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The presented R function called eudistance calculates the centroid distance matrix for the different levels
of the European Union (EU) Nomenclature of Territorial Units for Statistics (NUTS) regions in meters and
complements it by their code, name, level, and country identifier, as well as their geometric data and centroids.
Optionally, this R function displays centroids on a map of Europe to ease the verification of their positions.
The eudistance R package (containing the aforementioned function) with the distance dataset it generates
is available in this article and publicly on GitHub (Kurbucz and Katona, 2022) and Mendeley Data (Kurbucz
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1. Introduction

In Economics, regional analysis is commonly used to model and
understand interactions or flows between geospatial locations. Several
researches aimed to conduct regional analysis related to the European
Union (EU) Nomenclature of Territorial Units for Statistics (NUTS) re-
gions (https://ec.europa.eu/eurostat/web/nuts/background, retrieved:
23 May 2022) in different contexts such as regional development [1],
government quality and trade [2], innovation effectiveness [3], road

transport [4], and mobility in higher education [5], to state a few.
Obtaining distance-related data among the regions is crucial in such
regional studies. Although there are a few existing R packages that
can be applied to calculate centroid distances over NUTS regions, they
are limited to specific regions and NUTS levels (e.g., the SDPDmod
package [6] only covers the NUTS-3 regions of Germany). To the best
of our knowledge, a package that covers the calculation of distances
for all NUTS regions or levels is not yet available in the R software. To
eliminate this gap, in this paper, the authors provide the eudistance
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Centroids of NUTS-0 regions (n = 37)
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(a) eudistance(0,TRUE)

Centroids of NUTS-2 regions (n = 332)

Software Impacts 13 (2022) 100327

Centroids of NUTS-1 regions (n = 125)
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(b) eudistance(1,TRUE)

Centroids of NUTS-3 regions (n = 1522)

(c¢) eudistance(2,TRUE)

(d) eudistance(3,TRUE)

Fig. 1. Centroids of different NUTS regions.

package supporting the researchers in calculating regional distances
and visualizing centroids for all NUTS regions and levels.

Description

The presented R function called eudistance calculates the cen-
troid distance matrix for the different levels of NUTS regions in meters
and complements it by their code, name, level, and country identifier,
as well as their geometric data and centroids. Optionally, this R func-
tion displays centroids on a map of Europe to ease the verification of
their positions.

To obtain the geometric data for different levels of NUTS regions,
eurostat (version: 3.7.10) R package [7] was employed. The cen-
troids of these regions, as well as their distances, are calculated by
using the sf (version: 1.0-7) R package [8]. Centroids are calculated
based on the largest contiguous shape of the regions. For visualization,
rworldmap (version: 1.3-6) R package [9] is applied. These packages
are installed automatically when the eudistance function is called
(if they have not been previously installed).

The eudistance R package (containing the aforementioned func-
tion) with the dataset it generates is available in this article and
publicly on GitHub [10] and Mendeley Data [11].

Attached files:
» R function called eudistance (eudistance.R): The mandatory

input parameter is the NUTS level (0, 1, 2, 3, ‘all’). The
second input parameter, map_centroids (FALSE,TRUE), is

optional and it displays centroids on a map of Europe only if its
value is TRUE. By default, its value is FALSE. The output data
frame object contains the following variables:

- NUTS_X_code: Code of the selected regions.

— NUTS_X_name: Name of the selected regions.

— Level_code: NUTS level of the selected regions.

- Country_code: Code of the countries related to the se-
lected regions.

- Geometry: Geospatial information of the selected regions.

- Centroid: Centroids of the selected regions.

- Distance_matrix (multiple columns): Centroid
distances in meters between selected regions.

« Dataset generated by the eudistance function
(distance_data.xlsx): Microsoft Office spreadsheet with 5 work-
sheets as follows:

— NUTS-0: Distances between EU countries (e.g., Germany).

— NUTS-1: Distances between the major socio-economic re-
gions of the EU (e.g., Bundeslander).

— NUTS-2: Distances between the EU basic regions for the
application of regional policies (e.g., Regierungsbezirke).

— NUTS-3: Distances between the EU small regions for spe-
cific diagnoses (e.g., Kreise).

— A11: Distances between all regions mentioned above.
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Fig. 2. The relationship between geographical distance and intra-European trade of live animals. (Remark: p denotes the Pearson correlation coefficient.)

Visualization of centroids

The eudistance R function is able to display the centroids of
the selected NUTS regions on a map of Europe to ease the verifi-
cation of their positions. To do this, its second (optional) parameter
map_centroids must be set TRUE. For different NUTS levels, it
results in the following figures (see Fig. 1).

Impact overview

The dataset that can be compiled by the eudistance R function
is primarily useful for EU-related spatial analysis, regional studies,
geography, and international trade research. In contrast to the avail-
able R functions (see, e.g., the gN3dist function of the SDPDmod R
package [6], that calculates the centroid distances between the NUTS-
3 regions of Germany), the proposed function provides distance and
spatial data for all regions of the selected (or all) NUTS levels. To
make the function easy to use, required R packages (eurostat, sf,
rworldmap, SimDesign) are installed automatically when the func-
tion is called (if they have not been previously installed). Furthermore,
this function displays centroids on a map of Europe optionally to ease
the verification of their positions.

In conclusion, the value of the eudistance function can be sum-
marized as follows:

The eudistance R function calculates the centroid distance
matrix for the different levels of the EU NUTS regions.

It also collects the code, name, level, and country identifier of the
selected regions, as well as their geometrical data and centroids.
Optionally, this function displays centroids on a map of Europe
to ease the verification of their positions.

Researchers and policymakers in different fields of knowledge
can employ the dataset generated by this function for EU-related
spatial analysis (e.g., performed with a gravity model).

An example for the application

Finally, we present a simple example of using the centroid distance
matrix compiled by the eudistance R function. In this example, we
illustrate relationship between the geographical distance of European
countries (NUTS-0 regions) and the annual intra-European trade of live
animals [12] from 2018 to 2020 (see Fig. 2).

As Fig. 2 shows, both the value and the quantity of intra-European
live animal trade highly depend on the distance of the trading coun-
tries. Since the welfare of animals can be heavily impaired during their

transportation (see, e.g., [13,14]), the tougher regularization and the
restriction of this area is currently one of the European Commission’s
priorities [15,16]. The effect of efforts to reduce livestock transport
would be reflected in a reduction of the correlation coefficients (p)
between distances and live animal trade over time. As shown in Fig. 2,
these coefficients were relatively stable between 2018 and 2020.
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