can differ per activity. Therefore this element
will always be modeled as can be expected from the require-
ments.

Since each node has its own rdf:type property, we have cre-
ated a small ontology for the IATI dataset. In Table 4,
we show all types of this IATI ontology within the activity
model. What cannot be seen from this table is that the <de-
scription> element occurs multiple times within the activity
model, as an underlying element of the <activity>, <loca-
tion>, <transaction>, <result> and <indicator> elements.

To conclude the activity Linked Data model, we have shown
that the IATI activity model is converted to Linked Data
by making use of structured requirements as specified in
Section 3. However, in specific cases exceptions to these
requirements have been made in order to create a fitting
solution for bringing the model into practice. In the next
section, we describe the conversion of the IATI organisation
model to Linked Data.



Entity Elements
iati:activity <iati-activity>

iati:organisation <reporting-org>
<participating-org>

iati:identifier <other-identifier>
iati:description <description>
iati:contact-info <contact-info>

iati:country <recipient-country>
iati:region <recipient-region>

iati:location <location>
iati:administrative-location <administrative>

iati:gazetteer-entry <gazetteer-entry>
iati:sector <sector>

iati:policy-marker <policy-marker>
iati:budget <budget>

iati:planned-disbursement <planned-disbursement>
iati:transaction <transaction>

iati:document-link <document-link>
iati:related-activity <related-activity>

iati:condition <condition>
iati:result <result>

iati:indicator <indicator>
iati:period <period>

Table 4: All types of the IATI ontology within the
activity model.

4.2.2 IATI organisations
In comparison to the activity model, the IATI model for or-
ganisations is less extensive. Even more so, most of the
elements in the organisation model overlap with the ac-
tivity model. The <iati-identifier>, <reporting-org> and
<document-link> elements, for instance, are almost exactly
the same and will be treated the same as they are in the
activity model, the only difference being the default URI for
organisations: iati:organisation/[organisation-id].

An exception to the requirements is made concerning the
<name> element. Instead of using the iati:organisation-
name property, as would be expected from requirement 2,
the rdfs:label property is used, similar to the <title> element
in the activity model.

The remaining three elements, <total-budget>, <recipient-
org-budget> and <recipient-country-budget>, are similar
to the <budget> element of the activity model. Their use of
hashes (requirement 5) are all based on their <start-date>,
<end-date> and <value> elements.

The <recipient-org-budget> element has an extra element
for specifying the recipient organisation (<recipient-org>),
which has direct relationship to the <recipient-org-budget>
element through the iati:recipient-org and iati:recipient-org-
ref properties in order to reduce the number of nodes con-
form requirement 6. The first property relates to a codelist
for organisations and the latter shows the actual @ref at-
tribute through a standard literal. The <recipient-country-
budget> works in the same way for the specified country or
countries in the <recipient-country> element.

As a result, the entities in the ontology of the organisation

Linked Data model are a subset of the entities used in the
activity model, as can be seen in Table 5.

Entity Elements
iati:organisation <organisation>

<reporting-org>
iati:budget <total-budget>

<recipient-org-budget>
<recipient-country-budget>

iati:document-link <document-link>

Table 5: All types of the IATI ontology within the
organisation model.

After creating the activity model, we were able to reuse
most of this work for the organisation model since the el-
ements in these two models are mostly overlapping. Since
this model is a lot smaller, we did not have to divert from
the requirements as often as for the activity model. Only
the <name> element has been modeled using a rdfs:label
property as an exception. In the next section we describe
the codelist model, which does differ from the activity and
organisation models since it contains only standard values
and acts as a thesaurus for the complete IATI model.

4.2.3 IATI codelists
Creating a model for the IATI codelists works in a generic
way, an overview for all codelists can be found in Figure
5. The difference between the various codelists is that some
codelists are categorised, whereas others do not have a cat-
egory, and the fact that some codelists have a description or
an abbreviation where others do not.

The general method for converting IATI codelists to a Linked
Data model starts with the name of the codelist. Let’s take
the ‘Aid Type’ codelist as an example (see Appendix A.3).
The base URI of this codelist is iati:codelist/AidType hav-
ing the rdfs:label “AidType”. Starting from the top of the
overview in Figure 5 and going down, we see a triple for ev-
ery code in the codelist using the iati:codelist-member prop-
erty, each code being the identifier within the URI, for ex-
ample “A01”. So the URI for this codelist code becomes
iati:codelist/AidType/A01.

Since the Aid Type codelist has categories, descriptions and
also descriptions for its categories, we can go all the way
down the chart. The code itself is linked to the codelist
by means of a iati:code property. The name of the codelist
code, “General budget support” in this case, has a relation-
ship to the codelist code URI through a rdfs:label property
and the description of the codelist is modeled through a
rdfs:comment property.

The codelist code has a relationship to its category using
the iati:has-member property and the category is part of the
codelist category URI being iati:codelist/AidType/category/A
in this case. And just like the codelist itself, the code, name
and description respectively have a iati:code, rdfs:label and
rdfs:comment property to relate their values to the codelist
category.

Finally, each node has its own type, being iati:codelist for
the general codelist node, iati:codelist-code for the instances



Figure 5: Visualisation of all generic relations of codelists

within the codelist and iati:codelist-category for the cate-
gories of the codelist. In this sense, the ontology of codelists
is completely different than the activity and organisation
models, as can be seen in Table 6.

Entity Elements
iati:codelist <codelist>

iati:codelist-code <code>
iati:codelist-category <category>

Table 6: All types of the IATI ontology within the
codelist model.

By converting the IATI codelist model according to the
structured method as described above, we created a general
thesaurus for all codelists. In general, we did not adhere to
requirement 1 by creating new nodes for each category. If
we look at the example XML in Appendix A.3, we see that
the <category> and <category-name> elements are under-
lying elements directly under each <AidType> element for
example. We created a separate entity for the categories in
these cases in order to distinguish between the codes and
their categories.

So in the end, the requirements as specified in Section 3 are
mostly useful for converting the activity and organisation
model, but were not used for the codelist model. Since the
codelist model can be seen as a thesaurus with a standard-
ized setup, a different approach suited this model better.
In the next section, we describe the provenance of the IATI
Linked Data model. In contrast to the activity, organisations
and codelist models, most of the provenance model cannot
be directly linked to the IATI model and is not described on
the IATI website, since it consists only of metadata of the
XML files.

4.2.4 Provenance model
In our approach to modeling the provenance model, we fo-
cused on the metadata of the XML files. Provenance on this
level is useful for knowing when a file was last updated or
by whom it was updated. An extensive list of metadata for
each file is collected when retrieving the data through the
IATI JSON endpoint29, an example of this JSON data can
be found in Appendix A.4.

Because this metadata relates to an IATI XML file which can
contain multiple IATI activities, and usually does, we had to
find a way of specifying the metadata once for all these activ-
ities. Therefore we introduced named graphs for each XML
file, having the rdf:type property specifying an iati:graph,
and so the provenance is formulated on graph level. Each
named graph thus contains all activities or organisations
that are specified in an IATI XML file and through this
named graph the provenance for each of the activities or or-
ganisations can be queried. The implementation details of
these named graphs are described in Section 4.3.

In general we have created a relationship for every entry
of the JSON data directly to the named graph, with two
exceptions: an extra node is created for the maintainer and
author entries. Even though it is only possible to specify one
maintainer and one author in the JSON file, an extra node is
created for these elements in order to specifically map these
to the FOAF vocabulary (see 4.2.5). A rdf:type property
related to both these nodes is created, being iati:maintainer
and iati:author respectively. Furthermore, their name and
email both have their own relationship to the extra node
using the iati:maintainer-name, maintainer-email, author-
name and author-maintainer properties.

As we show in the next section, we have provided additional
metadata showing information on the conversion process of

29http://www.iatiregistry.org/api/rest/dataset/
[dataset]



the XML files to RDF. Useful for the technical background
on the conversion, this allows the user to see which scripts
were used to convert IATI XML files to Linked Data and
when this conversion took place. Examples of the JSON
and provenance files can be found on http://iati2lod.

appspot.com/model/examples.

In conclusion, the provenance model is based on the meta-
data as collected through the IATI API and contains meta-
data about the IATI XML files as well as the conversion
process of the XML files to RDF. The model is mainly fo-
cused around named graphs, which are specified on file level.
Within such a named graph, multiple activities or organi-
sations can reside. In the next section, we elaborate on the
external vocabularies that were mapped to the activity, or-
ganisation, codelist and provenance models.

4.2.5 Vocabularies
In addition to using the standard IATI vocabulary, we de-
cided to use the PROV vocabulary30, a W3C standard, for
mapping provenance. This created an extra triple for each
named graph having the rdf:type of prov:Entity31.

Figure 6: PROV model overview

As can be seen from Figure 6, a prov:Entity can be de-
rived from a different prov:Entity and can be generated by a
prov:Activity. Therefore, prov:wasDerivedFrom and prov:was-
GeneratedBy properties are added to the provenance model.
The former property points to the source of the IATI XML
file, whereas the latter creates an extra URI node with the
rdf:type of prov:Activity.

This node has a relation to the IATI activities that are
distilled from the source file using a prov:generated prop-
erty, the date at which the generation of the file was started
through a prov:startedAtTime property and the script that
was used by means of a prov:used property.

Besides using the PROV model for provenance, several other
vocabularies are mapped to the Linked Data model using
rdfs:subClassOf and rdfs:subPropertyOf properties. A com-
plete overview of all mappings is given in the model descrip-
tions on http://iati2lod.appspot.com/model. The list of
vocabularies that are used can be found below32.

30http://www.w3.org/TR/prov-primer/
31The PROV namespace is http://www.w3.org/ns/prov#
32The rdf and rdfs vocabularies are not mentioned, being
part of the Semantic Web stack

SKOS The Simple Knowledge Organization System33 is a
vocabulary for organizing standard thesauri. There-
fore the IATI Linked Data codelist model has extra
triples linking its classes and properties to this vocab-
ulary in order to create a standardized hierarchy.

DCT The Dublin Core Terms vocabulary34 contains classes
and properties for dates, descriptions, languages, iden-
tifiers and document formats. Since these classes and
properties are abundantly present in the IATI model
as well, many relationships are created from the IATI
model to the properties and classes in the DCT vocab-
ulary.

FOAF The Friend Of A Friend35 vocabulary is linked to
the iati:contact-info class in the activity model, as well
as the iati:author and iati:maintainer classes in the
provenance model.

ORG The Organisation vocabulary36, a W3C standard, con-
tains the org:Organisation class. Extra triples are added
to the IATI Linked Data model creating a relationship
between this class and the iati:organisation classes in
the IATI model.

GEO The classes in the Geo vocabulary37 have a relation-
ship to all country, region and location classes, as well
as the latitude and longitude properties of a location.

CC The Creative Commons vocabulary38 is only used in
one triple within the IATI model, which creates a rela-
tionship between the iati:source-document-license prop-
erty in the IATI provenance model to the cc:license
property.

PROV As mentioned above, the PROV vocabulary has re-
lationships to the provenance model. Different than
the other vocabularies though, since the PROV vo-
cabulary does not always have a relationship to a IATI
class or property, but this vocabulary has some stand-
alone classes and properties within the IATI Linked
Data model.

Next to the vocabularies mentioned above, we have consid-
ered using other vocabularies. First of all, the DOAP39, De-
scription Of A Project, vocabulary. As the name suggests,
this vocabulary contains classes and properties to describe
projects and could have been used in the IATI model de-
scribe aid activities as projects. However, as the main focus
of this vocabulary lies on software projects, most properties
and classes in this vocabulary are related to programming
terms, such as doap:release, doap:repository and doap:devel-
oper for instance. Therefore, we decided that this vocabu-
lary did not suit aid projects and would not be used within
the IATI model.

33http://www.w3.org/2004/02/skos
34http://dublincore.org/documents/dcmi-terms/
35http://www.foaf-project.org/
36http://www.w3.org/TR/vocab-regorg/
37www.w3.org/2003/01/geo/
38http://creativecommons.org/ns
39http://semanticweb.org/wiki/DOAP



Furthermore, we have looked at the Finance ontology40.
This vocabulary contains a lot of financial terms and could
be used in the IATI model since a large part of the model
is centered around budgets, transactions and planned dis-
bursements. However, this vocabulary seems to focus on
financial markets more than the actual transactions them-
selves. The vocabulary does contain classes for a ‘Party’ or
‘Organisation’ playing a role in a transaction process, but
since we had already linked our organisations to the ORG
vocabulary, we decided not to use the Finance ontology al-
together.

Finally, the Data Cube vocabulary41 was considered. This
vocabulary shows a lot of potential for modeling quantative
data in a structured manner. However, as our Linked Data
model is structured like the original IATI model, it would
have been necessary to completely overhaul the structure of
the model in order to fit it to the Data Cube vocabulary. We
decided not to do so in order to keep the structure of data
and URIs close to the original IATI model and adhere to
the design principle of a consistent IATI model and Linked
Data model.

An overview of the number of classes and properties from
external vocabularies in the IATI model can be found in Ta-
ble 7. In total, 21.5% of the properties and 26.9% of the
classes in the activity model have a relation to an external
vocabulary. In addition, a third of the properties and classes
in organisation model also has a relation to an external vo-
cabulary. In the codelist model, 42.9% of the properties are
related to an external vocabulary, but also all classes are. Fi-
nally, in the provenance model 31.9% of the properties and,
again, all classes have a relation to an external vocabulary.

Vocabulary Classes Properties
DCT 1 26

PROV 2 19
FOAF 3 7
SKOS 3 3
GEO 3 2
ORG 1 2
CC 0 1

Table 7: All types of the IATI ontology within the
codelist model.

To conclude, we created extra triples for linking the IATI
model to external vocabularies. Seven different vocabular-
ies are used in total and a number of other vocabularies
are considered but disregarded, because they are either not
suited for the IATI dataset or needed a change in the struc-
ture of the IATI Linked Data model. In total, 60 proper-
ties and 13 classes in the IATI model have a relationship
to an external vocabulary through the use of a triple with a
rdfs:subPropertyOf or rdfs:subClassOf property. In the next
section, we describe the implementation details of the IATI
Linked Data model and its conversion process.

40http://fadyart.com/en/index.php?option=com_
content&view=article&id=121&Itemid=68

41http://www.w3.org/TR/2013/
CR-vocab-data-cube-20130625/

4.3 Implementation
As for most of the implementation work in this thesis, the
conversion process is implemented using Python scripts. All
scripts for converting IATI XML files to RDF are available
at the GitHub repository of this thesis on https://github.

com/KasperBrandt/IATI2LOD/tree/master/IATI2LOD/src/

conversion%20scripts. Starting with the process for gath-
ering all IATI XML files, we use a crawler on the IATI API42

(IatiCrawler.py) to look for all activity, organisation and
codelist files. These files, as well as the JSON files, are
saved locally so they can be processed later.

The httplib243 Python library is used to connect to the IATI
API that returns a list of datasets, which can be used to
retrieve the JSON file for each activity or organisation file.
When looking for codelist, the API returns the names of
the codelists which can be directly looked up since these
XML files are located on the IATI website. However, for
activity and organisation files, the XML usually resides on
the website of the organisation that reported the XML file
and the address has to be retrieved within the JSON file.
Once an XML file is found, both the XML and the JSON
file are stored to disk. Retrieving all activity, organisation
and codelist files takes approximately an hour using this
script.

The next step in the conversion process is to convert these
XML and JSON files to RDF. The standard Python library
ElementTree44 is used to process the XML files, which are
then converted to RDF using the RDFLib45 library. For
each type of file – activity, organisation and codelist – a dif-
ferent script is used to initiate this process (ActivitiesToTur-
tle.py, OrganisationsToTurtle.py and CodelistsToTurtle.py).

These scripts look at all the files within the specified folder
containing XML files and – in case of the activity script –
extract activities from the files. The activities themselves,
however, are processed by the IatiConverter.py and IatiEle-
ments.py scripts. The former makes sure every element of
the activity, organisation or codelist is processed and passes
these elements on to the latter script. In this script, a func-
tion for every element is specified, turning the XML into
a RDFLib Graph. Thus for every element that could be
specified in the IATI model, the IatiElements.py script has
a separate function. Elements in the XML files that are not
in the IATI model are processed by a different function in a
generic manner. Finally, the original script makes sure that
the RDFLib Graphs are exported into RDF in the Turtle
syntax and stored to a local folder. The script for convert-
ing all activity files runs for approximately 4 hours, whereas
the organisation script is finished within 15 minutes and the
codelist script within 5 minutes.

Furthermore, a Cliopatria46 triple store is setup on the VU
Eculture server, which can be found on this location: http:
//eculture.cs.vu.nl:1987/iati/home. Since Cliopatria ru-
ns on Prolog, a Prolog script is used to load each RDF/Turtle

42http://www.iatiregistry.org/api/
43code.google.com/p/httplib2/
44http://docs.python.org/2/library/xml.etree.
elementtree.html

45https://github.com/RDFLib
46www.w3.org/2001/sw/wiki/ClioPatria



file into the triple store. The last update of the conversion
and triple store has been performed on the 1st of June, 2013.
By then, 233,193 activities, 3,525 organisations and 1,490
codelist codes were imported. The total number of triples
in the triple store is approximately 35 million and it takes
about half an hour to upload all data into the triple store.

In conclusion, we have created Python scripts for crawling
the IATI registry and converting IATI XML files to RDF, as
well as a Prolog script for uploading RDF data into a Cliopa-
tria triple store. XML ElementTree and RDFLib Python li-
braries are used to process the XML files and convert them
to RDF in the Turtle format and on June 1st, 2013, the
last update has been performed resulting in approximately
35 million triples. In the next section, we describe and dis-
cuss the evaluation of both the approach to converting the
Linked Data model as the Linked Data model itself.

4.4 Evaluation
When looking at our approach of creating the Linked Data
model, we focused on setting up the requirements and cre-
ating the model first and link the model to external vocab-
ularies afterwards. This approach has its advantages, the
IATI Linked Data model being consistent with the original
IATI model for instance, creating a recoginizable model for
the IATI users. However, it also has its disadvantages when
looking at the possibilities of mapping the classes and prop-
erties of the Linked Data model to external vocabularies.
The Data Cube model, for instance, required a completely
different build up of the model and the data, therefore it is
not possible to map this vocabulary onto the current Linked
Data model.

A different example is the PROV model, for which we have
asked feedback to a working member on the W3C PROV
Primer group. In general, the provenance model in itself
looked as it should and was technically viable. However, it
was noted that the PROV model is currently used to indi-
cate metadata on the IATI files and the conversion process
of the IATI XML data to the Linked Data model, whereas it
could also be applied to the IATI model itself, e.g. by mod-
eling the <reporting-org> element in the activity model as
a prov:Agent to which IATI activities are attributed to, be-
ing of type prov:Entity. This would allow to see provenance
on the activity level instead of the XML file level. However,
linking the PROV model to the activities without changing
the current IATI Linked Data model might still be possible,
further research is needed to find out to what extent this is
possible.

Since we had to adhere to the structure of the original IATI
model and since we did not want any information to be lost,
sometimes we had to create additional nodes causing more
triples and SPARQL queries with more clauses. Especially
for description elements, it turned out that we had to cre-
ate an extra node for every instance of this element because
each description has a description type. For our model, it
would have been more convenient to disregard this descrip-
tion type, but in order to prevent information loss we did
decide to create the extra nodes.

Furthermore, the requirements that have been setup allow
for a generic way of converting IATI XML files to a Linked

Data model. However, in our experience, creating a model
which can be used in practice always creates certain excep-
tions and therefore design choices have to be made, even
though that might mean diverting from the requirements
that have been setup. In this light, the requirements really
should be seen as strict guidelines and we deviated from
these requirements a number of times. Nevertheless, setting
up these requirements help in creating a structured overview
of the conversion process.

The evaluation of the Linked Data model itself is done by
gathering user feedback on both the requirements and the
model. In order for the model to be used in practice, it is
needed that setting up a Linked Data model remains an it-
erative process in which the model and its requirements are
under a constant feedback loop, just like the IATI model
itself. The resulting Linked Data model as introduced in
this thesis should therefore be seen as the first iteration of
this process and further research should be done for extract-
ing additional feedback and updating the requirements and
model accordingly.

Concerning the vocabularies that are linked to the IATI
Linked Data model, the links have been evaluated by ex-
perts in the Linked Data field and in the IATI technical
group. These links are found to be technically correctly
linked and useful in practice. Even though a large number
of properties and classes remains unlinked to any external
vocabulary, they can still be linked in a different iteration
without changing the original structure of the IATI model.

Finally, we note that an important aspect of the model is to
bring it in practice. In that sense, live queries47 on the triple
store containing data from the Linked Data model have been
succesfully run by a member of the Department for Interna-
tional Development48 in collaboration with an IATI expert
in order to show all the transactions which include ‘GB-1’
as the providing organisation. Since no other information
source is yet available to show this information easily using
such a small query, it shows that this model and the data in
the triple store can be used in practice and provides techni-
cal users with the capability of performing advanced queries
on the IATI dataset.

Taking the IATI Linked Data model as described above as
an input, we linked external datasets to this model based
on the user’s needs as described in Section 3.2. These ex-
ternal datasets and the algorithms that are used to link the
datasets are described in the next section.

5. LINKED DATASETS
In this section, we describe the external datasets linked to
the Linked Data model. In Section 5.1, a description of the
approach and methodology is given. Section 5.2 shows the
results of linking the datasets as well as the implementation
details. Finally, these results are evaluated in Section 5.3.

47https://gist.github.com/practicalparticipation/
5684302

48https://www.gov.uk/government/organisations/
department-for-international-development



5.1 Approach and Methodoloy
Our main approach for linking external datasets starts by
picking relevant external datasets. Since the LOD cloud con-
tains a lot of information, it is possible to choose from nearly
any linked dataset for creating links to the IATI dataset. For
example, we can compile a list of musicians for every coun-
try in the IATI dataset and link those to the IATI Linked
Data model. However, in order to get relevant information,
we focus on the specific IATI user’s needs as specified in
Section 3.2 and the datasets which contain data needed to
fulfill these needs.

The second step is to match the data from the IATI dataset
to the external datasets through the use of matching algo-
rithms. Even though sofisticated matching algorithms ex-
ist, as can be read in Section 2.3, we have employed simple
matching algorithms through the use of Python scripts.

Since usually not all concepts from the IATI dataset can be
fully matched to an external dataset, we have compiled pre-
cision and recall values for each linked dataset in order to
evaluate the retrieved mappings. These values are chosen
since they are the default metric for evaluating alignments
between datasets, commonly used by the Ontology Align-
ment Evaluation Initiative (OAEI)49 for example. This eval-
uation is performed completely manually. For some datasets
it is possible to evaluate the full dataset by hand, whereas for
other, larger, datasets we have picked a subset and extrap-
olated those evaluations to the complete dataset in order
to retrieve the exact number of concepts within the IATI
dataset that can be correctly matched.

5.2 Results
In this section, we show the results concerning the linking of
the datasets, starting with the relevant datasets in 5.2.1. In
the following sections we elaborate on the links with these
datasets and the algorithms that are employed to match the
datasets, as well as the implementation details.

5.2.1 Datasets
We have picked relevant datasets based on the IATI user’s
needs as described in Section 3.2. The first user’s need does
not need a connection to an external dataset, therefore we
start with the second need, for which an additional dataset
is required: the Human Development Index50 for each coun-
try. This information can be found on DBPedia51, a dataset
that extracts structured information from Wikipedia. On
pages denoting a country on DBPedia, such as http://

dbpedia.org/page/Albania for Albania, the HDI rank and
year are available through the dbpprop:hdiRank52 and dbp-
prop:hdiYear properties. Therefore a link between the IATI
country codelist and DBPedia country pages is needed.

In addition, user’s need 4 requires data on violent conflicts
per country. This data is available on DBPedia as well, mak-
ing a connection to DBPedia useful for two user’s needs.
DBPedia contains pages of military conflicts, having the

49http://oaei.ontologymatching.org
50http://hdr.undp.org/en/statistics/hdi/
51http://dbpedia.org/
52The namespace of dbpprop: is http://dbpedia.org/
property/.

dbpedia-owl:place53 property with a DBPedia country URI
as an object.

Furthermore, user’s needs 3, 3a and 3b concern the specific
geographical location of an aid activity. The distribution
within a country or region is especially interesting. The
default dataset for geospatial information on the Semantic
Web is GeoNames54, which is able to provide us with addi-
tional geographical information for the locations as specified
in the IATI activities. Therefore we decided to create a link
between IATI locations and countries to their GeoNames
counterpart.

Finally, user’s need 5 requires a connection with World Bank
indicators55. The Linked Data of the World Bank indicators
contains links to countries in a Data Cube format, there-
fore a link from these countries to the countries in the IATI
codelist is needed.

In the following sections, we elaborate on the links with the
DBPedia, GeoNames and World Bank indicators and the
algorithms that are used for matching the concepts in these
datasets to the IATI dataset.

5.2.2 DBPedia
Linking the IATI dataset to DBPedia is necessary to retrieve
the Human Development Index and violent conflicts for ev-
ery country. Therefore we had to find the corresponding
country page for every country in the IATI country codelist,
consisting of the country code and name. The country codes
are specified in the ISO 3166-1-alpha-2 standard56.

Unfortunately DBPedia has no direct relation to an ISO
code, so another way of linking the IATI codes to DBPe-
dia had to be found. We have employed a workaround us-
ing the linked dataset of CIA Factbook. This dataset also
did not contain any ISO codes, but it does contain a fact-
book:internetcountrycode property for every country. These
codes matched the country ISO codes by making the codes
lowercase and adding a period in front of the code. This way
we found the resource link to a country in the CIA factbook.

The DBPedia dataset contains an owl:sameAs relation to
the CIA Factbook resources, using this relation we could
match the country with the IATI dataset. However, if a
country could not be found using this method, another query
is performed on the DBPedia dataset itself, directly query-
ing for the internet codes using the dbpprop:cctld property.
This combination of these two queries provided better re-
sults than only querying for the internet code on DBPedia
in the first place.

A small example of this process for Afghanistan can be found
below.

53The namespace of dbpedia-owl: is http://dbpedia.org/
ontology/place.

54http://www.geonames.org/
55http://worldbank.270a.info/classification/
indicator.html

56http://www.iso.org/iso/country_codes/iso_3166_
code_lists/country_names_and_code_elements.htm



1. The ISO 3166-1 code for Afghanistan is ‘AF’ according
to the IATI standard, therefore their internet code is
‘.af’.

2. A query for a country containing the ‘.af’ internet
code at the factbook:internetcountrycode property in
the CIA Factbook dataset is run, returning the re-
source URI for Afghanistan57.

3. The DBPedia dataset is queried looking for an owl:sa-
meAs property to the resource URI for Afghanistan.

4. If a match is found58, the DBPedia resource is linked
to the IATI dataset.

5. For all countries that could not be found, the internet
code is directly looked up on DBPedia through the
dbpprop:cctld property.

For the implementation of our algorithms, we have opted for
Python scripts in combination with the use of webservices
and SPARQL queries. We use our own Python scripts in-
stead of using an existing matching tool, since this allowed
us more flexibility and since we did not employ any complex
semantic matching algorithms, but only exact matches. All
scripts for mapping the algorithms are available at https:

//github.com/KasperBrandt/IATI2LOD. By making use of
the SPARQLWrapper Python library, we are able to query
SPARQL endpoints through a Python script and interpret
the returned JSON.

For the above algorithm, we used the FactbookCountries.py
script, which first uses a SPARQL query on the CIA Fact-
book endpoint59 to retrieve all countries and their inter-
net country codes. The SPARQL query itself is specified at
https://gist.github.com/KasperBrandt/6106898.

Another SPARQL query is then performed on the DBPedia
endpoint60 which retrieves all DBPedia countries and the
URIs specified by the owl:sameAs property. The SPARQL
query that is used is available at https://gist.github.

com/KasperBrandt/6106928. Then all countries in the IATI
country codelist are retrieved from the local codelist XML
and converted to the internet country code format (e.g. ‘AF’
to ‘.af’). These codes are matched with the results from the
CIA Factbook query, thereby retrieving the CIA Factbook
URI of these countries and matching the CIA Factbook to
the IATI dataset.

These CIA Factbook URIs are then matched to the results of
the DBPedia query, which contains both the DBPedia URI
for countries as well as the CIA Factbook URIs through a
relation containing the owl:sameAs property. If a match is
found, the DBPedia URI is matched to the original IATI
country code.

The final step in the process contains another SPARQL
query to the DBPedia dataset, retrieving all countries and

57http://wifo5-04.informatik.uni-mannheim.de/
factbook/resource/Afghanistan

58http://dbpedia.org/resource/Afghanistan in this case
59http://wifo5-03.informatik.uni-mannheim.de/
factbook/sparql

60http://dbpedia.org/sparql

their internet codes as specified on DBPedia through the
dbpprop:cctld property. All countries from the IATI country
codelist that were not matched in the first part of this algo-
rithm are then matched to this dataset using their internet
code again. If the internet code is found this way, the DB-
Pedia URI of the country is also linked to the IATI country
codelist.

An owl:sameAs property is used in order to denote the rela-
tionship between these URIs. In order to store these matches
in the triple store, the RDFLib Python library is used again
to create local RDF files in the Turtle format for the match-
ing URIs, which can then be uploaded to the triple store.

5.2.3 GeoNames
Mapping to GeoNames has been done on two levels: coun-
try and location. Starting with the mapping on country
level, we looked up the country code from the codelist and
used the GeoNames search webservice61 to find the related
GeoNames code of the country. This is done by making use
of the following GeoNames ‘feature codes’62: PCLI, PCLD,
TERR, PCL, PCLF, PCLIX, PCLS and PCLH – in that
order. These all represent some kind populated place or
territorium.

The script that is used for finding GeoNames countries is
GeonamesCountries.py and starts by looking up all IATI
countries in a local codelist XML file. Using the httplib2
Python library, the GeoNames search webservice is used for
each country to retrieve all matches from all the feature
codes. If only 1 match is found in all feature codes, the
GeoNames code of this entity is retrieved and used to form
the URI of this GeoNames entity in the form of http://

sws.geonames.org/[code]. If no matches could be found,
the country is not matched and in case multiple results are
returned from the GeoNames webservice, the order of the
feature codes as specified above is taken and the first result
is matched. Again, the final step of the script is to use
the RDFLib library for creating RDF triples in the Turtle
format and store this in a local file.

For matching the IATI dataset on the locations level we
needed a more complex algorithm. Locations can be spec-
ified according to a number of fields in the IATI standard:
Location Type, Name, Description, Administrative Country,
Coordinates and Gazetteer entry, see Appendix A.1. Even
though this allows IATI users to specify a location accu-
rately, we have noticed that most files either did not specify
the <location> element, or specified it very scarcely, con-
taining just a reference on country level for instance.

The algorithm that is used for matching locations works
in the following manner: first a classification from 1 to 5
is made based on the <location> element, separating the
locations which have coordinates specified from the elements
containing sparser information. Location elements which
cannot be classified are ignored. This simple classification
has the following values:

61http://api.geonames.org/search?
62http://www.geonames.org/export/codes.html



1. Location elements having a longitude, latitude and
precision specified.

2. Location elements having a longitude and latitude spec-
ified.

3. Location elements having a label and a country label –
from the underlying administrative element – specified.

4. Location elements having just a label specified.

5. Location elements having just a country label speci-
fied.

Each classification value has its own algorithm. For loca-
tions classified by number 1 we make use of the precision
values, a lower precision value indicating a more precise lo-
cation, whereas a precision value above 5 indicates country
or even continent level. For precision values lower than 3
the GeoNames service is queried for a city or place, preci-
sion value 3 indicates a region or district and therefore the
GeoNames feature code of ‘ADM2’ is used. Precision values
4 and 5 indicate a state or province corresponding to the
‘ADM1’ feature code.

For locations in the second classification category, only the
latitude and longitude values are used for querying GeoN-
ames. First, a search is conducted for a place or city based
on the specified coordinates. If this returns no results, a
broad search on nearby GeoNames objects is performed.

Finally, algorithms 3 to 5 all make use of the general search
function within the GeoNames API. Locations in category
3 will first be searched on their label and if no matches were
found, their country label is used for searching. Since the
GeoNames API returns the most relevant items on top of
their search result, the top result will be matched to the
location. Locations classified in the fourth and fifth cate-
gory only make use of a search on respectively their label or
country label.

The GeonamesLocations.py script is used for implementing
this algorithm. First of all, it collects all locations from the
IATI activity XML files and categorizes these into one of the
five categories as specified above. Then a query is performed
on one of the GeoNames webservices, such as findNearby-
PlaceName, findNearby or countryCode, depending on the
category of the location. Again, no SPARQL queries are
used for retrieving this information, since these webservices
return a GeoNames code which can be used to create the
corresponding URI of the GeoNames entity. Finally, as for
all the linked datasets, the triples are stored in Turtle format
in a local file.

5.2.4 World Bank indicators
In order to create a link to the World Bank indicators, a
link from the IATI countries to the World Bank is needed.
Using a simple SPARQL query on the World Bank SPARQL
endpoint63, the ISO codes of the IATI country codelist can
be directly matched to the World Bank dataset. These are
specified according to a skos:notation relation.

63http://worldbank.270a.info/sparql

The implementation of this algorithm is, just like the al-
gorithm itself, very straightforward, as can be seen in the
WorldbankCountries.py script. The country codes are first
collected from the local country codelist XML files. Then a
SPARQL query is performed on the World Bank endpoint
to find the matching URI in the World Bank dataset. The
query that is used can be viewed at https://gist.github.
com/KasperBrandt/6107069. This query also returns all
URIs of the owl:sameAs property linked to the World Bank
URIs, because they contain URIs of the Eurostat dataset as
well. Finally, the matches that are found are converted to
triples using the RDFLib library and stored to a local file.

5.2.5 Other Datasets
Besides links to DBPedia, Geonames and World Bank in-
dicators, we have created links to other datasets as well.
Even though these datasets are not specifically required by
the user’s needs and not used in the Linked Data applica-
tions as of yet, only a few extra lines of code were needed to
gather these links because of their owl:sameAs relations to
either the DBPedia or World Bank dataset. Therefore we
decided to add these links. A list of these datasets and their
description can be found below:

CIA Factbook As was noted in 5.2.2, DBPedia links are
created using a CIA Factbook connection. So this gives
us links to the CIA Factbook as well, which contain
population, government, military, and economic infor-
mation for nations recognized by the United States.
For implementation details, see 5.2.2.

Eurostat The Eurostat dataset is closely related to the
World Bank data, containing general statistics and in-
dicators of European countries, and is matched through
an owl:sameAs property in the World Bank dataset.
For implementation details, see 5.2.4.

OECD The Organisation for Economic Co-operation and
Development dataset64 contains links to DBPedia, BFS,
ECB and FAO and therefore acts as a central hub for
connecting various datasets. The dataset itself con-
tains data on economic, social and governance vari-
ables of mainly developing countries. The OecdCoun-
tries.py script is used to match the countries, con-
taining the SPARQL query as formulated on https:

//gist.github.com/KasperBrandt/6107021.

BFS The Bundesamt für Statistik dataset65 of the Swiss
Federal Statistical Office contains general statistics of
mainly European countries. An owl:sameAs property
in the OECD dataset is specified to both BFS and
DBPedia, making it possible to link these dataset and
the implementation is similar to the OECD dataset.

ECB The European Central Bank has a linked dataset66 on
monetary operations, government finances and more of
European countries. However, they also have an entry
for most non-European countries in their dataset. The
matches are created through the OECD dataset and
the implementation is similar to this dataset as well.

64http://oecd.270a.info/
65http://datahub.io/dataset/bfs-linked-data
66http://ecb.publicdata.eu/



FAO The dataset of the Food and Agriculture Organisa-
tion67 of the United Nations contains agricultural re-
search information. It can be linked, similarly to the
BFS and ECB datasets, using the OECD dataset.

Transparency International The data that is collected
from Transparency International is composed of Cor-
ruption Perceptions Index data, directly matched on
their SPARQL endpoint68 to the World Bank dataset.
Therefore we used the TransparencyCountries.py script
and the simple SPARQL query as described on https:

//gist.github.com/KasperBrandt/6107044 to create
links to the IATI dataset.

5.3 Evaluation
In this section, we evaluate the above described algorithms
by means of precision and recall values. In Table 8, an
overview of all datasets and their respective precision and re-
call values is given and in Appendix C, an extensive overview
of all mappings is shown. The remaining part of this section
describes the evaluations in more detail.

Dataset Precision Recall
GeoNames 1 0.996
countries
DBPedia 0.98 0.976

CIA Factbook 1 0.96
World Bank 1 0.848
indicators
Eurostat 1 0.848
OECD 1 0.832
ECB 1 0.82
BFS 1 0.804
FAO 1 0.764

Transparency 1 0.728
International
GeoNames 0.655 0.363
locations

Table 8: All precision and recall values of the linked
datasets, sorted by the recall values

Starting with the evaluations for the DBPedia dataset, we
found 240 out of the 250 countries in the IATI country
codelist using solely the CIA Factbook connection. How-
ever, when looking for the remaining 10 countries by means
of the internet code on the DBPedia page itself, we found
9 additional counties. The only country that could not be
found is Heard Island And McDonald Islands. After a man-
ual evaluation, we did find that five countries were incor-
rectly matched, mainly due to the fact that some countries
have the same internet code. For example, Guadeloupe and
Martinique have the same internet code as France and are
therefore linked to the DBPedia country page of France.
This gives us a recall value of 0.976 and a precision value of
0.98.

If we would have used only the countries as retrieved from
the CIA Factbook connection, all 240 countries would have
been correct. This would result in a precision value of 1 and

67http://data.fao.org/
68http://transparency.270a.info/sparql

a recall value of 0.96. Based on these results, we decided to
use the algorithm which also searches DBPedia for internet
codes, since it adds four correctly classified countries.

For the country mappings to the GeoNames dataset, 249 out
of the 250 countries in the IATI country codelist could be
found. After a manual evaluation all countries were correctly
mapped, giving us a precision of 1 and a recall of 0.996. The
only country that could not be matched is the Netherlands
Antilles, due to the fact that the ‘AN’ code could not be
found by the GeoNames webservice69.

The results for the GeoNames locations algorithm are less
satisfying. In total, a number of 6,854 locations have been
specified in the IATI XML files and 2,237 locations have been
matched using the GeoNames service. Since evaluating all
2,237 links manually is impractical, we decided to take two
random sets of 100 links and evaluate these. Of the first
set of 100 links, we found 47 to be relevant. The second
sample set gave us 84 relevant results. The combination of
these two evaluation sets gives us a precision of 0.655 and a
recall of 0.363. The number of relevant results when looking
at all locations would approximately be 2,488 out of 6,854.
In comparison, the number of activities in our dataset is
233,193. Since we would only have a very small subset of the
activities linked to a correct GeoNames location, 1.07%, and
since the precision and recall values are very low, we decided
not to use these in links in our Linked Data application.

When looking at these matches, we found both the con-
tents of the IATI files as the actual results for matching the
iati:location nodes disappointing. As only 6,854 locations
have been specified from a total of 233,193 activities, mean-
ing that a mere 2.94% of the activities has a <location>
element, the starting point for creating matches was not op-
timal. Furthermore, we found the quality of the <location>
element contents in the IATI files disappointing. In most
cases, only the country had been specified, which makes this
element a duplicate version of the <recipient-country> or
<recipient-region> elements.

Also, multiple locations are sometimes specified within one
element – e.g. “Kenya, South Africa and Namibia” – and
some location element contain a just dash or “Local” in the
description field. In these cases we did not find a suitable
match using our simple matching algorithms on GeoNames.
More sophisticated methods for matching these locations
will not help much either, as it is still impossible to match
a location which has only “Local” in its description field for
instance.

The remaining datasets are all matched on country level
through the use of the ISO codes. This results in a precision
value of 1 for all these datasets, making these standardized
codes a safe manner of matching countries. When looking
at the World Bank indicators, 212 out of 250 countries are
correctly matched to the IATI dataset, resulting in a recall
value of 0.848. This recall value is significantly lower than
the recall value of the DBPedia links. However, since most
countries – especially the developing countries relevant to
the IATI dataset – could be matched, we did use these links

69The ‘AN’ code has been added in the meanwhile.



in the Linked Data application. The reason that some coun-
tries could not be found is because they mostly do not exist
in the World Bank dataset. Especially small countries, such
as Gibraltar or Nauru, and old colonies or overseas islands,
such as Réunion or Mayotte, are missing from their dataset.

All other datasets are linked through a relation containing
the owl:sameAs property within either the DBPedia dataset
or World Bank indicators. It is therefore not surprising to
see that these datasets score lower or equal to these datasets
on their recall values. For the Eurostat dataset, it can be
seen that is scores are exactly the same as the World Bank
indicators, showing that all countries in the World Bank
dataset also have a link to the Eurostat dataset.

Furthermore, since the OECD dataset acts as a central point
for the ECB, BFS and FAO datasets, the evaluations show
that this dataset ranks best of these four datasets. The same
holds for the Transparency International dataset, which de-
rives its links through the World Bank countries. The evalu-
ations show that not all countries in the World Bank dataset
have a link to the Transparency International dataset, caus-
ing a lower recall value of 0.728 for the latter.

All of the links that have been created have been uploaded
to the triple store, even though not all are used in the Linked
Data applications. These appliations only make use of the
DBPedia dataset and World Bank indicators.

In conclusion, linking datasets has mostly been done on ex-
act matches for the country codes from the IATI codelist.
In general, we are satisfied with the results of the linked
datasets, since the most important codelists for the IATI
dataset have been matched using our simple algorithms. The
IATI locations are an exception, giving us a disappointing
result. However, improving the precision and recall values
for the locations in the IATI dataset is hard, since these lo-
cations are often not very precisely defined in the IATI files.
In the next section, we elaborate on the Linked Data applia-
tions, which have been built using two of the linked datasets
as described above.

6. LINKED DATA APPLICATIONS
In this section, we describe the Linked Data applications,
which are available at the applications page of the IATI2LOD
website70. In Section 6.1, the approach and methodology is
described. Section 6.2 shows the resulting applications and
their implemenation and in Section 6.3, an evaluation of the
applications is given.

6.1 Approach and Methodology
The methodology for creating the Linked Data application
is largely based on the user’s needs elicitated from the inter-
views as described in Section 3.2. The main goal is to show
the added value of Linked Data as opposed to using just
the IATI data. Based on the user’s needs and the external
datasets we have linked, we created Linked Data applica-
tions by building SPARQL queries that retrieve data from
both the IATI dataset and the linked datasets. We did not
take into account any usability or user experience method-
ologies, but focused on the added value through the use of

70http://iati2lod.appspot.com/applications

Linked Data instead.

The applications are evaluated by means of the user’s needs.
For each of the applications we have evaluated whether it
meets a specific need. Since these needs could not have
been met when using just the IATI dataset, the resulting
applications show that having the IATI model as Linked
Data will provide added value for users.

6.2 Results
In this section, we elaborate on the Linked Data applications
that have been built based on the Linked Data model and the
linked datasets. Taking the user’s needs from 3.2 as an input
for the applications, we first show the general applications
in 6.2.1, the applications showing the Human Development
Index are described in 6.2.2, World Bank indicators in 6.2.3
and, finally, the application showing country pages in 6.2.4.

All applications have been built in the Google App Engine
(GAE)71, which allows us to use Python scripts in combina-
tion with the Jinja272 template engine, similar to the Django
framework73, for creating dynamic websites. All maps and
graphs in the applications make use of Google Charts74, ef-
fectively allowing us to focus solely on the data without hav-
ing to pay attention to the layout of these graphs.

Furthermore, data is not queried live on the triple stores,
as this drastically decreased the performance of the appli-
cations. Instead, the data of the external datasets is gath-
ered through SPARQL queries and stored in the GAE data-
store. For each of the applications describe below, we give
an explanation of the SPARQL query that is used to gather
the data and the performance of this query. All of these
SPARQL queries can be found on https://gist.github.

com/KasperBrandt.

6.2.1 General applications
The general applications take user’s need 1 as an input; In
total, how much does a given country receive in aid? In
order to answer this need, several applications have been
built which can be viewed on http://iati2lod.appspot.

com/applications/general. No externally linked datasets
have been used for creating these applications.

First of all, an application is created showing an overview of
the total number of activities on a World map. For cre-
ating this overview, the sum of all activities having the
iati:activity-recipient-country property is taken per country.
The countries with a larger amount of aid activities are col-
ored darker green in the World map, whereas countries with
fewer activities are colored light green. As a result the map
shows that Afghanistan and Pakistan are the countries hav-
ing the largest number of activities, respectively 4,846 and
4,313 activities.

The SPARQL query that is used to gather the data on activ-
ity is available at https://gist.github.com/KasperBrandt/

71https://developers.google.com/appengine/
72http://jinja.pocoo.org/
73https://www.djangoproject.com/
74https://developers.google.com/chart/



6107184. It collects all activities with an iati:activity-recipient-
country property as well as the country code belonging to
the activity. The results are grouped per country and a
count is performed on the number of activities belonging to
each of the countries. This SPARQL query performs fairly
good, returning results in approximately 4 seconds.

However, from this overview the first user’s need can not
be completely satisfied, since it only shows the number of
aid activities and not the amount of aid a country receives.
Therefore we have created several other World maps, show-
ing the total amount of transactions, budgets and planned
disbursements which can be linked to the recipient countries.

These three applications all work in the same way: the fi-
nancial data is gathered from the IATI dataset and summed
up per country and per currency. In order to be able to com-
pare all values, it is necessary to convert all currency values
to the same currency. Since converting currencies for each
separate transaction or budget is a very costly calculation,
we decided to take the current exchange rate and convert all
values to US Dollars. As can be seen from Figure 7, Brazil
receives the biggest amount in aid transactions.

The three SPARQL queries used for gathering the amount of
transactions, budgets and planned disbursements are simi-
lar to each other. The only difference being the iati:activity-
transaction property which is used for transactions, as com-
pared to iati:activity-budget for budgets and iati:activity-
planned-disbursement for planned disbursements.

As an example, we take the transaction SPARQL query, lo-
cated at https://gist.github.com/KasperBrandt/6107203.
This query is more complicated than the previous one, mainly
because it needs to replace all commas in the transaction val-
ues and cast these values to floats in order to be able to sum
up all values. Other than that, each transaction, as spec-
ified by a iati:activity-transaction property, is queried and
the country code, currency code and value of the transaction
is retrieved. The results are then grouped by country first
and currencies second, and the sum of all transaction values
is calculated per country-currency combination.

Because of the double grouping and the calculation of the
sum for each group, these queries take a lot longer to cal-
culate results. In general it takes about 50 seconds for the
triple store give a result on each of the three queries, very
long for a live application. This is the main reason we have
opted for querying and calculating these results beforehand
and storing it in the GAE datastore, as the loading time
for the current live application does not take longer than 2
seconds.

6.2.2 Human Development Index
The second application shows a comparison between the
IATI data and the Human Development Index (HDI)75. For
information about the HDI we have used the linked DBPedia
dataset, which contains HDI information for most countries.
This application combines a SPARQL query for summing up
all transaction values – the same query which is used for the

75See http://iati2lod.appspot.com/applications/
general?graph=country-hdi

general application of transactions – and a query to the DB-
Pedia database, gathering the HDI rank and year in which
the rank was set.

Unfortunately, not all countries on DBPedia have a HDI
rank or year, a total of 61 countries did not. Countries for
which an HDI value was found on DBPedia are sorted in
reverse, to show the countries with a lower HDI on top. It
would be expected that these countries, since their develop-
ment status is lowest, receive more aid than the countries
higher ranked in the HDI. Of course other indicators, such
as the population size, should be taken into account as well
in order to get a clear comparison. However, when com-
paring just the IATI data versus the HDI, some interesting
observations can already be made. For example, Peru –
number 63 on the HDI list – receives much more aid money
($ 16,856,825,629) than Eritrea ($ 961,504,336) or Gambia
($ 863,481,886), respectively 165th and 168th on the HDI
list.

As stated above, the previously explained query for gath-
ering the total amount of transactions per country is used
together with a query on the DBPedia dataset for retrieving
HDI information. After fetching the DBPedia link for each
country, we have created a simple SPARQL query that com-
bines the retrieval of the country’s thumbnail, abstract and
HDI, see https://gist.github.com/KasperBrandt/6107271.
The thumbnails and abstracts are used on the country pages,
as described in 6.2.4, but since the query is very simple and
only used to store the data once, we opted to retrieve all
country data from DBPedia at the same time.

The performance of this query is very good, giving results
back nearly instantly. However, since it would be needed
to perform this query for every country, it would still take
more than 10 seconds to retrieve all data. In combination
with the query for retrieving the total transaction values per
country, this would mean that retrieving information for this
application could take up to a minute.

6.2.3 World Bank indicators
The World Bank has a number of indicators for various
topics, for example on agriculture and rural development,
aid effectiveness or economic policy and external debt. In
the Linked Data application, a subset of the indicators is
chosen to be compared with the IATI data. The selected
indicators all have US Dollars as their data, since we can
not compare indicators having a different type of data, such
as ‘% of GDP’, to the IATI transactions dataset. Further-
more, only indicators containing data for all countries have
been selected. Most of the World Bank indicators have miss-
ing data, especially on Third World countries, and therefore
these indicators are disregarded.

The indicators that have been selected are: current account
balance, net official development assistance and official aid
received, net official development assistance received, total
reserves, and GDP.

In the application, the user has to select a country and one of
the indicators. Based on the selected country and indicator a
comparison graph of the IATI transactions and the indicator
is shown per year. In order to show this graph, a SPARQL



Figure 7: World map of the total amount of transactions

query is performed on the IATI dataset which is similar to
the query that is used for showing the total amount of trans-
actions of the general applications. However, since we have
to show the data for each year, the results are grouped per
year as well. Another SPARQL query is performed on the
World Bank data in order to gather the data for the se-
lected indicator and country. Only the indicator data from
1990 onwards are shown, the IATI data usually does not go
further back than 2000.

Unlike the other datasets, we did not query the World Bank
SPARQL endpoint76 for retrieving the data, since this end-
point was very unstable at the time and often did not re-
turn results. Instead we used their webservice77. However,
to show that it is possible to use a triple store, we rebuild
their data according to the Data Cube vocabulary and up-
loaded it to the IATI triple store. The query for retriev-
ing all observations from a World Bank indicator is speci-
fied at https://gist.github.com/KasperBrandt/6107352.
Since the World Bank dataset is modeled using the Data
Cube vocabulary, we use the measure and dimension of the
cubes to retrieve the value, year and country belonging to
the indicator.

In addition, a SPARQL query for retrieving the total trans-
actions per country per year is used in order to be able to

76http://worldbank.270a.info/sparql
77http://api.worldbank.org/countries/[country_code]
/indicators/[indicator]?

compare the transactions to World Bank indicators. This
query is similar to the total transactions per country, only
the year is now retrieved as well and the results are also
grouped by year. The query is shown at https://gist.

github.com/KasperBrandt/6107364 and performs worse than
the total transactions per country query. Therefore this
query is not suited at all for live applications. Even more
so, the Google App Engine does not allow for connections
taking longer than 60 seconds. Since this query usually took
longer than a minute, it was not possible to create this ap-
plication at all without pre-calculating the data and storing
it to the GAE datastore.

6.2.4 Country pages
The main application bringing all of the above together is
the country pages. The user can navigate to these country
pages from the general applications by clicking on a country
in the World map or by clicking on the name of a country
in the HDI overview.

As is shown in Figure 8, which shows the country page for
Burundi, the country pages consists of various elements.
Starting from the top of the page, information from DB-
Pedia is shown in the form of the flag of the country, a short
abstract of the country and the HDI year and rank of the
country which is shown underneath the flag. This informa-
tion is gathered using one SPARQL query on the DBPedia
endpoint as described in 6.2.2.



Figure 8: Country page of Burundi

Furthermore, a small summary on the IATI activities is
shown on the left side of the page. This corresponds to
the information of the general applications, showing the to-
tal number of activities, the total amount of transaction, the
average amount per transaction, the total amount of bud-
gets and the the total amount of planned disbursements, as
specified in the IATI files.

Underneath the IATI information a list of military conflicts
is shown. This, again, is gathered from DBPedia by querying
for all military conflicts linked to a country since 1900. The
year of the conflict is shown, as well as the name of the
conflict.

Finally, the central graph on the page shows the World Bank
indicator ‘net official development assistance and official aid
received’ per year since 1990, as well as the total amount of
transactions, budgets and planned disbursements per year.
The queries needed to create this graph are similar to the
ones used on the World Bank indicator page. However,
additional queries are needed to calculate the budgets and
planned disbursements per year, since these are not shown
on the World Bank page.

Again, the implementation of this application would not
have been possible without storing pre-calculated data in the
GAE datastore. Since we have to perform multiple queries
on the IATI dataset as well as the DBPedia and World Bank
datasets, the total calculation time would add up to multiple
minutes.

The SPARQL queries that are used in this application con-
sist of general IATI activity information as described in
6.2.1, the thumbnail, abstract and HDI information retrieval
from DBPedia, as described in 6.2.2, and World Bank data
and transaction values per year as described in 6.2.3. In ad-
dition, data on violent conflicts is needed from DBPedia as
well, for which we created a SPARQL query that retrieves all
conflicts at once as shown on https://gist.github.com/

KasperBrandt/6107152. In the application itself, a filter
is then placed on the selected country. Furthermore, bud-
get values per year78 and planned disbursement values per
year79 are needed. These SPARQL queries are similar to the
transaction per year query.

6.2.5 Evaluation
The evaluation of the Linked Data applications is done based
on the user’s needs (see Section 3.2). From the general appli-
cations, the user is able to see how much aid each country re-
ceives in transactions, budgets and planned disbursements.
Therefore, the first user need is satisfied by making use of
these applications. However, the data as shown in these ap-
plications should be taken as a very rough estimate, since
not all aid donors are currently publishing their aid activi-
ties in IATI format and therefore we can not be sure that
these applications give a correct overview of all received aid
of a country in total.

The second user need is partly fulfilled by the application

78https://gist.github.com/KasperBrandt/6107120
79https://gist.github.com/KasperBrandt/6107282



showing IATI transactions next to the Human Development
Index. Not all data on the HDI is available, which makes
the overview incomplete. However, countries having an HDI
rank specified can be compared to one another and to the
amount of aid transactions. It should be taken into account
that this is a very flat comparison with just IATI data and
HDI as variables, whereas the overview could give a better
picture of the aid division between countries if other vari-
ables would be taken into consideration as well.

User’s needs 3, 3a and 3b are not sufficed at all. Because
data on locations is too scarcely available and because some
of this data could not be correctly matched, we have decided
not to incorporate any specific location based applications.

When looking at user’s need 4, it is satisfied, albeit partly,
by the country pages. After a manual evaluation on the
military conflicts that are available on DBPedia we noticed
that not all conflicts are available. This overview only covers
military conflicts, meaning that some civil wars or genocides
are not taken into account. However, from the list of military
conflicts in combination with the abstract of the country, a
general sense of the state and history of each country is
accounted for.

Finally, the World Bank indicator application is created in
order to fulfill user’s need 5. Even though not all World
Bank indicators are available within the application, the in-
dicators that are eligible for a comparison to IATI transac-
tions, budgets or planned disbursements are. Also, we have
noticed that a lot of data missing from the World Bank indi-
cators, making it impossible to create a comparison to most
of these indicators. Therefore user’s need 5 is essentially
fulfilled.

However, these are our evaluations based on the user’s needs.
Further research should be employed to find out how these
applications are evaluated by the users themselves in order
to be sure that their needs are fulfilled.

A number of comments also have to be made regarding the
specification of the data in the IATI files. We mostly had
issues with the content of the IATI files as provided by the
aid donors, since many of the IATI files actually do not
have a <recipient-country> element or the code is not spec-
ified according to the IATI country codelist. For example,
some files have “Afghistan” or “AFG” specified as the coun-
try code, whereas the correct code for Afghanistan would be
“AF”. This causes the country not to be recognised by the
applications and therefore a lot of data is missing from the
applications.

Other than working with invalid country codes, we also
found the specifications for money values such as transac-
tions, budgets or planned disbursements to vary. First of
all, several currencies were used for which we had to use
exchange rates to calculate the money value in US Dollars.
Even though this was to be expected, it does cause valuable
calculation time. Since the historical exchange rates are not
available as open data and since it would be computation-
ally costly to calculate each value according to the actual
exchange rate of the historical transaction date, we decided
to use a general exchange rate for each currency based on

the current exchange rates.

Furthermore, some transactions are specified with commas,
but most are specified without. Since the IATI model guide-
lines do not state the exact format of the money values, this
was also to be expected. As a result, we checked whether
commas were used to denote decimals. This is not the case,
so we removed all commas in order to get valid integers. In
addition, we found many negative transactions. The exact
meaning of these transactions remains to be guessed, but we
have assumed that these transactions are to be extracted
from an earlier transaction and therefore these values are
also taken into consideration. As a result, the total trans-
action values for Hungary and South Korea ended up being
well below zero and we decided to disregard these values in
the World map of the general applications, since these maps
become unreadable in this scenario.

Another point of interest is that transactions have been used
more often than the budget or planned disbursements ele-
ments. In general, the transaction element should indicate
the committed or actual money flowing in or out of an ac-
tivity, whereas the budget element should be used for the
total yearly or – the preferred – quarterly budget. As for
planned disbursements, these are originally meant to spec-
ify future releases of funds. However, even within the IATI
userbase there has been some confusion in the use of these
terms and elements80. So, in the end, we believe that the
IATI transactions give the best representation of the money
flows in aid activities.

Finally, we express our concern regarding the calculation
time of SPARQL queries, especially when creating applica-
tions that use data from multiple datasources. In our opin-
ion, this is a weak spot in the Web of Data. A solution for
this problem is to retrieve all data needed for an applica-
tion, pre-calculate it if needed and store it in one location.
However, this creates multiple stores containing the same
dataset or a subset thereof, which is not an ideal situation
for updating data.

To conclude, we have created several Linked Data applica-
tions which show that specific IATI user’s needs are fulfilled
through the use of Linked Data, which could not have been
realized with solely the data of the IATI dataset. However,
we see that there is room for improvement on multiple lev-
els. First of all, the way data is specified in the IATI files
by aid organisations is not optimal, which causes missing
data in the Linked Data applications. Also, we express our
concern regarding a weakness of the Web of Data, the per-
formance of SPARQL queries. Especially when querying
multiple datasets the performance of a Linked Data appli-
cation is drastically descreasing.

7. GENERALIZATION
In addition to the Linked Data model, linked datasets and
Linked Data applications, we also discuss how the approach
and the results of this thesis can be generalized to other
Linked Data conversions.

80http://support.iatistandard.org/entries/
21431418-Budgets-and-Planned-Disbursements



In general, we believe that making a generic approach for
converting an open dataset to Linked Data is not feasible,
since domain knowledge and user input are required in or-
der to create a fitting conversion. However, following an
approach similar to our approach in this thesis makes sure
that the model can be used in practice. The steps that
should be taken should follow these rough guidelines:

1. Specify the requirements of the model and the domain
user’s needs, elicitated from interviews with users or
experts. Take into account the structure of the model
in combination with external vocabularies that fit the
domain and the purpose of the model.

(a) Get user or expert feedback on these requirements
and the model itself in an iterative fashion, while
working on the model itself. This should be an
ongoing process throughout the creation of the
model.

2. Based on the user’s needs and the domain of the model,
select relevant datasets in order to link these to the
created Linked Data model.

3. Define algorithms for linking the selected datasets to
the Linked Data model and evaluate these links. De-
cide for each of the datasets if the evaluation is suffi-
cient for using the linked dataset in practice.

4. Create applications that serve the user’s needs and
evaluate these with the users themselves.

Furthermore, the requirements as defined in Section 3.1 al-
low for a generic way of converting an open dataset to Linked
Data. First of all, the two design principles of completeness
of the data and a consistent use of structure and use of terms
between the open data model and the Linked Data model
makes sure that the Linked Dataset does not have informa-
tion loss and can immediately be used by users of the open
dataset, since the structure is familiar. When these design
principles are relevant, the 6 requirements as specified in
Section 3.2 should be adhered to, since they make sure that
the data is complete and consistent in practice. Even though
some requirements have been formulated in order to specif-
ically convert an XML file to Linked Data, it is possible to
use these requirements as well for other datatypes, such as
JSON.

However, even when completeness and consistency are not
relevant, requirements 3 to 6 are still useful for setting up a
Linked Data model. In any case, giving a rdf:type property
to every node in the model (requirement 3) allows for easy
querying of those type of nodes and automatically creates a
an ontology for the model. Also, avoiding blank nodes (re-
quirement 4) has become a general design principle since
it is not possible to set external RDF links to this URI
and updating triples in a triple store containing blank nodes
is much harder than a triple stored containing just named
nodes. Requirement 5 makes sure that no blank nodes are
needed, since a hash is used when no identifier is present
to uniquely identify a node. Finally, keeping the number
of nodes to a minimum (requirement 6) is a design choice

which makes sure that the model is not needlessly complex
and also allows for simpler SPARQL queries.

The implementation as used in this thesis has not been setup
for a generic implementation of a Linked Data conversion.
The Python scripts as used for crawling the IATI registry
and converting the IATI data into RDF are specifically cre-
ated for the IATI dataset. In contrast to the requirements,
which are setup in a generic manner, these scripts contain
a function for every specific element in the IATI dataset.
These scripts are only reusable when the specific elements
of a dataset are modeled. The same holds for the imple-
mentations of the algorithms for linking datasets and the
Linked Data applications. These have been tailored to suit
the purpose of the IATI dataset and its links to external
vocabularies.

Concluding this section, we have shown that a generic ap-
proach for creating a Linked Data model and its applica-
tions makes sure that a practical model is created with ap-
plications that fulfill specific user’s needs. Furthermore, the
requirements as described in this thesis are useful for gener-
ating a Linked Data model in general, even when the design
principles are not the same as ours. Finally, the implemen-
tations in this thesis do not allow for a generic way of imple-
menting a Linked Data conversion, but have been created
specifically for the IATI dataset.

8. CONCLUSIONS
In this thesis, a Linked Data model is introduced based on
the IATI model. Requirements for creating the model are
defined and all elements of the IATI model – activities, or-
ganisations and codelists – are converted to Linked Data.
In addition, a provenance model is introduced and external
vocabularies are linked to the properties and classes of the
IATI Linked Data model.

In order to answer the first research question of this the-
sis; How can the IATI model best be converted to a Linked
Data model?, we take a look at each of the underlying re-
search questions. First of all, research question 1a poses the
question how the model is created in a structured manner.
As we have shown in Sections 3.1 and 4.2, setting up de-
sign principles and requirements for the model allows for a
structured method of creating a Linked Data model. Even
more so, the requirements are setup in a generic manner,
allowing other datasets to create a Linked Data model in a
structured manner as well.

Research question 1b concerns the provenance of the IATI
Linked Data model. As provenance has become a central
topic in Linked Data, a provenance model for the IATI
dataset is described in 4.2.4. However, this provenance model
describes metadata on the level of IATI files and the conver-
sion process, whereas it is also a possibility to use it to de-
scribe the provenance on the aid activities themselves. Fur-
ther research is needed to employ this possibility.

As for research question 1c, all standard vocabularies that
are linked to the IATI model are described in 4.2.5. Also,
the vocabularies that were considered but not linked to the
model, which is mainly related to our design principles, are
discussed in this section.



Besides creating a model, external datasets are linked to
the IATI Linked Data model. Starting with research ques-
tion 2a, a list of external datasets relevant to the IATI
Linked Data model, such as the DBPedia, GeoNames and
World Bank indicators, is shown in 5.2.1. Based on the
user’s needs as elicitated from interviews with domain ex-
perts these datasets have been selected. Also, additional
datasets have been linked to the Linked Data model that go
beyond the scope of the user’s needs.

The algorithms for linked these datasets, as research ques-
tion 2b denotes, are evaluated in 5.3. Generally, the al-
gorithms only employed a strategy for exact matches and
we are satisfied with the precision and recall values of most
datasets. An exception is the algorithm for linking the IATI
dataset to the GeoNames locations dataset, for which we
were not satisfied with the results. However, creating a bet-
ter algorithm for linking this dataset is hard, since the bad
results are mainly caused by the specification of the data in
the original IATI files.

Furthermore, Linked Data applications have been created
based on the user’s needs. Looking at the research question
3a, it is shown that the applications as described in 6.2 show
the added value of Linked Data applications since most of
these applications, and thus user’s needs, could not have
been realized with just IATI data and without linking the
external datasets to the IATI Linked Data model.

We have also found that the impact of the design choices,
as questioned in research question 3b, on the Linked Data
model are of not much influence when looking at the Linked
Data applications. In general, the design principles and re-
quirements that we adhere to in this thesis make the IATI
Linked Data model the way it is currently structured. But
if the model would have been strucutured otherwise, the ap-
plications itself could probably be reproduced showing the
same information as they currently do. However, since we
did not employ a comparison to a Linked Data model with
another structure, this should be further researched.

Finally, Section 7 shows how the results of this thesis are re-
lated to converting open datasets to Linked Data in general.
First of all, research question 4a is answered by showing
that it is possible to employ a generic approach for creating
a Linked Data model from an open dataset. In addition, the
setup requirements are useful for generating a Linked Data
model in general, even for models with different design prin-
ciples. Research question 4b poses the question whether the
implementation allows for a generic way of implementing a
Linked Data conversion. The answer to this research ques-
tion is that all scripts and files used to create and convert
the IATI model to Linked Data have been customized for
the IATI dataset, therefore it is not possible to reuse any of
the implementation in general.
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APPENDIX
A. IATI MODEL
A.1 Activity example
Below an example activity IATI XML file is shown, contain-
ing actual data of activity ID “GB-CHC-285776-CHA024”.
We have added several elements and attributes which are
not in the original XML file, such as the <website> and
<location> elements and the @version and @linked-data-
uri attributes within the <iati-activity> element, in order
to give a complete overview of the data an IATI XML file
can contain.

The original XML file can be retrieved from this address:
http://www.cafod.org.uk/extra/data/iati/IATIFile_Chad.

xml.

<iati-activity hierarchy="1" xml:lang="en" default-

currency="GBP" last-updated-datetime=

"2013-01-23T00:00:00" version="1.02"

linked-data-uri="http://ld.cafod.[..]">

<reporting-org ref="GB-CHC-285776" type="21">

CAFOD

</reporting-org>

<iati-identifier>

GB-CHC-285776-CHA024

</iati-identifier>

<other-identifier>

CHA024

</other-identifier>

<iati-website>

http://cafod.com/GB-CHC-285776-CHA024

</iati-website>

<title>

Emergency support to individuals and

households affected by food insecurity in

Chad

</title>

<description type="1">

This project is a contribution to Caritas

Switzerland’s emergency appeal for Chad

(EA 15/2012). [..] CAFOD’s contribution

of 19,678 pounds will be earmarked

towards the UNAD project activities.

</description>

<activity-status code="2">

Implementation

</activity-status>

<default-tied-status code="5">

Untied

</default-tied-status>

<activity-date type="start-actual"

iso-date="2012-07-12"/>

<activity-date type="end-planned"

iso-date="2013-05-14"/>

<contact-info>

<organisation>CAFOD</organisation>

<person-name>

CAFOD Contact

</person-name>

<telephone>

+44 (0) 1355 84 3132

</telephone>

<mailing-address>

Public Enquiry Point, Abercrombie House,

Eaglesham Road, Glasgow G75 8EA

</mailing-address>

<email>cafod@cafod.org.uk</email>

</contact-info>

<participating-org role="Funding"

ref="GB-CHC-285776">

CAFOD

</participating-org>

<participating-org role="Implementing">

Caritas Switzerland National Office

</participating-org>

<recipient-country code="TD"

percentage="100">

Chad

</recipient-country>

<recipient-region percentage="100"

code="289">

South of Sahara, regional

</recipient-region>

<location percentage="100">

<name>Herat</name>

<coordinates latitude="34.341944"

longitude="62.20305" precision="2"/>

<location-type code="PPL" />

<administrative country="AF">

Afghanistan, Herat, Injil

</administrative>

<gazetteer-entry gazeteer-ref="GEO">

1140026

</gazetteer-entry>

</location>

<sector vocabulary="RO">

Emergency Relief and Recovery

</sector>

<sector vocabulary="DAC" code="51010"

percentage="100">

General budget support

</sector>

<policy-marker vocabulary="DAC" code="04">

Trade Development

</policy-marker>

<collaboration-type code="1">

Bilateral

</collaboration-type>

<default-flow-type code="30">

Private grants

</default-flow-type>

<default-aid-type code="C01">

Project-type interventions

</default-aid-type>

<default-finance-type code="110">

Aid grant excluding debt reorganisation

</default-finance-type>

<default-tied-status code="5">

Untied

</default-tied-status>

<budget type="1">

<period-start iso-date="2011-01-01"/>

<period-end iso-date="2012-01-01"/>

<value value-date="2011-10-01">

700000



</value>

</budget>

<planned-disbursement>

<period-start iso-date="2011-01-01"/>

<period-end iso-date="2012-01-01"/>

<value value-date="2011-10-01">

700000

</value>

</planned-disbursement>

<transaction ref="42737">

<transaction-type code="IF">

Incoming Funds

</transaction-type>

<provider-org>CGF</provider-org>

<value value-date="2012-05-15">19679</value>

<transaction-date iso-date="2012-05-15">

2012-05-15

</transaction-date>

</transaction>

<transaction ref="56662">

<transaction-type code="D">

Disbursement

</transaction-type>

<receiver-org>

Caritas Switzerland National Office

</receiver-org>

<value value-date="2012-07-20">19679</value>

<transaction-date iso-date="2012-05-15">

2012-05-15

</transaction-date>

</transaction>

<document-link format="application/msword"

url="http://www.cafod.net/[..]Final.doc">

<title>Final doc</title>

<category code="A04">

Conditions

</category>

<language code="en" />

</document-link>

<related-activity type="1" ref="GB-1-105838">

Trade Sector Programme

</related-activity>

<conditions attached="1">

<condition>Activity condition</condition>

</conditions>

<result type="output"

aggregation-status="false">

<title>Grant Performance Report</title>

<description type="1">

This should show a clear result.

</description>

<indicator measure="NDP" ascending="true">

<title>NDP</title>

<description type="1">

This should show an indicator.

</description>

<period>

<period-start iso-date="2011-01-01"/>

<period-end iso-date="2012-01-01"/>

<target value="N=42;P=57"/>

<actual value="N=41;P=56"/>

</period>

<baseline year="2008" value="N=35;P=55">

<comment>

Source: administrative records

</comment>

</baseline>

</indicator>

</result>

<legacy-data name="money" value="70000"

iati-equivalent="budget"/>

</iati-activity>

A.2 Organisation example
Below an example organisation IATI XML file is shown,
containing actual data of the “Department for International
Development”organisation. We have added several elements
which are not in the original XML file, such as the <reporting-
org> and <recipient-org-budget> elements, in order to give
a complete overview of the data an IATI XML file can con-
tain.

The original XML file can be retrieved from this address:
http://projects.dfid.gov.uk/iatixmlfiles/organisation.

xml.

<iati-organisation last-updated-datetime=

"2012-08-23T12:43:16Z" xml:lang="en"

default-currency="GBP">

<iati-identifier>GB-1</iati-identifier>

<name>

Department for International Development

</name>

<reporting-org ref="GB-1" type="60"

xml:lang="en">

Department for International Development

</reporting-org>

<total-budget>

<period-start iso-date="2013-04-01">

01 April 2013

</period-start>

<period-end iso-date="2014-03-31">

31 March 2014

</period-end>

<value value-date="2010-10-20">

11300000000

</value>

</total-budget>

<recipient-country-budget>

<recipient-country code="AF">

Afghanistan

</recipient-country>

<period-start iso-date="2012-04-01">

Start of Financial Year 2012/13

</period-start>

<period-end iso-date="2013-03-31">

End of Financial Year 2012/13

</period-end>

<value currency="GBP" value-date=

"2012-04-01">

180445000

</value>

</recipient-country-budget>

<recipient-org-budget>

<recipient-org ref="41114" xml:lang="en">



United Nations Development Programme

</recipient-org>

<period-start iso-date="2012-04-01"/>

<period-end iso-date="2013-03-31"/>

<value currency="USD"

value-date="2012-04-01">

250000000

<value>

</recipient-org-budget>

<document-link url="http://[..]report.pdf"

format="application/pdf">

<title>

DFID Annual Report and Accounts 2011-12

</title>

<category code="B01">

Annual report

</category>

</document-link>

</iati-organisation>

A.3 Codelist example
Below part of the codelist XML file for the “Aid Type”
codelist is shown. The original XML file can be retrieved
from this address: http://datadev.aidinfolabs.org/data/
codelist/AidType/version/1.0/lang/en.xml.

<codelist name="AidType" date-last-modified=

"2012-03-02T16:37:03.457Z" version="1.0"

xml:lang="en">

<AidType>

<code>A01</code>

<name>

General budget support

</name>

<description>

Unearmarked contributions to the government

budget including funding to support the

implementation of macroeconomic reforms [..]

of earmarking the resources for specific uses,

are therefore excluded.

</description>

<language>en</language>

<category>A</category>

<category-name>

Budget support

</category-name>

<category-description>

For contributions under this category, the donor

relinquishes the exclusive control of its funds

by sharing the responsibility with the recipient.

</category-description>

</AidType>

<AidType>

<code>A02</code>

<name>Sector budget support</name>

<description>

Sector budget support, like general budget

support, is a financial contribution to a recipient

government’s budget. However, in sector budget

support, the dialogue between donors and partner

governments focuses on sector-specific concerns,

rather than on overall policy and budget priorities

</description>

<language>en</language>

<category>A</category>

<category-name>Budget support</category-name>

<category-description>

For contributions under this category, the donor

relinquishes the exclusive control of its funds by

sharing the responsibility with the recipient.

</category-description>

</AidType>

</codelist>

A.4 Metadata example
In this appendix, the JSON file for the “aa-organisation”
XML file is shown. The original JSON file can be looked up
using the IATI API on this location: http://www.iatiregistry.
org/api/rest/dataset/aa-organisation.

{

maintainer: null,

maintainer_email: null,

id: "e270697a-2baa-4f83-80aa-673cb63d4f32",

metadata_created: "2011-10-12T16:27:40.682769",

relationships: [ ],

license: "OKD Compliant::Other (Attribution)",

metadata_modified: "2012-03-17T00:48:08.233890",

author: null,

author_email: "",

download_url:

"http://maps.aidsalliance.org/iati/

organisation.xml",

state: "active",

version: null,

license_id: "other-at",

resources: [

{

mimetype: "text/xml",

resource_group_id: "f01a2519-28b0-4117-869e-

8ab5e690f3f8",

hash: "5557a9c6821b3f71cc601307bb7c588726

598f5e",

description: "",

format: "IATI-XML",

url: "http://maps.aidsalliance.org/iati/

organisation.xml",

cache_url: null,

webstore_url: null,

cache_last_updated: null,

package_id: "e270697a-2baa-4f83-80aa-673cb6

3d4f32",

mimetype_inner: null,

webstore_last_updated: null,

last_modified: "2012-01-27T00:47:33.973496",

position: 0,

size: "2589",

id: "c7391b0b-0b17-4084-8ce3-23a329008b15",

resource_type: null,

name: null

}

],

tags: [ ],

groups: [



"aa"

],

name: "aa-organisation",

isopen: true,

notes_rendered: "",

url: null,

ckan_url: "http://iatiregistry.org/dataset/

aa-organisation",

notes: "",

title: "AIDS Alliance Organisation File",

ratings_average: null,

extras: {

publisher_iati_id: "21020",

activity_period-from: "",

archive_file: "no",

verified: "no",

publisher_organization_type: "21",

language: "en",

country: "",

filetype: "organisation",

record_updated: "2011-10-12",

publisher_country: "GB",

activity_period-to: "",

data_updated: "2011-09-26 13:40",

publishertype: "primary_source"

},

ratings_count: 0,

revision_id: "501cbf44-b4e8-454f-9287-

b2abc47874a4"

}

B. USER’S NEEDS
Below the full list of user’s needs can be found, which is put
together by representatives from the aid field and originally
available at http://lopad.org/topaidquestions. The items
marked in bold are picked as user’s needs for this thesis:

1. In total, how much does a given country receive
in aid

2. In a given country, what is the breakdown of the sources
of aid received (including direct transfers from expats).

3. In a given country, what is the breakdown of aid re-
ceived by sector.

4. What are the different amounts of foreign money com-
ing into a given country through different channels (e.g.
on budget, off-budget third sector, remittances and also
via multilats and cross departmental funds??)

(a) What amount of donor funding is tied?

(b) What % of donor spend is in the donors own county
and of that what ratio is TA/procurment and in
country programmes?

5. In a given country has government spending reduced or
increased in sectors that have recived foreign aid, and
if so by how much. have any reductions in spending
been allocated to alternative sectors?

6. In a given country, where do donor agencies focus their
activities.

7. Where have donor agencies commited to focusing their
acvtivities, and how does this relate to actual spending
patterns

8. What is the future commitment to a given country - by
sector and by donor - has a commitment for predictible
flows of aid over coming 3/5 years been made?

9. All of the above could be applied to regional alongside
country analysis

10. In country x, how much of the funding goes to local
organisations?

11. A comparative index of aid vs something like the
Human Development Index (both for past spend-
ing and for commitments)

12. How much money is deducted at each level for ad-
minstration from the total amount originally disbursed
and how much of the orginial amount remains once it
reaches the beneficiaries?

13. How much aid is coming from philanthropic founda-
tions

14. What conditionalities are attached to the aid?

15. For humanitarian emergencies: how much per affected
person? Does this differ geographically and/or between
disasters and complex emergencies?

16. How does money from one donor pass through interme-
diaries? (see http://www.avert.org/pepfar-funding.htm
for an example)

17. Which service (in the case of health) or tangible out-
puts (such as schools or roads) result from which donors
funds?

18. What are the details of the overhead costs! How much
money is spend on salaries (in comparison with salaries
for equivalent positions in donor countries and in recip-
ient countries?

19. How much money is spend on conferences, per diems
(or sitting fees), on consultancies and on research?

20. What procedures are in place to track the impact of
such conferences, consultancies and research?

21. What are the mechanisms for information sharing among
donors - to what degree do donors collaborate in differ-
ent sectors?

22. What are the qualifications of experts and advisors sent
to projects?

23. How many people are directly employed in aid activities
and what proportion of these are from the recipient
country or region?

24. What proportion of aid money is spent at the various
levels, donor country office, regional offices, country of-
fices, local partners? Most importantly, what percent-
age of aid money actually makes it to the grassroots?

25. What is the exact geographic location of a project?
How much aid went to a given province, con-
stituency or village?

26. What are the specific dates that commitments and dis-
bursements were made on?

27. How much aid is coming from non-DAC donors?

28. How much aid has been committed/disbursed in the
past month?

29. To what degree can we predict trends in aid from known
past aid? (That is, how and how much do aid flows
exhibit “inertia”?)



30. How much donor funding is awarded to engineering
firms for infrastructure/engineering projects? And which
firms? And for comparison, how much donor fund-
ing is awarded to NGOs for infrastructure/engineering
projects?

31. What proportion of total aid funding is spent on infras-
tructure? How does that compare over time? What
is the infrastructure by type (roads, electricity, water,
sanitation, etc)

32. Which donors require the technical research and knowl-
edge they fund in NGOs to be published under open
licenses? Similarly technical assistance and research.

33. How was a contract decided? On what basis?

34. What are donors planning to do in the coming year?
How can I bid for one of those contracts?

35. Is the aid spent in places where the need is high-
est? Is it well distributed across the country?

36. Does the aid reflect the government’s own priorities, or
has it been pushed on them by donors?

37. In what ways does multilateral aid differ from bilater-
ally allocated aid?

38. How do commercial actors influence aid?

39. To what extent do donor governments collaborate in
aid projects? To what extent do they compete?

40. Which aid-allocating actor is most efficient? Which is
most effective?

41. Do we see structural differences in the rate of success
between large and small development projects?

42. To what extent do local NGOs collaborate in aid recip-
ient countries?

43. How does violent conflict in recipient countries
affect aid activities?

44. To what extent do technical assistance projects actually
transfer technical knowledge and skills?

45. What are the long-term effects of food aid on the agri-
cultural sectors of recipient countries?

46. What type of aid facilitates peacemaking? What type
does not?

47. What are the costs and benefits of employing local staff
versus international staff in development projects?

48. How do political institutions in recipient countries af-
fect project outcomes?

49. What conditions determine whether budget support is
effective?

50. Which sectors of the economy are most prone to cor-
ruption in development projects?

51. What is the ideal scale for various types of development
assistance?

52. How do private-public collaborations affect project out-
come?

53. What accountability and transparency practices are re-
quired from civil society contractors – do these match
what is expected from government departments where
aid money is used. And linked to this who gets to read
the m&e reports that are prepared – direct beneficia-
ries and the public at large should know how much is
being ‘spent’ on them and what is the actual impact of
aid.

54. Why is it only ODA eligible aid that is subject to trans-
parency... how much non ODA eligible aid is going
where?

55. Can we attribute sub-national breakdowns for
aid so we can see how much goes to different
parts of recipient countries?

C. MAPPING EVALUATIONS
For each of the linked datasets, we have specified the ex-
act number of matches and the countries that could not be
matched below.

C.1 DBPedia
found: 249, not found: 1.

DBPedia, could not automatically find:

hm: HEARD ISLAND AND MCDONALD ISLANDS

C.2 GeoNames countries
found: 249, not found: 1.

Could not automatically find:

AN NETHERLAND ANTILLES

C.3 CIA Factbook
found: 240, not found: 10.

Could not automatically find:

bq: BONAIRE, SAINT EUSTATIUS AND SABA

cr: COSTA RICA

cw: CURACAO

mp: NORTHERN MARIANA ISLANDS

bl: SAINT BARTHELEMY

mf: SAINT MARTIN (FRENCH PART)

sx: SINT MAARTEN (DUTCH PART)

so: SOMALIA

ss: SOUTH SUDAN

um: UNITED STATES MINOR OUTLYING ISLANDS

C.4 World Bank and Eurostat
found: 212, not found: 38.

Could not automatically find:

AX: ALAND ISLANDS

AI: ANGUILLA

AQ: ANTARCTICA

BQ: BONAIRE, SAINT EUSTATIUS AND SABA

BV: BOUVET ISLAND

IO: BRITISH INDIAN OCEAN TERRITORY

CX: CHRISTMAS ISLAND

CC: COCOS (KEELING) ISLANDS

CK: COOK ISLANDS

FK: FALKLAND ISLANDS (MALVINAS)

GF: FRENCH GUIANA

TF: FRENCH SOUTHERN TERRITORIES

GI: GIBRALTAR

GP: GUADELOUPE

GG: GUERNSEY

HM: HEARD ISLAND AND MCDONALD ISLANDS

VA: HOLY SEE (VATICAN CITY STATE)

JE: JERSEY



MQ: MARTINIQUE

YT: MAYOTTE

MS: MONTSERRAT

NR: NAURU

AN: NETHERLAND ANTILLES

NU: NIUE

NF: NORFOLK ISLAND

PN: PITCAIRN

RE: REUNION

BL: SAINT BARTHELEMY

SH: SAINT HELENA, ASCENSION AND TRISTAN DA CUNHA

PM: SAINT PIERRE AND MIQUELON

GS: SOUTH GEORGIA AND THE SOUTH SANDWICH ISLANDS

SJ: SVALBARD AND JAN MAYEN

TW: TAIWAN, PROVINCE OF CHINA

TK: TOKELAU

UM: UNITED STATES MINOR OUTLYING ISLANDS

VG: VIRGIN ISLANDS, BRITISH

WF: WALLIS AND FUTUNA

EH: WESTERN SAHARA

C.5 OECD
found: 208, not found: 41.

Could not automatically find OECD:

British_Antarctic_Territory

Saint_Barth%C3%A9lemy

Brunei

Kingdom_of_the_Netherlands

C%C3%B4te_d’Ivoire

Cura%C3%A7ao

Christmas_Island

Falkland_Islands

Guernsey

Hong_Kong

Republic_of_Ireland

Isle_of_Man

Iran

Jersey

Moh%C3%A9li

North_Korea

South_Korea

Laos

Monaco

Moldova

Montenegro

Collectivity_of_Saint_Martin

Republic_of_Macedonia

Macau

Puerto_Rico

Gaza_Strip

Serbia

Russia

Svalbard

Slovakia

Northland_State

South_Sudan

Sint_Maarten

Syria

Kerguelen_Islands

Taiwan

Tanzania

Buganda

Vatican_City

Vietnam

Wallis_and_Futuna

C.6 ECB
found: 205, not found: 44.

Could not automatically find ECB:

British_Antarctic_Territory

Saint_Barth%C3%A9lemy

Brunei

Kingdom_of_the_Netherlands

C%C3%B4te_d’Ivoire

Cura%C3%A7ao

Christmas_Island

Falkland_Islands

Faroe_Islands

Guernsey

Hong_Kong

Republic_of_Ireland

Isle_of_Man

Iran

Jersey

Moh%C3%A9li

North_Korea

South_Korea

Laos

Monaco

Moldova

Montenegro

Collectivity_of_Saint_Martin

Republic_of_Macedonia

Macau

Puerto_Rico

Gaza_Strip

Serbia

Russia

Svalbard

Slovakia

Northland_State

South_Sudan

Sint_Maarten

Syria

Kerguelen_Islands

Taiwan

Tanzania

Buganda

Vatican_City

Venezuela

United_States_Virgin_Islands

Vietnam

Wallis_and_Futuna

C.7 BFS
found: 201, not found: 48.

Could not automatically find BFS:

British_Antarctic_Territory

Saint_Barth%C3%A9lemy

Brunei

Kingdom_of_the_Netherlands

Democratic_Republic_of_the_Congo

Republic_of_the_Congo



C%C3%B4te_d’Ivoire

Cura%C3%A7ao

Christmas_Island

Falkland_Islands

Federated_States_of_Micronesia

Guernsey

Hong_Kong

Republic_of_Ireland

Isle_of_Man

British_Indian_Ocean_Territory

Iran

Jersey

Moh%C3%A9li

North_Korea

South_Korea

Laos

Monaco

Moldova

Montenegro

Collectivity_of_Saint_Martin

Republic_of_Macedonia

Macau

Northern_Mariana_Islands

Pitcairn_Islands

Puerto_Rico

Gaza_Strip

Serbia

Russia

Svalbard

Slovakia

Northland_State

South_Sudan

Sint_Maarten

Syria

Kerguelen_Islands

Taiwan

Tanzania

Buganda

Vatican_City

United_States_Virgin_Islands

Vietnam

Wallis_and_Futuna

C.8 FAO
found: 191, not found: 58.

Could not automatically find FAO:

British_Antarctic_Territory

Aruba

Saint_Barth%C3%A9lemy

Brunei

Bolivia

Kingdom_of_the_Netherlands

Bouvet_Island

Cocos_(Keeling)_Islands

C%C3%B4te_d’Ivoire

Cura%C3%A7ao

Christmas_Island

Western_Sahara

Falkland_Islands

Federated_States_of_Micronesia

Guernsey

Greenland

South_Georgia_and_the_South_Sandwich_Islands

Hong_Kong

Republic_of_Ireland

Isle_of_Man

British_Indian_Ocean_Territory

Iran

Jersey

Moh%C3%A9li

North_Korea

South_Korea

Laos

Monaco

Moldova

Montenegro

Collectivity_of_Saint_Martin

Republic_of_Macedonia

Macau

Northern_Mariana_Islands

Norfolk_Island

Pitcairn_Islands

Puerto_Rico

Gaza_Strip

Serbia

Russia

Saint_Helena

Svalbard

Slovakia

Northland_State

South_Sudan

Sint_Maarten

Syria

Kerguelen_Islands

Taiwan

Tanzania

Buganda

United_States_Minor_Outlying_Islands

United_States

Vatican_City

Venezuela

Vietnam

Wallis_and_Futuna

Mayotte

C.9 Transparency International
found: 182, not found: 68.

Could not automatically find:

AX: Aland Islands

AS: American Samoa

AD: Andorra

AI: Anguilla

AQ: Antarctica

AG: Antigua And Barbuda

AW: Aruba

BZ: Belize

BM: Bermuda

BQ: Bonaire, Saint Eustatius And Saba

BV: Bouvet Island

IO: British Indian Ocean Territory

KY: Cayman Islands

CX: Christmas Island

CC: Cocos (Keeling) Islands

CK: Cook Islands



CW: Curacao

FK: Falkland Islands (Malvinas)

FO: Faroe Islands

FJ: Fiji

GF: French Guiana

PF: French Polynesia

TF: French Southern Territories

GI: Gibraltar

GL: Greenland

GD: Grenada

GP: Guadeloupe

GU: Guam

GG: Guernsey

HM: Heard Island And Mcdonald Islands

VA: Holy See (Vatican City State)

IM: Isle Of Man

JE: Jersey

LI: Liechtenstein

MH: Marshall Islands

MQ: Martinique

YT: Mayotte

FM: Micronesia, Federated States Of

MC: Monaco

MS: Montserrat

NR: Nauru

AN: Netherland Antilles

NC: New Caledonia

NU: Niue

NF: Norfolk Island

MP: Northern Mariana Islands

PW: Palau

PS: Palestinian Territory, Occupied

PN: Pitcairn

RE: Reunion

BL: Saint Barthelemy

SH: Saint Helena, Ascension And Tristan Da Cunha

KN: Saint Kitts And Nevis

MF: Saint Martin (French Part)

PM: Saint Pierre And Miquelon

SM: San Marino

SX: Sint Maarten (Dutch Part)

GS: South Georgia And The South Sandwich Islands

SS: South Sudan

SJ: Svalbard And Jan Mayen

TK: Tokelau

TC: Turks And Caicos Islands

TV: Tuvalu

UM: United States Minor Outlying Islands

VG: Virgin Islands, British

VI: Virgin Islands, U.S.

WF: Wallis And Futuna

EH: Western Sahara


