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Abstract

The Swiss Municipal Data Merger Tool (Swiss MDMT) 

offers a solution to a frequent data management problem 

encountered when compiling longitudinal datasets involv-

ing Swiss municipalities as the observational units. Due 

to municipal mergers, the number of municipalities in 

Switzerland declined from 3,095 in 1960 to 2,202 in 2020. 

As a consequence, manually securing the correct spatial 

reference when merging historical cross- sectional data is 

tedious and time- consuming. To facilitate this operation, 

the Swiss MDMT considers mutations at the municipal 

level and maps municipalities of a first point in time to 

municipalities in a second point in time based on infor-

mation provided by the Swiss Federal Statistical Office's 

municipality inventory. The tool is distributed as an open- 

source R package and is freely available on CRAN.

Zusammenfassung

Das Swiss Municipal Data Merger Tool (Swiss MDMT) 

bietet eine Lösung für ein häufiges Problem bei der 

Bearbeitung von Längsschnittdaten, die Gemeinden als 

Beobachtungseinheit haben. Wegen Gemeindefusionen 

ging in der Schweiz die Anzahl der Gemeinden von 3’095 

im Jahr 1960 auf 2’202 im Jahr 2020 zurück. Aufgrund 

dieser starken Veränderung des Gemeindebestands kann 
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INTRODUCTION

Data at the municipal level constitute an important input for statistical analyses that inves-
tigate societal phenomena expected to differ across space. For applied statistical work, the 
change of geographical units over time thereby poses a major challenge if data are to be aggre-
gated or compared longitudinally. In the case of Switzerland, mergers of jurisdictions at the 
municipal level are of first- order importance. The number of municipalities in Switzerland has 
decreased significantly in recent years; while there were still 2,899 municipalities in 2000, the 
corresponding number declined to 2,202 by 2020.

This research note introduces the Swiss Municipal Data Merger Tool (Swiss MDMT), an 
open- source R package that allows researchers to merge municipal level information from 

es sehr aufwändig sein, die korrekten Raumbezüge zwis-

chen unterschiedlichen historischen Querschnittsdaten 

manuell zu schaffen. Das neue Programm vereinfacht 

diesen Prozess, in dem es die Gemeindemutationen zwis-

chen zwei Zeitpunkten automatisch feststellt und dann die 

Gemeinden, die zum ersten Zeitpunkt bestehen, mit jenen 

verknüpft, die zum zweiten Zeitpunkt noch existieren. 

Das Programm stützt sich dabei auf Informationen, die 

im historisierten Gemeindeverzeichnis des Bundesamts 

für Statistik verfügbar sind. Das Swiss MDMT ist als 

quelloffenes R Paket frei erhältlich auf CRAN.

Résumé

Le Swiss Municipal Data Merger Tool (Swiss MDMT) 

présente une solution à un problème de gestion des don-

nées rencontré lors de la compilation de données longitu-

dinales impliquant des communes suisses comme unités 

d'observation. Le nombre de communes en Suisse est 

passé de 3 095 en 1960 à 2 202 en 2020 due à des fusions 

de communes. Par conséquent, il est fastidieux d'assurer 

manuellement la référence spatiale correcte lors de la fu-

sion de données historiques. Pour faciliter cette opéra-

tion, le Swiss MDMT prend en compte les mutations au 

niveau municipal et associe les municipalités d'un premier 

instant aux municipalités d'un deuxième instant sur la 

base des informations fournies par la liste historisée des 

communes de l'Office fédéral de la statistique. Le Swiss 

MDMT est un package R et il est disponible gratuitement 

sur CRAN.

K E Y W O R D S

Data management, historical data, municipal research, open- source 
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different points in time and to appropriately adjust the spatial references (German: 
Raumbezüge) so that a phenomenon is measured for the same spatial units over time. The 
software makes use of the Swiss Federal Statistical Office’s (SFSO) municipality inventory 
(German: Historisiertes Gemeindeverzeichnis), which is a database that contains standardized 
and up- to- date information about all mutations at the municipal level in Switzerland starting 
from January 1, 1960 (Verein eCH, 2014; Bundesamt für Statistik, 2017).1 Longitudinal data-
sets are often provided with a unified spatial reference by the data owner.2 In contrast, the 
issue of differing spatial references often occurs when an analysis involves data from different 
data sources. Especially cross- sectional data are normally provided with the spatial reference 
of the point in time of collection, as the primary objective is to capture a particular phenome-
non within the spatial structure at that time. For instance, municipal statistics about citizens' 
voting behavior or government finances are recorded for all the existing municipalities at a 
specific point in time. However, in secondary data analysis, researchers often aim to study 
developments over time, for example, the evolution of issue- specific voting behavior,3 or local 
public finances.4 In fact, there is huge potential for the analysis of local contexts based on the 
Swiss municipal structure (Horber- Papazian, 2007; Ladner, 1991; Steiner et al., 2014). This is 
further strengthened by the freely accessible information on municipal- level politics from 
Andreas Ladner’s Communal Secretary Survey that started in 1988 (see, e.g., Haus & Ladner, 
2020, Ladner & Steiner, 2003).

For analyses of developments at the municipal level over time, however, the appropriate 
and comparable spatial reference first has to be secured. One practice is to restrict the 
data sample to only those municipalities that were not involved in a mutation over the en-
tire observation period. The spatial units are thus clearly comparable. However, with this 
approach, a possible selection effect is accepted because the subsample of municipalities 
that were not involved in a merger might be systematically different from the subsample 
of municipalities that underwent a transformation. In particular, the latter municipalities 
often tend to be smaller (and with regard to the aforementioned examples, might also be 
more rural and more likely to face fiscal difficulties). Another approach is to neglect the 
differing spatial references and merge municipalities in a “naïve” way by using the SFSO 
municipality number available at any given point in time thereby accepting, first, structural 
breaks in the data series for the municipalities that emerged from a merger and, second, the 
exclusion of data from no longer existing entities. A more appropriate approach could be to 
combine those historical spatial units that refer to a given spatial unit in the last observa-
tional period. This approach works for municipal level datasets which fulfill the necessary 
property that the spatial aggregation is technically feasible. This holds, for example, for 
results of popular votes. Corresponding datasets contain information on the number of yes 
and no votes for all the municipalities that exist at the time of the vote. For example, let us 
assume that there are two municipalities A and B at time t0 (i.e., the historical spatial units) 
and they merge to form municipality C at some later point of time t1 (i.e., the spatial unit in 
the last observational period). Furthermore, let us suppose that we are interested in the yes- 
share in this new municipality C of a given popular vote which took place at t0. Thus, the 

 1The association eCH is an entity that is closely related to the organization “e- government Schweiz”, which in turn consists of the 
Swiss Confederation, the Conference of Cantonal Governments (“Konferenz der Kantonsregierungen”) and the Swiss Association 
of Municipalities (“Schweizerische Gemeindeverband”).

 2For example, the Swiss historical census data are linked to the spatial reference of December 5, 2000.

 3Municipal- level data on voting behavior in decisions on national referendums and initiatives are, for example, analyzed in Baccini 
and Leemann (2020), Brunner and Kuhn (2018), Eugster and Parchet (2019), Meier et al. (2019) or Slotwinski and Stutzer (2019).

 4There is a large literature in public finance that analyzes local income and corporate taxes as well as local government 
expenditures (see, e.g., Brülhart & Jametti, 2006, Cappelletti & Soguel, 2013, Galletta, 2020 or Luthi & Schmidheiny, 2014).
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yes- share in C is the sum of yes votes of A and B divided by the total sum of the yes and the 
no votes of A and B. In other words, the yes- share in C is the weighted average of the yes- 
shares of A and B. In sum, we suggest a programmatic solution and offer a corresponding 
tool that automates this latter approach, as it is tedious and time- consuming if performed 
manually. In the end, however, which of these approaches is best suited depends not only on 
the technical feasibility but also on the given research question.

The development of the Swiss MDMT relies on an official and well- documented data stan-
dard (called eCH- 0071 Datenstandard Historisiertes Gemeindeverzeichnis der Schweiz) for 
the municipality inventory (see Verein eCH 2014). The existence of this e- government stan-
dard influences the tool development in two ways: On the one hand, it allows for a straightfor-
ward implementation of the mapping algorithm, and thus facilitates tool development. On the 
other, the mere existence of this data standard suggests a reasonable degree of continuity with 
regard to the data model utilized, which is a decisive factor in spurring additional initiatives.

Our tool fits and supports the more general enterprise in data science to make more and more 
data from an increasing range of sources publicly available. For quantitative analyses, the styl-
ized data pipeline commonly consists of, first, getting hold of the raw data, second, accessing 
the data sources and third, preprocessing data from potentially different data sources into the 
final dataset, ready for the actual analysis (for a discussion of this concept, see Matter, 2019 or 
Sebei et al., 2018). Along this data pipeline, various cost- cutting developments can be observed: 
firstly, availability and straightforward accessibility of various data sources are enhanced by 
open data initiatives like the Swiss Open Government Data platform (for a general account, see 
Bundesblatt, 2019 and Bürgi- Schmelz, 2019). Secondly, accessing public databases is facilitated 
by open source interfaces (OSI) which provide high- level access to data from a web service by 
generating a flat dataset ready for statistical analyses from structured data available at that web 
service (Matter & Stutzer, 2015; Matter, 2018). One example of an existing OSI is the R package 
pvsR (Matter, 2014), which is an OSI for accessing data made available by Vote Smart, a research 
organization that gathers data about various topics in U.S. politics. Thirdly, a tool like the Swiss 
MDMT helps to reduce effort during the preprocessing stage. To summarize, all these diverse 
developments along the data pipeline help facilitate empirical research.

In the next section, we describe the Swiss MDMT, which is available as an R package via 
CRAN (see Knechtl, 2020) and show a code example. The advantages of this approach com-
pared to a naive merge are briefly illustrated in the subsequent section. The final section offers 
concluding remarks.

PROGRA M FU NCTIONA LITY

In this section, the Swiss MDMT’s core functionality is presented. The program automati-
cally detects and maps municipalities that existed at a given point in time in the past to mu-
nicipalities that exist at a later point in time. The program interface simply requires the dates 
of these two points in time. In response, the program returns a mapping table, i.e., a table 
which links the former set of municipalities to the latter set of municipalities. The underlying 
mapping algorithm exploits the information available in the municipality inventory.

Based on an example, we illustrate how the Swiss MDMT's mapping table is used in a com-
plete merge.5 The example addresses the question of how the electoral support for the facili-
tated naturalization of third generation immigrants in Switzerland evolved over time at the 
municipal level. To empirically assess this phenomenon, we use data from two referendums on 
this topic that took place in 1983 and 2017. Naturally, the spatial reference of these datasets on 

 5The differences that emerge between a complete and a naive merge are presented and discussed in the next section.
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the vote outcome at the municipal level differs, as each dataset is based on the municipal struc-
ture of the respective point in time. The first dataset (vote 1) has the spatial reference capturing 
the situation as of the 4th of December, 1983, and the second dataset (vote 2) the one as of the 
12th of February, 2017.

To calculate the change in the yes- share over time and per municipality, the following 
three steps are necessary: firstly, the spatial reference of the earlier dataset needs to be 
adjusted to that of the later one using the Swiss MDMT's mapping table. Secondly, on 
this basis, the yes- share of vote 1 is calculated for the same spatial reference as vote 2. 
Thirdly, the two datasets with the yes- share are merged and the changes in the yes- share 
are calculated.

The following code examples in R are presented so that they can be easily understood by 
researchers who have some basic knowledge in R. If the tool is being used for the first time, the 
package needs to be installed from CRAN.

Furthermore, in a new R session, the package needs to be loaded.

If the municipality inventory database is not yet available locally, it is obtained with the fol-
lowing command, which fetches the database and stores it in the current working directory of the 
R process. This command only needs to be executed once as it makes the municipality inventory 
locally accessible.

Once the R package is installed and the municipality inventory downloaded, the import func-
tion imports the database as an R object into the R environment.

The mutations object is then used considering the two dates to obtain the mapping table.

Table 1 displays an excerpt of the program output. The first record, i.e. Wiliberg, shows an 
unaltered municipality. Records two and three capture municipalities that were part of a merger, 
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i.e., the municipality of Zofingen incorporated the municipality of Mühlethal in 2002, which, in 
turn, no longer exists.

This mapping table is the key element in performing a complete merge of the datasets in 
question. To exhibit the steps involved, let us assume that both popular vote datasets are avail-
able in the R environment and named as follows: vote_1_1983 and vote_2_2017. The two tables 
contain the following columns: yes_votes and no_votes. Furthermore, the former dataset con-
tains a column bfs_nr_old, whereas the latter contains a column bfs_nr_new. Note that for this 
code example, we use the functionality of further R packages which are thus loaded as well.

To aggregate the data of the earlier vote, the following steps are required: first, municipalities 
that merged are grouped together. The mapping table contains the relevant information about 
which municipalities existing in December 4, 1983 belong together on February 12, 2017. Second, 
the grouped yes and no votes are added up. Third, the yes- share of vote 1 is calculated with the 
same spatial reference as vote 2.

For the second dataset, which already has the proper spatial reference, the yes- share is calcu-
lated in a straightforward way.

As the two datasets now share a common spatial reference, they can be merged by a join 
command, achieving a complete merge. And in a final step, the changes in the yes- share can be 
calculated.

TA B L E  1  An excerpt of the mapping table which is the main output of the Swiss MDMT

New state (February 12, 2017) Old state (December 4, 1983)

SFSO number Municipality name SFSO number
Municipality 
name

⁝ ⁝ ⁝ ⁝
4288 Wiliberg 4288 Wiliberg

4289 Zofingen 4289 Zofingen

4289 Zofingen 4278 Mühlethal

⁝ ⁝ ⁝ ⁝
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The complete_merge object now contains the changes in electoral support for a facilitated nat-
uralization of third generation immigrants across Swiss municipalities. This final dataset could 
now be used for further analyses of how citizens' preferences on naturalization changed over time.

COM PARISON OF TH E COM PLETE M ERGE W ITH TH E 
NA IVE M ERGE STRATEGY

The advantage of using the complete merge strategy rather than a naive merge strategy in the 
example presented above is twofold. Firstly, observations are lost if the naive merge strategy is 
employed because the municipality numbers do not match (for example, if a new SFSO number 
was assigned after a merger of municipalities). In the example above, this is the case for 138 out 
of 2216 municipalities in the later period. Secondly, a bias is introduced in 122 cases because 
the same SFSO number no longer refers to the same spatial unit (and thus parts of the past 
municipality level information are ignored, for example, from Mühlethal, see Table 1). For our 
example, Figure 1 illustrates the resulting differences in the changes in the yes- shares between 
the two data merge strategies.6 In total, 11.7% of the municipal data (regarding the stock in the 
later period) are either not considered or erroneous.

 6Figure 1 includes the case of the incorporation of Mühlethal by Zofingen introduced above in Table 1. In the complete merge 
scenario, the yes- share in 1983 is the sum of the yes votes of Zofingen and Mühlethal divided by the sum of the yes and the no votes 
of Zofingen and Mühlethal. It equals 45.67%. For the naive merge scenario, the yes- share in 1983 is simply the yes- share of 
Zofingen which is 46.14%. The yes- share in 2017 is equal to 61.99% (and it is the same for both strategies). Hence, for this example 
municipality, the change in the yes- share between 1983 and 2017 equals 16.31% and 15.85% for the complete and the naive merge, 
respectively.

F I G U R E  1  Deviations from the actual changes in the yes- shares. Notes: This figure shows the deviations from 
the actual changes in yes- shares over time between the complete merge and the naive merge strategy for the 122 
mutated cases for which the SFSO municipality number of one of the merging municipalities was carried over for 
the new entity. A positive/negative deviation signifies that the naive strategy overestimates/underestimates the 
change in the yes- share.
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The deviation between the two strategies can be characterized along another dimension, 
i.e., the fraction of data points from original municipalities in the first period of time that is not 
considered when a naive merge is conducted. Interestingly, this fraction is not distributed uni-
formly across Swiss cantons because municipality mutations have occurred more often in cer-
tain regions of Switzerland than in others. Figure 2 depicts the fraction of municipalities as of 
January 1, 1960 that are considered in a naive merge with municipal data as of January 1, 2020 
by canton. The canton of Glarus marks the extreme case: no observations would be included 
in a merged dataset. But also for the cantons of Neuchâtel, Fribourg, Ticino, Graubünden, and 
Thurgau, information from less than 50% of the original municipalities would be considered.

CONCLU DING REM ARKS

The Swiss MDMT automates the process of securing identical spatial references for different 
datasets as illustrated in the example above. The tool is meant to improve the quality of merged 
datasets compared to that of alternative procedures.7 Nevertheless, the appropriate strategy 
for the selection of municipalities that are considered in a longitudinal analysis depends on the 
research question. The same holds for how municipal level information is aggregated. If mu-
nicipal mergers might affect the outcome variable per se, a separate selection and analysis of 
municipalities that were involved and not involved in mergers might be warranted. For exam-
ple, consider the case of the municipal tax rate. The weighted mean tax rate might be a poor 
representation of a local tax situation in the past if the study is about tax competition. For tax 
competition, the variation in tax rates across spatial units is crucial and some weighted average 
tax rate might not easily serve as a counterfactual tax rate for the situation that would have 
existed if the municipalities had already been merged in the past. Regarding the limits to 

 7There are, of course, limitations: one is that not all types of municipal mutation can be mapped unambiguously. This refers in 
particular to secessions and exchanges of territory. However, this limitation is inherent to these types of mutations and not caused 
by the method used in the tool presented here.

F I G U R E  2  Selection of municipalities included by canton when performing a naive merge between January 1, 
1960 and January 1, 2020. Notes: The percentage of original municipalities included if a naive merging strategy is 
adopted varies across Swiss cantons. For cantons without mutations, 100% of the municipalities are considered in 
a naive merge, whereas the ratio of considered municipalities is below 100% for cantons where mutations occurred 
between January 1, 1960 and January 1, 2020.
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aggregation, there might be institutional municipality characteristics that cannot be meaning-
fully aggregated. For example, if the financial auditing in municipalities (German: 
Rechnungsprüfungskommission) that merged was organized differently, it is not readily pos-
sible to define and calculate a variable representative of these institutional conditions. Similar 
limitations might also arise even for characteristics that can be cardinally measured, like the 
size of the municipal council.

In the future, the Swiss MDMT could be extended with analytical functionality regarding 
the evolution of municipalities in Switzerland, such as one that lists all mutations for a given 
municipality within a given time period. Meanwhile, the tool will hopefully make life easier for 
researchers studying questions in the cosmos of Swiss local federalism.
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