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VIII
Zusammenfassung

Die vorliegende kumulative Dissertation beschaftigt sich mit der Evaluation, Mo-
difikation und Adaption von quantitativen Methoden in der Anthropogeogra-
phie am Beispiel von fiinf wirtschaftsgeographischen Fachbeitragen. Die Arbeit
zeigt zundchst die Notwendigkeit dafiir auf, indem sie den wissenschaftlichen
Erkenntnisprozess pragnant skizziert und aus einer wissenschaftstheoretischen
Sicht auf die Rolle von Methoden in diesem eingeht. An einem explorativen Bei-
spiel, der Analyse von 104 Artikeln aus zwei ausgewdhlten Fachzeitschriften,
kann anschlielend exemplarisch aufgezeigt werden, dass diese zuvor aus der
Theorie identifizierte Notwendigkeit der Adaption und Modifikation von Metho-
den auch in der Praxis (wenn auch nicht mit dem Anspruch auf Verallgemeine-
rung) existiert. Durch die Zusammenfassung der im Rahmen der vorliegenden
Arbeit erstellten Fachbeitrdage, durch den jeweiligen Verweis auf die angewende-
ten, modifizierten und adaptierten Methoden in diesen sowie durch das Aufzei-
gen der aus der Modifikation oder Adaption ermdéglichten jeweiligen Erkenntnis-
gewinne wird der methodische Beitrag der jeweiligen Arbeit und somit jener der
Dissertation aufgezeigt. So zeigt sich bspw., dass durch Verwendung von Machi-
ne-Learning-Ansdtzen anstatt klassischer statistischer Verfahren ein Mehrwert
hinsichtlich der Interpretierbarkeit und Nachvollziehbarkeit der Ergebnisse er-
moglicht werden kann. Die Arbeit stellt abschlieend die vergangene Entwicklung
hinsichtlich der Nutzung von Machine-Learning und Big Data in der Anthropo-
geographie und benachbarten Disziplinen vor und argumentiert fiir das enorme
Potenzial durch die Nutzung dieser Methoden fiir diese Raumwissenschaft.



1 Motivation, Problemstellung und Aufbau der Arbeit

Fiir die Geographie als Wissenschaft stellt der Kieler Geographentag 1969 zu-
mindest einen ,,Wendepunkt“ (KORF 2014, 291), wenn nicht sogar eine ,,Revo-
lution“ (HELBRECHT 2014, 1; WEICHHART 2016, 7), dar, welche(r) einen Moder-
nisierungsschub und , Paradigmenwandel“ (WEICHHART 2016, 12) einldutet. In
den folgenden Jahrzehnten findet die Humangeographie, nicht ohne Widerstand
und Kritik (LESER 2014; WERLEN 2014 ), ihren Weg, von einer idiographischen
Landerkunde zu einer theoretisch fundierten Sozialwissenschaft (KORF 2014).
Damit einhergehend und mit deutlicher Verzégerung zum englischen Sprach-
raum kommt es in der deutschsprachigen Geographie, ausgehend von den spa-
ten 1960er Jahren, in den 1970er Jahren zu einer , quantitativen Revolution®,
deren Ziel letztlich die Konzeption neuer und die Prazisierung bereits vorhan-
dener Modelle und Theorien sowie die Erweiterung und Weiterentwicklung von
Methodiken ist (GIESE 1980). Dieser Prozess, der zeitgleich auf die gesteiger-
te Verfligbarkeit von (elektronischen) Daten fallt, fithrt zur starken Etablierung
quantitativer Ansdtze in der humangeographischen Forschung und Praxis (GIESE
1980; OTREMBA 1971; STERNBERG 2013). In den 1980er und 1990er Jahren be-
finden sich Beflirworter quantitativer und qualitativer Methoden, auf der quan-
titativen Seite auch aus der Position der Distanzierung zur Landerkunde (FRAE-
DRICH/BUDEL-HARTMANN 2016) heraus, in einer von vielen als Methodenstreit
wahrgenommenen Auseinandersetzung hinsichtlich der ,richtigen Herange-
hensweise (WINTZER 2014). Erst in den frithen 2000er Jahren gelingt die breitere
Ubernahme qualitativer Forschungsmethoden (ROTHFUR/DORFLER 2013). Damit
nahern sich in den frithen 2000er Jahren beide Positionen an und zumindest ein-
zelne geographischen Teildisziplinen etablieren Mixed-Methods (bspw. RAUH/
HOFFMANN 2020), die aus einer systematischen Kombination qualitativer wie
quantitativer Ansdtze bestehen — mit dem Ziel den Erkenntnisgewinn zu steigern
(FLICK 2011).

Anhand dieses pragnanten historischen Umrisses lasst sich zusammen-
fassend feststellen, dass die (Human-)Geographie, gerade vor dem Hintergrund
ihrer eigenen Fachhistorie und mit dem Ziel der Steigerung des Erkenntnisge-
winns, in ihrer jiingeren Entwicklung im deutschen Sprachraum seit den spaten
1960er Jahren standig der Neubewertung, Adaption und Weiterentwicklung der
zur Verfliigung stehenden quantitativen wie qualitativen Methoden unterworfen
ist. In diesem standigen, iterativen Prozess adaptiert gerade die nomothetische
Anthropogeographie kontinuierlich Methoden aus ihren Nachbardisziplinen wie
der Soziologie, Psychologie und Betriebswirtschaftslehre (BORSDORF 2007).



2 1 Motivation, Problemstellung und Aufbau der Arbeit
Vor diesem Hintergrund ist es das Ziel der vorliegenden kumulativen Disserta-

tion, zu diesem stdandigen Prozess der methodischen Evaluation, Adaption und
Modifikation in einem humangeographischen Kontext und mit Bezug auf quan-
titative Methoden beizutragen. Im Rahmen der Arbeit werden fiinf Publikationen
(siehe Tabelle 1) vorgelegt, deren verbindendes Merkmal die Adaption oder Mo-
difikation bestehender Methoden und deren Ubertrag auf tourismusgeographi-
sche Fragestellungen ist.

Die zusammenfassende Darstellung ist wie folgt gegliedert: In Kapitel 2
wird auf die Bedeutung von Methoden im Forschungsprozess sowie auf die Not-
wendigkeit der Modifikation und Adaption eben dieser eingegangen. Anschlie-
Bend wird in Kapitel 3 mittels einer explorativen Analyse jeweils einer bekannten
deutsch- und englischsprachigen Fachzeitschrift mit wirtschafts- und touris-
musgeographischem Themenbezug auf die verwendeten gangigen quantitati-
ven Methoden eingegangen, bevor die hier in der Arbeit verwendeten Methoden
vorgestellt und deren bisherige Nutzung quantifiziert wird. Die im Rahmen der
kumulativen Dissertation erstellen Fachbeitrage werden in Kapitel 4 zusammen-
gefasst und deren methodischer Mehrwert und Ubertragbarkeit diskutiert, bevor
in Kapitel 5 ein Ausblick auf mogliche zukiinftige methodische Entwicklungen in
der Anthropogeographie eroffnet wird. Die einzelnen Fachbeitrdge sind als Be-
standteil der kumulativen Dissertation in Kapitel 6 abgedruckt.

Tabelle 1: Im Rahmen der vorliegenden Dissertation veroffentlichte Beitrage in Fachzeitschriften

Jahr  Autoren Titel Fachzeitschrift Jahrgang DOI/URL
Nummer
Seiten
2017  Sascha Filimon, Rentabilitdt beim grenz- Europa 23.2015 https://www.ssoar.
Philipp Namberger iiberschreitenden Tan- Regional 3 info/ssoar/handle/
und Gordon Winder ken am Beispiel der 17-32 document/52893

Region Selb-Asch im
deutsch-tschechi-
schen Grenzraum

2019 Philipp Namber- Overcrowding, Over- Tourism 16 https://doi.org/1
ger, Sascha Filimon, tourism and Local Level Planning & 4 0.1080/21568316
Jirgen Schmude Disturbance: How Much Development 452—472 .2019.1595706
und Marion Karl Can Munich Handle?

2021 Jiirgen Schmude, COVID-19 and the pan- Tourism: An 69 https://doi.
Sascha Filimon, Phi- demic‘s spatio-temporal International 2 0rg/10.37741/t.69.2.6
lipp Namberger, Erik impact on tourism demand Interdiscipli- 246-261
Lindner, Jae-Eun Nam  in Bavaria (Germany) nary Journal

und Pauline Metzinger




1 Motivation, Problemstellung und Aufbau der Arbeit 3
Jahr  Autoren Titel Fachzeitschrift Jahrgang  DOI/URL
Nummer
Seiten
2021 Maximilian Wit- Carry along or not? Deci- Safety Science 143 https://doi.
ting, Sascha Filimon sion-making on carrying 10 0rg/10.1016/j.
und Sevag Kevork standard avalanche safety 1-11 $SCi.2021.105406
gear among ski tourers in
a German touring region
2021 Sascha Filimon, Ca- Travel participation of Current Issues  Zur Bearbeitung eingereicht

thrin Schiemenz, Erik

Lindner, Philipp Nam-
berger, Elisabeth Bartl
und Jirgen Schmude

Germans before and during
the COVID-19 pandemic

— the effects of socio-
demographic variables

in Tourism (zur
Begutachtung
eingereicht am
15.07.2021)

Eigene Darstellung und Zusammenfassung
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2 Notwendigkeit der Evaluation, Adaption und Modifika-
tion von Methoden

Wissenschaft besteht nicht allein aus dem Erkenntnisgewinn, also der Beantwor-
tung von Forschungsfragen, sondern auch aus der Reflexion des Erkenntnispro-
zesses, also dem Prozess, wie die jeweilige Erkenntnis erlangt wurde. Zur Wis-
senschaftlichkeit gehort daher auch die Nachvollziehbarkeit des methodischen
Vorgehens. In der empirischen Sozialforschung lassen sich grundsatzlich die fol-
genden drei Paradigmen bzw. Forschungsansdtze identifizieren: 1) das quanti-
tative Paradigma, 2) das qualitative Paradigma und 3) das Mixed-Methods-Pa-
radigma (DORING/BORTZ 2016). Alle drei unterscheiden sich hinsichtlich der
Vorstellung, wie sozialwissenschaftliche Forschung Erkenntnisse iiber die soziale
Wirklichkeit gewinnen kann, wie diese Wirklichkeit iiberhaupt beschaffen ist und
welche Rolle die Forschenden selbst in Bezug auf diese und das Forschungsobjekt
einnehmen (DORING/BORTZ 2016). Die moderne Geographie, und damit auch
die Anthropogeographie, ist eine multiparadigmatische Wissenschaft (SCHURR/
WEICHHART 2020), in der mittlerweile alle drei genannten Ansdtze etabliert sind
(KUHNE/BERR 2021). Die vorliegende Dissertation ist iiberwiegend dem quanti-
tativen Paradigma, sowie in Teilen jenem der Mixed-Methods zuzuordnen. Im
Folgenden wird daher primdr Bezug auf quantitative Methoden genommen, auch
wenn besonders bei der Notwendigkeit der standigen Evaluation, Adaption und
Modifikationen die Argumentation auf qualitative Methoden iibertragbar sein
kann.

Das quantitative Paradigma ist gekennzeichnet durch einen deduktiven,
stark strukturierten Forschungsprozess, welcher ausgehend von Hypothesen und
mit moglichst standardisierten systematischen Verfahren in moglichst reprdsen-
tativen Stichproben Daten erhebt oder auf diese Art erhobene Daten verwendet,
um diese abschlieflend mittels statistischer Analyse zur Priifung der eingangs
formulierten Hypothesen nutzt (DORING/BORTZ 2016).

Aus einer wissenschaftstheoretischen Betrachtung heraus ldsst sich dieser
(wie auch der qualitative) Forschungsprozess in fiinf Ebenen unterteilen, die zu-
einander in hierarchischer Abhdngigkeit stehen (siehe Abbildung 1). Dabei ist die
Erkenntnistheorie, also die philosophische Wissenschaft von den Strukturen bis
zu den Grenzen menschlicher Erkenntnis, das iibergeordnete Element; gefolgt
von der Wissenschaftstheorie, die sich als Meta-Wissenschaft mit der Wissen-
schaft selbst als Forschungsfeld auseinandersetzt und sich beispielsweise mit
den Grenzen des Erkenntnisgewinns beschaftigt (BRETZKE 2016; SAINT-MONT
2011). Den Rahmen, in dem sich die Forschung letztlich bewegt und in dem die
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Forschungsfrage verortet ist, stellen die jeweiligen Theorien innerhalb der Dis-

ziplin dar. Die Methodologie, als Theorie der unterschiedlichen Methoden, be-
schaftigt sich mit deren Systematisierung. Sie stellt somit bereits einen Anwen-
dungsfall der Theorie dar. Grundlage jeder Forschung sind aber die Methoden,
welche die denkbaren Wege darstellen, Forschung zu betreiben, Daten zu ge-
winnen und damit letztlich Erkenntnisse zu generieren (KUHNE/BERR 2021). Die
Methoden stellen somit das Handwerkszeug dar, das verwendet werden kann, um
Forschungsfragen zu 16sen (BORSDORF 2007).

Abbildung 1: Theoretische Ebenen in ihrer hierarchischen Abhdngigkeit

rkenntnis-
theorie

/ Wissenschafts- \
theorie
/ Theorien \
/ Methodologie \
/ Methoden \

Eigene Darstellung, verdndert nach LAMNEK (2008) und KUHNE/BERR (2021)

Fiir die Beurteilung von Forschungsresultaten und zur Sicherung der Qualitat der
Forschung haben sich, sowohl in der quantitativen als auch in der qualitativen
Forschung, Giitekriterien etabliert (BRETZKE 2016). Fiir die quantitative For-
schung sind hierbei als Kriterien die Objektivitdt, Reliabilitdt und die Validitat zu
nennen. Bei weiterer Differenzierung nach CAMPBELL (1957) und Betrachtung
hinsichtlich des Anspruchs an die Methoden unterteilt sich die Validitat in die
Konstruktvaliditat, die interne Validitat, die externe Validitat und die statistische
Validitat. Dabei bezeichnet die Konstruktvaliditdat die Qualitdt des Messinstru-
ments, aus den gewonnenen Daten theoretische wie empirische Schlussfolgerun-
gen zu rechtfertigen. Die interne Validitdt gibt an, ob und wie stark die beobach-
teten Zusammenhdnge einem kausalen Ursache-Wirkung-Charakter zugrunde
liegen, wohingegen die externe Validitit die Ubertragbarkeit der Studienergeb-
nisse meint. Die statistische Validitat beschreibt die korrekte deskriptive wie in-
ferenzstatistische Analyse (DORING/BORTZ 2016).
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Nach der soeben erfolgten theoretischen Einbettung wird im Folgenden argumen-

tiert, warum die Methoden, gerade in der Anthropogeographie, einem standigen
Prozess der Evaluation, Adaption und Modifikation unterworfen sind. Dabei wird
aufgrund der teilweise gegenseitigen Abhdngigkeiten nicht nach den genannten
Teilaspekten unterschieden, sondern diese werden ganzheitlich betrachtet.

So ist zundchst festzustellen, dass sich die Notwendigkeit des iterativen
Prozesses der Evaluation, Adaption und Modifikation schon aus der obligatori-
schen Selbstinterpretation, also der bewussten Reflexion der Geographie hin-
sichtlich ihres eigenen Wesens, Bildungswerts, Gegenstands, ihrer Aufgaben,
aber eben auch hinsichtlich der von ihr verwendeten Methoden ergibt (HARD
1973). Nach BARTELS (1968) wird diese Erfordernis umso wichtiger, je hdaufiger
Fragestellungen facheriibergreifend, also auch mit den oder durch die Nachbar-
disziplinen, bearbeitet werden. Bei dieser Argumentation wird zweierlei deutlich:
Vor dem Hintergrund des Ziels des stets groftmoglichen Erkenntnisgewinns be-
findet sich die Geographie mindestens bei interdisziplinaren Forschungsfragen
zum einen in einem Wettbewerb und Austausch mit ihren Nachbardisziplinen, ist
zum anderen aber in der komfortablen Lage, sich methodisch wie theoretisch von
diesen inspirieren zu lassen (und diese zu inspirieren (WARF 2014)). Dies wird
besonders dadurch deutlich, dass diese interdisziplindre Vernetzung mittlerweile
zum Selbstverstandnis der Geographie zdhlt. Dies zeigt auch die bereits erfolg-
te Adaption und Modifikation von Methoden aus den Nachbardisziplinen (BORS-
DORF 2007). In einer sich im standigen Wandel befindlichen Welt, in der gerade
das Erkenntnisobjekt der Geographie, die Geosphdre (BORSDORF 2007), komple-
xer, vernetzter, aber auch besser ergriindet und zuletzt neben der Landschaft und
dem abstrakten Raum um den digitalen Raum erweitert wird (LOSSAU 2018), ist
zudem davon auszugehen, dass diese Notwendigkeit weiter zunimmt. Auch diir-
fen die Fortschritte in den geographischen Hilfswissenschaften (z. B. Kartogra-
phie, Statistik, Informatik (BORSDORF 2007)) nicht unberiicksichtigt bleiben.
Bedient sich die Geographie den Methoden ihrer Hilfswissenschaften, miissen
deren Fortschritte, also auch deren Adaptionen und Modifikationen, zwangs-
weise zur Kenntnis genommen, evaluiert und evtl. mitgegangen werden. Auch
aus einer nicht-forschungs-, sondern einer arbeitsmarktbezogenen Perspek-
tive heraus ergibt sich diese Notwendigkeit der Weiterentwicklung der geogra-
phischen Methoden. So haben beispielsweise fiir die Wirtschaftsgeographie fach-
spezifische Methodenkenntnisse eine hohe Relevanz fiir die Anstellung nach dem
Studium (STERNBERG 2013). Neben allgemeinen Methodenkenntnissen sind im
geographischen Berufsalltag besonders Statistik, Kartographie, Geographische
Informationssysteme (GIS) und Methoden der empirischen Sozialforschung von
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Relevanz (SCHNEIDER-SLIWA u. a. 2015). Dabei steht die Geographie letztlich im

Wettbewerb mit anderen Disziplinen und muss sich gegen diese behaupten kon-
nen — auch durch ihre methodischen Fertigkeiten.

Neben den genannten Griinden fiir die Notwendigkeit der fortwdhrenden
Weiterentwicklung der geographischen Methoden existiert ein weiterer zent-
raler Grund, der aufgrund seiner Relevanz im Folgenden separat erlautert wird:
Letztlich hangt die Qualitat und Eignung der gewdhlten Methode innerhalb ei-
nes Forschungsprozesses davon ab, wie gut oder schlecht sie die jeweilige For-
schungsfrage beantworten kann (siehe Giitekriterien der Objektivitat, Reliabilitat
und Validitat). Daraus folgt aber, dass ex ante moéglichst viele (alle) Methoden zur
Verfligung stehen sollten und jene gewdhlt werden sollte(n), die geeignet scheint
oder scheinen, die Forschungsfrage zu beantworten (DORING/BORTZ 2016). In
der Folge ergibt sich ein Problem: Stehen Forschenden, oder schlimmstenfalls
einer Disziplin, einzelne Methoden (noch) nicht zur Verfiigung, kann die For-
schungsfrage u. U. nicht bestmoéglich beantwortet werden. Dieses Problem kann
sich, entsprechend des Law of the instrument noch verscharfen. Nach ROBERTS
(1979) bezeichnet das auch als Maslows Hammer bekannte Gesetz die Tendenz,
eine vertraute Methode (oder ein Werkzeug), die bereits (erfolgreich) zur Beant-
wortung von Forschungsfragen genutzt wurde, auch fiir weitere Forschungsfra-
gen zu nutzen. Wer also nur einen Hammer als Werkzeug besitzt, behandelt alle
Problemstellungen wie Ndgel. Dieser Effekt kann sich noch verstarken, wenn Me-
thoden gerade deshalb gewdhlt werden, weil sie in anderen Publikationen bereits
Anwendung gefunden haben (RITSCHL/PRINZ-BUCHBERGER/STAMM 2016). Das
gewdhrt zwar einerseits eine gewisse Sicherheit und ermoglicht Vergleichbarkeit,
verfestigt aber auch andererseits Strukturen und kann u. U. dazu fiithren, dass
nicht die ideale oder beste Methode zu der jeweiligen Forschungsfrage gewahlt
wird. Schlimmstenfalls werden Forschungsfragen von den bekannten Methoden
abhdngig gemacht und der mogliche Erkenntnisgewinn durch die Umkehr des
Forschungsprozesses unnotig limitiert.

Aus den genannten Griinden ergibt sich zusammenfassend ein starkes Pla-
doyer fiir die fortwdhrende Evaluation bestehender geographischer Methoden
sowie fiir die Adaption und Modifikation von Methoden aus den geographischen
Nachbar- und Hilfswissenschaften. Dieses Argument wird im folgenden Kapitel
durch eine explorative Untersuchung weiter bekraftigt, indem aufgezeigt wird,
dass es durchaus zu einer Limitierung von Methoden kommen kann.
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3 Exemplarische Untersuchung zur Verwendung quanti-
tativer Methoden in der Wirtschaftsgeographie

Im Folgenden wird exemplarisch an zwei Zeitschriften dargelegt, welche Metho-
den in der Wirtschaftsgeographie der letzten Jahre Verwendung finden. Dazu wird
als Referenz fiir eine deutsche Fachzeitschrift die Zeitschrift fiir Wirtschaftsgeo-
graphie und fiir eine englische das Journal of Economic Geography gewadhlt. Die
Wahl auf zwei wirtschaftsgeographische Zeitschriften ist zum einen durch die
Einbettung der vorliegenden Dissertation und zum anderen der darin befindli-
chen Fachbeitrdge in diesen geographischen Teilbereich begriindet. Durch die
bewusste Auswahl hat die folgende Auswertung einen explorativen Charakter und
erhebt weder Anspruch auf Vollstandigkeit noch auf Reprdsentativitat. Aus den
unterschiedlichen Publikationsraten beider Zeitschriften ergeben sich zudem
unterschiedliche Betrachtungszeitriume. Um allerdings eine Ubergewichtung
einer der betrachteten Zeitschriften zu vermeiden, wird diese Unscharfe bewusst
in Kauf genommen. Die explorative Untersuchung dient somit zusammenfassend
einer groben Orientierung und Veranschaulichung.

Fiir die Auswertung werden die zum Zeitpunkt der Erfassung im Juli 2021
zuletzt erschienenen und zuganglichen 52 Beitrage der Zeitschrift fiir Wirt-
schaftsgeographie zwischen 2017 und 2021 sowie die zuletzt erschienenen und
zuganglichen 52 Beitrage des Journal of Economic Geography zwischen 2019
und 2021 hinsichtlich der folgenden Kriterien gesichtet: 1) Dem Typ der Publi-
kation (unterschieden nach empirischen Arbeiten und theoretischen Arbeiten),
2) sofern es sich um eine empirische Arbeit handelt, das verwendete Paradigma
(quantitativ, qualitativ, Mixed-Methods), 3) sofern eine quantitative Methode
Anwendung findet, der gewahlte Datenzugang (z. B. Sekundardatenanalyse oder
Befragung) und 4) die Art der Datenauswertung. Der methodische Zugang ist im
Folgenden somit als Kombination des verwendeten Datenzugangs (3) und der Art
der Datenauswertung (4) zu verstehen. Die vollstandige tabellarische Ubersicht
der gesichteten Beitrdge ist im Online-Anhang der Arbeit unter www.github.com/
SaschaFilimon/EvAdMo einsehbar. Die Auswertung stellt jedoch nur eine grund-
legende Einschdtzung der verwendeten Methoden dar.

Wie aus Abbildung 2 hervorgeht, unterscheiden sich die untersuchten Bei-
trage der beiden Fachzeitschriften deutlich. Zwar sind in beiden Journals empi-
rische Beitrdge am stdarksten vertreten, diese sind im Journal of Economic Geo-
graphy allerdings deutlich hdufiger dem quantitativen Paradigma zuzuordnen
(41 von 50 empirischen Beitrdgen vs. 15 von 35 empirischen Beitragen). Auch
zeigt sich, dass in beiden Fachzeitschriften die Sekundardatenanalyse mittels
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Regressionsmodell sowie die deskriptive Auswertung von Sekunddrdaten die am

hdufigsten angewendeten Methoden darstellen. Jedoch ist die Deskription von
Sekundardaten bei den untersuchten Beitragen der Zeitschrift fiir Wirtschafts-
geographie hdufiger (7 von 15) als die Verwendung von Regressionsmodellen (5
von 15). Beim Journal of Economic Geography dagegen sind Regressionsmodelle
die mit Abstand hdufigste Methode der Datenauswertung, wobei es sich fast aus-
schlieBlich um Sekundardaten handelt (41 von 51). Hierzu ist anzumerken, dass
durch die Berechnung eigener Indizes oder Indikatoren sowie durch die Cluste-
rung, Datenbereinigung, Georeferenzierung oder Verschneidung von verschiede-
nen Sekunddrdaten die Analyse an Tiefe gewinnt — was in der Abbildung nicht
dargestellt ist. Auch unterscheiden sich die einzelnen Regressionsmodelle (auch
in Abhangigkeit von der Forschungsfrage) z. T. erheblich und die Wahl des richti-
gen Modells bedarf folglich entsprechendes Wissen der Forschenden.

Abbildung 2: Vergleich von jeweils 52 Fachbeitragen der a) Zeitschrift fiir Wirt-
schaftsgeographie und des b) Journal of Economic Geography hin-
sichtlich der verwendeten Methode(n) (Mehrfachnennung bei den

Ebenen der Methode)
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Dennoch zeigt sich fiir die explorativ untersuchten 104 Beitrdge, dass einige we-

nige Methoden dominieren. Dies trifft besonders auf die untersuchten Beitrage
des Journal of Economic Geography zu. Zumindest im direkten Vergleich und fir
die untersuchten Beitrdage ist somit fiir das Journal of Economic Geography fest-
zustellen, dass ein in der Geographie hdufig postulierter Methodenpluralismus
nur bedingt vorliegt. Wie diese quantitativ erfasste fehlende Methodenvielfalt
begriindet ist, also ob bei allen untersuchten Beitragen die gewdhlte Methode, die
jeweils geeignetste ist, kann an dieser Stelle nicht bewertet werden. Auch ist die
Untersuchung aufgrund ihres explorativen Charakters und der bewussten Aus-
wahl nur zweier Fachzeitschriften (und der begrenzten Anzahl der untersuchten
Beitrdge) nicht reprdsentativ und die Ergebnisse lassen sich folglich nicht ver-
allgemeinern. Jedoch zeigt die Untersuchung exemplarisch die Notwendigkeit
auf, sich 1) grundsdtzlich intensiver mit der Methodenwahl und den verwendeten
Methoden zu beschaftigen und 2) sich verstetigende Prozesse, in denen Metho-
den auch deswegen Anwendung finden, weil sie zuvor schon genutzt wurden, zu
hinterfragen.
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4. Beitrag der Dissertation zur Evaluation, Adaption und
Modifikation von Methoden

Nachdem im Kapitel 2 die theoretische Notwendigkeit der Evaluation, Adaption
und Modifikation von Methoden in der Humangeographie aufgezeigt und diese
in Kapitel 3 in einer explorativen Untersuchung veranschaulicht wird, wird im
Folgenden der Beitrag der vorliegenden kumulativen Dissertation zur Evaluation,
Adaption und Modifikation von Methoden in der Humangeographie vorgestellt.
Das vorliegende Kapitel ist dazu wie folgt gegliedert: Die fiinf Unterkapitel fassen
den jeweiligen Fachbeitrag mit Schwerpunkt auf der Erlduterung der verwende-
ten Methode zusammen. Die jeweiligen Fachbeitrdge selbst sind korrespondie-
rend zur Nummerierung auf der Ebene der Unterkapitel im Kapitel 6 vollstdandig
einsehbar.

4.1 Rentabilitat beim grenziiberschreitenden Tanken am Beispiel der Region
Selb-Asch im deutsch-tschechischen Grenzraum

Das in der Zeitschrift Europa Regional erschienene Paper beschdftigt sich aus
einer wirtschaftswissenschaftlichen Perspektive mit dem Thema des ,, Tanktou-
rismus“, also dem Ausnutzen einer Preisdifferenz bei Kraftstoffen durch grenz-
tiberschreitendes Arbitragetanken. Dabei wird am Beispiel der Grenzregion Selb-
Asch (Deutschland/Tschechische Republik) exemplarisch fiir eine tschechische
Grenztankstelle in Abhdngigkeit von verschiedenen Preisdifferenzen sowie von
verschiedenen Fahrzeugklassen und der Rationalitat der potenziellen Kunden
(vollstandige vs. eingeschrankte) aufgezeigt, welchen rdaumlichen Einfluss das
Arbitragetanken tatsdchlich haben kann - also bis zu welcher Rentabilitdtsdis-
tanz das grenziiberschreitende Tanken aus rein 6konomischer Sicht fiir die Kun-
den noch sinnvoll ist (JACKISCH/NAMBERGER/WINDER 2017).

Der Beitrag kniipft dabei an die Szenario-Analysen von MICHAELIS (2003)
an, aktualisiert und erweitert diese und ergédnzt sie durch den Ubertrag auf den
geographischen Raum. Der Beitrag stellt eine Weiterentwicklung der bisherigen
geographischen Methoden dar. So wird fiir den Untersuchungsraum eigenes ein
routingfahiges Wegenetz (Network Dataset) aus OpenStreetMap-Daten generiert,
das eine tatsdchliche raumliche Darstellung und Verortung der von MICHAELIS
(2003) formulierten und fiir den Beitrag eigens aktualisierten und berechneten
Szenarien erlaubt. Dazu wird der Untersuchungsraum in Wege- und Zeitkosten
unterteilt (siehe Abbildung 3) und fiir jedes der ca. 35.000 Polygone, die sich aus
der Uberschneidung ergeben, in Abhingigkeit des realen Wegenetzes die Distanz
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zur Zieltankstelle in Minuten und Kilometer berechnet. Durch die Verwendung

dieser Informationen sowie durch Berechnung des Arbitragegewinns, der sich
aus dem Ertrag (also der Differenz zwischen dem Kraftstoffpreis im In- und Aus-
land), den Zeitkosten und den Wegkosten ergibt, kann fiir den gesamten Unter-
suchungsraum in Abhdngigkeit von verschiedenen Szenarien und Preisdifferen-
zen der rdumliche Einfluss des Tanktourismus aufgezeigt werden.

Abbildung 3: Schematische Darstellung der Differenzierung in Zeit- und Wege-

kosten

Wegkosten /

PR
NNz

Wegenetz

Zeitkosten Gesamtkosten — Polygon
Quelle: Eigene Darstellung, verandert nach JACKISCH/NAMBERGER/WINDER (2017)

Durch die verwendete Methode kann der zuvor als eher abstrakt definierte vom
Tanktourismus betroffene Raum (LENK/VOGELBUSCH/FALKEN 2004) erstmals,
wenn auch nur exemplarisch fiir eine Grenztankstelle, dafiir aber in Abhangig-
keit verschiedener Faktoren und fiir verschiedene Szenarien, modelliert und da-
mit konkretisiert werden. Der Beitrag zeigt zudem auf, dass der tatsdchlich vom
Tanktourismus betroffene Raum erheblich variiert. Das Ausmafl der Variation
ist abhdngig vom realen Wegenetz und den sich aus diesem ergebenen Zeit- und
Wegekosten (siehe Abbildung 3) sowie davon, ob potenzielle Kunden alle entste-
henden Kosten einpreisen (also vollstdandig rational handeln) oder nur einen Teil
der Kosten beachten (also eingeschrdankt rational handeln, siehe Karte 1). Dar-
aus lasst sich direkt ableiten, dass die Information iiber die tatsachlich anfallen-
den Kosten einzelne Tanktouristen bereits zum Umdenken bewegen konnte (JA-
CKISCH/NAMBERGER/WINDER 2017).
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Karte 1: Potentielle noch rentables Gebiet beim grenziiberschreitenden Arbitra-

getanken bei eingeschrdankter Rationalitdt 2015 (Szenario ,,Minis‘)

Rentables Gebiet bei einer 0 30 km
Preisdifferenz von:
DE [Eurocent je Liter Benzin]
@ biszu 5 Tankstelle
mehrals 5bis zu 10 Free 1 Gas

mehr als 10 bis zu 15
hr als 15 bi Dt. Autobahnen
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mehr als 20 bis zu 2 [ staats-und
5 Landergrenze

e

Bayreuth

mehr als 25 bis zu 30 Landkreis (dt.)

mebhr als 30 bis zu 35 und Bezirk (cz.)

Minis

Quelle: Eigene Darstellung, verandert nach JACKISCH/NAMBERGER/WINDER (2017)

4.2 Overcrowding, Overtourism and Local Level Disturbance: How Much Can
Munich Handle?

Der in der Zeitschrift Tourism Planning & Development erschienene Artikel un-
tersucht die soziale Tragfdahigkeit der Landeshauptstadt Miinchen hinsichtlich
der Wahrnehmung und Bewertung der verschiedenen Formen des Tourismus und
deren spezifischen Auswirkungen auf das tagliche Leben der Einwohner. Zu die-
sem Zweck wird eine Haushaltsumfrage erstellt, in der individuell nach Stérungen
durch den Tourismus (bspw. Airbnb) und nach potenziellen Vermeidungsstrate-
gien gefragt wird. Durch die Auswertung dieser mittels Abhdngigkeitsanalyse und
Korrelationsmatrix kdnnen zwei Typen von Miinchnern identifiziert werden (die
Massentourismusvermeider und die Tourismussympathisanten) sowie besonders
die Wahrnehmung von Airbnb naher ergriindet werden (NAMBERGER u. a. 2019).

Die Landeshauptstadt Miinchen ist mit ihren im Jahr 2018 ca. 1,5 Millio-
nen Einwohnern und ihren ca. 311 Quadratkilometern Fldche ein grof3er Unter-
suchungsraum. Zur Beriicksichtigung der formulierten Hypothesen und zur Be-
antwortung der Forschungsfrage des Papers ist es allerdings notwendig, eine
moglichst bevolkerungsreprdsentative Stichprobe der erwachsenen Miinchner
Wohnbevoélkerung zu erlangen, die nach Moéglichkeit das gesamte Stadtgebiet
und damit auch eher abgelegene Wohngebiete umfasst. Zu diesem Zweck wird
eine Haushaltsumfrage durchgefiihrt (in Anlehnung an SAVERIADES 2000), die
auf einer eigens generierten Zufallsstichprobe basiert. Diese wird aus zufallig
aus OpenStreetMap generierten Startadressen erstellt, von denen aus Intervie-
wer mittels der Random-Walk-Technik nach SCHUMANN (2018) nach einer fes-
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ten Regel weitere zufdllig ausgewdhlte Haushalte aufsuchen. Die sich daraus er-

gebenen tatsachlichen Interviewbereiche und deren homogene Abdeckung des
Minchner Stadtgebiets sind in Karte 2 dargestellt. Vor Ort erfolgt eine weitere
Zufallsauswahl mittels der Geburtstagsauswahlmethode (Auswahl des Haus-
haltsmitglieds mit dem ndchsten Geburtstag). Durch die Kombination der drei
Auswahlverfahren (zufdllige Startadresse generiert aus OpenStreetMap-Daten,
Random-Walk-Technik und Geburtstagsauswahl) ergibt sich eine echte Zufalls-
auswahl, in der jedes Element der Grundgesamtheit mit der gleichen Wahrschein-
lichkeit in die Stichprobe aufgefiihrt werden kann (NAMBERGER u. a. 2019). So-
mit kann aufgrund der Modifikation und Neukombination bestehender Methoden
mit vergleichsweise geringem Aufwand und hoher Reliabilitdt, Validitat und Ob-
jektivitdt eine bevolkerungsreprdsentative Stichprobe generiert werden, aus der
valide Schlussfolgerungen auf die Grundgesamtheit zu fithren sind.

Karte 2: Generierte Interviewbereiche innerhalb der Landeshauptstadt Miinchen
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Quelle: Eigene Darstellung, verandert nach NAMBERGER u. a. (2019)
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4.3 COVID-19 and the Pandemic’s Spatio-Temporal Impact on Tourism De-
mand in Bavaria (Germany)

Der in der Zeitschrift Tourism: An International Interdisciplinary Journal er-
schienene Beitrag widmet sich aus einer nachfrageseitigen Perspektive den
Auswirkungen der als in der Moderne als einzigartig zu bewertenden CO-
VID-19-Pandemie auf die bayerische Tourismuswirtschaft am Beispiel des Be-
herbergungswesens (SCHMUDE u. a. 2021).

Der Beitrag bedient sich aus methodischer Sicht eines Mixed-Methods-An-
satzes. So stellt er fiir den Rahmen der Untersuchung, in welchem diese einge-
bettet ist, zundchst den Verlauf der Pandemie selbst sowie den Verlauf der Maf3-
nahmen, die zur deren Bekampfung veranlasst wurden, dar. Dabei stiitzt er sich
auf eine umfassende Medienanalyse, in welcher die einzelnen politischen Maf3-
nahmen in Deutschland und Bayern erfasst und hinsichtlich ihrer Relevanz fiir
den bayerischen Tourismus kategorisiert und zeitlich in Relation zu den Fallzah-
len der Pandemie gesetzt werden. In einer anschlieBenden sekundarstatistischen
Analyse werden die bayerischen Ubernachtungszahlen des Pandemie-Jahres 2021
auf Ebene der Stadt- und Landkreise in Relation zu den Vorjahren gesetzt und
raumliche und zeitliche Unterschiede in der Entwicklung aufgezeigt, diskutiert
und in Bezug auf die zuvor identifizierten politischen MafSnahmen erkldrt. Die-
se deskriptive Auswertung ermoglicht die Identifikation von Zusammenhdngen
(auch wenn die zeitliche Betrachtung bedingt durch die Datengrundlage nur auf
der Monatsebene stattfindet), beispielsweise der Bevolkerungsdichte mit dem
relativen Verdnderung der Ubernachtungen. Durch die Modifikation der Kennzif-
fer der Tourismusintensitat und deren Betrachtung auf Monatsebene kann zu-
dem der zeitlich variierende Zusammenhang zwischen der Erholung der Uber-
nachtungszahlen und der Tourismusintensitdat aufgezeigt werden (SCHMUDE u.
a. 2021). Zusammenfassend stellt der Beitrag eine vergleichsweise simple, aber
kreative Kombination bekannter methodischer Verfahren unter Verwendung von
freizuganglichen sekunddrstatistischen Daten dar, die zu zum Zweck des Er-
kenntnisgewinns leicht modifiziert werden.
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4.4 Carry along or not? Decision-making on carrying standard avalanche
safety gear among ski tourers in a German touring region

Der im Journal Safety Science erschienene Beitrag behandelt die Problematik der
Nicht-Mitnahme von Lawinenschutzausriistung von Skitourengehern am Bei-
spiel des bayerischen Skitourengebiets Taubenstein. Skitourengehen erfreut
sich zuletzt einer zunehmenden Beliebtheit — aufgrund der konstanten Lawi-
nengefahr auf den unprdparierten Pisten im Hinterland ist die Mitnahme einer
Standard-Lawinensicherheitsausriistung (d. h. LVS-Gerdt, Sonde und Schaufel)
jedoch unerldsslich. Trotz der wiederholt nachgewiesenen Bedeutung der Mit-
nahme dieser Ausriistung fiir das eigene Uberleben und fiir die Rettung von an-
deren zeigen Studien, dass nur zwischen 77 und 94 Prozent aller Skitourenge-
her die Notfallausriistung mitnehmen (NG u. a. 2015; SILVERTON/MCINTOSH/
KIM 2007). Der Beitrag untersucht daher die Griinde fiir die Nicht-Mitnahme und
zeigt erstmals die Bedeutung von Umweltaspekten fiir die Entscheidungsfindung
auf (WITTING/FILIMON/KEVORK 2021).

Bisherige Studien, die sich mit dem Sicherheitsverhalten von Winter-
sportlern auseinandersetzen, identifizieren bereits zahlreiche Faktoren, welche
fiir die Nicht-Mitnahme von Lawinenschutzausriistung entscheidend sind. So
sind bspw. soziodemographische Variablen wie das Alter und Geschlecht (NI-
CHOLS u. a. 2018; PROCTER u. a. 2014) oder das indirekte Erlebte mit Lawinen (z.
B. durch die Beobachtung eines Unfalls, MARENGO u. a. 2016) sowie die Selbst-
einschatzung der eigenen Erfahrung (NICHOLS u. a. 2018) und die Teilnahme an
Sicherheitskursen (NG u. a. 2015; SILVERTON/MCINTOSH/KIM 2007) als Ein-
flussfaktoren bereits bekannt. In diesem Beitrag, der die Mitnahme als Entschei-
dungsfindungsprozess versteht, kann jedoch aufgezeigt werden, dass weitere
Faktoren existieren, die bisher nicht beachtet werden. Die Untersuchung verwen-
det dafiir einen Mixed-Methods-Ansatz, der aus den folgenden drei Phasen be-
steht: 1) aus qualitativen Experteninterviews mit sechs lokalen Stakeholdern so-
wie aus der statistischen Auswertung von automatisiert erfassten Zdahldaten (als
vorbereitende Phase), 2) aus einer quantitativen Befragung unter 359 Skitouren-
gehern und der Verschneidung der erfassten Daten mit Wetterdaten zu dem je-
weiligen Befragungstag sowie abschlieflend 3) einer Gruppendiskussion mit den
in 1) genannten Experten fiir die Ergebnisinterpretation und Modellentwicklung.
Die Modellbildung selbst findet nicht mittels klassischer statischer Ansdtze statt,
sondern mittels des Machine-Learning-Algorithmus Decision Tree. Der Decisi-
on Tree ist ein Vorhersagemodell, das durch Unterteilung des Merkmalsraums in
drei zentrale Knoten erstellt wird: root node, internal node und leaf node (HAS-
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TIE/TIBSHIRANI/FRIEDMAN 2009; KUHN/JOHNSON 2013). Decision Trees sind
die beliebtesten Machine-Learning-Algorithmen unter den Klassifizierungs-
und Regressions-Trees (CART) (BREIMAN u. a. 1984; MAIMON/ROKACH 2010).
Nach LUNDBERG u. a. (2020) konnen sie besser interpretiert werden als lineare
Modelle, sind genauer als neuronale Netze und werden hdufig aufgrund ihrer in-
tuitiven Erklarbarkeit und Interpretierbarkeit eingesetzt. Durch die Modifikation
und Neukombination bekannter Methoden kann in dem Beitrag der Prozess der
Datenerhebung deutlich strukturierter stattfinden: Beispielsweise ermoglicht die
Voranalyse der automatisiert erhobenen Zdahldaten die bewusste Auswahl des Be-
fragungszeitpunkts gegen Ende der Saison, da hier bereits ein Gewdhnungseffekt
der Probanden zu beobachten und somit eine heterogene Verteilung der (Nicht-)
Mitnahme der Lawinenschutzausriistung zu erwarten ist. Durch die Adaption des
Machine-Learning-Algorithmus kann zudem der Entscheidungsfindungsprozess
der Mitnahme der Ausriistung als solcher untersucht, dargestellt und interpre-
tiert werden (siehe Abbildung 4). Dies hat neben der Identifikation von Umwelt-
variablen fiir den Entscheidungsfindungsprozess u. a. die Identifikation ver-
schiedener Typen von Skitourengehern ermoéglicht (WITTING/FILIMON/KEVORK
2021).

Abbildung 4: Entscheidungsfindungsprozess als Output des Modells
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4.5 Travel participation of Germans before and during the COVID-19 pande-
mic - the effects of sociodemographic variables

Der im Journal Current Issues in Tourism eingereichte Artikel thematisiert die
Auswirkungen der COVID-19-Pandemie auf das Reiseverhalten der deutschen
Wohnbevolkerung. Verreisten im Jahr 2019 zwischen Mdrz und Dezember noch
76 Prozent der 18—85-jdhrigen, sank dieser Anteil im Pandemiejahr 2020 auf 56
Prozent. Bei Betrachtung soziodemographischer Merkmale mittels Modellierung
wird deutlich, dass im Jahr 2020 nicht mehr, wie in den Jahren davor, die Ent-
scheidung zum Reisen primdr vom Haushaltseinkommen abhangt, sondern dass
nun das Alter der wichtigste Prddiktor fiir die Reiseentscheidung ist. Der Beitrag
zeigt somit exemplarisch fiir Deutschland auf, wie sich das Reiseverhalten durch
die Pandemie gedndert hat und wer wdahrend der Pandemie reist oder wer nicht
(FILIMON u. a. 2021).

Methodisch bedient sich der Artikel zweier Sekundardaten: Der FUR Reise-
analyse 2020 fiir das Reisejahr 2019 (n = 7.729) und der FUR 2021 fiir das Reisejahr
2020 (n = 6.207). Beide Datengrundlagen stellen beviolkerungsreprdsentative Be-
fragungen der deutschen Wohnbevoélkerung dar. Die FUR Reiseanalyse selbst ist
eine etablierte Datengrundlage fiir tourismuswissenschaftliche Untersuchungen
(KARL u. a. 2020; POPP u. a. 2021). Die Kombination beider Jahre ermdéglicht den
direkten Vergleich vor und nach der Pandemie, wobei die Pandemie selbst als Sti-
mulus verstanden wird, der die Veranderung des Reiseverhaltens bewirkt. In An-
lehnung an KERN/KLAUSCH/KREUTER (2019), welche die Eignung von Tree-ba-
sierten Machine-Learning-Algorithmen fiir die Analyse von Umfragen betonen,
wird fiir die Auswertung ein Gradient-Boosting-Machine-Algorithmus verwen-
det. Dabei wird die bindre Ergebnisvariable (zu reisen oder nicht zu reisen) als
ein Klassifikationsproblem betrachtet. Der Algorithmus selbst nutzt iterative En-
sembles von Klassifikationsbaumen (was eine Modifikation und Adaption der in
Kapitel 4.4 vorgestellten Methode darstellt) und optimiert diese durch Minimie-
rung der Verlustfunktion, um den besten Vorhersagewert zu erreichen (FRIED-
MAN 2001). Ein Teil der Daten wird zur Evaluation des gefundenen Modells ver-
wendet. Fiir jedes untersuchte Jahr wird jeweils ein separates Modell erstellt, das
die gleichen Variablen, aber unterschiedliche Daten der jeweiligen Jahre nutzt.
Bei der Einschdtzung der Qualitat der Modelle anhand der Accuracy, welche den
Anteil der korrekten Klassifikationen der Testdaten wiedergibt, zeigt sich, dass
diese fiir 2019 bei vergleichsweise hohen 71 Prozent und fiir 2020 bei deutlich
niedrigeren 59 Prozent liegt. Aus dem Abfall der Accuracy kann direkt abgeleitet
werden, dass die gleichen verwendeten Variablen fiir 2020 im Vergleich zu 2019
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an Bedeutung verlieren. Durch die Betrachtung der Relative Influence ist es zu-

dem moglich, die Bedeutungsdanderung fiir die einzelnen beobachteten Merkmale
zu quantifizieren. So zeigt sich bspw., dass der Einfluss des Haushaltseinkom-
mens 2020 auf die Klassifikation nur noch ca. 22 Prozent betrdgt, wohingegen
der Einfluss 2019 noch bei ca. 42 Prozent liegt (FILIMON u. a. 2021). Dariiber hi-
naus ermoglicht die Verwendung eines Gradient-Boosting-Machine-Algorith-
mus die Interpretation der Modelle durch Partial Dependence Plots (PDPs). PDPs
veranschaulichen die Richtung, den Einfluss und die funktionale Form der Be-
ziehung zwischen einer Input- und einer Output-Variable, wobei alle andere Va-
riablen konstant gehalten werden (JAMES u. a. 2013). Gerade die Konstanthaltung
der Uibrigen Variablen ermoglicht die Interpretation einzelner Features ohne die
Uberlagerung oder Stérung durch andere. Dies wird im Folgenden an Abbildung 5
veranschaulicht.

Abbildung 5: Partial Dependence Plots (PDPs, gemittelte Effekte) fiir jedes Fea-
ture des Modells fiir die Wahrscheinlichkeit der Reisepartizipation
fiir 2019 und 2020
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5 Ausblick und mogliche zukiinftige Entwicklung am Bei-
spiel des Machine-Learning-Ansatzes

Das abschlieflende Kapitel dieser Arbeit eroffnet einen moglichen Ausblick auf
zukiinftige Entwicklungen bzgl. der Anthropogeographie eingesetzten Methoden.
Es zielt damit darauf ab, die in Kapitel 1 dargestellte Motivation und die in Kapitel
2 erorterte und in Kapitel 3 explorativ aufgezeigte Notwendigkeit fiir die standige
Evaluation, Adaption und Modifikation von (quantitativen) Methoden pragnant
abzurunden. Dazu wird im Folgenden der in den Kapiteln 4.4 und 4.5 verwende-
te Machine-Learning-Ansatz ausgewdhlt und naher betrachtet. Die Auswahl ist
zum einen in der Anwendung des Ansatzes in zwei der in der Dissertation enthal-
tenen Publikationen und zum anderen in der Moglichkeit der relativen Vergleich-
barkeit dieses Ansatzes mit anderen Wissenschaftsdisziplinen begriindet.

Ein Machine-Learning-Ansatz stellt einen Berechnungsprozess dar, der
Input-Daten verwendet, um eine gewiinschte Aufgabe zu l6sen, indem er ite-
rativ, also durch die Wiederholung der Aufgabe und durch die wiederholte Prii-
fung (Training genannt) und Selbstoptimierung, anhand der zur Verfiigung ste-
henden Daten automatisiert dazulernt. Die Technik emuliert damit in gewisser
Weise menschliche Intelligenz (EL NAQA/MURPHY 2015). Der in Kapitel 4.5 vor-
gestellte Gradient-Boosting-Machine-Ansatz stellt eine Technik des maschinel-
len Lernens fiir Regressions- und Klassifikationsprobleme dar, bei welcher der
Algorithmus iterativ Ensembles von (in der Regel) Decisions Trees (siehe Kapi-
tel 4.4) bildet und diese durch Minimierung der Verlustfunktion optimiert, um
die hochstmogliche Genauigkeit zu erzielen (FRIEDMAN 2001). Wahrend die-
se und andere Tree-basierte Modelle in verschiedenen Disziplinen wie Finanz-
wissenschaft, der Medizin oder der Biologie bereits eingesetzt werden und sich
zunehmender Beliebtheit erfreuen (LUNDBERG u. a. 2020), sind sie bspw. in der
(Anthropo-)Geographie noch vergleichsweise wenig genutzt. Die geringe Ver-
breitung von Machine-Learning-Ansdtzen in der Geographie wird nachfolgend
quantitativ bestimmt.

Bei einer Analyse aller im Web of Science eingetragenen Artikel, die in
den Jahren 2000 bis 2020 publiziert wurden (49.371.044, 100 Prozent) enthal-
ten 234.631 (0,48 Prozent) Bezug zum Machine Learning und 162.971 (0,33 Pro-
zent) zu Big Data. Wie aus Abbildung 6 hervorgeht, nimmt, neben der Zahl der
verdffentlichten und erfassten Paper der Anteil jener Paper iiberproportional zu,
die mit Machine Learning oder Big Data assoziiert sind (diesen im Titel, in den
Schlagwortern oder im Abstract erwdhnen). So wurden beispielsweise im Jahr
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2020 46.649 Paper mit Bezug zu Machine Learning verdéffentlicht, in etwa so vie-

le wie zwischen den Jahren 2000 und 2012 zusammen (47.715). Dahingegen kann
der Riickgang bei den Papern mit Bezug zu Big Data zwischen den Jahren 2019
zu 2020 womoglich bereits als Sattigung interpretiert werden (WEB OF SCIENCE
2021).

Abbildung 6: Ubersicht iiber die veréffentlichten und im Web of Science erfassten
Fachbeitrage, Gesamt, mit Bezug zu Machine Learning und mit Be-
zug zu Big Data zwischen 2000 und 2020
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Bei Differenzierung nach den Kategorien des Web of Science, wie in Tabelle 2 fiir
ausgewahlte Kategorien, wird ersichtlich, dass Machine Learning und Big Data in
einzelnen wissenschaftlichen Disziplinen hdaufiger Anwendung findet oder dis-
kutiert wird als in anderen. Ist dies bei einigen Disziplinen wie Informatik auch
wenig verwunderlich, zeigt die in Tabelle 2 dargestellte Auswahl jedoch fiir die
der Humangeographie zuzuordnenden Kategorien im direkten Vergleich zu
Nachbardisziplinen der Geographie auf, dass die relative Haufigkeit der Beitra-
ge mit Bezug zu Machine Learning und Big Data tendenziell im Mittelfeld liegt.
Die Kategorie der Hospitality Leisure Sport Tourism, der die in der vorliegenden
Arbeit vorgestellten Beitrdge zum Groflteil zuzuordnen sind, rangiert auf Platz
148 von 250. Die relative Haufigkeit beider untersuchter Ansdtze ist unterdurch-
schnittlich. Anzumerken ist, dass einzelne Disziplinen, beispielsweise bei stark
qualitativer Ausrichtung, die Ansdtze nicht benétigen. Die Auflistung ist daher
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als explorative Analyse einzuordnen. Die vollstandige Liste ist im Online-Anhang

der Dissertation unter www.github.com/SaschaFilimon/EvAdMo einsehbar.

Tabelle 2: Relative und absolute Haufigkeit der Beitrdge mit Bezug zu Machine Learning und Big
Data im Web of Science nach ausgewdhlten Kategorien (ein Beitrag ist im Durchschnitt

1,64 Kategorien zugeordnet)

Rang Web of Science Gesamt Machine Big Data Machine Big Data

(ML) Kategorien Learning (abs.) (abs.) Learning (rel.) (rel.)

1 Computer Sci- 118.566 11.482 1.577 9,68 1,33
ence Cybernetics

26 Transportation 167.732 1.630 2.213 0,97 1,32
Science Technology

29 Geography Physical 121.565 1.021 1.339 0,84 1,10

75 Business 349.826 856 3.278 0,24 0,94

90 Behavioral Sciences 151.841 315 262 0,21 0,17

94 Ecology 393.889 776 1.470 0,20 0,37

95 Psychology 227.408 443 269 0,19 0,12

98 Geography 144.395 273 1.033 0,19 0,72

106 Mineralogy 65.565 107 93 0,16 0,14

112 Economics 684.607 1.031 2.956 0,15 0,43

115 Urban Studies 96.100 138 619 0,14 0,64

148 Hospitality Leisu- 125.096 111 620 0,09 0,50

re Sport Tourism

159  Geology 81.913 66 238 0,08 0,29
197 Sociology 245.451 108 664 0,04 0,27
243  History 708.703 29 175 0,00 0,02
249 Ethnic Studies 60.796 1 24 0,00 0,04

Eigene Darstellung, Datengrundlage: WEB OF SCIENCE (2021)

Es ist davon auszugehen, dass die Trends des Machine Learning und des Einsat-
zes von Big Data, aber auch bspw. des Web Mining (also der (teil-)automatisier-
ten Abfrage und Speicherung von Informationen aus dem Internet), die in den
geographischen Nachbardisziplinen bereits verstarkt Anwendung finden, auch
in der Anthropogeographie zunehmend an Bedeutung gewinnen werden. Zuneh-
mend komplexere Untersuchungen und groflere Datenmengen bendtigen ent-
sprechende Methoden und gerade Machine-Learing-Ansdtze wie Gradient Boos-
ting Machine und Decision Tree sind geeignet, diese komplexen Zusammenhadnge
nachvollziehbar, reliabel und reproduzierbar zu untersuchen sowie einfach und
intuitiv darzustellen.


http://www.github.com/SaschaFilimon/EvAdMo
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Diese Ansdtze haben gerade bei Beriicksichtigung parallel verlaufender

Entwicklungen wie Big Data oder Web Scraping enormes Potenzial fiir zukiinfti-
ge Erkenntnisgewinne. Die Anthropogeographie als Raumwissenschaft kann sich
dieser Entwicklungen nicht verschliefen, auch deswegen, weil sie mit der Ent-
wicklung des Internets einen weiteren Untersuchungsraum hinzugewonnen hat,
in welchen sich immer mehr Aktivitdaten verlagern und in dem immer mehr In-
formationen bereitstehen — ,,[a]s the Internet becomes a scrapable representa-
tion of the real world” (BAKAEV/AVDEENKO 2014).







25
6 Abdruck der im Rahmen der Dissertation erstellten Pu-
blikationen

Inhalt

6.1 Rentabilitdat beim grenziiberschreitenden Tanken am Beispiel der Region Selb-Asch
im deutsch-tschechiSChen GIeNZIAUIN ...........ceeeieereeriieeeeiiiriereeeeeeeeesenereeeeeesssssssseeesessssnnsnes 27

6.20vercrowding, Overtourism and Local Level Disturbance: How Much Can Munich
HANALE? ...ttt e e et ee st sestesessesasstsesssasesassssssasesstsssssasesstsesssassssssesssessssesssnsssns 45

6.3 COVID-19 and the pandemic‘s spatio-temporal impact on tourism demand in Bavaria
(GEITIAIY) ...uvveeureenerruereeeeneesneeeseeeteessesssesssssessesssessssssssssssssssesssessssssssessssssnsssssssssssssasssassssssssens 69

6.4 Carry along or not? Decision-making on carrying standard avalanche safety gear
among ski tourers in a German touring region.........cc.ccccceveevirneriennerncnsenncnenneeeescseeeeane 87

6.5 Travel participation of Germans before and during the COVID-19 pandemic — the ef-
fects of sociodemographic variables ............cccoeveeiiiiiiiiiniiiiiiiireeeee e 101






6.1 Rentabilitdt beim grenziiberschreitenden Tanken am Beispiel der Region Selb-Asch ... 27

6.1 Rentabilitdt beim grenziiberschreitenden Tanken am
Beispiel der Region Selb-Asch im deutsch-tschechi-

schen Grenzraum
Autoren: Sascha Filimon, Philipp Namberger und Gordon Winder
Jahr: 2017
Zeitschrift: Europa Regional
Jahrgang: 23.2015
Nummer: 3
Seiten: 17-32
URL: https://www.ssoar.info/ssoar/handle/document/52893
Datum: 21.07.2017
Herausgeber: Leibniz-Institut fiir Lainderkunde

Eigener Beitrag:

Hinweis:

Konzeptualisierung des Papers, Erstellung der Methodik, Da-
tenvalidierung, formale Analyse und Durchfiihrung der Unter-
suchung. Erstellung des Originalentwurfs, Visualisierung aller
Karten, Tabellen und Abbildungen, Beaufsichtigung und Pro-
jekt-Verwaltung.

Der nachfolgende Abdruck entspricht der Originalversion des Aufsatzes, die
durch das Social Science Open Access Repository (SSOAR) iiber die 0. g. Homepage
zum Download bereitgestellt wird. Das Format des Originaldokuments wurde zur
Optimierung der Lesbarkeit an die vorliegende Arbeit angepasst. Der Abdruck
erfolgt entsprechend nach Genehmigung des Leibniz-Institut fiir Landerkunde.
Alle Rechte verbleiben bei diesem.


https://www.ssoar.info/ssoar/handle/document/52893

6 Abdruck der Publikationen

'SSOAR

Open Access Repository

Rentabilitat beim grenziuiberschreitenden Tanken
am Beispiel der Region Selb-Asch im deutsch-

tschechischen Grenzraum

Jackisch, Sascha; Namberger, Philipp; Winder, Gordon

Verbffentlichungsversion / Published Version
Zeitschriftenartikel / journal article

Empfohlene Zitierung / Suggested Citation:

Jackisch, S., Namberger, P., & Winder, G. (2017). Rentabilitat beim grenziiberschreitenden Tanken am Beispiel
der Region Selb-Asch im deutsch-tschechischen Grenzraum. Europa Regional, 23.2015(3), 17-32. https://nbn-

resolving.org/urn:nbn:de:0168-ssoar-52893-5

Nutzungsbedingungen:

Dieser Text wird unter einer Deposit-Lizenz (Keine
Weiterverbreitung - keine Bearbeitung) zur Verfliigung gestellt.
Gewdhrt wird ein nicht exklusives, nicht (bertragbares,
persénliches und beschrédnktes Recht auf Nutzung dieses
Dokuments.  Dieses Dokument ist ausschlieBlich  fir
den persénlichen, nicht-kommerziellen Gebrauch bestimmt.
Auf sdmtlichen Kopien dieses Dokuments missen alle
Urheberrechtshinweise und sonstigen Hinweise auf gesetzlichen
Schutz beibehalten werden. Sie dirfen dieses Dokument
nicht in irgendeiner Weise abéndern, noch dirfen Sie
dieses Dokument fiir Offentliche oder kommerzielle Zwecke
vervielféltigen, 6ffentlich ausstellen, auffiihren, vertreiben oder
anderweitig nutzen.

Mit der Verwendung dieses Dokuments erkennen Sie die
Nutzungsbedingungen an.

gesIs

Leibniz-Institut
fiir Sozialwissenschaften

Terms of use:

This document is made available under Deposit Licence (No
Redistribution - no modifications). We grant a non-exclusive, non-
transferable, individual and limited right to using this document.
This document is solely intended for your personal, non-
commercial use. All of the copies of this documents must retain
all copyright information and other information regarding legal
protection. You are not allowed to alter this document in any
way, to copy it for public or commercial purposes, to exhibit the
document in public, to perform, distribute or otherwise use the
document in public.

By using this particular document, you accept the above-stated
conditions of use.

Mitglied der

Leibniz-Gemeinschafé‘



6.1 Rentabilitdt beim grenziiberschreitenden Tanken am Beispiel der Region Selb-Asch ...

29

Pe3ome

CAlIA dxuu, ®uiunn HAMBEPTEP, [OPOH BUHIEP
PeHTa6e/IbHOCTB NIPU 3alpaBKe MO Ty CTOPOHY rpa-
HUIBI HA IpUMepe peruoHa 3enb6-Am (Selb-Asch) B
HeMeIlKO-4ellICKOM NPpUrpaHuybe

B cTaTbe ¢ TeopeTHYeCKO# TOUKH 3peHUsT pacCMaTPUBAETCs
dbeHOMEH «6eH3MHOBOI0 TypHU3May», IPUYEM aBTOPLI C Hay4d-
HO-3KOHOMHUYECKHUX MO3UIMHA CYUTAIOT ero GopMoH CAesKH,
HanpaBJIeHHOH Ha U3BJIeYeHUe NPUOBIIN OT Pa3HUILbI B LiEHE.
Kpome Toro, npoc/iexxuBaloTcsl NPUYMHBI U IPeIOChIIKH BO3-
HHUKHOBEHHMS JAHHOTO ABJIAEHUSA C TEM, 4TO6BI 06ECIIEYUTD OC-
HOBY AJi1 COOTBETCTBYHOLEro SMIUPHUIECKOro uccjie0BaHusA.
[ocsie xapaKTepPUCTUKHU HCCIeAyeMON TEPPUTOPHUHU B LIeHTpe
BHHUMaHHSA OKa3bIBAIOTCA BONPOCHI MacuTaboB peHTa6eJIb-
HocTH. [lokasaHo B YaCTHOCTH, YTO B pallUOHAJIBHOCTHU «OeH-
3UHOBOro Typyu3sMa» UMEITCA 3HAQYUTEJIbHbIE PA3JINYUs, YTO
BJIMAET HAa IPOCTPAHCTBEHHbIE XapaKTEePHUCTHUKH 3aBHCUMOM
OT JJaHHOTO NpoLiecca UCCIefyeMOH TEPPUTOPHUH.

3anpaBKa aBTOTPAHCIOPTA 110 TY CTOPOHY I'PaHUIbl; GEH3HU-

HOBBIN TypH3M; peHTa6e/bHOCTb; PalHOHATbHOCTD; TATOTe-
Io1ll1ie TEpPUTOPUU
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Résumé

SASCHA JACKISCH, PHILIPP NAMBERGER et GORDON WINDER
Rentabilité du plein d‘essence a la frontiére: exemple
de la région de Selb et d‘AS, a la frontiére germano-
tcheque

Cet article porte sur le phénomene du «tourisme a la pompe»
d’un point de vue avant tout théorique. Cependant, les auteurs
I'appréhendent également sous un angle économique, comme
une forme d’arbitrage désignant I'exploitation d’une différence
de prix. Les raisons et les conditions de I'apparition d’'un tou-
risme a la pompe transfrontalier sont en outre expliquées afin
d’établir le cadre d’'une étude empirique. Apres la présentation
du territoire étudié, la «distance de rentabilité» se place au
centre des considérations. Il apparait entre autres qu’en fonc-
tion du degré de rationalité des «touristes a la pompe», il existe
des différences (intégrales et limitées) considérables en ce qui
concerne 'importance géographique du territoire éventuelle-
ment concerné par le tourisme a la pompe.

Plein transfrontalier; tourisme a la pompe; rentabilité; rationa-
lité; rayon de trajet
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Rentabilitat beim grenziberschreitenden Tanken am Beispiel der
Region Selb-Asch im deutsch-tschechischen Grenzraum

SascHA JAackiscH, PHILIPP NAMBERGER und GorboN WINDER

Zusammenfassung

Der Artikel behandelt das Phdnomen des , Tanktourismus* zu-
ndchst aus theoretischer Sicht, wobei die Autoren aus einer wirt-
schaftswissenschaftlichen Perspektive heraus , Tanktourismus”
als Form einer Arbitrage, welche das Ausnutzen einer Preisdiffe-
renz bezeichnet, auffassen. Zudem werden Griinde und Voraus-
setzungen fiir das Auftreten des grenziiberschreitenden Arbi-
tragetankens nachgezeichnet, um so den Rahmen fiir die eigene
empirische Untersuchung zu schaffen. Nach der Vorstellung des
Untersuchungsraums steht die ,Rentabilitditsdistanz” im Mittel-
punkt des Interesses. Hierbei zeigt sich u. a., dass es in Abhdngig-
keit des Grades der Rationalitdt der , Tanktouristen” (vollstdndige
vs. eingeschrdnkte) erhebliche Unterschiede gibt, was die rdum-
liche Ausprdgung des optional vom , Tanktourismus” betroffenen
Gebiets betrifft.

Grenziiberschreitendes Tanken; Tanktourismus; Rentabilitét;
Rationalitét; Einzugsbereich

Abstract

Cross-border fuelling and the question of profitabil-
ity. The example of the Selb-AS region along the Ger-
man-Czech border

The paper starts off with a theoretical debate on the phenomenon
of “fuel tourism”. The authors - from an economic point of view -
see “fuel tourism” as arbitrage in the sense of using an existing
price difference. Practical reasons and prerequisites for cross-
border fuelling are identified, and the study area is introduced.
Against this background the paper focuses on the spatial outcome
of profitability, and reveals that the “fuel tourists”” degree of ra-
tionality (full vs. limited) heavily influences the spatial outcome
of an area potentially affected by “fuel tourism’”.

Cross-border fueling; fuel tourism; profitability; rationality;
catchment area
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Fragestellung und Anlage der
Arbeit
Grenziiberschreitendes Tanken fiihrt in
Deutschland zu erheblichen Steueraus-
fallen. LENK et al. (2004, S. 29f) beziffern
diese fiir das Jahr 2003 auf etwa 1,5 Milli-
arden Euro. RATZENBERGER (2007, S. 12)
geht davon aus, dass die Mineraldlsteuer-
ausfalle durch graue Kraftstoffimporte im
Jahr 2006 ca. 2,1 Milliarden Euro betra-
gen. Wahrend diese GrofRenordnungen die
volkswirtschaftliche Relevanz des grenz-
iiberschreitenden Tankens veranschauli-
chen, verdeutlichen die zugrundeliegen-
den Forschungsansédtze exemplarisch,
dass sich diesem Thema wissenschaftlich
bisher eher makrookonomisch gendhert
wurde. Im Gegensatz dazu beschaftigt sich
die vorliegende Fallstudie auf einer klein-
raumigen Betrachtungsebene konkret mit
der Tanksituation in der deutsch-tschechi-
schen Grenzregion Selb-Asch und stellt
die Frage in den Mittelpunkt, wie sich
die Entfernung zur Tankstelle, die fiir die
,Tanktouristen" gerade noch rentabel ist,
theoretisch berechnen und raumlich dar-
stellen ldsst. Dabei wird auf Grundlage
des potenziellen, durch grenziiberschrei-
tendes Arbitragetanken zu realisierenden
Gewinns und der Summe der Arbitrage-
einzelkosten, die durch die Fahrt hin zur
ausldndischen Tankstelle und zuriick
entstehen, die noch rentable Wegstrecke
bei voller und bei eingeschrankter Ratio-
nalitat kalkuliert und erstmals mit Hilfe ei-
ner ,isomonetdren” Karte visualisiert. So
zeigt sich, inwiefern sich , Tanktourismus“
unter Beriicksichtigung der unterschiedli-
chen Kraftstoffpreise zwischen der Tsche-
chischen Republik (CZ) und Deutschland
(DE), der infrastrukturellen Gegebenhei-
ten vor Ort sowie ausgewdhlter Fahrzeug-
segmente fiir potenzielle , Tanktouristen”
lohnt. Die geographische Relevanz der
vorliegenden Untersuchung zeigt sich
v.a. in der anschaulichen Ubertragung
der modellhaften, theoretischen Annah-
men auf einen konkreten Raum, also der
Erforschung eines 6konomischen Systems
hinsichtlich seiner raumlichen Dimension.
Zundchst wird jedoch der theoretische
Rahmen geschaffen, indem unterschiedli-
che Betrachtungsweisen und der aktuelle
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Stand der Forschung zum Phidnomen , Tank-
tourismus“ umfassend dargestellt werden.
Dariiber hinaus werden Voraussetzungen
und Griinde fiir das Auftreten von ,Tank-
tourismus“ und seine Auswirkungen dis-
kutiert, um so die gesellschaftliche und
volkswirtschaftliche Relevanz des Themas
zu fundieren.

Betrachtungsweisen und Stand
der Forschung zum Phidnomen
,Tanktourismus“

Das Phidnomen ,Tanktourismus®, das laut
NAUMANN (2005, S. 1) den grenziiber-
schreitenden Verkehr zum Hauptzweck
des Tankens beschreibt, ist v.a. zu Zeiten
steigender Kraftstoffpreise in der me-
dialen Berichterstattung prasent. Dabei
werden in Landern mit vergleichsweise
hohen Kraftstoffpreisen - den Quelllan-
dern der ,Tanktouristen“ - primar die
Steuerausfille thematisiert, wohingegen
in Landern mit vergleichsweise niedrigen
Kraftstoffpreisen - den Ziellaindern der
,Tanktouristen“ - die durch den erhohten
Kraftstoffabsatz induzierte Manipulation
der Klimabilanz im Fokus der Berichter-
stattung steht (KELLER et al. 2010, S. 34).
Aus deutscher Sicht scheint der Begriff
»Tanktourismus” in den Medien iiberwie-
gend negativ konnotiert zu sein: Neben
den entfallenden Steuereinnahmen wird
auf die negativen 6konomischen Effekte
verwiesen, welche die Tankstellenbetrei-
ber im deutschen Grenzgebiet betreffen
(D1E WELT 2012). Des Weiteren werden
die negativen Aspekte fiir die Autofah-
rer thematisiert, wobei insbesondere die
zeitlichen Mehrkosten, welche beim Tan-
ken im Nachbarland entstehen, als Argu-
ment fiir die Unrentabilitat des grenz-
iberschreitenden Tankens angefiihrt
werden (N-Tv 2012).

Dabei ist der grenziiberschreitende
Verkehr zum Zweck des Tankens kein
deutsches oder europdisches Phanomen:
Da die Preisdifferenz beim Kraftstoff zwi-
schen zwei oder mehreren Landern (bzw.
Gebietskorperschaften; vgl. die Untersu-
chung von LEAL 2007) den wesentlichen
Anreiz fiir die Konsumenten darstellt,
im Nachbarland Kraftstoff zu erwerben
(MIcHAELIS 2003, S. 3; RATZENBERGER
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2007, S. 1), tritt dieses Phdnomen {iiber-
all dort auf, wo ein Preisunterschied
beim Kraftstoff besteht und ausgenutzt
werden kann. So zeigt sich z.B. an der
US-amerikanisch-kanadischen Grenze
ein Zusammenhang zwischen der Anzahl
grenziiberschreitender Fahrten und dem
Unterschied im Kraftstoffpreis bzw. dem
Wechselkurs (DI MATTEO u. DI MATTEO
1996, S. 103). In Singapur ist das Ver-
lassen des Stadtstaates mit einem in der
Republik registrierten Fahrzeug, dessen
Tank mit weniger als drei Viertel gefiillt
ist (IMMIGRATION & CHECKPOINTS AUTHO-
RITY 2014), verboten und kann mit bis
zu 500 Singapur-Dollar bestraft werden
(RIETVELD u. VAN WOUDENBERG 2005,
S.91; SINGAPORE CUSTOMS 2014).

Die deutschsprachige Wissenschaft
befasst sich schon seit geraumer Zeit mit
der Thematik des ,Tanktourismus“ So
weist SCHMIT (1984, S. 124f.) bereits 1984
auf das Einkaufs- und Tankverhalten der
Deutschen in Luxemburg hin (NAUMANN
2005, S. 1). 1988 veroffentlicht WEIGAND
(1988, S. 24f)) seine Analysen zum Rei-
severkehr und ,Einkaufstourismus” zwi-
schen Danemark und Deutschland von
1957 bis 1987/88 und zahlt Benzin zu
den bevorzugten Grenzhandelswaren der
Danen in Deutschland sowie Diesel zu
jenen der Deutschen in Danemark. Doch
auch nach weiteren, zahlreichen Ver-
offentlichung in der Folgezeit (vgl. z.B.
BEYER 2009) ist der Begriff , Tanktouris-
mus"“ Mitte der 2010er Jahre noch immer
schwerer zu fassen, als es die pragmati-
sche Verwendung des Ausdrucks in den
Medien suggeriert.

Zunichst ist der Begriff ,Tanktouris-
mus“-gerade aus tourismuswissen-
schaftlicher Sicht - als wenig geeignet zu
betrachten, da der grenziiberschreitende
Verkehr zum Tanken vielmehr als touris-
tisches Phdnomen denn als touristisches
Marktsegment zu sehen ist (SCHMUDE
u. NAMBERGER 2010, S. 72f.) bzw. solche
Fahrten nach FREYER (2011, S. 3) dem
nicht-touristischen Bereich zuzuord-
nen sind. Folglich handelt es sich beim
,Tanktourismus“ um keine (klassische)
Form des Tourismus. Dariiber hinaus
wird der Begriff , Tanktourismus” in der
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deutschsprachigen Literatur uneinheitlich
verwendet (NAUMANN 2005, S. 4; KELLER
etal. 2010, S. 25). Im Folgenden werden
die gingigen Definitionen und Betrach-
tungsweisen auf das Phanomen ndher
erlautert.

»Grenziiberschreitendes Arbitrage-
tanken“ nach PUWEIN (1996)

Aus einer wirtschaftswissenschaftlichen
Perspektive heraus handelt es sich bei
dem Phianomen des , Tanktourismus”“ um
eine Form der Arbitrage, welche das Aus-
nutzen einer Preisdifferenz bezeichnet.
Der Gewinn bei der klassischen Perspek-
tive der Arbitrage resultiert dabei aus
dem Kauf eines Gutes auf einem Markt
mit vergleichsweise niedrigen Preisen
und dem anschliefRenden Verkauf auf
einem Markt mit vergleichsweise hohen
Preisen. Bei Erweiterung der klassischen
Definition und Substitution des Verkaufs,
der am Ende des Transaktionsprozesses
steht, durch den Eigenkonsum, erfolgt
ebenfalls eine Gewinnrealisierung fiir den
,Tanktouristen“ (LENK et al. 2004, S. 4f.).
So bezeichnet PUWEIN (1996, S. 719) be-
reits 1996 das Phanomen des ,Tanktou-
rismus” als grenziiberschreitendes Arbi-
tragetanken.

»~Tanktouristen“ nach NAUMANN
(2005)

NAUMANN (2005, S. 5) versteht als , Tank-
touristen jene Personen, die allein zum
Zwecke des Tankens eine Landesgrenze
passieren, um im Nachbarland giinsti-
ger zu tanken als im Heimatland. Die
Motivation, die Grenze zu passieren, ist
folglich die Preisdifferenz beim Kraftstoff
zwischen Quell- und Zielland und die
daraus resultierende tatsachliche oder
vermeintliche Ersparnis. Gegenstand
entsprechender Untersuchungen ist so-
mit das Verhalten von Personen, durch
die das Phdnomen auf der Mikroebene
betrachtet wird.

»Graue Kraftstoffimporte“ nach
RATZENBERGER (2007)

RATZENBERGER (2007, S. 1f.) verzich-
tet weitgehend auf den Begriff ,Tank-
tourismus” und versteht den Saldo der

gesamten Kraftstoffmenge, die im Aus-
land gekauft, aber im Inland verbraucht
wird, und der Menge, die im Inland ge-
kauft, aber im Ausland verbraucht wird,
als ,graue Kraftstoffimporte” Somit wird
das Phanomen auf einer Makroebene be-
trachtet, wobei auch jener Kraftstoff mit
einbezogen wird, der nicht primar zum
Zweck der Nutzung der Preisdifferenz,
sondern unabhéngig davon (z. B. auf ei-
ner Urlaubsreise) getankt wird. Da der
Begriff der ,grauen Kraftstoffimporte”
nach RATZENBERGER (2007) weiter ge-
fasst ist als jener des ,Tanktourismus”
nach NAUMANN (2005), sind die fiskali-
schen Auswirkungen auch vergleichswei-
se grofier.

»Tanktourismus“ nach KELLER et al.
(2010)

Der Begriff des ,Tanktourismus“ von
KELLER et al. (2010, S. 24ff.) unterscheidet
sich von den ,grauen Kraftstoffimporten®,
in dem er ,Tanktourismus” als Inlands-
absatz abziiglich des Inlandsverbrauchs
definiert. Die Perspektive ist dabei die ei-
nes Landes, welches Zielland von , Tank-
touristen” ist.

In der englischsprachigen Fachlite-
ratur gelten KANBUR und KEEN (1993)
als Standardwerk fiir den theoretischen
Ansatz zum cross-border shopping, un-
ter welchem der grenziiberschreitende
Verkehr zum Tanken, das cross-border
fuelling, zu subsumieren ist. Cross-bor-
der fuelling wird demnach als ein Teil-
phanomen neben anderen wie etwa dem
Erwerb von giinstigeren alkoholischen
Getrdanken oder Zigaretten im Nachbar-
land (BANFI et al. 2003, S. 2) oder dem
cross-border lottery shopping (GARRETT
u. MARSH 2002, S. 501) verstanden und
ist dem cross-border shopping zuzu-
ordnen (NAUMANN 2005, S. 4). Jedoch
stellt das grenziiberschreitende Tanken
von gilinstigerem Kraftstoff innerhalb
des cross-border shopping insofern
eine Besonderheit dar, als der Kraftstoff
nicht nur das Konsumgut ist, welches
im gilinstigeren Nachbarland erworben
wird, sondern er auch auf dem Hin- und
Riickweg verbraucht wird (CHRISTIAN-
SEN 2004, S. 14).

Grenziiberschreitendes Arbitrage-
tanken: Griinde, Voraussetzungen,
Folgen

Der Hauptgrund fiir das Auftreten des
grenziiberschreitenden Arbitragetankens
ist die Preisdifferenz des Kraftstoffes zwi-
schen dem vergleichsweise teuren Quell-
land und dem vergleichsweise giinstigen
Zielland, die den Ertrag fiir das Arbitrage-
tanken bildet, da die Fahrten ins Ausland
ohne diese gar nicht erst getatigt wiirden
(RATZENBERGER 2007, S. 1). Der Preis-
unterschied gilt somit als entscheiden-
der Anreiz fir den , Tanktouristen®, den
Kraftstoff im Nachbarland zu erwerben
(MicHAELIS 2003, S. 3). Grenziiberschrei-
tendes Arbitragetanken kann daher auch
als eine Ausweichreaktion auf fiskalpoli-
tische Entscheidungen wie beispielsweise
die Mineraldlsteuer verstanden werden
(ADOLF 2003, S. 466f.). Demzufolge sinkt
die Nachfrage nach Kraftstoff im Zielland
des ,Tanktouristen“ mit jedem Cent, um
den die Preisdifferenz zum Quellland ver-
ringert wird (THONE 2008, S. 45).

Die Preisdifferenz zwischen den Staa-
ten ergibt sich wiederum aus der unter-
schiedlichen nationalen Besteuerung
(PORTER 1999, S. 30). Dabei wird Kraft-
stoff in nahezu allen Landern der Welt
besteuert, was zundchst einmal dem ge-
ringen Aufwand, der mit der Besteuerung
einhergeht, geschuldet ist: Die Kosten fiir
die Einhaltung der Steuer (compliance
costs) sowie die administrativen Kosten,
die durch die Besteuerung entstehen, sind
vergleichsweise gering, u.a. deswegen,
weil die Anzahl der produzierenden oder
importierenden Firmen gering und somit
deren Uberwachung einfach ist (RIETVELD
u. VAN WOUDENBERG 2005, S. 80). Uber-
dies reagiert die Nachfrage der Konsu-
menten nach Kraftstoff auf Preiserhé-
hungen unelastisch (STEINER u. CLUDIUS
2010, S. 3; ApoLF 2003, S. 463; RAPPEN
2006, S. 386), sofern kein Ausweichen auf
andere Staaten moglich ist.

Zwar ist die nationale Besteuerung in-
nerhalb der Européischen Union durch die
Richtlinie 2003/96/EG des Rats der Euro-
paischen Union seit dem 31.10.2003 durch
die Einfiilhrung von Mindestsatzen z.T.
eingeschrankt (RAT DER EUROPAISCHEN
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UNION 2003, S. 51, 63, 85), eine Steuer-
harmonisierung des europdischen Bin-
nenmarkts durch Anndherung der Mehr-
wert- und Verbrauchersatze kann bisher
jedoch nur teilweise realisiert werden. So
variieren die nationalen Steuern fiir Die-
sel- und Ottokraftstoff in den Staaten der
Européischen Union z.T. erheblich (Euro-
STAT 2014 S. 40), wobei DE bereits Ende
der 2000er Jahre laut KELLER et al. (2010,
S. 33) eines der Lander mit dem hochsten
Treibstoffpreisen in Europa ist. Dieser
Umstand wird auf die 6kologische Steuer-
reform zuriickgefiihrt, durch die ab dem
Jahr 2000 die Mineralélsteuer (respektive
ab 2006 die Energiesteuer) auf Treibstoffe
erhoht wurde (MICHAELIS 2003, S. 3; KEL-
LER et al. 2010, S. 33).

Wiahrend die Preisdifferenz den Anreiz
fir die ,Tanktouristen” darstellt, ist Mo-
bilitdt eine Grundvoraussetzung zur Aus-
nutzung dieser. Es wird also ein Fahrzeug
benotigt und dieses muss auch bewegt
werden konnen. Die Reisefreiheit ist eine
weitere Voraussetzung fiir das Tanken
im giinstigeren Nachbarland, um aus der
Steuerarbitrage Gewinne zu realisieren
(LENK et al. 2004, S. 4). Diese ist in Europa
jedoch erst mit der Realisierung eines ge-
meinsamen Binnenmarktes ab 1993 und
der damit verbundenen Reduktion bzw.
Aufhebung der Restriktionen durch Grenz-
kontrollen ermoglicht worden (VELLING
1993, S. 1). Die historische Entwicklung
zeigt, dass die Reisefreiheit keine Selbst-
verstindlichkeit fiir grenziiberschreiten-
des Arbitragetanken ist. Sie beinhaltet in
diesem Kontext auch, dass keine staatli-
chen Restriktionen wie etwa in Singapur -
wie bereits erwahnt - vorliegen. Die Ho-
mogenitat des Kraftstoffs kann als weitere
Voraussetzung fiir grenziiberschreitendes
Arbitragetanken gesehen werden. In der
einschlagigen Forschung wird Kraftstoff
als homogenes Gut angesehen (BANFI et al.
2003, S. 3; NAUMANN 2005, S. 8; DOYLE u.
SAMPHANTHARAK 2008, S. 870; KELLER et
al. 2010, S. 6, 26), das qualitativ identisch
und beliebig austauschbar ist (WOHE 2010,
S.296), unabhéngig davon, an welchem Ort
er erworben wird. Dies muss allerdings
nicht der subjektiven Wahrnehmung der
potenziellen Konsumenten entsprechen:
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Wird der Kraftstoff im Nachbarland als
qualitativ schlechter empfunden, verrin-
gert sich der Anreiz, ihn trotz des giinsti-
geren Preises zu erwerben. Damit ist die
Transparenz liber Qualitat und Preis des
Kraftstoffs sowie der Informationsstand
des Konsumenten eine weitere Vorausset-
zung fiir grenziiberschreitendes Arbitra-
getanken (KALINOWSKA et al. 2005, S. 62).

Die Steuerausfille durch ,Tanktou-
rismus” (KALINOWSKA et al. 2005, S. 62;
NAUMANN 2005, S. 50f.) sowie weitere
negative Effekte wie etwa ein Kaufkraft-
abfluss und eine Wettbewerbsverzerrung
unter den Tankstellenbetreibern sind in
Deutschland laut KELLER et al. (2010,
S. 33) deutlich wahrnehmbar. Trotz einer
ungefahren Schétzung (wie eingangs er-
wahnt, vgl. LENK et al. 2004, S. 29f. und
RATZENBERGER 2007, S. 12) kann die ex-
akte Hohe des Umsatzsteuerausfalls, der
durch grenziiberschreitendes Arbitrage-
tanken entsteht, nicht angeben werden,
da die Datengrundlage der Komplexi-
tat der Berechnung nicht gerecht wird.
So wird beispielsweise das geringere
Umsatzsteueraufkommen bei den Tank-
stellenbetreibern durch den erhohten
Konsum, der sich aus dem Arbitragege-
winn der , Tanktouristen” ergibt, z.T. kom-
pensiert, zumindest sofern dieser Kon-
sum im In- und nicht ebenfalls im Ausland
erfolgt. LENK et al. (2004, S. 33ff.) weisen
zudem nach, dass die Auswirkungen des
grenziiberschreitenden Arbitragetankens
iiberwiegend auf die Regionen im grenz-
nahen Bereich - mit einer Entfernung von
bis zu 50 Kilometer zur Grenze - entfal-
len: So ist der Riickgang des Kraftstoffab-
satzes der Tankstellen im Grenzland iiber-
proportional hoch. An diesem Punkt setzt
die vorliegende Untersuchung an, indem
sie den konkreten Raum berechnet und
darstellt, der vor dem Hintergrund der
Rationalitat potenzieller , Tanktouristen”
fiir diese noch rentabel ist.

Zur Relevanz der deutsch-tsche-
chischen Grenze als Untersu-
chungsraum fiir grenziiberschrei-
tendes Arbitragetanken

Grenzraume stellen schon an sich eine
Besonderheit dar, da sie an jener Linie

Europa Regional 23, 2015 (2017) 1 3

verlaufen, an der politische, wirtschaft-
liche, kulturelle und soziale Systeme
unterschiedlicher Staaten aufeinan-
dertreffen (SCHERHAG 2008, S. 1). Die
deutsch-tschechische Grenze unterschei-
det sich dariiber hinaus durch ihre ge-
schichtliche Bedeutung und Rolle zur Zeit
des Ost-West-Konflikts (WEIGL u. ZOHRER
2005, S. 4) von anderen Grenzen der Bun-
desrepublik. Wahrend das Phdnomen des
grenziiberschreitenden Arbitragetankens
beispielsweise an der deutsch-luxembur-
gischen Grenze seit den 1980er Jahren
bekannt ist (NAUMANN 2005, S. 27), be-
herrscht zu diesem Zeitpunkt noch der
»sogenannte Eiserne Vorhang zwischen
Deutschland und der Tschechoslowakei
die Wahrnehmung der grenzregionalen
bayerischen und tschechischen Bevolke-
rung” (WEIGL u. ZOHRER 2005, S. 4). Die
Untersuchung des grenziiberschreiten-
den Arbitragetankens in der Region Selb-
Asch ist somit von besonderer Bedeutung,
da der ,Tanktourismus“ an der deutsch-
tschechischen Grenze im Vergleich zum
,Tank- respektive Einkaufstourismus“
an der deutsch-luxemburgischen (ADOLF
2003, S. 466) oder danisch-deutschen
Grenze (WEIGAND 1988, S. 19ff.) als ver-
gleichsweise junges Phdanomen zu be-
zeichnen ist.

Entwicklung der Kraftstoffpreise in
DE und der CZ

Beim Vergleich der Entwicklung der Prei-
se fiir unverbleites Superbenzin in DE und
der CZ von Januar 2000 bis einschlief3-
lich April 2013 fallt auf, dass sich die
Kraftstoffpreise in beiden Landern wei-
testgehend parallel entwickeln; jedoch
liegt der Preis fiir Superbenzin in der
CZ dauerhaft unter dem Preis in DE. Die
grofite Preisdifferenz bei den Monatsmit-
telwerten zeigt sich im August 2004 mit
39,6 Eurocent je Liter, die geringste mit
6,0 Eurocent je Liter im Januar 2011. Im
Durchschnitt betragt die Preisdifferenz
im genannten Zeitraum fiir unverbleites
Superbenzin ca. 22 Eurocent je Liter. Bei
Diesel ist die Preisdifferenz zwischen bei-
den Landern deutlich geringer als jene bei
Superbenzin: So betragt der Durchschnitt
der Preisdifferenz fiir Diesel zwischen DE
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und der CZ auf Basis der Monatsmittel-
werte zwischen Januar 2000 und April
2013 ca. neun Eurocent pro Liter. Dariiber
hinaus ist der Preis fiir Diesel, aufgrund
der geringeren Besteuerung im Vergleich
zu Benzin, im genannten Zeitraum in 15
von 160 Monaten in DE glinstiger als in
der CZ (EUROPE’S ENERGY PORTAL 2013).
Nichtsdestotrotz zeigt sich iiber einen
langeren Zeitraum und fast kontinuier-
lich eine gewisse Preisdifferenz, die es
den deutschen Autofahrern erméglicht,
in der CZ einen Arbitragegewinn zu er-
zielen. Hier stellt sich die Frage, inwie-
fern sich der Gewinn durch die Kosten,
die mit der zuséatzlich gefahrenen Strecke
zusammenhangen, noch reduziert bzw.
inwiefern sich die maximale Wegstrecke
eines ,Tanktouristen“ zur Tankstelle vor
dem Hintergrund 6konomischer Rationa-
litat verandert. Zunachst wird jedoch der
Untersuchungsraum vorgestellt.

Zur ,Tanksituation” im Untersu-
chungsraum Selb-Asch im Jahr 2013
Die Region Selb-Asch umfasst die Grofie
Kreisstadt Selb im Landkreis Wunsie-
del (Regierungsbezirk Oberfranken) auf
deutscher und die Stadt Asch (AS) im
Bezirk Eger (Cheb) (Karlsbader Region -
Karlovarsky kraj) auf tschechischer Seite
der Grenze. Im Folgenden wird von der
Region Selb-Asch gesprochen, wenn Aus-
wirkungen auf beiden Seiten der Grenze
gemeint sind.

Zur Analyse des Phanomens des grenz-
iiberschreitenden Arbitragetankens in
der Region Selb-Asch ist ein Blick auf
die radumliche Verteilung der Tankstellen
notig. Zum Zeitpunkt der Untersuchung,
im Juli 2015, gibt es insgesamt acht
Tankstellen in der Region, wobei sich
fiinf in Asch befinden. Gemessen an der
Anzahl der Tankplatze befinden sich die
grofleren fiinf der acht Tankstellen auf
tschechischer Seite. Insgesamt entfallen
auf die deutsche Seite zwolf Tankplatze
(jeweils vier pro Tankstelle), wohinge-
gen auf tschechischer Seite 38 existieren
(zwalf, acht und dreimal sechs). Des Wei-
teren sind zum Zeitpunkt der Erfassung
mindestens fiinf Tankstellen auf der deut-
schen Seite des Untersuchungsgebiets

geschlossen oder werden anderweitig,
z.B. als Werkstatt oder Getridnkemarkt,
nachgenutzt (eigene Erhebung 2015).

Eine Besonderheit in der Region Selb-
Asch stellt die ,Free 1 Gas" Tankstelle im
tschechischen Asch dar: Zum einen ist sie
mit zwolf Tankplatzen die grofite Tank-
stelle in der Region. Zum anderen befin-
det sie sich mit 500 Metern Entfernung
in unmittelbarer Nahe zur deutsch-tsche-
chischen Grenze. Ihr Angebot scheint auf
deutsche Kunden abzuzielen, so ist die
Werbung an der Tankstelle in deutscher
Sprache, und auch die Preise fiir die je-
weiligen Kraftstoffarten am Preismast
und den Zapfsaulen sind im Gegensatz
zu den Uibrigen Tankstellen in Asch auch
in Euro angegeben. Der Anreiz fiir tsche-
chische Kunden aus Asch oder Umgebung
an die Grenze zu fahren, nur um dort zu
tanken, ist als gering einzuschéatzen, u. a.
auch aufgrund der Preise, die an der ,Free
1 Gas" Tankstelle im Vergleich zu den tib-
rigen Tankstellen im tschechischen Asch
teurer sind (eigene Erhebung 2015). Die
Tatsache, dass die Tankstelle ,Free 1 Gas*“
in ein grofleres Gewerbegebiet einge-
bunden ist - so befindet sich neben der
Tankstelle u. a. ein Shoppingcenter, Res-
taurant und Casino - zeigt zudem, dass
grenziiberschreitendes Arbitragetanken
als Teil des grenziiberschreitenden Ein-
kaufsverkehrs zu begreifen ist und sich
Kopplungen beim Einkauf von Giitern
ergeben konnen. Die Tankstelle ,Free 1
Gas"“ dient daher fiir die nachfolgenden
Berechnungen als auslindische Zieltank-
stelle deutscher , Tanktouristen”

Rentabilitit beim grenziiber-
schreitenden Arbitragetanken

Bei der Ausnutzung der Preisdifferenz
zwischen Kraftstoff im In- und Ausland
entstehen dem Konsumenten Arbitra-
gekosten, also aus Sicht der Tanktouris-
ten jene Kosten, die beim Erwerb des
Treibstoffs in einem anderen Land und
anschliefendem Transfer in ihr eige-
nes Land zum dortigen Konsum anfal-
len (KALINOWSKA et al. 2005, S. 62f.).
Die dabei entstehenden Kostengréfien
sind nach MICHAELIS (2003, S. 5ff.) die
Hohe der Kosten fiir den zusatzlichen

Kraftstoffverbrauch, die Kosten der
Wertminderung am Fahrzeug, Werkstatt-
kosten fiir Wartung und Ersatz von Ver-
schleifdteilen, die Kosten fiir die zuséatzli-
che Anfahrtszeit und die Kosten fiir das
Unfallrisiko. Alle genannten Kosten sind
von einer Vielzahl von Faktoren wie etwa
dem Fahrzeugsegment oder dem indivi-
duellen Fahrverhalten abhangig und als
variable Kosten zu betrachten (MICHAE-
LIS 2003, S. 5ff.). Der potenzielle Arbitra-
gegewinn, der sich aus dem Produkt von
Preisdifferenz zwischen Kraftstoff im
In- und Ausland und der Kraftstoffmenge
(also dem Ertrag) abziiglich der Arbitra-
gekosten berechnet, verringert sich mit
zunehmender Entfernung zur Tankstelle.
Aus diesen theoretischen Uberlegungen
heraus sind die determinierenden Varia-
blen beim grenziiberschreitenden Arbi-
tragetanken somit die zuriickzulegende
Entfernung zur Tankstelle und die Preis-
differenz des Kraftstoffs zwischen In-
und Ausland. So ldsst sich der potenzielle
Arbitragegewinn im deutschen Teil um
die Untersuchungsregion Selb-Asch, der
sich durch das Tanken in der CZ an der
Tankstelle ,Free 1 Gas" ergibt, ganz kon-
kret anhand der jeweiligen Entfernung zu
einer ausgewdhlten Tankstelle und der
Preisdifferenz des Kraftstoffs zwischen
DE und der CZ kalkulieren, bevor der fiir
grenziiberschreitendes Arbitragetanken
theoretisch noch rentable Raum nach
Preisdifferenzklassen und unter Bertick-
sichtigung des konkreten Straf3ennetzes
visualisiert werden kann.

Da die Arbitragekosten von verschie-
denen Faktoren abhéngig sind und durch
die Kombination dieser in der Summe
stark variieren, ergeben sich zahlreiche
mogliche Szenarien. Dabei wird zur mo-
dellbedingten Vereinfachung angenom-
men, dass sich eine Alternativtankstelle
in unmittelbarer Ndhe zum Aufbruchsort
des potenziellen , Tanktouristen“ befindet.
Entscheidend ist im Folgenden der Unter-
schied zwischen vollstindiger und ein-
geschrankter Rationalitit, wobei nur bei
erstgenannter alle Kostenaspekte, wie sie
bei einer 6konomisch rationalen Entschei-
dung auftreten, in die Kalkulation mit ein-
bezogen werden (MICHAELIS 2003, S. 4).
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Beide Kalkulationen - mit vollstandiger
und mit eingeschrankter Rationalitat -
stellen durch die Verwendung der realen
Zeitkosten eine Weiterentwicklung sowie
durch die Beriicksichtigung des realen
Wegenetzes eine raumliche Konkretisie-
rung der Modellannahmen von MICHAE-
LIS (2003, S. 4ff) dar und werden fir
unverbleites Superbenzin auf Grundlage
aktualisierter Daten berechnet. Diese Be-
rechnung wird zudem fiir vier Segmente
des Kraftfahrtbundesamts durchgefiihrt
(Minis, Kompaktklasse, SUV und Ge-
landewagen, Oberklasse) (KBA 2015a),
womit sich acht verschiedene Szenarien
ergeben.

Als Grundlage fiir die vier ausgewdahlten
Fahrzeugsegmente (Minis, Kompaktklas-
se, SUV und Geldndewagen, Oberklasse)
werden jeweils die Fahrzeugmodelle aus-
gewahlt, die laut KBA (2015a) zusammen
zumindest 50 Prozent des Bestands eines
Segments in Deutschland zum 1. Januar
2015 ausmacht (d. h. Fiat 500, Fiat Panda,
Ford Ka, Smart Fortwo, VW Lupo, Renault
Twingo fiir das Segment Minis; Ford Fo-
kus, Opel Astra, VW Golf fiir das Segment
Kompaktklasse; Audi Q5, BMW X1, BMW
X3, BMW X5, Dacia Duster, Ford Kuga,
Hyundai IX 35, Mercedes GLK, Mercedes
ML-Klasse, Nissan Qashqai, Skoda Yeti,
Toyota RAV 4 , VW Touareg, VW Tiguan
fiir das Segment SUV und Gelandewagen;
Audi A8/S8, BMW 7er, Mercedes S-Klas-
se fiir das Segment Oberklasse). Fur die
Faktoren Tankvolumen, Verbrauch und
Anschaffungskosten (letztere sind fiir
die Berechnung des Wertverlusts vonno-
ten) werden die durchschnittlichen An-
gaben fiir ein Segment errechnet, indem
jeweils ein ganz konkretes Fahrzeug aus
dem Bestand (z. B. Marke VW, Modell Golf
1.8, Typ Highline (97-99), Baureihe Golf
IV (08/97-08/03)) das allgemeine Mo-
dell (z. B. VW Golf) reprasentiert. Dabei
wird als konkretes Fahrzeug jeweils das
Fahrzeug ausgewahlt, das nach Berech-
nungen auf Grundlage der Autodaten-
bank des ADAC (2015) - ergénzt um die
eigenen Berechnungen zum Wertverlust
(siehe spater im Text unter zusétzliche
Wertminderung am Fahrzeug) - mittlere
Kosten, d. h. den Median der Kosten pro
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Kilometer von allen Fahrzeugen des Mo-
dells, aufweist.

Kalkulation des Arbitragegewinns bei
vollstindiger Rationalitéit

Nach MICHAELIS (2003, S. 4) ist die ma-
ximale zusdtzliche Wegstrecke in Kilo-
meter, die ein 6konomisch rational agie-
render Mensch mit seinem PKW bereit
ist, auf sich zu nehmen, um giinstiger
zu tanken, der Quotient aus dem Ertrag,
welcher sich aus der Preisdifferenz des
In- und Auslandspreises in Eurocent je
Liter ergibt, und den Arbitragekosten in
Eurocent je Kilometer. Legt der , Tank-
tourist“ eine kiirzere Strecke zuriick,
realisiert er einen Arbitragegewinn, bei
einer ldngeren ein Defizit. Demnach ist
bei ihm die Entfernung in Kilometer die
Bezugsgrofie, anhand der alle Arbitra-
gekosten berechnet werden. Dies gilt
auch fiir die zusatzlichen Kosten in Form
der Anfahrtszeit, welche bei MICHAELIS
(2003, S. 8ff.) durch eine Klassifizierung
in verschiedene Durchschnittsgeschwin-
digkeiten kalkuliert werden. Bei dieser
Methodik ist jedoch anzumerken, dass
diese insofern eine starke Vereinfachung
darstellt, als die Geschwindigkeit stark
vom jeweiligen Strafdentyp abhéngig
ist: Die exemplarische Annahme, ein
potenzieller ,Tanktourist* nahert sich
mit durchschnittlich 75 km/h, egal von
wo er aufbricht, ist fiir die vorliegende
Untersuchung unzureichend. Vielmehr
ermoglicht die Grundlage eines routing-
fahigen, auf OpenStreetMap basierenden
Wegenetzes (Network Dataset) im Un-
tersuchungsraum, die Differenzierung
in Weg- und Zeitkosten. Dabei wird auf
Grundlage des Wegenetzes eine Ebene
fiir die Entfernung zum Ziel in Meter
(500-Meter-Intervalle) und eine fiir die
Entfernung zum Ziel in Minuten (1-Mi-
nuten-Intervalle) erstellt. Beide werden
anschlieffend, wie in Abbildung 1 darge-
stellt, miteinander verschnitten, so dass
fir den Untersuchungsraum fiir jedes
aus der Verschneidung resultierendes
Polygon die Entfernungen zum Ziel, der
Tankstelle ,Free 1 Gas®, in Minuten- und
in Meterintervallen vorliegen. Letztend-
lich konnen somit fiir jedes Polygon die
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anfallenden Einzelarbitragekosten sowie
die Gesamtkosten, die dem potenziellen
,Tanktouristen“ entstehen, wenn in die-
sem sein theoretischer Ausgangspunkt
lage, berechnet werden.

Der Arbitragegewinn fiir ein jeweiliges
Polygon als Aufbruchsort des , Tanktou-
risten” ergibt sich aus der Differenz von
Arbitrageertrag und Arbitragekosten,
die bei der Fahrt zur Zieltankstelle im
Ausland realisiert werden kdnnen bzw.
anfallen. Formel 1 veranschaulicht dies,
zeigt die Differenzierung in Weg- und
Zeitkosten und fiihrt zudem alle Einzel-
arbitragekosten auf. Diese auf den Uber-
legungen von MICHAELIS (2003, S. 6ff)
basierenden Kosten wurden umfang-
reich aktualisiert und neu berechnet. Die
jeweilige Berechnung wird im Folgenden
erlautert.

Getankte Kraftstoffmenge in Liter als
Modellvariable

Die getankte Kraftstoffmenge ist ab-
hangig vom Tankvolumen des jeweili-
gen Fahrzeugsegments. Es ist jedoch
aufderst unwahrscheinlich, dass der
,Tanktourist“ exakt mit leerem Tank
an der Tankstelle ankommt und somit
das Tankvolumen seines Fahrzeugs voll
nutzen kann. Daher sind pauschal fiinf
Liter vom Tankvolumen des Fahrzeugs
zu subtrahieren. Jedoch besteht die Mog-
lichkeit, bis zu 20 Liter an Kraftstoff legal
in einem Reservekanister zusatzlich aus
der CZ mitzufithren (MICHAELIS 2003,
S. 7f; vgl. Bundesministerium der Justiz
2013, § 16 Abs. 1 Energiesteuergesetz).
Auch wenn die Mdoglichkeit wahrschein-
lich von den wenigsten ,Tanktouristen”
regelmafdig genutzt wird, ist bei der
Berechnung des potenziellen Gebiets,
in dem grenziiberschreitendes Arbitra-
getanken im Untersuchungsraum noch
rentabel ist, die Menge, die mit einem
Reservekanister mitgefiihrt werden
kann, insofern von Bedeutung, als sie
die maximale Ausdehnung des Raums
erhoht. Da dieser dargestellt werden
soll, ergeben sich aus diesen Uberlegun-
gen die in Tabelle 1 aufgelisteten maxi-
malen Kraftstoffmengen nach Fahrzeug-
segmenten fiir Ottokraftstoff.
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Preisdifferenz zwischen In- und Aus-
landspreis bei Kraftstoff als Modell-
variable

Die Preisdifferenz der Monatsmittelwerte
der Kraftstoffpreise im Inland, also in DE,
und der Kraftstoffpreise im Ausland, also
der CZ, betragt fiir unverbleites Super-
benzin (95 ROZ) zwischen April 2000 und
April 2013 ca. zwischen fiinf und 39 Eu-
rocent (EUROPE’S ENERGY PORTAL 2013).
Auf Grundlage dieser Werte und der
Héaufigkeit ihres Auftretens wird im Fol-
genden mit sieben Preisdifferenzklassen
(5, 10, 15, 20, 25, 30, und 35 Eurocent)
fiir unverbleites Superbenzin gerechnet.
Der Ertrag, der in Tabelle 2 dargestellt ist,
variiert somit deutlich je nach gegebener
Preisdifferenz und Fahrzeugsegment (bzw.
Tankvolumen). Da die Preisdifferenzen
fiir Dieselkraftstoffe vergleichsweise
gering sind (EUROPE’'S ENERGY PORTAL
2013), behandelt die vorliegende Un-
tersuchung ausschlieflich unverbleites
Superbenzin.

Arbitragekosten beim grenziiber-
schreitenden Arbitragetanken als
Modellvariable

Der mogliche Ertrag, der beim grenziiber-
schreitenden Arbitragetanken entsteht,
verringert sich um die Arbitragekosten:
Diese setzen sich aus den Einzelarbitra-
gekosten, wie sie in Formel 1 aufgefiihrt
sind, zusammen.

Der zusdtzliche Kraftstoffverbrauch
in Eurocent pro zusatzlich gefahrenem
Kilometer ergibt sich aus dem Kraft-
stoffverbrauch pro 100 Kilometer der
jeweiligen Fahrzeugsegmente sowie
dem Kraftstoffpreis in der CZ fiir Otto-
kraftstoff. Der Wert des Kraftstoffs fiir
die Hinfahrt zur bzw. die Riickfahrt von
der Zieltankstelle bemisst sich somit
nach dem am Stichtag potenziell zu er-
zielenden Verkaufspreis. Die Kosten fiir
den Kraftstoffverbrauch in Eurocent pro
zusétzlich gefahrenen Kilometer sind in
Tabelle 3 fiir die jeweilige Preisdifferenz
ausgehend von einem Referenzpreis fiir
Kraftstoff in DE von 1,45 Euro pro Liter
(Mittelwert KW 31 und 32, 2015) un-
verbleites Superbenzin fiir das jeweilige
Fahrzeugsegment gelistet.

Die zusdtzliche Wertminderung am Fahr-
zeug ist nach MICHAELIS (2003, S. 5)
jeweils zur Halfte abhdngig vom Alter
und der Fahrleistung des Fahrzeugs und
entspricht somit der Gleichung in For-
mel 2. Die nachfolgenden Berechnungen
beruhen auf eigenen Annahmen zur Le-
bensfahrleistung der einzelnen Fahrzeug-
segmente und auf den gemittelten An-
schaffungskosten der Fahrzeugsegmente
aus der Autodatenbank des ADAC (2015)
(vgl. Tab. 4).

Zur Berechnung des zusdtzlichen Un-
fallrisikos wihrend der Anfahrt werden
die Uberlegungen von MICHAELIS (2003,
S. 5ff) fiir das Jahr 2013 aktualisiert: So
werden 2013 mit Personenkraftwagen
(PKW) in Deutschland ca. 611 Milliarden
Kilometer zuriickgelegt (KBA 2015b). Im
selben Jahr verungliicken 1.558 Personen
als Fiithrer oder Mitfahrer eines PKW. Da-
ritber hinaus werden 210.993 Personen
verletzt, davon 86,61 Prozent leicht und
13,39 Prozent schwer (STATISTISCHES
BUNDESAMT 2015). Die Kosten fiir Ver-
ungliickte bei Verkehrsunfillen werden
basierend auf den Zahlen von MICHAELIS
(2003, S.10) anlog dem Vorgehen von
BAuM et al. (2010, S. 76) um die Veran-
derungsrate des Bruttoinlandsprodukts
(BIP) bis zum Jahr 2013 fortgeschrie-
ben. Daraus ergeben sich fiir das betrof-
fene Individuum Kosten in Hoéhe von ca.

2.445.343 Euro im Sterbefall, 489.068
Euro bei schwerer und 4.890 Euro bei
leichter Verletzung (MICHAELIS 2003,
S. 10; STATISTISCHES BUNDESAMT 2014).
Auch wenn anzumerken ist, dass solche
Quantifizierungen ungeachtet einer ge-
wissen Pietatlosigkeit auch einer gewis-
sen Ungenauigkeit unterliegen, lassen
sich die erwarteten Unfallkosten hilfswei-
se mit 3,03 Eurocent/km monetarisieren.
Dies stellt eine deutliche Verringerung ge-
geniiber den fiir das Jahr 2002 durch Mi-
CHAELIS (2003, S. 10) ermittelten 6,7 Eu-
rocent/km dar, lasst sich allerdings durch
den deutlichen Riickgang bei der Anzahl
der Verkehrstoten und Schwerverletzten
von 2002 zu 2013 (STATISTISCHES BUN-
DESAMT 2015) erklaren.

Die zusdtzlichen Werkstattkosten fiir
Wartung und Ersatz von VerschleifSteilen
entsprechen den fiir das jeweilige Fahr-
zeugsegment gemittelten Kosten, wobei
wiederum das konkrete Fahrzeug mit
den laut ADAC Datenbank 2015 mittle-
ren Kosten pro Kilometer ein Fahrzeug-
modell (z. B. VW Golf) reprédsentiert. Nur
die Modelle finden Beriicksichtigung,
deren Bestand in der Summe mindestens
50 Prozent des Gesamtbestands aller Mo-
delle innerhalb eines Segments laut KBA
(2015a) ausmacht (vgl. Tab. 5).

Aus den beschriebenen Arbitrageein-
zelkosten ergeben sich in der Summe
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Abb. 1: Schematische Darstellung der Differenzierung in Zeit- und Wegekosten
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Arbitragegewinn fir ein Polygon als Aufbruchsort des
»1anktouristen” bei vollstandiger Rationalitat

G=y@'-p" -k +k +k +k)+tk)

G Arbitragegewinn fiir ein Polygon (bei vollstandiger Rationalitét)

y getankte Kraftstoffmenge in Liter

p‘ Kraftstoffpreis im Inland in Eurocent je Liter

p*  Kraftstoffpreis im Ausland in Eurocent je Liter

X Entfernung von der Zieltankstelle (zweifach) in Kilometer

kk zusatzlicher Kraftstoffverbrauch in Eurocent je Kilometer

ku zusétzliche Wertminderung am Fahrzeug in Eurocent je Kilometer

k“ zusétzliches Unfallrisiko wéhrend der Anfahrt in Eurocent je Kilometer

k zusétzliche Werkstattkosten fiir Wartung und Ersatz von VerschleiBteilen

Entfernung von der Zieltankstelle (zweifach) in Minuten

k zusatzliche Kosten in Form von Anfahrtszeit in Eurocent je Minute

—

Wegkosten Zeitkosten

Formel 1: Arbitragegewinn fiir ein Polygon als Aufbruchsort des , Tanktouristen” bei voll-

sténdiger Rationalitét

Wegkosten je nach Preisdifferenz und
Fahrzeugsegment zwischen etwa 18,55
Eurocent und 50,79 Eurocent pro ge-
fahrenen Kilometer (vgl. Tab. 6). Die Ar-
bitragewegkosten steigen demnach mit
zunehmender Wertigkeit des Fahrzeug-
segments an, sinken jedoch mit zuneh-
mender Preisdifferenz beim Kraftstoff.
Zusatzlich zu den vorgestellten Weg-
kosten sind noch die Zeitkosten durch
die zusdtzlichen Kosten in Form von
Anfahrtszeit bzw. der monetarisierte
zusatzliche Zeitaufwand in Eurocent je
Minute zu beriicksichtigen, welche auf
den Zeitkosten basieren. Die Kosten fiir
eine Stunde Zeit sind sicherlich schwer
zu erfassen, wurden jedoch hilfsweise
durch MICHAELIS (2003, S. 9) im Mittel
mit finf Euro je Stunde angegeben und
werden im Folgenden um die Verdnde-
rungsrate des BIP bis zum Jahr 2013
fortgeschrieben (STATISTISCHES BUN-
DESAMT 2014) sowie aufgerundet. Aus
dieser Berechnung ergeben sich Zeit-
kosten in Hohe von 6,50 Euro je Stunde
oder 10,83 Eurocent je Minute, welche

24

fiir alle Fahrzeugsegmente und Preisdif-
ferenzklassen identisch sind.

Verschneidung von Zeit- und Wegkos-

ten zur Berechnung der Gesamtkosten
Durch die Verschneidung der jeweils
am Strafiennetz modellierten Zeit- und
Wegkosten fiir Hin- und Riickweg erge-
ben sich fiir den Untersuchungsraum ca.
35.000 Polygone, denen jeweils die Ent-
fernung zur Zieltankstelle in Minuten und
Metern zugeordnet ist. Auf den genann-
ten Entfernungen basieren die Berech-
nungen fiir die Weg-, Zeit- und somit die
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Gesamtkosten (vgl. Formel 1). In Tabelle
7 sind exemplarisch fiinf dieser Polygone
aufgelistet. Durch Subtraktion des jeweili-
gen Ertrags um die individuellen Gesamt-
kosten des Polygons, beide abhingig vom
Fahrzeugsegment und der jeweiligen
Preisdifferenz, ergibt sich fiir die Fla-
cheneinheit der realisierbare Gewinn fiir
den , Tanktouristen®, sollte dessen Start-
punkt der Fahrt zur Zieltankstelle in die-
ser liegen. Fiir die von der Preisdifferenz
und dem Segment abhéngige Betrachtung
sind lediglich jene Polygone relevant, fiir
die ein Gewinn zu realisieren ist. Jene Po-
lygone mit negativem Vorzeichen (z. B. ID
1505 in Tab. 7), werden bei der Betrach-
tung entsprechender Preisdifferenz und
Fahrzeugsegments anschliefRend nicht vi-
sualisiert. Aus der Tabelle wird iiberdies
ersichtlich, dass die theoretische Durch-
schnittsgeschwindigkeit, die zum Errei-
chen der Tankstelle ndtig ist, deutlich va-
riiert und somit eine pauschale Annahme
dieser nicht zielfithrend gewesen ware.

Visualisierung der durch grenz-
iiberschreitendes Arbitragetanken
betroffenen Zone bei vollstindiger
Rationalitit

Karte 1 visualisiert fiir vier ausgewahlte
Fahrzeugsegmente jeweils den Raum, fiir
den grenziiberschreitendes Arbitrage-
tanken unter Beriicksichtigung der gege-
benen Preisdifferenzen bei vollstandiger
Rationalitat gerade noch rentabel ist. Als
Ergebnis zeigt sich zunachst einmal, dass
die Grofse der durch grenziiberschreiten-
des Arbitragetanken betroffenen Zone je
nach Preisdifferenzklasse stark variiert.
Bei exemplarischer Betrachtung der Kar-
te fiir Fahrzeuge aus dem Segment der

Maximale Kraftstoffmenge nach Fahrzeugsegment

Minis Kompaktklasse G eg%’ elw:g e Oberklasse
Tankvolumen 35 55 65 85
in Liter
Max. Kraftstoffmenge 50 70 80 100
in Liter

Quelle: Eigene Darstellung und Berechnung nach MicxaeLis 2003, S. 71.; Datengrundlage: ADAC 2015

Tab. 1: Maximale Kraftstoffmenge nach Fahrzeugsegment
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Potentieller Ertrag bei einer Tankfahrt in Euro
nach Preisdifferenz und Fahrzeugsegment

Minis Kompaktklasse G eggg el\ln?:gen Oberklasse

5 215) 3,5 4,0 5,0

10 5,0 7,0 8,0 10,0

Angenommene 15 7,5 10,5 12,0 15,0
Preisdifferenz 20 10,0 14,0 16,0 20,0
in Eurocent pro Liter 25 125 175 20,0 25,0
30 15,0 21,0 24,0 30,0

35 17,5 24,5 28,0 35,0

Quelle: Eigene Darstellung und Berechnung; Datengrundlage: ADAC 2015

Tab. 2: Potentieller Ertrag bei einer Tankfahrt nach Preisdifferenz und Fahrzeugsegment

in Euro

Kosten des Kraftstoffverbrauchs pro zusatzlich gefahrenem

Kilometer in Eurocent

ausgehend von einem Kraftstoffpreis von 1,45 €/Liter unverbleites Superbenzin

in Deutschland

SUV und

Minis Kompaktklasse Gelandewagen Oberklasse

Kraftstoffverbrauch
in Liter pro 100 km 5.2 7.3 8,4 10,9
5] 7,28 10,22 11,76 15,26
10 7,02 9,86 11,34 14,72
Angenommene 15 6,76 9,49 10,92 14,17
Preisdifferenz 20 6,50 9,13 10,50 13,63
in Eurocent pro Liter 5 6.04 8.76 10,08 13,08
30 5,98 8,40 9,66 12,54
35 5,72 8,03 9,24 11,99

Quelle: Eigene Darstellung und Berechnung; Datengrundlage: ADAC 2015

Tab. 3: Kosten des Kraftstoffverbrauchs pro zusétzlich gefahrenem Kilometer in Eurocent

Kompaktklasse verringert sich die betrof-
fene Zone mit Abnahme der Preisdifferenz
deutlich: Bei einer Preisdifferenz von un-
ter fiinf Eurocent pro Liter ist grenziiber-
schreitendes Arbitragetanken nur fiir eine
maximale Wegstecke von fiinf Kilometern
bzw. sieben Minuten (in beiden Fallen je-
weils einfache Entfernung) rentabel; in
anderen Worten, , Tanktourismus” ist in
dieser Konstellation und unter Beriick-
sichtigung des realen Strafdennetzes nur
fiir einen Teil der unmittelbar um die
Grenztankstelle angrenzenden Stadt Selb
rentabel. Bei der in der Kalenderwoche
31 und 32 des Jahres 2015 tatsachlich
festgestellten durchschnittlichen Preis-
differenz von ca. 15 Eurocent pro Liter
unverbleitem Superbenzin hingegen ist
unter ansonsten gleichen Bedingungen

grenziiberschreitendes Arbitragetank-
en bis immerhin 17,5 Kilometer bzw. 26
Minuten (in beiden Fillen jeweils einfa-
che Entfernung), und somit u. a. noch fiir
Bewohner des nordéstlichen Drittels des
Landkreises Wunsiedel rentabel. Fiir die
maximal angenommene Preisdifferenz von
30 bis 35 Eurocent lohnt sich im Fahrzeug-
segment Kompaktklasse eine maximale
Wegstrecke von 43 Kilometer bzw. eine
maximale Zeit fiir die Fahrt zum Tanken
von 54 Minuten (in beiden Fallen jeweils
einfache Entfernung). Diese Entfernung ist
gleichzeitig die maximal sich rentierende
rdumliche und zeitliche Entfernung, die
sich fiir ein Fahrzeug der betrachteten vier
Fahrzeugsegmente bei sieben Preisdiffe-
renzklassen und unter Beriicksichtigung
vollstandiger Rationalitat ergibt.

Zusétzliche Wertminderung am
Fahrzeug in Eurocent pro
gefahrenem Kilometer

AK 100 _ AK *50

_1
k=3*"F F

a

k. zusétzliche Wertminderung
am Fahrzeug
in Eurocent pro gefahrenen Kilometer

AK  Anschaffungskosten in Euro
(bzw. multipliziert mit 100 in Eurocent)
F gesamte Lebensfahrleistung

in Kilometer

Quellen: Micraeuis 2003, eigene Darstellung

Formel 2: Zusétzliche Wertminderung am
Fahrzeug in Eurocent pro gefahrenem Kilo-
meter

Dariiber hinaus zeigen sich einerseits
deutliche Unterschiede nach Fahrzeug-
segmenten. So weist z.B. die rentable
Zone fiir Fahrzeuge des Segments Mi-
nis eine flichenmaflig deutlich kleinere
Ausdehnung auf als jene fiir Fahrzeuge
der Kompaktklasse. Weiterhin zeigt sich
z.B., dass es sich fiir potenzielle ,Tank-
touristen“ aus der kreisfreien Stadt Hof
beispielsweise fiir das Segment Minis bei
den angenommen Preisdifferenzen im
Westen der Stadt nicht mehr bzw. im Rest
der Stadt erst ab einer Preisdifferenz von
mindestens 20 Eurocent lohnt, zum Tan-
ken nach Asch zu fahren. Im Unterschied
dazu ist fiir alle , Tanktouristen” der Seg-
mente Kompaktklasse bzw. SUV und Ge-
landewagen der Weg von der kreisfreien
Stadt Hof aus nach Asch rentabel, z.T. so-
gar schon ab einer Preisdifferenz von 15
Eurocent.

Andererseits fallt auf, dass sich die
durch , Tanktourismus“ theoretisch be-
troffene Zone zwischen den Segmenten
Minis und Oberklasse bzw. zwischen
den Segmenten Kompaktklasse und SUV
und Gelandewagen nur marginal unter-
scheiden. Dies ist insofern interessant,
als sich der Input, der zu diesem sehr
dhnlichen Ergebnis fiihrt, grundlegend
unterscheidet. Da fiir alle Segmente die
Faktoren Zeitkosten, Unfallrisiko sowie
die Benzinpreise im In- und Ausland bzw.
die entsprechende Preisdifferenz als
konstant angenommen werden, sind die
Faktoren, welche Unterschiede zwischen

25
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Kalkulation zur Wertminderung am Fahrzeug

in Eurocent pro gefahrenem Kilometer

SUV und

Minis Kompaktklasse Gelindewagen Oberklasse
Anschaffungskosten | 500 20000 35500 93500
Lebensfahrleistung | 150000 150000 200000 200000
Wertminderung
in Eurocent pro gefahre- 3,9 6,6 8,8 23,3

nem km

Quelle: Eigene Darstellung und Berechnung nach Micraewis 2003, S. 7f.; Datengrundlage: ADAC 2015

Tab. 4: Kalkulation zur Wertminderung am Fahrzeug in Eurocent pro gefahrenem Kilometer

Kalkulation zu den Werkstattkosten fiir Wartung und den Ersatz von

VerschleiBteilen

Minis

Werkstattkosten
in Eurocent pro km

Kompaktklasse

SUV und

Gelandewagen Oberklasse

59 6,2 7,0 9,2

Quelle: Eigene Darstellung und Berechnung; Datengrundlage: ADAC 2015

Tab. 5: Kalkulation zu den Werkstattkosten fiir Wartung und den Ersatz von VerschleiBteilen

Summe der Wegkosten in Eurocent pro Kilometer
nach Fahrzeugsegment und Preisdifferenz flr unverbleites Superbenzin

SUV und

Minis Kompaktklasse Gelandewagen Oberklasse
5 20,11 26,05 30,59 50,79
10 19,85 25,69 30,17 50,25
Angenommene 15 | 19,59 25,32 29,75 49,70
Preisdifferenz 20 | 19,33 24,96 29,33 49,16
in Eurocent pro Liter
25 | 19,07 24,59 28,91 48,61
30 18,81 24,23 28,49 48,07
35 | 18,55 23,86 28,07 47,52

Quellen: Eigene Darstellung und Berechnung; Datengrundiage: MicHaetis 2003, S. 4ff., ADAC 2015, KBA 2015b,

StansTiscHEs Bunpesamt 2014, Stanistiscres Bunpesamt 2015

Tab. 6: Summe der Wegkosten in Eurocent pro Kilometer nach Fahrzeugsegment und

Preisdifferenz fiir unverbleites Superbenzin

den Segmenten ausmachen, die getank-
te Kraftstoffmenge, der Verbrauch -
multipliziert mit dem tagesaktuellen
Referenzpreis in CZ -, die Wertminde-
rung sowie die Werkstattkosten. Dabei
nimmt die potenziell getankte Kraft-
stoffmenge mit zunehmender Grofie der
Fahrzeugsegmente zu, was wiederum
die betroffene Zone vergrofiert (da sich
der Arbitrageertrag erhéht). Die ver-
bleibenden Arbitragekosten (Verbrauch,

26

Wertminderung, Werkstattkosten) neh-
men zwar mit zunehmender Gréfie der
Fahrzeugsegmente auch zu, diese ver-
kleinern allerdings die potenziell betrof-
fene Zone. Insgesamt gleichen sich die
Unterschiede zwischen den Fahrzeug-
segmenten z.T. also wieder aus. Aus Sicht
eines Tanktouristen kann es hinsichtlich
der Rentabilitdt u.U. also anndhernd kei-
nen Unterschied machen, ob er mit einem
Fahrzeug aus dem Segment Minis oder

Europa Regional 23, 2015 (2017) 1 3

einem Fahrzeug aus dem Segment Ober-
klasse nach Asch zum Tanken fihrt. An
dieser Stelle sei jedoch angemerkt, dass
diese marginalen Unterschiede nur fiir
individuelle , Tanktouristen” gelten, nicht
jedoch fiir die betroffenen Tankstellenbe-
sitzer in DE, denen beispielsweise durch
das Ausbleiben eines , Tanktouristen“ aus
dem Segment der Oberklasse allein durch
die getankte Kraftstoffmenge hohere Ver-
luste entstehen.

Insgesamt zeigt sich, dass bei vollstan-
diger Rationalitdt der ,Tanktouristen“ bei
den Preisdifferenzklassen erhebliche und
bei Fahrzeugsegmenten z. T. geringe Un-
terschiede bei der konkreten Auspragung
des vom ,Tanktourismus“ betroffenen
Raums auftreten, die eine rdumliche
Pauschalierung (z.B. dergestalt, dass die
grenznahen Landkreise zur Ganze bzw.
eine Zone von exakt 50 Kilometer entlang
der Grenze betroffen sind) fragwiirdig er-
scheinen lasst.

Kalkulation des Arbitragegewinns
bei eingeschriankter im Vergleich zu
vollstandiger Rationalitat
Es ist jedoch davon auszugehen, dass nur
die wenigsten ,Tanktouristen“ Faktoren
wie die zusatzliche Wertminderung am
Fahrzeug, die zusatzlichen Werkstatt-
kosten fiir Wartung und Ersatz von Ver-
schleifteilen oder gar das Unfallrisiko
wéhrend der Anfahrt berticksichtigen
(MICHAELIS 2003, S. 5). Daher werden im
Folgenden vier Szenarien unter Nichtbe-
achtung dieser Faktoren kalkuliert und vi-
sualisiert. Die zusatzliche Wegstrecke, bei
der grenziiberschreitendes Arbitragetan-
ken bei eingeschrankter Rationalitat po-
tenziell noch rentabel ist, ergibt sich aus
der in Formel 3 dargestellten Gleichung.
Die Berechnung erfolgt analog der fiir die
vollstandige Rationalitdt (Formel 1) und
mittels der in Abbildung 1 vorgestellten
Verschneidung von Weg- und Zeitkosten.
Analog zu Karte 1 visualisiert Karte 2
jeweils den Raum, fiir den grenziiber-
schreitendes Arbitragetanken noch ren-
tabel ist, allerdings mit dem Unterschied,
dass die , Tanktouristen“ nun anstelle der
vollstdndigen Rationalitdt nur noch eine
eingeschrankte Rationalitit aufweisen.
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Exemplarische Ubersicht iiber Polygone, deren Entfernung zur Zieltankstelle und den daraus resultierenden
Kosten flir das Fahrzeugsegment Kompaktklasse
bei einer Preisdifferenz von funf Eurocent je Liter

ID Entfernung Durchschnitts- Wegkosten Zeitkosten
(zweifach) geschwindigkeit
[km] [min] [km/h] [Eurocent/km] [Eurocent/min]
1505 20,0 15 80,00 204,40 162,45
1808 10,5 10 63,00 107,31 108,30
2711 7,0 5] 84,00 71,54 54,15
2479 4,5 5] 54,00 45,99 54,15
4889 4,0 7 34,29 40,88 75,81

Quelle: eigene Darstellung und Berechnung

Gesamt- Ertrag Gewinn
kosten

[Eurocent] [Eurocent] [Eurocent]
366,85 350 -16,85
215,61 350 134,39
125,69 350 224,31
100,14 350 249,86
116,69 350 233,31

Tab. 7: Exemplarische Ubersicht (iber Polygone, deren Entfernung zur Zieltankstelle und den daraus resultierenden Kosten fiir das Fahr-
zeugsegment Kompaktklasse bei einer Preisdifferenz von finf Eurocent je Liter

Der Unterschied wird dabei bei Verwen-
dung des gleichen Maf3stabs sofort er-
sichtlich: So ist die maximale Wegstecke,
die fiir einen , Tanktouristen“ mit einge-
schrankter Rationalitét hin zur Tankstelle
nach Asch immer noch rentabel ist, tiber
alle Fahrzeugklassen und Preisdifferenz-
klassen hinweg mindestens doppelt so
lang, und auch die zeitliche Entfernung
ist stets - z.T. sogar erheblich - grofier. Im
Segment der Kompaktklasse erhoht sich
beispielsweise die rentable Entfernung
fiir die in der Kalenderwoche 31 und 32
des Jahres 2015 ermittelte durchschnitt-
liche Preisdifferenz von 15 Eurocent von
17,5 auf 38,5 Kilometer (jeweils einfache
Entfernung). Im Segment der Oberklasse
und bei einer angenommenen Preisdiffe-
renzklasse von 30 bis 35 Eurocent rech-
net sich sogar noch eine Wegstecke von
110,5 Kilometer oder eine Fahrzeit von
einer Stunde und 40 Minuten (in beiden
Fallen jeweils einfache Entfernung). Nicht
nur die Wegstrecke, sondern auch der
theoretisch betroffene Raum erweitert
sich bei eingeschrankter Rationalitit:
Wihrend bei vollstandiger Rationalitat
lediglich Bayern und ein geringer Teil
des sudlichen Sachsens betroffen sind,
erstreckt sich der vom , Tanktourismus”
theoretisch betroffene Raum nun fiir die
hoéheren Preisdifferenzklassen sogar bis
nach Thiiringen.

Dartiber hinaus wird bei der kartogra-
phischen Darstellung mittels einer ,iso-
monetdren” Karte bei eingeschrankter

Rationalitat besonders deutlich, wie sich
die nun stirker ins Gewicht fallenden
Zeitkosten (vgl. Formel 1 und 3) auswir-
ken. So zeigt sich - wie allgemein auch bei
Isochronenkarten tiblich -, dass das kon-
krete Straflennetz bzw. die Art der Stra-
f3e und damit einhergehend die maogliche
Geschwindigkeit doch einen erheblichen
Einfluss auf die Situation vor Ort haben.
Besonders deutlich wird dies entlang der
Autobahnen, z.B. anhand der starken
Nord-Stid-Verzerrung entlang der Auto-
bahnen A9 und A93.

Kritik und Ausblick

Die Modellierung am Beispiel des Unter-
suchungsraums Selb-Asch zeigt neben
den Unterschieden nach Fahrzeugseg-
menten und Preisdifferenzklassen v.a.,
wie stark der von den potenziellen , Tank-
touristen“ empfundene Arbitragegewinn
bei eingeschrankter Rationalitit von
jenem bei vollstandiger Rationalitét ab-
weicht. Dies hat zur Folge, dass auch der
Raum, der vom ,Tanktourismus“ theo-
retisch betroffen ist, entsprechend stark
variiert. Die Ergebnisse sind insofern als

eingeschrankter Rationalitat
nach MicHaeLis 2003

Gewinn Ertrag

getankte Kraftstoffmenge in Liter

A orogo e

=~

z

Quelle: eigene Darstellung

Zusatzliche noch rentable Wegstrecke in Kilometer in Ab-
hangigkeit von In- und Auslandspreis fiir Kraftstoff bei

G'=y@p'-p" - xk_+ tk

e ———

G' Arbitragegewinn fiir ein Polygon (bei eingeschrankter Rationalitat)

Kraftstoffpreis im Inland in Eurocent je Liter
Kraftstoffpreis im Ausland in Eurocent je Liter
Entfernung von der Zieltankstelle (zweifach) in Kilometer
zusatzlicher Kraftstoffverbrauch in Eurocent je Kilometer
Entfernung von der Zieltankstelle (zweifach) in Minuten

k zusatzliche Kosten in Form von Anfahrtszeit in Eurocent je Minute

Zeit-
kosten

Weg-
kosten

Formel 3: Zusétzliche noch rentable Wegstrecke in Kilometer in Abhéngigkeit von In- und
Auslandspreis fir Kraftstoff bei eingeschrdnkter Rationalitat
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Handlungsempfehlung zu sehen, als sie
nicht nur die zusatzlichen Kosten, die den
potenziellen , Tanktouristen tatsachlich
entstehen, benennen, sondern den Raum
konkretisieren, in welchem sich grenz-
iiberschreitendes Arbitragetanken theo-
retisch lohnt, und somit exemplarisch die
Groflenordnung der Sinnhaftigkeit des
,Tanktourismus” veranschaulichen.

Die Vermutung liegt nahe, dass das Ver-
halten im grenznahen Raum nicht dem ei-
nes homo oeconomicus entspricht. Unter
Beriicksichtigung der negativen Auswir-
kungen des grenziiberschreitenden Arbi-
tragetankens wie etwa der 6kologischen
Belastung der Gemeingiiter durch tiber-
fliissige CO2-Emissionen, Schaden an der
Infrastruktur durch das zusatzliche Ver-
kehrsaufkommen (DEUTSCHER BUNDES-
TAG 2000a u. 2000Db, S. 1; MICHAELIS 2003,
S.3; LENK et al. 2004, S. 3; NAUMANN 2005,
S. 92), der Steuerausfall fiir Bund und
Lander sowie die Wettbewerbsverzer-
rung z.B. fiir die deutschen Tankstellen
(NAUMANN 2005, S. 59; KELLER et al. 2010,
S. 33; RATZENBERGER 2007, S. 11f.) wird
ersichtlich, dass nicht rationales bzw.
nicht rentables Arbitragetanken nicht nur
ein individuelles, sondern vielmehr ein
gesellschaftliches Problem bzw. ein Pro-
blem fiir die Umwelt darstellt. Folglich be-
darf es weiterfithrender Ansatze, die das
grenziiberschreitende Arbitragetanken
zum Inhalt haben. In diesem Zusammen-
hang wire es von vorrangiger Bedeutung,
die konkrete Situation an Grenztankstel-
len bzw. das tatsachliche Verhalten der
,Tanktouristen” und die entsprechenden
Uberlegungen ebendieser vor dem Hin-
tergrund der Rationalitdt zu analysieren.
Eine solche verhaltensorientierte Analyse
konnte auch auftretende Gewdhnungsef-
fekte bei wechselnden Preisdifferenzen,
die Kopplung des Tankens mit dem Er-
werb von Giitern im Ausland sowie das
real beobachtbare Einzugsgebiet einer
Tankstelle im Vergleich zum modellierten
Raum behandeln.

28

Europa Regional 23, 2015 (2017) 1 3

J S~ J S —__
A72 72
Hof Hof
< LKr. Lkr.
Bayreuth Wunsiedel > Bayreuth Wunsiedel
cz cz
A9 A93 > A9 A93
Minis A(/f\ Kompaktwagen /{/—/\
j S~ J S~
72 72
Hof Hof
v
= Lkr. Lkr.
Bayreuth Wunsiedel Bayreuth Wunsiedel
cz cz
A9 A93 > ) A93
SUV & Geléandewagen n(/f\j Oberklasse A
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Potentiell noch rentables Gebiet beim grenziiberschreitenden
Arbitragetanken bei vollstédndiger Rationalitat 2015 DE
Szenarien mit unverbleitem Superbenzin D
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Rentables Gebiet bei einer Preis-
differenz zwischen DE und CZ
[Eurocent je Liter Benzin]

bis zu 5 Tankstelle Free 1 Gas 0 30 km
R
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mehr als 10 bis zu 15 = Dt. Autobahnen

mehr als 15 bis zu 20 [ Staats- und Landergrenzen

mehr als 20 bis zu 25
mehr als 25 bis zu 30
mehr als 30 bis zu 35

Landkreise (dt.) und Bezirke (cz.)

Kartengrundlage: Eurostar 2010, BUNDESAMT FUR KARTOGRAPHIE UND GEODASIE 2012,
LanpesamT FUR VermessuNG unp Geoinrormation 2013a & 2013b, Open STReer Map 2013

IiL2017
Datengrundlage: Eigene Berechnungen auf Grundlage von Oren STreer Map 2013, m Autoren: S. Jackisch, P. Namberger, G. Winder
Micraguis 2003, Apac 2015, StatisTiscHes Bunpesamt 2014 & 2015, Kea 2015b editiert: T. Balcke

Karte 1: Potentielle noch rentables Gebiet beim grenziiberschreitenden Arbitragetanken bei
vollstdndiger Rationalitdt 2015
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Kartengrundlage: Eurostat 2010, BUNDESAMT FUR KARTOGRAPHIE UND GEODASIE 2012,
IDESAMT FUR VERMESSUNG UND GEOINFORMATION 2013a & 2013b, Open STReeT Mar 2013
IfL 2017
Datengrundlage: Eigene Berechnungen auf Grundlage von Open Streer Map 2013, m Autoren: S. Jackisch, P. Namberger, G. Winder
Micraguis 2003, Apac 2015, StatistiscHes Bunpesamt 2014 & 2015, Kea 2015b editiert: T. Balcke

Karte 2: Potentielle noch rentables Gebiet beim grenziberschreitenden Arbitragetanken bei
eingeschrénkter Rationalitdt 2015
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ABSTRACT KEYWORDS

City tourism has been booming for years. As a result, the number of City destinations; limits to
tourists per inhabitant increases in many city destinations. This can growth; carrying capacity;
lead to conflicts over the simultaneous (over-)use of spaces, often overtourism; overcrowding;
referred to as overtourism. Therefore, many studies of over-visited disturbances

city destinations focus on the social carrying capacity. Whereas

many studies investigate one aspect created by overtourism, the

present study concentrates on the city as a whole with all its

distinct tourist phenomena. Against this background the social

carrying capacity of Munich is analyzed by focusing on the

perception and evaluation of different forms of tourism in Munich

and their specific impact on the daily life of the inhabitants. A

survey conducted in 2018 identifies how the inhabitants of

Munich perceive different forms of urban tourism, how much they

feel disturbed by them and how they react to them, for example

by avoiding the identified tourist spaces. The paper outlines that

there are different forms of overtourism, and the phenomenon

tends to be more complex than the term suggests, and that it is

crucial to differentiate between the various forms of urban

tourism depending on the number of tourists, their characteristics,

and their spatial and temporal distribution.

Introduction

With a market share of approximately 30% of all overnight stays in Germany at the end of
the 2010s (Bauder, 2018), city tourism is vital for the success of the German travel industry.
The growth rate of overnight stays can in particular be seen in cities with more than
100.000 inhabitants (Reif, 2016). Figure 1 illustrates the top three destinations in German
city tourism: between 2003 and 2017 Munich (+86%), Berlin (+155%) and Hamburg
(+140%) show an above average growth in tourism compared to the national average
(+35%) (Bavarian State Statistical Office, 2018; Berlin-Brandenburg Statistical Office, 2018;
Destatis, 2018a, 2018b, 2018c, 2018d). The strong increase in demand for city tourism has
several causes: people are taking shorter holidays but travel more often (e.g. Losada,
Alén, Dominguez, & Nicolau, 2016), low cost carriers enable people to reach cities for afford-
able prices (e.g. Santos & Cincera, 2018), cities increase their attractiveness by organizing
various events (e.g. Getz & Page, 2016) as well as become more and more popular
as location for shopping, culture and sightseeing (e.g. Horner & Swarbrooke, 2016).

CONTACT Philipp Namberger @ philipp.namberger@Imu.de
© 2019 Informa UK Limited, trading as Taylor & Francis Group
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Figure 1. Overnight stays per inhabitants, Munich, Berlin, Hamburg, Germany, 2003-2017. Sources:
Bavarian State Statistical Office (2018); Berlin-Brandenburg Statistical Office (2018); Destatis (2018a,
2018b, 2018c, 2018d).

As a consequence, the increasing demand for cities as tourist destinations has led to rising
tourism flows into cities and, in the recent past, negative consequences for the residents
have been reported (Milano, Cheer, & Novelli, 2018).

Tourism research has been dealing with tourism flows and their impact on society and
ecology for some time, but only recently with the catchword overtourism. O'Reilly (1986, p.
254) was the first to define the term tourism capacity “as the maximum number of tourists
that can be contained in a certain destination area”. The issues with regard to a desti-
nation’s carrying capacity differ between types of destinations such as islands (e.g. Bera,
Majumdar, & Paul, 2015), rural destinations (e.g. Ezeuduji, 2015) or city destinations (e.g.
Rahmani, Fakhraee, Karami, & Kamari, 2015; Seraphin, Sheeran, & Pilato, 2018).

City destinations are particularly interesting study areas for overtourism because an
increasing number of different types of city users, among them inhabitants and tourists,
compete for a limited set of urban spaces (Koens, Postma, & Papp, 2018, p. 7). Ashworth
and Page (2011, p. 3) speak in this context—as one of various paradoxes inherent in urban
tourism—of urban tourisms (plural [!]), and argue that the phenomenon urban tourism
lacks descriptive adjectives such as cultural, historic, congress, sporting, gastronomic,
night-life and shopping that “could all precede ‘city tourism’ as different clusters of
urban features and services”. They further argue that one also has to consider non-
tourist elements within a city (Ashworth & Page, 2011, p. 5). Letzner (2014, p. 8) emphasizes
the importance of non-tourist elements within a city by stating: “In an urban landscape,
non-touristic forms of use are virtually necessary so that the city does not become a
museum village”.
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With reference to the special features of city destinations, the leading research question
of this study is to what extent is the city of Munich affected by overtourism, particularly
regarding the various dimensions of tourism, from the perspective of its inhabitants. In
order to answer this question, the study investigates Munich residents’ perceptions,
their feelings and reactions to tourist phenomena in their city. Externalities through
tourism are complex and exert negative as well as positive impacts on residents’
welfare (e.g. Hollenhorst, Houge-Mackenzie, & Ostergren, 2014; Marsiglio, 2018;
Meleddu, 2014). This study—however—does not focus on weighing up whether
tourism in Munich is positive or negative from the perspective of its inhabitants. It
rather examines different tourist phenomena—in a neutral sense—in terms of what
they have in common and for which population groups they might be problematic. A
specific goal of this case study is to analyse the structure of local level disturbances—if
perceived—from the point of view of Munich’s residents.

The paper is structured as follows; First, the theoretical framework (e.g. carrying
capacity as a concept and analysis tool to capture overtourism) is discussed, before the
research design (study area, data collection and survey instrument) is presented. Based
on the assessment of selected tourist phenomena, two types of Munich residents can
be identified: the “mass tourism avoider” and the “tourism sympathizer”. Against this back-
ground, statistically significant dependencies and differences between those types and
selected variables are revealed. In addition, this study analyses the residents’ perception
and acceptance of providers such as Airbnb—a phenomenon that not only takes place
where the tourist sites are, but also comes to residential areas and partly into the residents’
houses. As a result, there are significant dependencies and differences among the respon-
dents who are “disturbed by platforms such as Airbnb” and the ones who are “not dis-
turbed by platforms such as Airbnb” and selected variables. Finally, the findings are
discussed taking into account the existing theoretical framework of overtourism and
the existing knowledge about overtourism in other destinations. The paper concludes
with comments on limitations and further research and recommendations for action for
the City of Munich.

Theoretical framework
Limits to growth as starting point in the context of overtourism

Against the background of arms race, population explosion, economic stagnation
and environmental pollution, Meadows, Meadows, Randers, and Behrens (1972) pub-
lished their work on “The Limits to growth: A report for the Club of Rome’s Project
on the Predicament of Mankind” and put exponential growth at the centre of a
public and scientific debate. This has led to an ongoing debate on degrowth in
different fields of socially relevant research. The scenarios of the 30-year update,
which shows that a change towards sustainability is accompanied by drastic material
and structural changes (Meadows, Randers, & Meadows, 2016), underline the rel-
evance of the topic.

In particular, parallels to tourism development can be drawn here, since tourism is to be
understood as an open system (Leiper, 1979, p. 404) and in case one relevant variable
becomes too large (e.g. the number of overnight stays per inhabitant), overshooting
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can occur, which in turn has far-reaching effects on other areas such as the economy.
Therefore, the limits to tourism growth or degrowth in tourism can be seen as an
answer to the emergent phenomenon called overtourism.

The term overtourism is one of a series of comparatively dramatic terms—in addition to
for example overcrowding, overexploitation, tourismophobia—that has come up in the
recent past and makes the negative, the “too much”, and the fear of tourism a subject
of discussion. This may reflect a new phase regarding the perception of tourism. But
even though the terminology of overtourism might be new or the perception of the
idea behind it slightly different, tourism excesses and their impact on ecology and
society have been analyzed for some time.

At the beginning of the debate were concepts such as Soft Tourism (e.g. Krippendorf,
1982), and later on Sustainable Tourism (e.g. Saarinen, 2006, 2014). These concepts have
already taken up many of the theoretical, methodological, and practical aspects (on the
idea of sustainable development in tourism research see e.g. Saarinen, 2006, 2014) that
are currently being discussed under the phenomenon of overtourism. Different terminol-
ogies are being used depending on the emphasis and perspective of the research. Anglo-
American research has a wide variety of concepts and terms (e.g. green, eco, responsible,
endemic, progressive or quality tourism) which take a different perspective on individual
aspects (e.g. ecology).

Meanwhile, at the end of the 2010s, the term overtourism seems to have gained
momentum to a certain extent. First empirical and conceptual models have been devel-
oped (e.g. Postma & Schmuecker, 2017; Seraphin et al., 2018), but the term itself still
remains vague. Richardson (2017) for example characterizes overtourism as “the problems
of success”. According to the authors of the present study, overtourism describes the
excess of tourism, which can be answered with the demand for limits to growth or
degrowth.

Methodological approaches and analysis tools to capture overtourism

In addition to the first scientific studies on overtourism per se, numerous methodo-
logical approaches and analysis tools have been applied to capture the actual
problem. Since the late 1970s, methodological approaches have multiplied, underlin-
ing how complex the operationalization of the topic is. These include the Recreation
Opportunity Spectrum (ROS), Limits of Acceptable Change (LAC), a Process for Visitor
Impact Management (VIM), Visitor Experience and Resource Protection (VERP), the
Management Process for Visitor Activities (VAMP) (for a comparison see Nilsen &
Tayler, 1997) as well as numerous carrying capacity analyses (e.g. Mansfeld &
Jonas, 2006; Marsiglio, 2017; McCool & Lime, 2001; Swarbrooke, 1999). The concept
of a carrying capacity, which determines the maximum use or limit of tourism devel-
opment without having negative effects (Van der Borg, Costa, & Gotti, 1996, p. 309;
Wahab & Pigram, 1997, p. 281) is ideally suited to determine the limits to growth
and, according to Seraphin et al. (2018, p. 375), should also be associated with the
term overtourism—and vice versa. The following general six forms of carrying
capacity analyzed by Swarbrooke (1999, p. 26) can be transferred to some degree
to city destinations as specific forms of destinations (see comments for city desti-
nations in general in parentheses):
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o the physical carrying capacity describes the number of tourists a destination can actually
hold (while capacity calculations can apply to smaller destinations such as a museum or
a football stadium—or sometimes are even compulsory in order to meet the legal
requirements for safety—, it is problematic for cities with no physical borders),

« the environmental or ecological carrying capacity indicates the number of tourists a des-
tination can accommodate without damaging the environment or the ecosystem (here,
the question how to measure the share of pollution exclusively caused by tourism
within the borders of a city arises),

e in terms of the economic carrying capacity, a limit is reached above which economic
damage (e.g. increased land and property prices) is no longer acceptable from the
point of view of a destination’s residents (when calculating economic effects within a
city, the main question is who benefits and to what extent from tourism, and who
has to cover for tourism-related expenses),

o the infrastructural carrying capacity describes the number of tourists that can be accom-
modated by a destination’s prevailing infrastructure (in addition to the calculation of
e.g. hotel capacities, calculating the share of tourists’ use of the general public infra-
structure is problematic),

o the perceptual carrying capacity is defined by the number of tourists above which the
quality of the tourists’ experience suffers—even though they sometimes do not even
recognize that they are part of the problem themselves (e.g. tourists avoid places
that are overcrowded, which often can be seen in compact old towns of European
cities),

e the social carrying capacity refers to the number of tourists above which the social and
cultural changes caused by tourism are no longer accepted by the destination’s resi-
dents (residents complain about different fields of conflicts, especially in densely popu-
lated areas within a city, where e.g. street festivals take place).

Even though the term carrying capacity and its theoretical concept are established in
tourism research (Seraphin et al., 2018, p. 375), its implementation has been problematic.
Purely numerical calculations of a carrying capacity thresholds are impracticable since they
are not able to capture the complex relationships in tourism and the multitude of different
factors that influence the maximum amount of tourists. Further, any measured number of
tourists representing an acceptable limit for the inhabitants of a city can deviate consider-
ably from the limit for historical buildings, water quality, amongst a number of others
(McMinn, 1997, pp. 136-137). McCool and Lime (2001) argued that “it is now time to
bury the concept of a numerical tourism and recreation carrying capacity—and the
search for the ‘magic numbers’ that such concepts inevitably lead to” (p. 385).

Although many studies are still approaching the problem by comparing numerous indi-
cators for numerous destinations (see McKinsey & Company and World Travel & Tourism
Council, 2017), this study seeks targeted solutions on how to deal with a potential problem
of overtourism for the inhabitants and therefore uses social carrying capacity analysis to
learn more about locals’ basic tolerance of tourism.

Doxey was one of the first to focus on the locals’ basic tolerance of tourism by studying
the extent of irritation caused by tourists and described four stages of attitudes of the resi-
dents: euphoria, apathy, annoyance, antagonism (Dicke, Goeldner, & Landon, 1975).
Murphy and Murphy (2004) consider residents as a critically-important group for the
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community approach to tourism development which allows integrating the interests of all
community stakeholders at an early stage in the decision process. Martins (2018, p. 4)
argues for example that the participation of communities in tourism planning and devel-
opment should be crucial, amongst others for the identification of problems. Against the
background, that tourism affects the lives of community residents by influencing their
quality of life (Andereck & Nyaupane, 2011, p. 248), this study focuses on residents’ percep-
tions of tourism impacts to explore the relationship between independent variables and
perceptions (for a comprehensive overview of studies following a similar approach refer
to Muler Gonzalez, Coromina, & Gali, 2018, p. 281).

Research design
Study area

As a case example to study residents’ perceptions of different tourist phenomena, the city
of Munich (Germany) was chosen for several reasons, including recent increase in over-
night stays, different spatial and temporal forms of tourist phenomena as well as initial
spreading of tourist activity from traditional tourist hotspots into residential areas.

In the of city of Munich, with its 311 square kilometres (City of Munich, 2018b) and
about 1.5 million inhabitants (June 2018; Statistical Office of the City of Munich, 2018),
both the number of overnight stays per year and the number of inhabitants have
increased significantly in recent years: while the number of inhabitants has increased
from 2003 to 2017 by 19%, the number of overnight stays has increased by 122% over
the same period (Bavarian State Statistical Office, 2018), meaning the ratio of overnight
stays and inhabitants per year has almost doubled, from 5.66 to 10.54. Although
Munich has always been a popular destination and Munich residents are familiar with tour-
ists in their home town, the recent increase might lead to changes in the perception of
tourist phenomena in Munich. Such over-proportional increase in the number of overnight
stays can be interpreted as an heightened potential for conflict (Postma & Schmuecker,
2017, p. 144).

In order to deal with such a potential conflict, the specific problems must be differen-
tiated, since different forms of tourism can cause different fields of conflict.

These fields [of conflict] will differ in their importance from city to city and from destination to
destination. While in one city, cruise tourists flooding the city centre impose problems, it might
be stag parties or beer bikes in another destination and the rise of housing prices because of
increasing numbers of Airbnbs in the next. Typically, public discussion about “visitor pressure”
or “overtourism” starts with one publicly visible field of conflict. (Postma & Schmuecker, 2017,
p. 153)

There are many destinations where a public—or scientific—discussion about overtourism
starts with one publicly visible field of conflict. However, this is not the case with the city of
Munich. The national, regional, and local media has been reporting on Munich residents
complaining about different fields of conflict at the same time, for example about
medical tourists from Arab states (SZ, 2015), about the world's largest Volksfest, the Octo-
berfest, as the “worst time of the year” (AZ, 2015), or about the traffic situation around the
city's football stadium, the Allianz Arena as official venue for the home games of Bayern
Munich, which is therefore called an “unloved neighbour” (SZ, 2012).



6.2 Overcrowding, Overtourism and Local Level Disturbance: How Much Can Munich Handle? 53
TOURISM PLANNING & DEVELOPMENT (&) 7

This study thus focuses on the perception and evaluation of different forms of tourism
as possible fields of conflict in Munich and their specific impact on the daily life of its
inhabitants. For this purpose, the following tourist phenomena have been identified in
Munich through explorative media analysis and own observations:

« football fans on the match days of the Munich football clubs,
» Oktoberfest visitors during the Oktoberfest (in the whole city),
e stag and hen parties,

e crowds of people in the main shopping streets,

o (wealthy) tourists from the Arab states,

» (wealthy) tourists from Russia,

» tourist groups from Asia (e.g. from Japan, China).

Different possible fields of conflict do not take place throughout a whole city, but in
different areas within a city. Therefore—and from a geographical point of view—it is
crucial to differentiate a city the size of Munich by its functional areas (e.g. the historical
core vs. residential areas) and interior tourist structure because different fields of
conflict occur in different areas. Figure 2 displays tourist hotspots in Munich (for an over-
view see City of Munich, 2018c), such as

 isolated hotspots of tourism (e.g. the Zoo, the conglomerate of BMW Welt and BMW
Museum),

o larger areas with numerous tourist attractions next to each other (e.g. the historical core
with Munich’s most popular landmarks, the pedestrian zones including the main shop-
ping area and zones with internationally renowned luxury shops),

o larger areas that themselves are a tourist hotspot but equally used by locals for recrea-
tion (e.g. the English Garden, the Theresienwiese, where the Oktoberfest takes place),

» as well as linear areas of tourism (e.g. alongside the river, subway connection to Bayern
Munich’s football stadium).

In contrast to the identification of tourist hotspots in Munich, it is difficult to locate
tourist phenomena such as the rental of private accommodation via platforms like
Airbnb. The identification of all apartments in a city that are rented via the so-called
“grey accommodation market” is very complex, as there are various providers that only
show a single snapshot of the apartments available at a certain point in time. Furthermore,
this comparatively new phenomenon does not only take place where the tourist sites are,
but it also comes to the residents’ neighbourhoods and partly into their houses. Bock
(2015, pp. 6-7) states that it becomes

clear that due to a change in tourist behaviour, the boundaries between tourists and residents
become more and more blurred. Facilitated by mobile access to information while travelling,
tourists are increasingly seeking, and finding, more authentic experiences and are looking for
ways to experience cities like locals do.

The present study considers the entire city including decentralized areas of residential
housing, where the presence of Airbnb is increasingly more evident. In these areas
tourism is not or not yet part of the everyday life of the resident population.
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Figure 2. Schematic representation of tourist hotspots within the city of Munich (selection), 2018.
Source: OpenStreetMap contributors (2018).

Data collection and survey instrument

In order to better understand the social carrying capacity of Munich inhabitants, a self-
administered, door-to-door household survey was conducted in the calendar weeks 21-
23 of the year 2018 (regarding the suitability of the survey instrument see Saveriades,
2000, p. 149). The sample of the present survey are adult residents (18 years and older)
of the city of Munich. The households are chosen by randomly selecting 54 starting
addresses from all possible addresses of the city of Munich (approximately 123,000
addresses in total, created out of OpenStreetMap contributors, 2018). From the starting
address, households are selected using the random walk technique where the interviewer
continues from a randomly selected starting point according to a pre-defined instruction
to select households (Schumann, 2012, p. 100). As can be seen from Figure 3, the areas in



6.2 Overcrowding, Overtourism and Local Level Disturbance: How Much Can Munich Handle? 55
TOURISM PLANNING & DEVELOPMENT (&) 9

@ [sar river
] City boundary
Building
Public green space

Potential interview place

0 L5 3 Miles Vad
0 2 4 Kilometers

Figure 3. Interview areas within the city of Munich, 2018. Source: OpenStreetMap contributors (2018).

which the interviewers’ starting addresses are located follow an even distribution across
the city of Munich.

Respondents are randomly selected within the sampled household based on the birth-
day selection technique to keep the door-to-door household survey simple. By combining
these selection procedures (random starting addresses, random walk technique, birthday
selection technique), the probability of participating in the study is approximately identical
for every resident of Munich.

The final sample of 416 respondents can be considered representative of age and
gender in comparison with the City of Munich (2018a, 2018b). Respondents were slightly
more likely to be female (55.9%) than male (44.1%) than the residents of Munich older than
18 years of age (51.0% female, 49.0% male), and the age group between 28 and 44 years is
slightly underrepresented (26-29%), whereas all other age groups are all slightly overre-
presented in the present study.

The pretested, standardized pen and paper questionnaire consists of five parts. The first
part deals—amongst others—with the residents own experiences with tourism respect-
ively possible fields of conflict caused by the above mentioned tourist phenomena in
Munich. Here, the perception of the tourist phenomena, the possible perceived disturb-
ance and—as a possible strategy—the avoidance of public places due to this disturbance
are retrieved. The residents’ assessments of the individual tourist phenomena serve to dis-
cover a structure in their perception of disturbances. Part two of the questionnaire focuses
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on one specific potential problem in Munich, which is the rental of private accommodation
via platforms such as Airbnb. It is important to address this issue separately as this tourist
phenomenon does not only take place where the tourist sites are, but also in residential
areas and partly in the residents’ houses. Thus and in contrast to the other disturbances
in this survey, avoidance as a strategy to deal with this tourist phenomenon cannot
take place. Part three and four of the questionnaire deal with the awareness of
Munich'’s residents of overtourism, be it through (local and regional) media reports on
possible problems caused by tourism in the city of Munich (part 3) or in other cities as
well as through their own experiences (part 4). The awareness can be a possible
influence factor on residents’ tolerance threshold in terms of different possible fields of
conflict. The fifth part contains some general questions (e.g. previous travel behaviour
such as number of city trips, the question of having felt uncomfortable in the context
of large crowds as well as some basic demographic information such as postal code,
age, and gender) that help to explain the residents’ perception of tourism in the city of
Munich.

Findings and discussion

In the following, two spatially different aspects of overtourism will be analyzed. On the one
hand, the perceptions, possible disturbances and avoidance strategies of the Munich
population with regard to different tourist phenomena. On the other hand, the issue of
the “grey accommodation market”, which has reached residential areas of the city by now.

The problem with large crowds of people

44% of the respondents (n = 416) think “there are already too many tourist overnight stays
per year in the city of Munich”, whereas also 44% do not think so. The remaining 12%
cannot or do not want to make a statement here. Asked about the given number of 15
million overnight stays in Munich (2017), most of the respondents (38.9%, n =306) think
that this very number represents the limit of overuse. Besides, 25% of all respondents
(n =416) think, that “there already are serious problems in Munich, which are exclusively
caused by tourism”. Furthermore, the perceptions that the city of Munich already has too
many tourists and that there are serious problems in Munich due to tourism are signifi-
cantly related (Chi-square=7.131, p=.008, n=366). This raises the questions: what
tourist phenomena Munich residents actually perceive; which of these disturb them;
and to which of the perceived disturbances they react to by avoiding the places where
these actually happen.

Figure 4 shows that all previously identified phenomena are perceived by at least
around 80% of the respondents (with the exception of tourists from Russia and stag
and hen parties). Looking at the different phenomena in more detail, it can be seen
that the crowds of people in the main shopping streets (51%), the visitors of the Oktoberf-
est (44%), and the football fans on the match days are the biggest disturbances (38%).
Tourists from other cultures (10-24%) as well as stag and hen parties (14%) are in compari-
son minor disturbances for Munich residents.

Integrating results concerning avoidance strategies of Munich residents into the analy-
sis of disturbances, shows that the appearance of larger crowds of tourists not only
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Figure 4. Perception of selected tourist phenomena in Munich from the perspective of the Munich
residents (n =416), 2018.

disturbs the residents but that residents go one step further and avoid public places where
these disturbances are about to happen. Such larger crowds can occur in different areas
within the city (tourists going to the Oktoberfest throughout the whole city vs. shopping
tourists in Munich’s main shopping streets vs. football fans predominantly on subway con-
necting the center of Munich to the city’s football stadium) and at different times (once a
year, e.g. visitors of Oktoberfest vs. more or less daily, especially during the weekends, e.g.
shopping tourists vs. periodically, e.g. football fans). Besides, the respective tourist crowds
have different motives as well as behaviours.

A correlation matrix of the different disturbances shows that almost all are significantly
correlated and that some values have a strong effect (see Table 1).

To further structure the data, a factor analysis is applied. This allows for the combination
of several variables into factors or components, which facilitates the interpretation of
results and can be used in further analyses instead of a large number of variables. Both
the Bartlett test (Chi square (21)=138,004, p=.000) and the Kaiser-Meyer-Olkin
Measure of Sampling Adequacy (KMO =.771) indicate that the variables are suitable for
this analysis. As an extraction method within factor analysis, a principal component analy-
sis is carried out using varimax rotation. Based on the screen plot, a two-factor solution
that explains 59.8% of the variance is chosen (see Table 2). As interpretation, one com-
ponent of local level disturbances can be described as “crowds of tourists”, whereas the
other component indicates “disturbances by smaller groups of tourists”, for example
from different cultures, with different motives, among others.

The next step of the data analysis is a cluster analysis (squared Euclidean distance,
Ward’s method), which groups the interviewed persons into natural groups (“clusters”)
based on the share of the highest possible disturbance value caused by either one of
the corresponding components (as cumulated sum of “single disturbance points” per
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Table 1. Correlation matrix with regard to possible disturbances.

Correlation matrix stag and tourists crowds of tourists ~ Oktober- tourists tourist
disturbance football hen from the in the main fest from groups
through ... fans parties Arab states  shopping streets visitors Russia from Asia
Football fans .284%% 165 .366%* .354%% 175 153
Stag and hen .284%* 297%* .259% .207% A52%x* A50%%*
parties
Tourists from the 165 291%* 163 .298%* A96%** A24%%*
Arab states
Crowds of tourists .366%* .259*% 163 .356%* .264%* .324%*
in the main
shopping streets
Oktoberfest visitors ~ .354** .207% .298%* 356%* 273%* 319%*
Tourists from 175 452%* 496** .264* 273%* J12%*
Russia
Tourist groups from 153 A50%** A24%** .324** 319%* T12%**
Asia

r< .10 corresponds to a weak effect; r < .30 corresponds to a medium effect; r < .50 corresponds to a strong effect.
***p <.001.

**p <.01.

*p <.05.

Table 2. Principal component analysis with varimax rotation.

Component

Disturbance by ... 1 2

(wealthy) tourists from Russia .875 117
tourist groups from Asia (e.g. from Japan, China) .842 168
(wealthy) tourists from the Arab states .695 an
stag and hen parties .600 284
football fans on the match days of the Munich football clubs .039 .809
crowds of people in main shopping streets 193 724
Oktoberfest visitors during the Oktoberfest (in the whole city) .256 669

Extraction method: Principal Component Analysis.
Rotation method: Varimax with Kaiser Normalization.
The rotation has converged into three iterations.

component with the value of 1 for “at least disturbs me a little”, 2 for “disturbs me”, and 3
for “disturbs me very much”). To sum it up, the cluster analysis shows that there are two
types of Munich residents: type 1) “mass tourism avoider” (n = 103), type 2) “tourism sym-
pathizer” (n = 313) (see Figure 5).

The component “crowds of tourists” (i.e. the three mass tourism phenomena football
fans, crowds of people in main shopping streets, Oktoberfest visitors) disturb the “mass
tourism avoider” more (58% of the highest possible disturbance value caused by the com-
ponent “crowds of tourists”, i.e. an average cumulative sum of 5.2 out of 9 possible “dis-
turbance points” for the three phenomena) than the “tourism sympathizer” (14% of the
highest possible disturbance value caused by the component “crowds of tourists”, i.e.
an average cumulative sum of 1.3 out of 9 possible “disturbance points” for the three
phenomena). The component “disturbances by smaller groups of tourists” (i.e. the four
tourist phenomena (wealthy) tourists from Russia, tourist groups from Asia (e.g. from
Japan, China), (wealthy) tourists from the Arab states, and stag and hen parties) disturb
both types comparatively little (14% of the highest possible disturbance value caused
by the component “disturbances by smaller groups of tourists”, i.e. an average cumulative
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Figure 5. Percentage of the highest possible disturbance by disturbance component (n =416), resi-
dents of Munich, 2018.

sum of 1.7 out of 12 possible “disturbance points” for the four phenomena and 5%, i.e. 0.6
out of 12).

The question that arises is which variables influence these two types, the “mass tourism
avoider” (type 1, n=103) and the “tourism sympathizer” (type 2, n=313). Table 3 shows
potential explanatory variables of the two types, identified by means of dependency ana-
lyses (chi-square-test, t-test) and the percentage distribution. First of all, the typification to
one of the two types and the question of whether serious problems are already being per-
ceived in the city of Munich are significantly related. 46.6% of the “mass tourism avoider”
think that there already are serious problems in the city of Munich, whereas only 17.9% of
the “tourism sympathizer” do think so. This confirms that the “mass tourism avoider” sees
more serious problems than the “tourism sympathizer”.

Considering selected demographic variables, the type “mass tourism avoider” signifi-
cantly differs in terms of gender from the “tourism sympathizer” with women being
more likely “mass tourism avoiders” than men. This result can be supported by Regoeczi
(2008, p. 262) who analyzes gender-equivalent responses to stress in the context of crowd-
ing and shows that women—but not men—would respond to crowding stress with
increased depression.

Looking at the age of the corresponding types, it can be seen that the type “mass
tourism avoider” is significantly younger than the “tourism sympathizer”. Especially
people over 65 years of age are under-represented in the type “mass tourism avoider”
(13.6% vs. 26.5%). One possible explanation may be that the age group over 65 years per-
ceives and experiences all the phenomena that refer to “crowds of tourists” less often than
other age groups and therefore feels less often disturbed by these phenomena.

Furthermore, there is a significant relation between the two identified types and the
question of “whether one has ever felt uncomfortable in the context of large crowds of
people”. The “mass tourism avoider” has felt uncomfortable around large crowds of



60

6 Abdruck der Publikationen

14 P. NAMBERGER ET AL.

Table 3. Dependency analyses and percentage distribution of type 1 “mass tourism avoider” and type 2
“tourism sympathizer” (selected variables).

type 1 type 2
Statistical test ~ “mass tourism “tourism
Explanatory variables (p-value) avoider” sympathizer” Overall
Perception of serious problems in the city of chi-square = 46.6%, 17.9%, 25.0%,
Munich 34.070, n=103 n=313 n=416
p =.000
Gender chi-square= 31.4% male vs.  48.2% male vs. 44.1% male
8.857, 68.6% female, 51.8% female, vs. 55.9%
p=.003 n=102 n=311 female,
n=413
Age T=2.051, mean value of mean value of ~ mean value of
p=.043 44.17, 48.40, 47.36,
n=102 n=312 n=414
Positive agreement: “ever felt uncomfortable in  chi-square = 76.2%, 49.2%, 55.8%,
the context of large crowds of people” 22,631, n=101 n=313 n=414
p=.000
Number of major events they attended in the T=.049, mean value of mean value of mean value of
last 12 months p=.961 3.36, 3.39, 3.38,
n=101 n=311 n=412
Number of city trips of at least one overnight T=1.614, 8.25, 10.69, 10.09,
stay over the last three years p=.107 n=102 n=313 n=415
Positive agreement: heard or read of any chi-square 46.62%, 41.2%, 42.5%,
problems due to tourism in the city of Munich =.920, n=103 n=313 n=416
beyond their own experience p=.337
Positive agreement: heard or read of any chi-square = 33.0%, 19.8%, 23.1%,
problems due to tourism in other cities than 7.608, n=103 n=313 n=416
the city Munich p=.006
Positive agreement: experienced any problems  chi-square = 46.6%, 37.4%, 39.7%
due to tourism in other cities than Munich 2.754, n=103 n=313 n=416
p=.097

people more often than the “tourism sympathizer”. However, there is no significant differ-
ence between the two types and the actual number of major events they attended in the
last 12 months, which suggests that the actual behaviour is different from the subjective
feeling of discomfort around large crowds.

Another factor to explain differences in the perception of tourist phenomena is travel
experience. The “mass tourism avoider” tends to be less experienced in travelling, at least
in terms of the average number of city trips over the last three years, than the “tourism
sympathizer” (8.25 vs. 10.69). A reason for that could be that people who often travel to
cities are more often confronted with large crowds of people and therefore are more tol-
erant of this phenomenon.

The question of whether there is a relation between the two types and a certain aware-
ness of the phenomenon of overtourism in general, has to be answered in a differentiated
way. First, there is no significant relation between the two types and the question of
whether they have heard or read of any problems due to tourism in the city of Munich
beyond their own experience (e.g. reports on TV, in newspapers, on the internet, or
based on hearsay). Second, there is a significant relation between the two types and
the question of whether they have heard or read of any problems due to tourism in
other cities than the city Munich. The type “mass tourism avoider” has heard or read
more often about problems due to tourism in other cities than Munich than the
“tourism sympathizer”. So for example reports on TV, in newspapers, on the internet, or
hearsay about overtourism in other cities make the “mass tourism avoider” more aware



6.2 Overcrowding, Overtourism and Local Level Disturbance: How Much Can Munich Handle?

61

TOURISM PLANNING & DEVELOPMENT (&) 15

or sensitive of the problems with tourism in their hometown. And third, there is no signifi-
cant relation between the two types and the question of whether they themselves have
experienced any problems due to tourism in other cities than Munich, even though a
certain trend is visible. The type “mass tourism avoider” tends to have experienced pro-
blems due to tourism in other cities more often than the type “tourism sympathizer”.
This implies the relevance of one’s own experiences.

Private accommodation via platforms such as Airbnb as a tourist phenomenon

The second part of the analysis focuses on the so-called “grey accommodation market”
with providers such as Airbnb as a tourist phenomenon, which does not only occur in
tourist hotspots but also in residential areas or even in residents’ homes. The leading ques-
tion for this part is how strongly Munich residents perceive the phenomenon and whether
they feel disturbed by it.

Of the respondents (n =416), 81.3% already have heard of concepts like Airbnb (in the
following Airbnb stands for all providers of this so-called “grey accommodation market”).
Of those being familiar with the concept (n=338), 94.7% state that they are aware that
platforms such as Airbnb also operate in Munich. Of those who are aware of that (n=
320), 80.9% do not feel disturbed by the phenomenon, 13.4% feel at least a little disturbed,
and 5.6% do feel disturbed by it. For the further analysis, the latter two are combined into
one group (“disturbed”). The most frequently mentioned fields of conflicts are the short-
age of available living space, the increase in rents, and the problem of constantly changing
neighbours. Additionally, the behaviour of Airbnb users is seen as problematic (e.g. noise,
lack of waste separation).

Table 4 shows potential explanatory variables of the perceived disturbance by Airbnb
(“disturbed”, “not disturbed”) by means of dependency analyses (chi-square-test, exact
Fischer test, t-test) and their percentage distribution.

Looking at variables potentially explaining the perception of the phenomenon
of Airbnb, it can be seen that there is a significant relation between the question of
whether one feels disturbed by the phenomenon of Airbnb and the perception of
serious problems due to tourism within the city of Munich. 44.3% of those feeling dis-
turbed by the phenomenon of Airbnb think that there are serious problems due to
tourism within the city of Munich, whereas only 21.7% of those not feeling disturbed by
the phenomenon of Airbnb think so. From this it can be concluded that Airbnb constitutes
a part of the problems that are perceived by residents of city destinations.

Considering selected demographic variables, no significant relation between the
question of whether one feels disturbed by the phenomenon Airbnb and gender was
found. However, more men than women feel disturbed by Airbnb (55% vs. 45%). A poss-
ible explanation for this could be that women are more idealistic when it comes to ques-
tions of sharing economy than men (Hellwig, Morhart, Girardin, & Hauser, 2015, p. 900;
Lutz & Newlands, 2018, p. 190). Furthermore, respondents who feel disturbed by the
phenomenon of Airbnb are significantly older that the ones not feeling disturbed by
it (mean value of 52.00 vs. 46.55). Significant age differences also exist between the
test persons using vs. not using Airbnb: users of Airbnb are on average 37.48 years
of age whereas those not using Airbnb themselves are on average 52.79 years old
(T=9.159, p=.000).
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Table 4. Dependency analyses and percentage distribution of respondents who are disturbed or not
disturbed by the phenomenon Airbnb (selected variables).
Statistical test

Explanatory variables (p-value) “Disturbed” “Not disturbed” Overall
Perception of serious problems in the city of chi-square = 443%, 21.7%, 25.0%,
Munich 14.145, n=61 n=355 n=416
p=.000
Gender chi-square = 55.0% male vs. 42.2% male vs. 44.1% male
3.404, 45.0% female, 57.8% female, vs. 55.9%
p=.065 n=60 n=353 female,
n=413
Age T=-2.234, mean value of mean value of  mean value of
p=.028 52.00, 46.55, 47.36,
n==61 n=313 n=414
Positive agreement: heard or read of any chi-square = 60.7%, 39.4%, 42.5%,
problems due to tourism in the city of 6.793, n=61 n=355 n=416
Munich beyond their own experience p=.009
Positive agreement: heard or read of any chi-square = 36.1%, 20.8%, 23.1%,
problems due to tourism in other cities than 9.588, n==61 n=355 n=416
the city Munich p =.002
Positive agreement: experienced any problems  chi-square = 54.1%, 37.2%, 39.7%,
due to tourism in other cities than Munich 6.224, n=61 n=355 n=416
p=.013
Positive agreement: own use of platforms such chi-square 34.4%, 35.5%, 35.3%,
as Airbnb =.026, n==61 n=355 n=416
p=.872
Positive agreement: rents out an apartment or  exact Fischer 4.9%, 2.0%, 2.4%,
room over platforms like Airbnb in the city of test, n=61 n=355 n=416
Munich p=.169

A significant relationship was found between the question of whether one feels at least
a little disturbed by the phenomenon Airbnb and a certain awareness of the phenomenon
of overtourism in general, be it the awareness of problems due to tourism in the city of
Munich beyond one’s own experience, the awareness of problems due to tourism in
other cities than the city Munich or the awareness through own experiences in other
cities. Those who feel at least a little disturbed by the phenomenon Airbnb show a signifi-
cantly higher awareness of the phenomenon of overtourism than those not feeling dis-
turbed by Airbnb.

Usage of Airbnb either as guest or as host is the last potential influencing factor to
be tested. No significant differences in disturbance by Airbnb exist between former
guests and those who have not yet used the platform or similar ones: 34.4% of
those who feel disturbed by the phenomenon do use Airbnb themselves, whereas
35.5% of those who do not feel disturbed by the phenomenon use Airbnb themselves.
By implication, the perceived disturbance by Airbnb does not depend on the former
use of the concept. This “Not in my backyard” (NIMBY) line of logic—which for
example can also be seen when locals as well as second home owners only
welcome new activities if they do not take place in their own vicinity (Farstad &
Rye, 2013)—is also reflected by the fact, that there is no relation between the own
disturbance by Airbnb in the city of Munich and the fact that oneself rents out an
apartment or room over such platforms in the city of Munich. Altogether, 2.4% of
all respondents rent out an apartment or room over platforms like Airbnb in the
city of Munich.
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Conclusion

There are many different fields of conflict in the city of Munich due to tourism (e.g. tourist
groups from different cultures, stag and hen parties, football fans, Oktoberfest visitors),
which cause the residents of Munich to avoid or not being able to use parts of their
city at certain times. The study identified two components of local level disturbances
caused by tourism from the perspective of Munich’s residents: “crowds of tourists” and
“disturbances by smaller groups of tourists” (e.g. from different cultures, with different
motives, among others). Interestingly, the problem is neither the spatial or temporal occur-
rence nor the behaviour of the respective tourist groups, it is actually the sheer number of
tourists that are perceived. Munich does not (yet) have the problem of anti-tourism mani-
festations or tourismphobia that several destinations such as Amsterdam, Venice and Bar-
celona are facing right now (Martins, 2018, p. 3). Nevertheless, since the number of tourists
in Munich seems to be the biggest concern for residents, dealing with the limits to growth
is of immense importance.

Based on the perceived disturbance of different tourist phenomena in Munich, the study
identified two types of Munich residents: the “mass tourism avoider” and the “tourism sym-
pathizer”. Several factors to explain differences between the types are found. However,
especially the issue of the resident’s awareness respectively the process of building aware-
ness and the corresponding role of the media could not be established yet.

The ambivalence expressed in the behaviour of those who have negative perceptions
of Airbnb in their hometown, but use such platforms somewhere else themselves, as dis-
covered in this paper, can be a starting point for further research on this topic. So far, there
are, to our knowledge, no substantiated studies focusing on the perception of those
affected by Airbnb in their own homes.

Limitations and further research

There are some limitations of the current study that have to be considered. The sample
size of the study was relatively small which impedes spatial analysis of the data. For
example, spatial patterns at the level of postal codes could not be identified. Thus, the
hypothesis that the rental of private accommodation via platforms such as Airbnb does
lead to problems especially in the decentralized residential areas of the city could not
be tested. Furthermore, topological relations of tourist hotspots or areas must be con-
sidered in future studies (e.g. as starting point for possible conflicts between different
tourist target groups, e.g. shopping tourists vs. cultural or religious tourists). In addition
to spatial aspects, the factor time could not be captured due to the survey being a one-
off survey spread within a limited number of weeks. However, seasonality should be
taken into account in future studies on (over-)tourism in Munich or any other city. In
Munich, for example, time overlaps of different tourist events (e.g. Oktoberfest taking
place at the same time as internationally important fairs) especially during the high
season (e.g. July through September) have to be considered.

Recommendations for action

Based on our results, recommendations for action for the City of Munich can be derived.
Above all, the issue of overcrowding, including a spatial and temporal identification of
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large tourist crowds, needs to be tackled to develop solutions for the management of a
destination that equally consider the well-being of the residents and tourists as important
decision criteria before implementation of any policies. In the literature there are already
some valuable approaches such as guidance, equalization of tourist flows, limitation,
restriction, de-marketing, but also aspects of professionalization (e.g. own market
studies on the topic) and communication (for a current sample of recommendations to
overcome overtourism in Europe see Seraphin et al, 2018, p. 375). In addition, policy-
makers in general should rethink their policy of continuously attracting more and more
tourists, especially as increases in income are conceivable for the local population by
delinking economic development from tourism specialization and dependence (Marsiglio,
2018). It becomes clear that there apparently is no “one size fits all” solution, and so adap-
tation to change is a non-stop, evolutionary process that responds to feedback loops and
institutes resilience measures in which politics, local community, and industry must work
together (Cheer & Lew, 2018, p. 14).

In Munich, the Oktoberfest-Barometer provides a good example for a solution on how
to deal with large crowds that occur in a confined space for a short time. The Oktoberfest-
Barometer tells the potential visitor the right time to visit the Oktoberfest by showing the
estimated level of visitation for different time slots for every day of the Oktoberfest (City of
Munich, 2018d). This idea—which can be seen as an answer to both, the social and the
perceptual carrying capacity—could be applied to other fields of conflict in the city.
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COVID-19 and the Pandemic's Spatio-Temporal
Impact on Tourism Demand in Bavaria (Germany)

Abstract

Being a unique hazard, COVID-19 led to various global distortions. Tourism was significantly affected, and
numerous authors are discussing future implications for the industry. However, only a few studies consider
the effects of COVID-19-related measures on tourism's demand side. For the state of Bavaria (Germany),
we introduce the relevant legislative measures and their implications on tourism demand. Following Sigala's
(2020) suggestion, we illustrate the tourism demand development during the pandemic in space and time
by analysing Bavaria's overnight stays on the districts' administrative level. For the first nine months of the
ongoing pandemic, we identify the district's population density, its relative location to major cities, and
tourism intensity being decisive for both, decline and recovery. Recommendations for policy action can be
derived directly from the different spatial and temporal developments we have identified. Thus, it appears
that individual districts vary considerably, especially in the speed and extent of their recovery following the
first shutdown, in part due to the factors identified. Due to the varying degrees to which the districts and
their tourism businesses recover after the crisis, we argue that customised, regionally differentiated political
measures should be considered.

Keywords: COVID-19, tourism demand, economic impact, spatio-temporal analysis, Bavaria, Germany

1. Introduction

Tourism is affected by and vulnerable to multiple types of disasters (Faulkner, 2001). Natural disasters such
as heatwaves, hurricanes, and earthquakes (Rossell6 et al., 2020) and human-made crises and disasters, such
as the global financial crises 2007 to 2009 (Li et al., 2010) or the BP oil spill in the Gulf of Mexico in 2010
(Ritchie et al., 2014) and in particular terrorism as well as political instability (Drakos & Kutan, 2003;
Sonmez, 1998) are well known for their far-reaching effects on the tourism industry (Schmude et al., 2020).

The COVID-19 pandemic, which likely originated in Wuhan City (China) and spread worldwide (Rothan &
Byrareddy, 2020), is characterised as a biological hazard and evolved into a global health crisis with substan-
tial sociological repercussions (Ozili, 2020). Like the Influenza Epidemic, the COVID-19 pandemic is not
damaging infrastructure but having persistent impacts on the population (Santos et al., 2013). Therefore, it
is unlike other natural disasters. Due to its health risks, unprecedented at least in the Western world, it has
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substantial and profound effects on people's behaviour (van Bavel et al., 2020), on political measures (Oh et
al., 2020), and therefore (with a few exceptions such as medical supplies) adverse impacts on most branches
of the economy (Nicola et al., 2020). The tourism industry is no exception to this, and instead, is eminently
vulnerable. Non-pharmaceutical interventions to counter the pandemic like lockdowns, shutdowns, physical
distancing (also called social distancing), voluntary and required quarantine, the closure of restaurants and
lodgings, restraints on concerts and festivals, and the ban on larger gatherings in general concern tourism
directly and indirectly. Travel restrictions on international, national, and regional levels imposed by many
countries made travelling temporarily impossible (Géssling et al., 2020).

Due to the pandemic's economic and social relevance, it is worth taking a closer look at its effects on the tourism
demand-side. A regionally differentiated view is particularly evident, as the impacts tend to be, as Sigala (2020)
states, uneven in space and time. Instead of already revealing potential future scenarios of COVID-19 recovery,
we intend to initially describe, assess, and explain the present pandemic's regional repercussions. To achieve
this, we use Bavaria, one of the most frequented federal states in Germany for tourism, as a study area and in
a demand-side consideration. Our approach provides a temporal overview of the pandemic's development in
Bavaria and the corresponding political measures. Additionally, it includes the spatial analysis of overnight stays
in Bavaria during the COVID-19 pandemic (January to September 2020) on a regional level. The study aims
to draw attention to the existing regional differences and highlights the different impacts on Bavaria's tourism
demand and the varying rates of progress between lockdown and recovery. Therefore, it adds knowledge
about resilience factors to facilitate future research and can be a strong hint to political decision-makers on
organising crisis funds in a spatially diverse manner. It also enables destinations and businesses to prepare for
possible future pandemic events.

2. Literature review

During the last two decades, tourism has repeatedly been hit by external shocks. The handling of these crises
and the perception of risk have been the subject of much tourism research (Karl & Schmude, 2017). That a
pandemic, such as the one triggered by the SARS virus, influences tourism demand, is known from numerous
studies (Haryanto, 2020; Kim et al., 2018). According to Chen et al. (2020), however, science generally still
pays too little attention to the risk posed by diseases relevant to tourism. Moreover, both the science and
tourism industry often only react retrospectively when such diseases occur. This can also be seen in the case
of the ongoing COVID-19 pandemic. However, it must be said that the current COVID-19 pandemic can-
not be compared to the past crises mentioned above. Its uniqueness becomes apparent when considering the
unprecedented global restrictions on travel and stay-at-home orders that have triggered the global economy's
greatest disruption since the Second World War (Brouder, 2020; Géssling et al., 2020). This underscores
the relevance of a closer examination of the massive impact of the COVID-19 pandemic — in particular on
tourism demand.

In many respects, the current literature on the impact of the COVID-19 pandemic on tourism demand can
be described as heterogeneous: numerous disciplines such as tourism studies, economics, geography and
environmental studies are examining the topic and analysing the problem from various (specialist) perspec-
tives. As might be expected, the majority of publications explicitly dealing with tourism demand against the
backdrop of the COVID-19 pandemic come from the field of tourism and hospitality, e.g.:

= "Changes in air passenger demand as a result of the COVID-19 crisis: using Big Data to inform tourism
policy” (Gallego & Font, 2020),

= "COVID-19: potential effects on Chinese citizens' lifestyle and travel" (Wen et al., 2021),
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= "Threat of infectious disease during an outbreak: Influence on tourists' emotional responses to disadvantaged
price inequality” (Zhang et al., 2020) and

= "Travel behaviour after the pandemic: the case of Bulgaria” (Ivanova et al., 2020).

Also, the disciplines economics and business finance in particular, examine questions relating to tourism
demand during the COVID-19 pandemic, e.g. with the following publications:

= "Sustainability of airlines in India with COVID-19: Challenges ahead and possible ways out" (Agrawal, 2020),

= "Asymmetric impact of COVID-19 induced uncertainty on inbound Chinese tourists in Australia: insights
from nonlinear ARDL model" (Ghosh, 2020) and

= "The fall into 2020 recession..." (Grigoryev et al., 2020).

Generally, tourism can be examined from two perspectives: on the one hand, it plays the role of a (potential)
driver for the spread of the COVID-19 virus (e.g., Ying et al., 2020) and is thus a "perpetrator”. On the
other hand, the tourism industry is particularly hard-hit by restrictions on travel and falling demand and is
therefore a "victim" of the pandemic (e.g., Agrawal, 2020).

These few examples already give an idea of the broad range of focus, whereby many studies are of anecdotal
character. There are also initial conceptual studies examining the COVID-19 pandemic and tourism demand
in addition to empirical analyses. For example, Brouder (2020, p. 1) uses "key concepts in evolutionary
economic geography, especially path dependence/creation and institutional inertia/innovation, [in order]
to show variations in pathways for travel and tourism in a COVID-19 world". He predicts: "A path that
leads to transformation in tourism can be realised if sufficient institutional innovation occurs on both the
demand and supply side of tourism that can foster the emergence of new paths” (Brouder, 2020, p. 1). It
is also noticeable that in addition to case studies and conceptual studies, there are numerous editorials and
commentaries (e.g., Aalbers et al., 2020; Chang et al., 2020; Haywood, 2020; Jones & Comfort, 2020) ad-
dressing the topic of the COVID-19 pandemic and — in part with a normative orientation — linking it with
concepts such as sustainability, resilience, and transformation processes. A series of papers also contain an
overview or an overall review of the literature on the subject (e.g., Chen et al., 2020; Falk et al., 2020; Nasir
et al., 2020), which, however, can only ever be viewed as a snapshot of the current situation.

One major challenge in studying the COVID-19 pandemic is that this is an ongoing situation and that the
corresponding state of knowledge changes from day to day. Whereas, for example, Choe et al. (2020) examine
the impact of the Middle East Respiratory Syndrome (MERS) coronavirus on inbound tourism in South
Korea and cover the period from July to August 2015 in their essay published in 2020, current publications
on the subject of the COVID-19 pandemic are, so to speak, dealing with an "ongoing process”. The periods
covered in publications range from the beginning of the COVID-19 pandemic (Barcaccia et al., 2020: Feb-
ruary to April 2020; Tran et al., 2020: January to April 2020 ) to scenarios for the post-pandemic era (e.g.
Falk et al., 2020; Ivanova et al., 2020; Polyzos et al., 2020). Above and beyond this, some studies compare
various phases: Corbisiero and La Rocca (2020), for example, characterise the tourism-city relationship before,
during, and after the COVID-19 pandemic.

In addition to the differences in the periods under examination, differences can also be seen as regards spa-
tial approaches or aggregation levels. Some publications present a comprehensive, global perspective on the
COVID-19 pandemic (e.g., Brouder, 2020; Gossling et al., 2020; Hall et al., 2020; Nasir et al., 2020), while
others focus on a specific area or the spatial differences between countries: for example, Mariolis et al. (2020)
or Aydin and Ari (2020) each examine tourism demand against the backdrop of the COVID-19 pandemic
based on "only" one country (Greece and Turkey respectively). Corak et al. (2020) analyse the specific role
of practitioners and academics using the example of Croatia, whereas Kostynets et al. (2020), for example,
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focus on two countries (e.g., Italy, France). On the other hand, Sukharev (2020) compares the United States,
Germany, and Russia, while Lee etal. (2021) examine the impact of geopolitical risks on international tourism
demand for a panel of 16 countries —and under special consideration of the COVID-19 pandemic. However,
the case studies examined are analysed mainly at the nation-state level without further spatial differentiation.

Sigala (2020) highlights that the impacts of the COVID-19 pandemic on tourism will be unequal in space
and time. However, spatially differentiated consideration within a country or a region, taking into account
regional and temporal differences in tourism demand due to the COVID-19 pandemic, do not exist so far
to the best of our knowledge. Where geographical variations in tourism demand occur, suitable explanatory
models allow various options for spatially differentiated management of the crisis within a national or regional
area of responsibility. The present study proceeds from the assumption that "geography matters" by examining
the geographical differences in Bavaria's tourism demand during the COVID-19 pandemic.

3. Methodology
3.1. Aim of the study

Despite the relatively recent topic, the impact of the COVID-19 pandemic on tourism demand-side is already
under research. However, there is a lack of studies on the impact on tourism's demand on a small spatial
scale. Therefore, this study explores the spatial and temporal development of the impact of the COVID-19
pandemic on Bavarian tourism at the administrative districts' level. It aims to identify underlying factors for
the uneven development of the demand side, measured by the relative change in the number of overnight
stays in 2020 compared to previous years and on the level of Bavarian districts. Identifying, explaining, and
illustrating these differences can help policymakers and should encourage further research in regionally dif-
ferentiated impact assessment.

3.2. Study area

While, with a share 0of 9.1% of GPD in 2019, tourism is an essential sector for the German economy (World
Travel & Tourism Council [WTTC], 2020), the federal state of Bavaria takes first place in tourism, mea-
sured by the number of overnight stays in Germany (Destatis, 2020). Bavaria itself is subdivided into seven
government regions (Regierungsbezirke) comprising 71 rural districts (Landkreise) and 25 urban districts
(Stadtkreise) (Landesamt fiir Digitalisierung, Breitband und Vermessung [LDBV], 2020). The 96 districts
can be categorised according to their population structure and relative location to larger agglomerations, as
shown in Figure 1 into four classes. 1) Rural districts, with a low population density and no direct proxim-
ity to major urban districts, 2) peri-urban districts, with direct proximity to major urban districts, 3) urban
districts with up to 100,000 inhabitants and 4) major urban districts with more than 100,000 inhabitants.

Tourism is a model economy in Bavaria and the accommodation numbers for the state for the year 2019
show around 40 million tourists and approx. 101 million overnight stays — foreign tourists are particularly
significant for city and cultural tourism, accounting for roughly 20% of this. Over 600,000 jobs depend
directly or indirectly on tourism. In 2019, Bavaria generated approximately 20% of the total added value
created by tourism in Germany (StMWi, 2020). In addition to the great importance of tourism in Bavaria,
a further reason for selecting it as our study area is that official statistics for the state are available promptly
(which is not the case for many other federal states). This means that the analyses conducted in this study for
Bavaria are not possible for Germany as a whole at present.
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Figure 1a
Bavaria's government regions and division of districts
according to their population structure and relative location

Figure 1b
Location of the State of Bavaria
in Germany
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Source: Own illustration and classification, calculation based on Bavarian Office for Statistics (2020); map based on LDBV (2020).

3.3. Methods

This study evaluates decreases and increases in tourism demand, measured by the relative change of overnight
stays in 2020 to the average of the five preceding years (2015 to 2020) in the two complementary dimen-
sions: space and time. A differentiated geographical view based on Bavaria's districts is provided for each
month from January to September 2020. The Bavarian Office for Statistics' (2020) official accommodation
numbers were used as a data basis. By calculating the deviation from the mean value of the past years, it is
possible to examine the relative development in the number of overnight stays by tourists before, during,
and after the COVID-19 shutdown by various spatial categories and for intervening factors. By utilising the
deviation from the long-term average, we identify the varying degrees to which the regions were affected in
decline and recovery over time without overstating potential statistical outliers.

Based on this, we examine the relative development of the tourism demand in 2020 during the pandemic
concerning various influencing factors. As such, we present the monthly relative deviation of overnight stays
for each year from 2016 to 2020 from the respective previous year as a function of population density. Also,
we present and describe the correlation between the relative change in overnight stays in 2020 compared to
the five previous years and tourism intensity at a monthly level and for all Bavarian districts. To understand
the relationship of the decline, initiated by the pandemic and the measures introduced to combat it, and the
recovery, resulting from the easing of those measures at a spatial level, we use the classification of municipalities
presented in Figure 1. For each class, we calculated the relative development to previous years at the monthly
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level. This comparative approach allows us to include the relative location of a districts (for example, to a
major urban district) as an additional explanation.

3.4. Practical framework

For a more comprehensive understanding of the significant impact of COVID-19 and the pandemic-related
measures on the demand side of tourism, it is crucial to consider this study against these measures' background
and progression. Therefore, in the following, we provide a practical framework in which our study is embedded.

As in many parts of Europe and the world (cf. Géssling et al., 2020), the first three quarters of the year 2020
in Bavaria (and Germany) were dominated by the rapid spread of the COVID-19 pandemic. The course of
the pandemic from January to September 2020, before the second wave in the fourth quarter, can be described
as an alternation between "lockdown and recovery". Periods with high case numbers, major restrictions on
social life (at first regionally, then on a federal and later also on a local level) and political measures and aid
programs for the economy were followed by periods in which case numbers were low, restrictions were lifted,
and considerations turned to recovery from the crisis (cf. Figure 2).

The first measures implemented in January 2020 saw the suspension of flights to the Asian region. At this
point, the virus was perceived as a phenomenon that, like, for example, SARS (from 2002), had massive
consequences on a local and regional level (cf. Kuo et al., 2008; Mao etal., 2010; McKercher & Chon, 2004),
but that, like SARS, would have little or no impact on life in the rest of the world (Niewiadomski, 2020).
It was not until the Robert Koch Institute (2020) reported the first cases in Germany at the end of January
and in February 2020 that the political authorities increasingly adopted measures to curb the infection rate
at both federal and state level (Bavarian State Government, 2020). These measures had far-reaching effects
on tourism in Germany and the individual federal states.

Figure 2

Development of COVID-19 case numbers per week and political measures (at federal and state level) between January and
September 2020 in Germany and Bavaria
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Source: Own illustration and calculation, based on own media analysis and Robert Koch Institute (2020).
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As of mid-March, extensive bans on events and operating bans were imposed, and all schools in the federal
state were closed. On 16 March, hotels, guesthouses, bars and restaurants were ordered to close, and a general
ban on the provision of accommodation of any kind for private tourism was announced and — on the federal
level — the German borders were closed on 17 March for non-essential travel (cf. Figure 2). This meant losing
foreign tourists for city destinations and vastly reduced business tourism and decreasing German shopping,
culture, and city tourism. The decrease in business tourism is primarily caused by companies and the authori-
ties' reduction of business trips and the cancellation of trade fairs (as the ITB in Berlin, the Consumenta in
Nuremberg or the Expo Real in Munich) and events (as the Asia Tourism Forum in Munich) due to additional
hygiene measures or bans imposed by the federal or national government.

Whereas curfews and operating bans for most businesses were gradually lifted from 20 April onward, restric-
tions for the catering industry and hotels essentially remained in place until 30 May (cf. Figure 2). Only
overnight stays by business travellers in essential cases, and the sale of food-to-go remained allowed.

As the curve of the new infection rate in Bavaria flattened out in May (Robert Koch Institute, 2020) and
with the introduction of numerous hygiene concepts for the tourism industry, the ban on overnight stays in
Bavaria's tourist accommodation facilities was lifted on 30 May (Bavarian State Government, 2020). Border
controls for inbound travellers imposed due to COVID-19 were lifted for the whole of Germany on 15 June.
However, with the easing of travel restrictions, many travel destinations in and outside Europe were declared
risk areas. This classification meant that tourists could cancel bookings free of charge. It also meant that many
tourists who originally planned to vacation abroad now chose destinations within Germany instead. Politicians
also encouraged people to spend their vacations in Germany (Bavarian prime minister Séder on 20 April
2020). Increasing demand soon led to high capacity utilisation in Bavaria in popular holiday destinations
that already saw high tourism intensity before the COVID-19 pandemic.

With the end of the summer holidays in Germany, there was a rise — initially moderate — in the incidence
numbers, followed by a stronger increase from mid-September and resulting in a second shutdown beginning
in November. Overall, the pandemic's progression in Bavaria mostly follows the same course as the incidence
numbers for Germany as a whole (Robert Koch Institute, 2020). The pandemic's progression as described in
this paper for the study area and the federal and state government's measures to counteract the virus's further
spread directly influenced travel options, willingness to travel, and actual travel decisions on the demand side.

The restrictions on the freedom of movement and growing uncertainty about the pandemic's further progres-
sion led to major changes in travel intentions. This coincides with Karl (2018) and Fischhoff et al. (2004),
who conclude that both subjectively perceived uncertainty and subjective country-specific risk perception
influence travel decisions.

4, Results and discussion

The imposed travel restrictions and the decreased willingness to travel lead to reduced travel activity in
Germany during the COVID-19 pandemic. Germany registers a decline in overnight stays of -30.0% from
January to September 2020 compared to the average in the five previous years. April (-87.9%) and May
(-74.5%) were particularly affected. Here, the decrease in foreign travellers (-56.8%) is considerably higher
than for domestic travellers (-30,0%). There are also apparent differences in the extent to which individual
German states are affected. The three city-states, Berlin (-55.4%), Hamburg (-44.1%) and Bremen (-33.9%)
recorded comparatively high declines in tourist overnight stays from January to September compared to the
average in the five previous years. In contrast, the losses of federal states with classic vacation regions such as
Mecklenburg-Western Pomerania (-6.9%) or Schleswig-Holstein (-3.8%) are relatively low (Destatis, 2020).

In addition to the spatial differences at the federal states' level, there are also differences within the German
accommodation sector. For example, German youth hostels recorded more than six million overnight stays
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from January to September 2020. This represents a decline of -62.3% compared with the average of the five
previous years. By contrast, the camping segment (+5.4%), as well as overnight stays in holiday homes and
flats (+9.8%), increased, especially in the summer months following the partial lifting of the accommodation
bans (e.g., +68.0% in the camping segment in September). However, the hotel sector in cities with more than
100,000 inhabitants saw dramatic declines (-45.6% January to September) (Destatis, 2020). The increased
demand for camping and holiday homes can be explained by the subjectively easier compliance with hygiene
rules and the perceived lower health risk.

Within the 13 non-city-states, that are comparatively less densely populated, there are apparent spatial and
temporal differences in the development of tourist overnight stays. Due to Bavaria's relative importance for
tourism in Germany (cf. Methodology), the following analysis of the tourism demand development is based
on the federal state's district level. The comparison with the previous years clearly shows a spatial and tem-
poral differentiation in how Bavarian tourism is affected by tourism consumers' actual travel decisions. On
average, over the last five years (2015 to 2019), Bavaria recorded around 74.0 million overnight stays in the
period of January to September. However, in the same period in 2020, only about 50.8 million overnight
stays are documented (Bavarian Office for Statistics, 2020), a decline of -31.4%. The loss of more than 23
million overnight stays results in revenue losses of approximately 1.4 to 1.7 billion euros (at average room
prices of 60 to 75 euros (own calculation based on Destatis, 2020)).

With a few regional exceptions, January (+10.5% for Bavaria) and February (+11.8%) show a positive trend
for most districts when comparing the overnight stays of 2020 to the average of the five preceding years. The
first COVID-19 cases in Germany and rising incidence numbers caused first restrictions through measures
on federal and regional levels (cf. Methodology), resulting in a deteriorating situation in March (-50.5%).
April (-88.4%) shows the highest declines across the whole of Bavaria, reaching their maximum in Swabia's
governmental district with -92.6%, while the Upper Palatinate records the smallest decline with -84.1% (cf.
Figure 3), while the differences in the degree of impact are relatively small (8.5 percentage points). First signs
of improvement can be identified in May (-84.3%). These recovery tendencies intensify in June (-38.1%)
along with the lifting of the ban on overnight stays. However, regional differences become more apparent in
the following months: In Swabia, the decline in tourist overnight stays, compared to the average of the five
previous years, improves from -83.8% in May to -21.1% in June, whereas Middle Franconia (cf. Figure 3)
only recovered by about 36 percentage points from -84.6% in May to -48.9% in June. In July (-19.6%) and
August (-12.0%), the recovery process continues when considering the entire federal state but slows down in
September (-11.5%) (Bavarian Office for Statistics, 2020).

Using the classification of administrative districts introduced in the Methodology chapter and with reference
to table 1, it becomes clear that in Bavaria peri-urban districts were less affected by the decline in overnight
stays in April and May but are then affected considerably more than many rural districts from June to Sep-
tember 0f 2020. In March and April, all classes decline, major urban districts (100,000 inhabitants) showing
the highest average decreases, and small differences in the coefficients of variation, indicating a comparable
impact on all of them within this phase. For instance, the city of Munich loses 50.8% of its overnight stays in
September 2020 (cf. Figure 3), the month of the Oktoberfest, compared to the average in the same month in
the previous five years (Bavarian Office for Statistics, 2020). Rural districts and urban districts show a faster
and more lasting recovery than major urban districts and peri-urban districts in their proximity (cf. Table 1).
Particularly the rural districts in southern Bavaria are characterised by a fast and robust recovery. These districts,
located close to the Alps and therefore well-known tourist summer destinations, benefit disproportionately
from travel restrictions to foreign destinations and the political appeal for domestic vacations. Most of them
have more overnight stays in August and September 2020 than in the average of the five previous years.

From July onwards, urban districts develop much more positively than peri-urban districts. This effect, which
increases in July, can be explained by the peri-urban districts’ support function for overnight stays in the
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major urban districts (100,000 inhabitants). Accordingly, the negative development of these major urban
districts, driven by the loss of conferences, congresses, and trade fairs, also impacts the wider surrounding area,
illustrated in Figure 3 in July displaying Munich and Nuremberg as examples. The high variation between
rural districts and the urban districts in August points to opposing developments within this group: The rural
districts along the Alps in Upper Bavaria and Swabia show a substantial increase in overnight stays compared
to the five previous years, whereas peripheral rural districts in Lower Bavaria, Upper Palatinate, Middle and
Lower Franconia, in particular, continue to remain well below the average (cf. Table 1 and Figure 3).

Figure 3
Development of overnight stays in lodging establishments with more than ten beds in Bavaria from January to September 2020

Percentage change of overnight stays per month in January to September
2020 compared to the corresponding average of the years 2015 to 2019
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Source: Own illustration and calculation, data based on Bavarian Office for Statistics (2020), maps based on LDBV (2020).
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Table 1
Deviations in overnight stays in four different regional categories in Bavaria between January
and September 2020 in the monthly compatrison to the average of the five previous years

Rural Peri-urban Urban districts Major urban districts
districts districts | <100,000 inhabitants | >100,000 inhabitants
MEAN 7.18 8.90 17.65 14.32
January
cv 124.41 115.27 84.68 80.25
MEAN 9.90 3.52 17.92 9.44
February
cv 96.45 348.26 107.17 77.63
MEAN -46.96 -46.73 -46.14 -57.36
March
cv 20.81 24.59 26.63 10.56
April MEAN -84.75 -76.50 -82.66 -88.29
ri
P cv 12.89 12.60 893 5.43
M MEAN -80.64 -70.70 -74.46 -84.46
E)
i cv 11.49 15.43 9.92 4.65
MEAN -35.24 -44.01 -43.93 -62.12
June
cv 48.31 27.56 23.18 11.41
Jul MEAN -17.03 -31.37 -21.66 -38.90
u
Y cv 89.40 4247 65.01 24.30
MEAN -4.97 -24.59 -6.41 -36.01
August
cv 360.96 56.31 168.32 2832
MEAN -9.06 -21.81 -6.73 -27.47
September
cv 148.34 68.36 270.77 36.44

Source: Own illustration and calculation, data based on Bavarian Office for Statistics (2020).

To explain the affectedness and the differences in recovery, we use population density analogously to Hamidi
etal. (2020), but in our case, to explain the spatial and temporal distribution of tourism demand from Janu-
ary to September 2020. In Figure 4 for each Bavarian district, we set the population density in relation to the
relative change in the overnight stays compared to the respective month of the previous year: 2016 vs 2015,
2017 vs 2016, 2018 vs 2017 and 2019 vs 2018 as pre-COVID-19 consideration (displayed as circles) and
2020 vs 2019 to illustrate the COVID-19 induced effects (as points).

Spearman's correlation coefficient (R,) indicates the relationship's direction and strength. Additionally, the
p-value (p) of the two-sided correlation test, calculated with an asymptotic t-distribution approximation,
indicates the acceptance/rejection of the null hypotheses of no correlation. While a small p-value (<0.05)
implies that the correlation is significant, a large (positive or negative) R-value can be interpreted as a strong
correlation and vice versa.

While January and February are relatively similar to the previous years' total, considerable differences for
all further months become apparent. Districts with a higher population density tend to be more affected by
tourism restrictions in March, April, and May 2020. In the months June to September, they tend to recover
more slowly. In contrast, most districts with a very low population density of fewer than 250 residents/km?
recover faster, in August and September in some cases completely. COVID-19-induced tourism demand
changes can explain this distribution: 1) reduced classical city and cultural tourism, primarily due to foreign
visitors' absence. 2) reduced business trips, partly replaced by video conferencing. 3) absence of larger events
such as musicals, concerts or sporting events, but also trade fairs and other events (e.g., the Oktoberfest in
Munich), which tend to occur in densely populated areas. A further explanation for decreasing city tourism
is that potential tourists perceive urban agglomerations (subway, crowds, foreigners, hardly controllable sur-
roundings) as a health hazard (Hamidi et al., 2020).
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Figure 4
Decline in overnight stays compared to each previous year as a function of population density (2019) at the district level
before (2015 to 2019) and during (2020) the COVID-19 pandemic in Bavaria
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Source: Own illustration and calculation, data based on Bavarian Office for Statistics (2020).

Tourism intensity, here defined by the number of overnight stays per thousand residents and calculated monthly,
is a crucial variable to assess the dependency of a region on tourism. The higher the value, the higher the
dependency (Tokarchuk etal., 2016). In the following, we use the variable to explain tourist demand develop-
ment during COVID-19 over the months January to September 2020 for all Bavarian districts. In contrast to
Figure 4 that illustrates population density for each district constant over the year, Figure 5 shows the monthly
tourism intensity. Therefore, it is essential to note that a single district (represented as a single point) might
vary due to seasonal variations in monthly tourism intensity (and therefore its position on the X-axis might
shift). For our analysis, we consider percentage change in tourists' overnight stays in 2020 compared to the
mean of 2015 to 2019 as a function of the monthly mean tourism intensity of 2015 to 2019 (cf. Figure 5).

The first two months of 2020, as previously described, perform comparatively well, although in February, in
contrast to January, districts with a high level of tourism intensity tend to benefit slightly more (R = 0.22,
p = 0.03). With an R-value comparatively close to 0 (but unlike January's negative value), all Bavarian districts
lose equally in March, regardless of their tourism intensity. In April and particularly in May (R=-0.72, p <2.2¢),
it becomes apparent that especially those districts with a high intensity of tourism are hit predominantly
hard by COVID-19-induced decline in tourism demand. This effect reverses toward June. In July, August,
and September, noticeably stronger recovery processes can be seen among the tourism-intensive districts in
the respective month. These districts with a higher tourism intensity in the respective month tend to recover
much faster, in our case from July to September. After lifting the state-imposed travel restrictions, with a few
exceptions, tourists might return to places previously characterised by and known for tourism rather than
unknown places away from the tourist hotspots.
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Figure 5
Decline in overnight stays 2020 vs mean of 2015 to 2019 as a function of monthly mean tourism intensity (2015 to 2019)
at the district level during January to September 2020, corresponding splines, Spearman's correlation coefficient (RS) and,
uncertainty (p) in Bavaria
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5. Conclusion

Using the state of Bavaria (Germany) as a study area, this research initially presents the federal and state policy
measures to prevent the spread of COVID-19 adopted between January and September 2020 chronologically
and discusses their impact on the tourism demand side. The choice of one federal state, in this case Bavaria, as
a research area is motivated by Germany's federal structure and its resulting individual federal responsibilities
in tourism. This federal structure leads to different funding programs and policies in the individual states and
influences the data's respective availability.

Following Sigala's (2020) statement, we analyse the COVID-19 pandemics' effects on Bavaria's demand-side
in space and time. In sum, we find major temporal and spatial differences in tourism demand, measured by
the overnight stays, during COVID-19 in Bavaria in both decline and recovery. The spatial differences can be
seen above all in the disparity between urban and rural tourism development and within the rural districts.
We explain both, the differences and the disparities, with relation to population density and the intensity
of tourism. After lifting travel restrictions, districts with high population density recover more slowly than
those with a low population density. In contrast, those districts with a comparably higher monthly tourism
intensity recover much faster. The southern Bavarian Alpine region, in particular, has experienced a remark-
able recovery. The rural districts in this region fulfil all the characteristics mentioned above: A high tourism
intensity, a low population density, a certain distance to major urban districts.
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For political decision-makers, all findings are an indication that support measures should have a spatial and
temporal dimension. Following Schmude et al.'s (2018) proposal for disaster management, the following
is also useful for mitigating the impact of the COVID-19 pandemic on Bavaria's tourism accommodation:
Government measures, such as subsidies or aid to overcome the crises, should not be dispersed throughout an
area, but should have a regional differentiation and fit. These should consider regional differences not only in
the degree to which individual districts are affected (due to the small differences identified) but especially in
the timespan and extent to which a recovery process has taken place (due to the identified large differences).

The results and conclusions of this study can be applied to other spatial entities. Given the data availability, a
transfer to other German territorial states or other countries is possible. In particular, when there are significant
spatial differences in tourism intensity, small-scale analyses are useful and relevant to determine regionally
differentiated impacts of the COVID-19 pandemic to guide and evaluate individual governmental measures.

For the spatial analysis of the overnight stays, we expect little to no limitations of the validity. There might
be minor inaccuracies in the official statistics due to delays in receiving reports or not received reports from
individual accommodation facilities (Bavarian Office for Statistics, 2020). These should be compensated for
by considering district and monthly level data. Small businesses with less than ten beds are not obliged to
report their numbers of overnight stays (Bavarian Office for Statistics, 2020). Such businesses are more com-
mon in rural areas and are particularly popular under COVID-19 (Deutscher Bauernverbande e. V. [DBV],
2020). Therefore, we might underestimate the recovery rates in rural areas, and they might be even more
intense than described.

Future research on the regionalised impact of the COVID-19 pandemic on tourism demand should consider
the three influencing factors we identified, relative location, tourism intensity and population density. The
loss of overnight stays is a result of two developments that should be considered in the future: 1) the change
in individual travel decision making, tourists' perception of potential health risks, the changes in their travel
behaviour, and the travel decision process, and 2) the cancellations of business trips, in no small extent sub-
stituted by virtual meetings.

It is likely that the COVID-19 pandemic will occur in further waves and may affect tourism globally for
years to come. Accompanying research must monitor the recovery process, especially the industry's adapta-
tion measures and the government's mitigation measures. Space and time will continue to play a role in this
as geography matters.
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ABSTRACT

Ski touring is a winter sport activity that enjoys increasing popularity. Recreationists practice it exclusively
without using ski lifts in the backcountry, where conditions continuously and rapidly change, and avalanche
danger exists. Ski tourers can increase their own and others’ avalanche survival chances, among others, by
carrying standard avalanche safety equipment (i.e., transceiver, probe, and shovel). Recent studies among
backcountry recreationists identify various aspects to influence the decision to ‘carry or not’ this equipment by
testing each factor individually for its statistical significance for the decision. This explorative study, in contrast,
applies a new methodological approach and considers ‘carry or not’ as a decision process. The analysis bases on
the behavioral decision theory and uses the machine learning algorithm decision tree to illustrate the decision
process and examine the relative importance of each influencing feature. Therefore, we conduct a researcher-
administered survey (n = 359) among ski tourers in a German touring region. According to their carrying
behavior, this study classifies ski tourers into three different types: weather-oriented, complex, and conformist.
Conformists always carry the avalanche equipment and are known in research. Weather-oriented ski tourers,
who predominantly base their decision on environmental conditions (i.e., avalanche danger level and weather),
are as new as the complex type, which relies on various features. In contrast to previous findings, personal traits
play a subordinate role in the decision process of any type. Furthermore, we interpret environmental aspects in
decision-making as decision heuristics that awareness-raising measures and education programs need to address.

1. Introduction

(Alpine) ski touring, a subdiscipline of s!

highest mortality risk among the mountain sports mentioned (Nie-
dermeier et al., 2020; Soule et al., 2017).

ki mountaineering, is a McClung and Schaerer (2006) state that most backcountry victims

winter sport activity, traditionally taking place in the mountainous
backcountry in undeveloped natural spaces (Reynier et al., 2014).
Instead of ski lifts, ski tourers use a particular boot-fixing system to walk
up a mountain before skiing down an unprepared slope (Niedermeier
et al., 2019). The sport has become increasingly popular in recent years
(Jazdzewska, 2016; Plank, 2016): For Austria, i.e., Binder (2019) esti-
mates that active athletes in ski touring doubled between 2009 and
2019. However, as a form of freeriding, ski touring is frequently clas-
sified as a high-risk sport by researchers (Friihauf et al., 2017) as ava-
lanches pose a considerable risk for the athletes (Plank, 2016; Rainer
et al., 2008; Volken et al., 2007). Therefore, in ski touring (unlike other
mountain sports such as alpine skiing and snowboarding, cross-country
skiing, or sledding), the predominant cause of death is not traumatic or
cardiac events, but avalanche burials. Furthermore, ski touring has the

* Corresponding author.
E-mail address: m.witting@lmu.de (M. Witting).

https://doi.org/10.1016/j.ssci.2021.105406

trigger the avalanches themselves and that these accidents result from a
failure in human perception (McClung, 2002). Therefore, ski tourers can
and should reduce their risk of involvement in an avalanche through
avalanche prevention practices (e.g., information about avalanche
danger level, avalanche education, proper risk management; see Furman
etal., 2010; Haegeli et al., 2010; Procter et al., 2014; Schwiersch, 2019).
Still, in the event of avalanche burial of oneself or others, carrying
standard avalanche safety equipment (consisting of avalanche trans-
ceiver/beacon, shovel, and probe) is essential for rapid location and
rescue (e.g., Brugger et al., 2007; Hohlrieder et al., 2005; Tremper,
2018). Despite the scientifically proven importance for the survival of
oneself and others (McIntosh et al., 2007; Ng et al., 2015), recent studies
demonstrate that backcountry travelers do not always carry the standard
safety equipment (see Table 1 in Chapter 2) due to various reasons (e.g.,
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Eyland, 2016; Nichols et al., 2018; Silverton et al., 2007).

Researchers explore the factors influencing the decision to carry
safety equipment for some time: Nichols et al. (2018) and Procter et al.
(2016), e.g., identify the relevance of sociodemographic aspects as well
as ski touring expertise, Marengo et al. (2016) the influence of direct and
indirect avalanche experience, Groves and Varley (2020) the critical
attitude regarding technical aids and self-confidence, Ng et al. (2015),
Procter et al. (2014), and Silverton et al. (2007), e.g., the importance of
avalanche education. However, the studies conducted so far have in
common that they examine each potential influencing factor individu-
ally for its statistical significance on carrying standard avalanche safety
equipment among backcountry recreationists. Moreover, these studies
do not consider environmental factors. Only Nichols et al. (2018)
include avalanche hazard forecasts into their analysis and, since that
forecast depends (among other things) on the weather, therefore indi-
rectly consider environmental factors.

In contrast to previous research, we assume that ski tourers have
access to the standard avalanche safety gear and we consider carrying
standard equipment as a decision process and embed our study within
the behavioral decision theory. The objectives of the study are as
follows:

1) To evaluate the relative importance of various factors for the deci-
sion to carry the standard avalanche safety equipment. In the pro-
cess, we add further factors to those previously known from research,
including those suggested to us in expert interviews.

2) To unfold and illustrate the decision-making process ‘to carry along
or not’ the standard safety equipment and the dependence of these
influencing factors on each other, and

3) to offer a classification of ski tourers concerning their carrying
behavior of standard safety equipment for research and practice.

For this purpose, we conduct a survey among 359 ski tourers in the
ski touring region Taubenstein (Germany), which we analyze using the
machine learning algorithm decision tree. The results might provide
public and private entities involved in ski touring a better understanding
of the decision process for carrying avalanche safety equipment. The
classification also shows whom awareness-raising measures should
address to achieve the greatest possible effect.

The remaining part of this paper is structured as follows: Chapter 2
provides a profound overview of the influencing factors on carrying
standard safety equipment among ski tourers in recent studies. Chapter
3 presents the data and the method used in this study. The results are
then presented in chapter 4 and discussed regarding their meaning and
relevance in chapter 5. The paper concludes with a summary of the main
findings, the study’s limitations, and an outlook for further necessary
research in chapter 6.

Table 1
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2. Background of the study

Several studies emphasize the importance of avalanche safety gear and
its proper use to increase the chance to survive an avalanche event (e.g.,
Brugger et al., 2007; Haegeli et al., 2014). The first 15 min after burial are
decisive, which is why uninjured companions play a central role in extri-
cation (e.g., Falk et al., 1994; Procter et al.,, 2016). To ensure quick re-
covery, backcountry recreationists need to carry standard avalanche safety
equipment on every tour. Furthermore, they need to gain and maintain
knowledge and skills on basic techniques of search and rescue through
education and training (van Tilburg et al., 2017). The use of a transceiver,
for example, reduces the duration of burial and mortality among avalanche
victims in the backcountry substantially (Brugger et al., 2007; Hohlrieder
et al., 2005). Nevertheless, the mortality rate among fully buried victims is
still high (around 50%) (Brugger et al., 2001; Hohlrieder et al., 2005;
Procter et al., 2016), primarily due to asphyxiation (Boyd et al., 2009;
Haegeli et al., 2011; Hohlrieder et al., 2007; McIntosh et al., 2007). Car-
rying an avalanche airbag can prevent complete burial, which reduces the
mortality rate significantly (Brugger et al., 2007; Haegeli et al., 2014).
Completely buried avalanche victims, in turn, can extend their survival
time within the avalanche and avoid asphyxia through self-created air
pockets (Brugger et al., 2007; Falk et al., 1994; Procter et al., 2016) or
breathing devices, such as AvalLung™, that create artificial air pockets
(Grissom et al., 2000). However, the use of additional avalanche devices
may lead to an increased risk-taking propensity among backcountry rec-
reationists (Eyland, 2016; Haegeli et al., 2019). Overall, carrying avalanche
safety gear does not guarantee surviving an avalanche event, but it in-
creases the chance (e.g., Hohlrieder et al., 2005; Silverton et al., 2007).

Nevertheless, studies investigating the use of avalanche safety
equipment among backcountry recreationists show that a considerable
share does not always carry the gear (e.g., Nichols et al., 2018; Procter
et al., 2014). These studies test different features for significance with
the dependent variable use of standard safety gear. Table 1 lists them
and the investigated features — those with a significant association
marked with *.

Sociodemographic aspects associated with carrying avalanche safety
equipment include young and male residents (Nichols et al., 2018;
Procter et al., 2014). According to Marengo et al. (2016), indirect
avalanche experience (i.e., witnessing an avalanche accident) positively
affects carrying standard safety equipment. In addition, experienced
recreationists (Procter et al., 2014) with a higher self-assessed level of
expertise (Nichols et al., 2018) as well as those who attended an
avalanche safety course (i.e., avalanche education) (Ng et al., 2015;
Nichols et al., 2018; Silverton et al., 2007), who traveled in bigger
groups, and who read and understand the daily avalanche warning
report (Procter et al., 2014) are more likely to use avalanche safety gear
than others. In this context, it needs to be considered that the official
avalanche danger information is updated daily and consists of a five-
point rating scale (from 1 = low avalanche danger level to 5 =

Compilation of all studies investigating influencing factors on using standard avalanche safety gear.

Marengo et al. (2016) Ng et al. (2015) Nichols et al. (2018) Procter et al. Silverton et al. (2007)
(2014)
Study area Northern Italy Wyoming, USA Wyoming, USA Northern Italy Utah, USA
Sample size 214 backcountry skiers 104 334 4.333 353 backcountry recreationists (skiers, snowboarders,
and snowboarders backcountry backcountry skiers and backcountry snowshoers, snowmobilers, out-of-bound skiers)
skiers snowboarders skiers
Features under Avalanche experience* Avalanche Age Age*” Avalanche education*
investigation education” Gender Gender*
Residency* Avalanche Tours per
education” season*
Skill level” Group size*
Avalanche forecasts* Starting time
Share using standard 82% 94% max. 86% 81% max. 77%

safety gear

" Significant association between feature and dependent variable use of standard safety gear.
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extreme avalanche danger level) and a report with detailed descriptions
of the avalanche risk. According to Schwiersch (2019), who investigates
risk management and accident prevention among German ski tourers,
only 7% fully understand the official avalanche danger report. They
either have a formal avalanche education or use an avalanche decision
aid, such as the 3 x 3 filter method or DAV snowcard, similar to the
Avaluator introduced by Haegeli et al. (2006). Environmental factors
are hardly investigated by researchers so far. Only Nichols et al. (2018)
finds out avalanche hazard forecasts to correlate with carrying safety
gear: the lower the avalanche level, the lower the willingness to carry
avalanche equipment. Since that forecast depends (among other things)
on the weather, they therefore indirectly consider environmental
factors.

In contrast to the presented studies, this study extends the previ-
ously identified influencing factors by including environmental factors
(such as cloud cover, snowfall, temperature, and wind). Furthermore,
region-specific factors (e.g., leaving former piste) and general aspects
(e.g., kind of tour, alpine education, terrain, and avalanche informa-
tion), which we identified in qualitative interviews with local experts,
are added. We also include the perception of climate change among ski
tourers as a factor. The underlying assumption is that ski tourers adapt
their safety and prevention practices to the climate change-induced
changing avalanche situation. Recent studies show that avalanche
risk in the European Alps will change in frequency and magnitude
depending on the altitude due to climate change (Hock et al., 2019). At
lower elevations, snow avalanches will reduce in number and runout
distance (Mock et al., 2017), whereas wet snow avalanche events will
increase in frequency independent of altitude (Castebrunet et al.,
2014). These projections coincide with investigations of avalanche
events in the European Alps in the last decades (Hock et al., 2019).

We derive further factors from results on decision traps (McCammon,
2004) and risk-taking and risk management behavior (Furman et al., 2010;
Haegeli et al.,, 2010; Haegeli et al., 2012; Schwiersch, 2019) among
backcountry travelers. According to Furman et al. (2010), risk-taking
propensity and heuristic principles that aim to reduce the complexity of
decisions are further relevant aspects in decision-making in avalanche
terrain. Backcountry recreationists establish avalanche-specific heuristics
as alternative decision approaches (IVMicCammon, 2004). Relying on these
simplifying rules of thumb may result in adverse outcomes (e.g., avalanche
accidents) referred to as traps when, for example, critical new information
on the hazardous situation is not considered in the decision. McCammon
(2004) investigates avalanche accidents in the United States and describes
the following six heuristic traps: familiarity (i.e., to behave as in the same
setting before), consistency (i.e., stick to the initial assessment of the situ-
ation), acceptance (i.e., engage in activities that gain respect or accep-
tance), the expert halo (i.e., rely on the decision of the formal or informal
leader of the group), social facilitation (i.e., ski more hazardous terrain
when others are present), and scarcity (i.e., the chance of being the first to
ski untracked slopes). In this context, the heuristic traps are identified in a
specific situation in the field where ski tourers decide whether to ski a slope
or not (Furman et al., 2010). This decision is characterized by time pressure
and changing environmental conditions. This study, in contrast, examines
the decision-making process during planning — a situation in which time
pressure does not exist. However, the heuristic familiarity is integrated as a
factor in this study since it might affect the planning process.

In order to examine the decision-making process ‘carry or not’
among ski tourers, we conduct this study using decision-making theory.
The theory distinguishes between three different decision environments:
decision under certainty, decision under risk, and decision under un-
certainty (Takemura, 2014). The decision environment in our study can
be assigned to the category decision under uncertainty, since ski tourers
do not have any information about the probability of the result of the
decision ‘carry or not’. Furthermore, the decision-making theory divides
into normative and descriptive theories (Takemura, 2014).

The normative decision theory aims to show how decisions are made
on a purely rational basis. In contrast, the descriptive decision theory
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investigates how people make decisions based on various criteria (Laux
etal., 2018). Recent studies show that backcountry recreationists do not
make rational decisions (e.g., Nichols et al., 2018; Procter et al., 2014).
Despite its importance for rapid location and rescue in an avalanche
event, a considerable share does not always carry the avalanche safety
equipment. Therefore, we embedd the analysis approach within the
behavioral decision theory as part of the descriptive decision theory.
According to Edwards (1961) and Payne et al. (1992), behavioral de-
cision theory is appropriate in situations of uncertainty and in which
individuals may rely on heuristics.

For data analysis, we use a machine learning approach. The basic
suitability of such approaches for survey analysis is demonstrated, e.g.,
by Kern et al. (2019). Due to the theoretical embedding of our analysis
and our underlying perspective of a decision-making process, we
decide to use decision trees. Decision trees are the most popular ma-
chine learning algorithms among the Classification and Regression
Trees (CART) (Breiman et al., 1984; Rokach and Maimon, 2010). Ac-
cording to Lundberg et al. (2020) tree-based models can be more
interpretable than linear models due to model-mismatch effects, more
accurate than neural networks, and are often applied due to their
intuitive explainability and interpretability. Within the scope of our
analysis, the machine learning algorithm decision tree (Section 3.4) is
applied to examine how individual aspects relate to each other and
which features substantially influence the decision. The statistical
predictive model illustrates the importance of each influencing factor
for the decision and visualizes the decision process in the form of a
decision tree (Hastie et al., 2009; Kuhn and Johnson, 2013).

3. Material and methods

The study is conducted in the ski touring region Taubenstein in the
Bavarian Alps (Map 1). The Taubenstein is located in the administrative
district of Miesbach and is part of the regional tourism organization
Alpenregion Tegernsee Schliersee (ATS). It is a former alpine ski area
that stopped winter operation at the end of season 2014/15 due to
economic reasons (Grauvogl, 2015). Thus, during winter, only back-
country recreationists visit it and enjoy a wide range of tours with
different difficulty levels. The former lift route of the Taubensteinbahn,
for example, is a supposedly secure and classic ski tour for beginners.
However, the ski touring region also includes more challenging courses
with various summits between Jagerkamp (1746 m), Rotwand (1884
m), and Hochmiesing (1883 m) that are accessible within a day tour
(Map 1).

The region is selected as a case study since it meets crucial pre-
conditions. First, it is one among few ski touring regions of Bavaria in
which counting stations are available. There are two counting stations at
the main ascent point, incorporating an infrared motion sensor and an
avalanche transceiver (Map 1). Thus, measurements are differentiated
between ski tourers that carry avalanche transceivers and those who do
not. Shovel and probe cannot be tracked but are part of the standard
avalanche safety equipment (e.g., Tremper, 2018). Thus, count data on
avalanche transceiver usage provide helpful information for preparing
the survey and the subsequent data analysis. Second, it is a trendy ski
touring region with a large catchment area — over 4 million inhabitants,
including Munich, Ingolstadt, and Rosenheim (LfStat, 2019) (Map 2).
Finally, a heterogeneous group of ski tourers (i.e., beginners vs. experts
and visitors vs. residents) frequents the area.

Methodologically the study is based on a mixed-method approach
consisting of three phases: 1.1) As a qualitative preparation of the study,
we conduct expert interviews with six local stakeholders between
January and July 2020. To gather information on ski touring in general
and, in particular, on the Taubenstein region for the questionnaire
development, we consult the following persons: An avalanche education
trainer, a mountain and ski touring guide, an area supervisor, the CEO of
the regional tourism organization ATS and a representative of the DAV
Section Munich (German Alpine Club). 1.2) In a quantitative analysis of
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Silour,

Map 1. Ski touring region Taubenstein and its location in the German state of Bavaria. Source: Illustration modified from sitour (2016), map based on GeoBasis-DE /

BKG (2018).

the count data described in the previous paragraph, we determine the
appropriate survey period by considering the seasonal pattern and the
distribution of weekdays in the proportion of carrying standard safety
equipment. 2) Based on the previous steps, a researcher-administered
survey among 359 ski tourers is conducted in the case study region.
We extend the survey data with (a) daily weather data (i.e., maximum
temperature, snowfall amount, average wind velocity, and average
cloud cover) of the weather information company meteoblue (2020) —

Season 2018-19

interpolated for the average altitude of the ski touring region Tauben-
stein (1207 m) (Map 1) and; (b) daily updated avalanche danger level
(Lawinenwarnzentrale, 2020). 3) We discuss the descriptive analysis
results of the survey data with all experts conducting a group discussion
and subsequently use the results to develop the machine learning algo-
rithm decision tree and the interpretation of the survey results.

Season 2019-20
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Fig. 1. Seasonal and weekly course of the proportional avalanche transceiver usage in the study area.
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3.1. Pre-analysis of the count data

The pre-analysis examines the proportion of people carrying an
avalanche transceiver over two winter seasons, 2018/19 and 2019/20,
in the ski touring region Taubenstein (Fig. 1). For the season 2018/19,
the daily data collection began on 21 December 2018 and ended on 13
April 2019 with an interruption between 7 and 15 January 2019 due to
adverse weather conditions. For the season 2019/20, the data collection
started on 6 December 2019 and ended on 20 March 2020. Fig. 1 shows
a decrease in the proportions of carrying standard safety equipment at
the end of each season and a relatively constant trend of the proportions
over the weekdays for both seasons.

3.2. Survey instrument

A researcher-administered survey provides the data basis of this
study. The original questionnaire is available from the following GitHub
page (https://github.com/kevorks/CarryAlongOrNot). It comprises five
sections that include all factors under investigation: Section one con-
tains three questions on the respondents’ route planning as well as their
familiarity with the ski touring region Taubenstein (average visiting
frequency per season and number of years touring the region) relating to
the heuristic trap familiarity (McCammon, 2004).

Section two includes ten questions on the ski tourers’ avalanche
safety and prevention practices. First, we ask respondents which stan-
dard avalanche safety equipment (i.e., transceiver, probe, and shovel)
they take today. A further question investigates why ski tourers do not
carry their standard avalanche safety equipment on tour (e.g., depend-
ing on the avalanche danger level, the planned trip, the company (in
company vs. alone)). The following three questions of this section
examine aspects of avalanche prevention practices: whether and if so,
how ski tourers gather information about the terrain of the planned tour
and the daily updated official avalanche danger information. Further-
more, respondents indicate how often they gathered information about
the avalanche danger of the last five tours (using a six-point scale from 0
= never to 5 = always). The questionnaire includes four questions on
avalanche education: whether and if so when respondents took the last
avalanche course and if they know and already used the avalanche de-
cision aids DAV snowcard and 3 x 3 filter method. The last question in
this section considers the group size in which respondents are on a ski
tour.

The third section deals with the ski tourers’ experiences. First, they
indicate the year they started with ski touring and their average ski tours
per season. The following two self-evaluation questions address the in-
dividual experience and risk-taking in ski touring (using a ten-point
scale from 0 = no experience/risk to 10 = highest possible experi-
ence/risk). The last questions in this section consider the respondents’
alpine education and their level of avalanche experience (i.e., direct,
indirect, and no experience).

Section four focuses on climate change perception and reaction.
First, respondents valued their opinion on how climate change affects ski
touring in the Taubenstein region (using a five-point scale from 1 = no
impact to 5 = severe impact). In the following two questions, re-
spondents indicate a maximum of three specific climate change impacts
and their reaction behavior to it. The questionnaire finishes with items
on sociodemographic factors (i.e., age, education, gender, number of
minors in the household, and residency). Before the survey, all six ex-
perts consulted for this study pre-tested the questionnaire in January
2020, resulting in minor changes to the questionnaire.

3.3. Data collection

To avoid errors and to handle rejection by respondents properly,
trained interviewers surveyed the ski tourers. According to the count
data’s pre-analysis, weekdays do not show any effect, whereas carrying
avalanche transceivers declines towards the end of the season (Fig. 1).
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Due to the expected higher heterogeneity of the avalanche transceiver
usage, the study is undertaken at the end of the winter season 2019/
2020 on thirteen days from 18 February until 8 March 2020 at the ski
touring region Taubenstein. To achieve a balanced distribution of
weekdays, we cover each weekday twice within the survey period —
except for Monday, due to adverse weather conditions.

The questionnaire targets all German-speaking ski tourers in the
Taubenstein region. Using systematic random sampling, we addressed
every second available person at Parkplatz Taubensteinbahn (Map 1),
which was in the ascent or descent to the ski slope and that could be
identified as ski tourers by their gear. Within the survey period and
between the daily survey times, between 10:30 am and 10:15 pm on
weekdays and between 8:30 am and 5:30 on weekends, we conducted a
final number of 359 interviews — 352 of which were fully completed
(Map 2). Due to the random selection, we assume a representative
sample for the survey period. As the survey ends two weeks before the
first Covid-19 measures in Germany, we expect no pandemic-related
effects.

3.4. Data analysis

To answer the research questions, we use a decision tree — a popular
machine learning algorithm among the Classification and Regression
Trees (CART) (Breiman et al., 1984; Rokach and Maimon, 2010). With
this statistical approach, we can show the relative importance of all
identified influencing features for the decision to ‘carry or not’.
Furthermore, it reflects the decision-making process and the dependence
of these influencing factors on each other. That is in contrast to the
classical statistical approach used in previous studies, in which statisti-
cal correlation is examined between individual influencing features and
carrying avalanche safety equipment.

The decision tree is a predictive model built by dividing the feature
space into three central nodes: root node, internal node, and leaf node
(Hastie et al., 2009; Kuhn and Johnson, 2013). The root node (i.e., top
decision node) learns to organize the tree based on the feature value
splitting the entire population or a sample into two or more homoge-
neous sets. Internal nodes are between two nodes and thus have one
incoming and at least two outgoing branches that split the node into sub-
nodes (also called child nodes). Leaf nodes do not have branches, as they
are the final decisions made by the decision tree — in our case, to ‘carry or
not’.

The data T (f;,y;) consists of i = 1, 2, ---, n observations, where f; is the
vector of j = 1,2, ---, p features and y; is, in our case, the binary outcome
of the dataset. First, it is necessary to determine the importance of each
feature, with the most relevant feature being placed at the root node (top
decision node). The further down in the decision tree, the lower the
degree of impurity, which leads to a better classification or split at each
node. For the splitting decision, different measures can be taken into
account. This study uses the Gini index, a standard measure for cate-
gorical/binary outcomes (Breiman et al., 1984).

The Gini index quantifies the probability of a particular feature being
misclassified by the model if it is randomly selected. For a binary
outcome, with classes k = 1,2, this measure is given by:

Gini(y) = Zi:lﬂ“”(l — i) )z: k=1,2

where 7y, is the probability of observations being classified to a
particular class in node y. The Gini index takes values between 0 and 1,
where 0 denotes that all observations belong to a specific class, and 1
denotes that the observations are randomly distributed across different
classes. Therefore, while building the decision tree, the feature with the
lowest Gini index is selected as a root node. Determining the best split,
the CART algorithm takes a recursive approach for every sub-tree rooted
at the new nodes (Zhang and Singer, 2010). The algorithmic steps work
in detail as follows: Let T be the training set.

grow(T):
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a) Origin in Bavaria (n = 317)

@ Interview location
Spitzingsee
(ski touring region
Taubenstein)

Bavarian district
[ with participants
without participants

Number of
participants
per district

Miesbach
(district) 45

b) Origin in Germany (n=332)
oy &~

L 317
/s
5

Ingolstadt
(city) 4
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c¢) Age distribution (n = 343)
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Ino formal degree (yet) (0.86)

Map 2. Catchment area of the ski touring region Taubenstein including sociodemographic facts of the sample. Source: Map based on GeoBasis-DE / BKG (2018).

(1) Find the feature f, using the Gini index that contributes the
maximum information about the class labels.

(2) Divide T into subsets (T}), each characterized by a different value
of f.

(3) For each Tj: If all observations in Tj belong to the same class, then
create a leaf node labeled with this class; otherwise, apply the
same procedure recursively to each training subset: grow(T}).

The tree growing process can eventually lead to many leaf nodes. In
other words, the decision tree can overfit the training data. To avoid
overfitting, the minimum number of cases per node and pruning of cost-
complexity are introduced as stopping criteria. The best sub-tree can be
found by cutting back tree branches. Once an optimal decision tree is
found, the models’ prediction is evaluated based on the test data and the
predictions’ accuracy. For more in-depth understanding, see Breiman
et al. (1984).

The dataset consists of 319 observations (the model excludes all

a) b)
Fold 1 ‘ Training

Fold 2 ‘ Training

Fold 3 ‘ Training . é};lceﬁraagc?/ ‘

Final measure of
[ performance

Fold 10 _

Training

observations with missing values in one of the models’ features) and 28
features, including the outcome feature. A table that lists all features and
the respective categories included in the analysis and a descriptive
analysis of all features concerning central tendencies and measures of
dispersion is available at the project’s GitHub page (https://github.co
m/kevorks/CarryAlongOrNot).

In order to evaluate the performance of our model, we use a cross-
validation approach. The k-fold Cross Validation splits the training
data into k equally sized subsamples — in our case k = 10). For each fold,
we use 90% of the subsamples as training data and the other 10% of the
subsamples as test data, as demonstrated in Fig. 2a. Furthermore, for
each fold, we evaluate the performance of our model and calculate the
prediction’s accuracy (see Fig. 2b). Finally, we calculate the overall
mean accuracy of the prediction. Our model has an average accuracy of
76% with a standard deviation of 5% (indicating that the accuracy can
differ +5%). The advantage of the applied k-fold Cross Validation
approach is that the model uses all observations for both: training and

Select best feature Split the dataset
(root node) N into
using Gini index smaller subtrees

Recursively repeat for each child node

S
Training
data

Model Performance
cEleten RS
vald 2) Precision

Fig. 2. The models’ generation process: a) for the entire data set and; b) for each fold.
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test. Also, each observation is used for the validation exactly once.

Additionally, we perform a sensitivity analysis to quantify the per-
formance of our model. Therefore, we calculate the ROC curve (Receiver
Operating Characteristics curve), where the AUC (Area Under the
Curve) shows how much the model can distinguish between classes. The
AUC value varies between 0 and 1, i.e., 0% and 100%, where 100%
represents the perfect and 0% the worst separability measure. An AUC of
50% means that the model has no class separation capacity at all. The
AUC of our model is 76.2%, which means there is a 76.2% chance that
the model predicts the class not carrying as not carrying and the class
carrying along as carrying along.

For data analysis, we use the open-source software R (R Core Team,
2020). We estimate the decision tree model with the package ‘rpart’
(Therneau and Atkinson, 2019). Furthermore, we perform a pre-analysis
to test for collinearity of the metric and categorical features. The
collinearity of metrical features is tested using the package ‘stats’ (R
Core Team, 2020). For categorical features, we use our function,
following Cohen (1988). None of the features are excluded from the
analysis. The full reproducible R script, all codes, and additional mate-
rial (e.g., original questionnaire, figures on collinearity of the features,
table of the models’ features, descriptive analysis of all features con-
cerning central tendencies and measures of dispersion, the figure of the
sensitivity analysis) are available on the following GitHub page: htt
ps://github.com/kevorks/CarryAlongOrNot.

4. Results

In the first step, the algorithm calculates the relative importance of
each feature for the decision to carry standard avalanche safety equip-
ment or not (Fig. 3). Based on this, the algorithm excludes those features
from the generation process of the decision tree that do not show any
importance for the decision (i.e., the features avalanche education,
gender, minors in household, residency, and university degree).

In the next step, the algorithm creates the decision tree (Fig. 4) taking
into account the results of Fig. 3. Due to stopping criteria, some features
with high importance values (e.g., snowfall, age) do not appear in the
decision tree. The feature snowfall, for example, is not part of the de-
cision tree due to its high correlation with the other weather features
(see supplementary information on the GitHub page). The exclusion of

Avalanche danger level
Cloudiness

Temperature

Snowfall

Age

Wind

Self-assessment experience
Familiarity

Avalanche information frequency
Expertise

Self-assessment risk-taking
Tour specific

Avalanche involvement
DAV snowcard

Climate change perception

Group size 1.35

Filter method 1.08

Leaving former piste 0.97
Alpine education 0.47
Terrain information 0.46

In company 0.32
Avalanche information 0.12
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the feature age, which is a continuous feature, can be explained by the
decision tree’s difficulty to identify thresholds to classify the outcome
into not carrying or carrying along.

The decision tree displays the decision-making process and its un-
derlying features. Any sequence of tests along the path from the root
node to a leaf node represents an if-then rule. Therefore, the algorithm
labels a given decision (i.e., carrying standard avalanche safety equip-
ment) with this yes or that no class. The decision-making process always
starts at the top decision node avalanche danger level and ends with the
final decision carry along or not at the bottom. The percent values on
each node show the respective share of the entire sample. In contrast to
the relative importance of each feature for the decision ‘carry or not’
(Fig. 3), the outcome of the decision tree depends on all previous de-
cisions (i.e., features), whereby the importance of features within each
decision process decreases from top to down. The likelihood to carry
standard avalanche safety equipment (outcome) increases from the left
to the right site.

The following section exemplarily describes two sets of rules for the
carrying along class obtained from the decision tree — one at the left and
one at the right edge. It includes the if-then rule, a short description, and
the respective share of each branch:

If-then rule: If Avalanche danger level = yes, AND Cloudiness
>97%, AND Self-assessment risk-taking >4 then Carrying along, else
Not carrying.

Description: Ski tourers in this class carry the standard avalanche
safety equipment depending on the avalanche danger level and
under cloudy skies. Furthermore, they can be characterized as rather
risk-tolerant.

Share: 2%.

If-then rule: If Avalanche danger level = no, AND Avalanche in-
formation frequency = always then Carrying along, else Not carrying.
Description: Ski tourers carry the standard avalanche safety
equipment independent of the avalanche danger level and always
gather information about the tour’s avalanche danger.

Share: 58%.

According to the different decision tree branches (Fig. 4), we classify
ski tourers into three different types concerning their carrying behavior

Relative importance in percent
10 15 20
[}

Fig. 3. Models’ defining features and the corresponding importance.
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Fig. 4. Decision tree model result.

of standard avalanche safety equipment. The following classification
illustrates the different decision-making processes — the main reason we
apply the machine learning algorithm decision tree in this study.

Weather-oriented (25%): Ski tourers in this class tend to leave the
equipment at home and decide primarily on environmental factors,
such as avalanche danger level and weather conditions. According to
previous studies results, a considerable share of backcountry recre-
ationists does not carry the equipment. Identifying them as weather-
oriented could explain that behavior for the first time.

Complex (17%): Ski tourers consider up to six different features in
their decision process in this class. Furthermore, a clear tendency to
carry the safety equipment (8%) or not (9%) is not visible. The de-
cision process is rather complex since it not only dependent on
environmental factors (i.e., avalanche danger level, weather condi-
tions) and ski touring experience or prevention practices (i.e., using
avalanche decision aid and information on the tour’s avalanche
danger for tour planning).

Conformist (58%): This type is already known in research. The
majority of ski tourers behave compliant with the safety rule to carry
standard avalanche equipment on every tour. This conformity also
becomes clear by looking at the decision process in which re-
spondents are always informed about the tour’s avalanche danger —
another critical prevention practice in a ski tour planning process.

5. Discussion

Results show that ski tourers can be divided into three types
(weather-oriented, complex, and conformist, see Fig. 4) according to
their carrying behavior of avalanche safety gear and the underlying
decision process that is influenced by different features.

Weather-oriented ski tourers primarily base their decision ‘carry or
not’ on environmental factors, such as the avalanche danger level and
weather conditions (i.e., cloudiness). A considerable share of re-
spondents (25%) decides to ‘carry or not’ depending on the avalanche
danger level. Due to the small number of answers, a more precise
statement at which avalanche danger levels ski tourers ‘carry or not’ is

not feasible. Nichols et al. (2018) finds out that a low avalanche danger
level negatively impacts the likelihood to carry avalanche safety gear.
The wrong interpretation of the avalanche hazard tables leading to a
false sense of safety at the avalanche danger levels low and moderate
explains this behavior (Rainer et al., 2008). Statistics from the last two
decades on avalanche accidents per danger level in Switzerland show
that standard avalanche equipment should be carried independently of
the avalanche danger levels (SLF, 2020). In a second step, the decision of
weather-oriented ski tourers depends on weather conditions. Some ski
tourers do not carry the standard equipment under sunny skies (<97%).
In this context, it needs to be kept in mind that weather conditions are
negligible as influencing factors in avalanche accidents (Atkins, 2000)
since avalanches also occur on days with sunny skies. During cloudy
conditions, the risk tolerance of ski tourers also plays a role in the de-
cision. Thus, rather risk-tolerant ski tourers (>4) show a higher will-
ingness to carry the equipment. The need for security can explain this
due to higher risk tolerance. According to Eyland (2016) and Haegeli
et al. (2019), this relation can also be the other way round in the sense
that carrying avalanche devices may increase risk-taking propensity.
Overall, it becomes evident that risk propensity is crucial in decision-
making in avalanche terrain (McClung, 2002).

A decision process with various factors characterizes the complex
type. The avalanche danger level does not play any role in the decision.
Its irrelevance can be explained by the fact that ski tourers of this type
are not always informed about the current avalanche danger. They base
their decision on weather conditions and tend to carry the avalanche
gear in warm temperatures (>0.032 °C) or windy days (>24 m/s).
Snowfall is not part of the decision tree, but its negative correlation with
temperature (see supplementary information on the GitHub page) sug-
gests that the likelihood to carry increases with more snowfall. Such a
rule of thumb based on weather conditions is precarious since ava-
lanches also occur on days with low temperatures, wind, or snowfall
(Atkins, 2000). Furthermore, on-site weather conditions are challenging
to assess from a distance. Thus, carrying standard avalanche safety gear
should not be attached to weather conditions. During cold temperatures,
ski tourers who already used the avalanche decision aid DAV snowcard
are more likely to carry the minimum equipment. The use of avalanche
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decision aids indicates that respondents attended an avalanche course
and thus, reflects a basic level of avalanche education (Haegeli et al.,
2006). This education can be why ski tourers that use the decision aid
tend to carry the avalanche equipment. If they do not use the DAV
snowcard, respondents that evaluate themselves as experienced in ski
touring (>6) are more likely to carry the standard avalanche safety
equipment. This finding confirms Bianchi (2014), Nichols et al. (2018),
and Procter et al. (2014), who find out a positive correlation between the
level of expertise and the likelihood to carry standard rescue equipment.

Conformists are those ski tourers that act consistently with the rules
and recommendations taught in avalanche education courses. They are
already known in research, where the share varies between 77 and 94%
(see Table 1).

The factors climate change perception and avalanche education are
not part of the decision tree and thus, do not influence the decision
process of the identified types. Regarding climate change perception, the
different temporal dimensions between the long-term process of climate
change and the ad hoc decision to ‘carry or not’ can be why this feature
is not relevant in the decision. However, studies predict a changing
avalanche risk in mountain areas (e.g., Hock et al., 2019) that affects
future ski tour planning and should be part of training and education
courses. The model excludes the feature avalanche education during the
generation process of the decision tree since it does not show any
importance for the decision. This result considerably differs from
various studies that determined avalanche education (i.e., take an
avalanche safety course) to be of high significance in this context. Ac-
cording to Ng et al. (2015), Nichols et al. (2018), and Silverton et al.
(2007), those who attended an avalanche course are more likely to carry
the minimum safety equipment. However, this correlation neither deters
backcountry recreationists from skiing steep slopes nor preventing
avalanche fatalities (McCammon, 2000). One reason for the different
outcomes can be our features’ definition that avalanche education only
applies if the course took place in the last six years. We determine this
threshold after the group discussion with the experts. They argue that
participants forget provided content over the years. Therefore, they
recommend repeating avalanche education courses after six years. The
feature leaving the former piste, which is specific to the Taubenstein
region, does not show any importance within the decision process —
similar to the feature residency that the model excludes. We conclude
that the decision-making process is driven by general aspects and in-
dependent of local or geographical issues.

Using a machine learning approach instead of individually testing for
statistical significance (e.g., Ng et al., 2015; Silverton et al., 2007), this
study reveals that environmental aspects (e.g., avalanche danger level,
weather conditions) are more decisive than sociodemographic features.
All sociodemographic aspects investigated in this study do not show any
relevance in the decision-making process to ‘carry or not’. This finding
enhaces Nichols et al. (2018) and Procter et al. (2014) and shows that
environmental aspects are part of the perception of ski tourers. So far,
previous studies exclusively investigate quantifiable aspects, but the
results of our study show that the ski tourers’ perception is of high
importance in the decision process.

6. Conclusion

This study follows an explorative approach that aims to understand
and display the decision-making process on carrying standard avalanche
safety equipment among ski tourers. The results do not claim to be
representative for all ski touring regions in the German Alps but can be
seen as an essential contribution to the content-related and methodo-
logical international discussion.

The main finding is that ski tourers can be classified into the
following three types: weather-oriented, complex, and conformist. This
classification is based on the ski tourers’ final decision to ‘carry or not’
and the respective decision process that differs among these types.
Furthermore, the results show that in contrast to previous studies

Safety Science 143 (2021) 105406

(Marengo et al., 2016; Ng et al., 2015; Nichols et al., 2018; Procter et al.,
2014; Silverton et al., 2007), a) the decision needs to be considered as a
process and; b) the decision does not depend on personal traits alone but
also on environmental factors. Research may have underestimated the
importance of these factors (i.e., avalanche danger level and weather
conditions) so far. The weather-oriented type, who especially considers
avalanche danger and weather conditions in decision-making, can be
seen as an indicator for the decision strategy heuristics that might lead
‘in some cases [...] to inappropriate [...] or inconsistent [...] decisions’
(Takemura, 2014). These environmental heuristics refer to the planning
phase of a ski tour and cannot be compared with the avalanche heu-
ristics identified by McCammon (2004) that refer to a specific situation
in the field.

In our study, only 51% of respondents took an avalanche course in
the last six years. This low share may be one reason for the importance of
environmental heuristics in the decision process since Furman et al.
(2010) and Haegeli et al. (2010) find out that the likelihood to rely on
heuristics can be reduced, among others, through avalanche education.
Concerning the classification of ski tourers, actors involved in ski tour-
ing should concentrate on the weather-oriented type. They account for
25%, and the carrying behavior not carrying can be changed through
awareness-raising campaigns and adapted education programs that treat
these environmental heuristics. Increased awareness and education may
lead to more ski tourers that act compliant with the safety principle to
carry standard avalanche safety equipment on every tour (conformist
type).

Apart from these results, this study and its methodological approach
also contribute to research. Compared to previous studies in this field
that apply a classical statistical approach by testing influencing features
individually for statistical significance for the decision (e.g., Nichols
etal., 2018; Procter et al., 2014), this study takes a new methodological
approach and considers ‘carry or not’ as a decision process. Therefore,
the analysis is based on the behavioral decision theory and uses the
machine learning algorithm decision tree to illustrate the decision pro-
cess and examine the relative importance of each influencing feature for
the decision to ‘carry or not’. Due to its high accuracy (76%), the model
can be considered well-constructed and can predict the decision-making
process — an incentive to use this methodological approach in other
decision processes in avalanche terrain.

We identify two limitations regarding the research question which
factors are decisive for the decision of ski tourers for or against carrying
the standard equipment: First, the study is a regional example of an area
not situated in high alpine terrain. It is therefore not feasible to make
generalized statements about other study areas and their ski tourers.
Thus, the question remains open whether similar decision-making pro-
cesses also influence ski tourers at other locations. However, to answer
this question, the presented approach allows transferability. Second,
despite intensive preparation and precise planning of the survey period
(see chapter 3), the survey is time-limited and does not cover a complete
season. An extension of the survey period and a concomitant increase in
the sample size could improve the overall robustness of the results.
However, the tendential importance of the identified factors and their
interdependence across the decision tree should be consistent — as
illustrated by the models’ high accuracy (76%).

For future research, we encourage comparative studies of other
backcountry activities in different regions (e.g., higher elevation) and
countries to improve the models’ learning and accuracy. Such large-
scale quantitative surveys, covering the presented influence factors,
should be conducted either during the whole winter season or in various
seasons. Consequently, the model would probably cover, among others,
seasonal variations regarding weather conditions, avalanche danger
levels, and avalanche transceiver usage even better. Moreover, this en-
ables to further investigate the two new types (weather-oriented and
complex), their decision processes, and the dominant environmental
factors interpreted as decision heuristics. Future research should also
investigate the use of advanced avalanche devices, such as avalanche
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airbag or AvaLung™, since they have a scientifically proven importance
regarding the chance to survive an avalanche event. A meaningful sta-
tistical investigation of the decision to carry these additional devices is
complex, as they still are underrepresented in use (e.g., Bianchi, 2014;
Ng et al., 2015; Procter et al., 2014). Finally, the counting stations
presented in chapter 3.1, which automatically record the share of
avalanche transceiver beams in total contacts on various locations in the
Alpine region, have enormous potential for further statistical evalua-
tions and comparative analyses.
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Travel participation of Germans before and during the COVID-19

pandemic — the effects of sociodemographic variables

The COVID-19 pandemic led to global disruptions — especially in tourism. As a
result, travel participation decreased. Thus, the proportion of Germans (18-85a)
travelling (>5d) between March and December decreased from 76% in 2019 to
56% in 2020. To better understand who travels during the COVID-19 pandemic
and who does not, we used two population-representative surveys of the German-
speaking residential population. Applying a Gradient Boosting Machine, we
compared the pandemic year 2020 (n = 5,823) with the non-pandemic year 2019
(n=7,366). Considering 12 sociodemographic variables in two models, we
predict their relative influence on the probability of leisure travel participation in
the respective years. The 2019 model shows a relatively high accuracy (71%),
whereas the accuracy of the 2020 model decreases to 59%, indicating that the
variables used have lost importance. Results show, e.g. that household income
and age are the two most important predictors for travel participation. However,
their importance reversed due to the pandemic, with age being the most relevant
predictor for travel participation during COVID-19. Using Partial Dependence
Plots, we compare the direction, impact, and functional form of all variables
regarding travel participation for both years — and thus identify who travels

during the pandemic.

Keywords: COVID-19 pandemic; sociodemographic variables; machine learning;

leisure travel behaviour; tourism crises; Gradient Boosting Machine

Introduction

The COVID-19 pandemic, as a public health crisis, caused severe disruption globally —
concerning health (Carenzo et al., 2020), social issues (Prime et al., 2020), and the
economy (Bartik et al., 2020). Tourism is simultaneously: 1) a contributor to the
pandemic, as tourists spread the virus, and 2) a victim of the pandemic, as it is the
industry primarily affected by containment measures (Schmude et al., 2021). As a direct
result of travel restrictions and uncertainty, in 2020, international tourist arrivals

dropped by an unprecedented 74% — resulting in one billion fewer international arrivals
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or a loss of $1.3 trillion in export revenues and putting 100 to 120 million jobs in
tourism at stake (World Tourism Organization, 2020).

There is a particular lack of studies that directly compare tourist behaviour
before and during the pandemic, though tourism researchers are already addressing the
(economic) impacts of the pandemic on the tourism supply and demand side (Kock et
al., 2020; McCleskey & Gruda, 2021). However, except for Neuburger and Egger
(2021), who examined the relationship between COVID-19 perception, travel behaviour
and travel risk perception, the changes in tourism demand remain largely unexamined.

By answering the question "Who travels during COVID-19 and who does not?'
we aim to determine the impacts of the pandemic on leisure travel participation. We do
so to better understand travel participation during the pandemic and during the
pandemic's future course and potential upcoming disturbances.

Hence, from a demand-side perspective and using two quantitative surveys from
the FUR Reiseanalyse, we compare the travel participation of the German-speaking
residential population before (2019, n = 7,366) and during (2020, n = 5,823) the
pandemic. Quantifying the relative differences between the two years of travel, we use a
machine learning approach to identify the sociodemographic variables critical to
realised travel before and during COVID-19.

Thus, we add to previous research on the travel decision-making process within
an extended 'Stimulus, Organism and Response' (SOR) framework and against the
background of the ongoing COVID-19 pandemic, demonstrating the importance of
sociodemographic variables for travel decision in general and their variability under the
impact of the ongoing pandemic. In this context, we understand COVID-19 as an
unprecedented event that acts as a stimulus, and we compare its impact on tourism

demand with the previous non-pandemic period.
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Literature review

The relevance of sociodemographic variables and their influence on travel behaviour
and the travel decision process is well confirmed: According to McCabe et al. (2016),
understanding the mechanism of vacation decision-making and the variables that
positively or negatively influence travel behaviour is one of the core issues in tourism
research. In 2020 and the first months of 2021, we observe a significant decline in
general travel activities (Gallego & Font, 2020; Tran et al., 2020). There are initial
indications that sociodemographic variables — among others — by Karl et al. (2020), e.g.
age, gender, social stratification, influence travel decision-making under pandemic
conditions (Foroudi et al., 2021; Jeon & Yang, 2021). Following Karl et al. (2020) and
Huber et al. (2018), it is crucial to state that travel constraints may lead those still
travelling to travel differently. These findings of changes in travel behaviour build upon
a growing body of literature on the relationship between travel decisions under
uncertainty, taking into account sociodemographic variables, such as age, household
size, gender, education, household income and size of a residential city (Collins &
Tisdell, 2002; Karl, 2018). To our knowledge, Neuburger and Egger (2021) are the first
to present their findings on individual perceptions for the COVID-19 pandemic in terms
of travel risk and influences on actual travel behaviour, with individual travel risk
perceptions being constituted by sociodemographic characteristics, among others.

In the following, we describe the variables available to our study, their influence
on the realisation of a trip and, if applicable, their relevance in times of crisis in more
detail.

Age As stated by Mieczkowski in 1990, age and the family life cycle stage are
the most important demographic variables influencing tourism demand (Collins &

Tisdell, 2002). Age is thus embedded in a social partnership structure. The age of any
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existing children in the household and concerns about health risks affect personal
tourism demand more significantly than an assumed linear correlation between age and
tourism demand (Bernini & Cracolici, 2015). Cahyanto et al. (2016) find a negative
relationship between age and the likelihood of travelling in times of crisis. In their study
on the dynamics of travel avoidance for Ebola in the U.S., younger groups showed a
greater propensity for travel avoidance due to Ebola. In contrast, first empirical studies
on the COVID-19 pandemic from Italy and Turkey show that older people, especially
those with pre-existing health issues, cancel many activities (Aydin & Ari, 2020) and
are expressing more severe difficulty than younger generations in planning their
holidays (Corbisiero & La Rocca, 2020). Ivanova et al. (2020) reflect those findings on
the travel willingness after the pandemic, with young adults exhibiting a stronger desire
to travel when the pandemic is over. Neuburger and Egger (2021) find in two surveys
conducted before and after the pandemic was declared in spring 2020 that there is a
significant positive correlation between the willingness to change or cancel travel plans
and increasing age.

Household Size The household size can be assumed to be a limiting factor, as it
represents a de facto reduction in disposable income and thereby acts as a restriction on
vacation spending (Nicolau, 2008). These results agree with Eugenio-Martin and
Campos-Soria (2014), who state that family size negatively affects the probability of
making a trip abroad. This reduction also aligns with Alegre et al.'s (2010), who find
that as regards the reference category of households with no members under the age of
16, the presence of younger children reduces the probability of affording a holiday. In
times of uncertainty, household size seems to have an ambivalent influence on the travel

decision. Karl (2018) states that risk and uncertainty avoiders are more likely to travel
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with young children under six, whereas no significant correlation was detected for
travelling with children under 14.

Gender Usually, gender is considered an essential variable in travel behaviour
research (Schwanen et al., 2002). Although women and men could have differing
motives for going on vacation (Andreu et al., 2008), other empirical studies find no
significant effect of gender on travel decisions. Bernini and Cracolici (2015) conclude
that the decision to take part in tourism is, in many cases, a group decision, e.g. amongst
members of one family — partly explaining the non-existence of gender differences. The
only gender-specific difference in tourism participation observed by Bernini and
Cracolici (2015) was the decision to travel abroad, with women being more likely to opt
for a domestic trip than men. When it comes to gender-specific travel decisions in crises
and risk avoidance, Cahyanto et al. (2016) found a positive relationship between gender
and travel avoidance, with females being more likely to avoid travel due to Ebola. In
line with this, Isaac's (2021) study on the impact of terrorism on risk perception finds
that females appear to perceive safety as more important than male respondents.

Education Regarding the level of education, Bernini and Cracolici (2015) show
that it positively affects the decision to travel and the level of consumption. As Alegre
et al. (2010) state, higher-level education positively influences a person's ability to make
a living for their family and gives the family more disposable income to spend on
tourism. When it comes to travel decisions in times of crisis, education level is
negatively correlated to risk perception (Karl, 2018; Sénmez & Graefe, 1998b), which
is decisive in the travel decision-making process. While higher education generally
leads to more robust future travel planning, Karl et al. (2021) state that episodic future
thinking increases people's willingness to wait for the next holiday during the

unprecedented times of a pandemic. This could indicate that higher education may lead
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to a greater willingness to postpone travel until the perception of the general situation
improves.

Household income Nicolau and Mas (2005a) conclude in their study on the
three-stage tourism choice process that one of the main dimensions that positively affect
the decision to take a vacation is income. Alegre and Pou (2004) and Eugenio-Martin
and Campos-Soria (2014) find a greater propensity to take vacations among high-
income people. Ivanova et al. (2020) show a clear positive connection between
household income and willingness to travel for the ongoing pandemic.

City size Alegre and Pou (2004) show that households located in large cities
have a higher probability of tourism consumption. Nicolau and Mas (2005a, 2005b) also
identify the size of a residential city as a determining variable in the initial decision to
go on vacation. In this context, residence in a comparatively populous city (more than
100,000 inhabitants) positively influences travel decisions, indicating the need to escape
the large urban centres (Eymann & Ronning, 1997).

Community size and location In their study on the households' decision to cut
back on tourism expenditure during the global economic crisis in 2009, Eugenio-Martin
and Campos-Soria (2014) show that in addition to whether someone takes a vacation
trip or not, there are spatial or regional variables that influence the choice of destination.
As a result, households located in small towns and rural areas are less likely to travel
further than those living in metropolitan areas. The authors explain this result with the

fact that larger cities have more transportation facilities.

Methodology

Conceptual framework

We base the paper's theoretical framework on the theory of the behaviour model
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'Stimulus, Organism and Response' (SOR), developed by Woodworth (1929) to describe
a functionalist approach of psychology and applied by Ma (2000) for tourism purposes.
Furthermore, we enhance our theoretical framework on the Model of International
Tourism Decision-Making Process by Sonmez and Graefe (1998b), who adopted the
idea that internal variables, demographic variables and motivation influence travel
decisions and travel realisation.

Within our framework, we consider the COVID-19 pandemic an external
stimulating factor (see Error! Not a valid bookmark self-reference.), impacting
global travel activity in 2020 (G6ssling et al., 2020). This external factor affects each
person, here represented by the organism. The organism includes the actual decision-
making process, in which the decision to travel or not to travel is embedded, and which
affects a persons' behavioural response. The decision-making process itself is affected
by internal factors, the motivation to travel and sociodemographic variables. Within our
context, we consider the motivation, the internal factors, and the decision-making
process itself a black box, as they are not sufficiently observable in retrospect. Also,
they are more unstable variables (Kattiyapornpong & Miller, 2009) and thus have a
higher temporal variability.

Within the framework of this study, we use the explanatory power of
sociodemographic variables on the decision-making process and, thus, on travel
participation against the background of the pandemic compared to the year before the

crisis.
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Figure 1: Theoretical framework. Adapted from S6nmez and Graefe (1998b) and Ma

(2000)
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Data description

As the basis for this study, we use the Reiseanalyse (travel analysis, RA) from FUR
(2020; FUR, 2021). This is a population-representative survey that describes the
vacation and travel behaviour of the German-speaking residential population older than
14 and their vacation motives and interests since 1970. These surveys are well known
and frequently used in German tourism science (Karl et al., 2020; Popp et al., 2021) and
are based on structured face-to-face interviews.

The RA dataset allows us to compare two years using the same survey
instrument directly: For the reference year 2019, RA20 (FUR, 2020) with 7,729
participants and for the pandemic year 2020, RA21 (FUR, 2021) with 6,207
participants. We reduced the data sets as follows (see Figure 2): We excluded 1) cases
in which participants did not answer at least one variable entirely and 2) subjects whose
age was below 18 or above 85 years at the time of participating in the interview. We
aimed to ensure an independent travel decision-making process, regardless of legal or
financial dependencies, by reducing the age limit. The upper age limit results from
minimal case numbers for the age 86 and above. 3) Due to the temporal development of

the COVID-19 pandemic in Europe and Germany, the months of January and February
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in 2020 remained largely unaffected by measures and their impact on tourism activity
(Schmude et al., 2021). In our analysis, we only consider the months from March to
December of a respective year. Alignment of the observation period necessitates a
separate step in the data management: We classified those respondents who reported
having travelled for more than five days between March and December of the respective
year as travellers and all others, including those who only travelled in January and
February, as non-travellers. For Germany, due to national and international measures, in
the nine months considered 2020, there remain five months with strict travel restrictions
and seven months in which, with certain restrictions, it was possible to travel nationally

and internationally (Schmude et al., 2021).

Figure 2: Sample selection reduction and classification for 2019 and 2020

Cases (1 Jan to 31 Dec)

Excluded due to missing
Excluded due to age values for variable migration
<18: 115|100
>85: 72| 42

Cases

A4

Travelled between 1 Mar and 31 Dec

JL,

yes

Measures

Since we use the RA survey (FUR, 2020, 2021) as the basis of our analysis, we are
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limited in the selection of variables to the items collected for the years 2019 and 2020.
To define travel participation, like Popp et al. (2021), we use whether the respondent
took a vacation (=5d) in the respective year, with the attributes yes and no to distinguish
travellers from non-travellers, as the outcome variable of the analysis. As predictors, we
use all sociodemographic characteristics available in the dataset. Items regarding travel
experience, travel motivations and travel constraints, as applied by Karl et al. (2020),
were not queried for 2019 and 2020 and cannot be used. So, in addition to the outcome
variable, 12 variables are considered predictors in our analysis (see Table 1). We have
modified the following variables: 1) We distinguished the item children in household by
the three categories <5a, 6—13a, and 14—17a to better differentiate specific effects on
young children and adolescents. 2) We based the variable filly employed on the primary
earner (and not on the respondent) to better reflect the employment situation in the
household. 3) Also, for the same reason, in our analysis, the variable highest education
in household refers not only to the respondent (as in the RA survey) but to the highest

level of education of the respondent and the main earner.

Table 1: Sample Characteristics (nzg19 = 7,366, nypp0 = 5,823): Outcome variable and 12

predictors (For classes, the class centre was used. >x was set to x).

Level of Scale/Categories Frequency Percentage
measurement in 2019 2020 2019 2020
the model
Vacation >5d Nominal Yes 5,660 3,269 76.8 56.1
(in 2019/2020 —
March to December No 1,706 2,554 232 439
(outcome))
Gender Nominal Male 3,401 2,670 46.2 459
Female 3,965 3,153 53.8 54.1
Age Numeric 18-85 mean:  mean: median: median:
51.2 51.3 52 53
Residency Nominal West 5,880 4,641 79.8 79.7
East 1,486 1,182 20.2 20.3
Hometown size Numeric [1,4,999] 1,135 902 15.4 15.5
[5,000, 49,999] 3,308 2,636 449 453
[50,000, 99,999] 645 493 8.8 8.5
[100,000, 499,999] 1,091 853 14.8 14.7
>500,000 1,187 939 16.1 16.1
Household size Numeric 1 2,348 1,875 31.9 322
2 3,010 2,391 40.9 41.1
3 1,057 791 14.4 13.6
4 756 591 10.3 10.2
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>5 195 175 2.7 3.0
Children (<5a) Nominal Yes 570 470 7.7 8.1
in household No 6,796 5,353 92.3 91.9
Children (6-13a) Nominal Yes 885 692 12.0 11.9
in household No 6,481 5,131 88.0 88.1
Children (14-17a) in Nominal Yes 577 453 7.8 7.8
household No 6789 5370 922 92.2
Household income Numeric [0, 499] 10 21 0.1 0.4
(net, monthly in euros [500, 749] 66 29 0.9 0.5
— frequency and [750, 999] 231 148 3.1 2.5
percentage per [1,000, 1,249] 337 257 4.6 4.4
category) [1,250, 1,449] 539 428 7.3 7.4
[1,500, 1,749] 587 472 8.0 8.1
[1,750, 1,999] 624 480 8.5 8.2
[2,000, 2,249] 561 477 7.6 8.2
[2,250, 2,499] 677 478 9.2 8.2
[2,500, 2,999] 1,056 817 14.3 14.0
[3,000, 3,499] 880 690 12.0 11.9
[3,500, 3,999] 657 553 8.9 9.5
[4,000, 4,499] 462 385 6.3 6.6
[4,500, 4,999] 300 256 4.1 4.4
> 5,000 379 332 5.1 5.7
Fully employed Nominal Yes 3,595 2,888 48.8 49.6
(respondent or
primary earner) No 3,771 2,935 51.2 50.4
Highest education in Nominal Junior high school 2211 1,718 30.0 29.5
household Secondary school 2,959 2,406 40.2 41.3
High school 1,412 1,031 19.2 17.7
University or college 784 668 10.6 11.5
Migration background ~Nominal Yes 992 636 13.5 10.9
No 6,374 5,187 86.5 89.1

Data analysis

Regarding Kern et al. (2019), who emphasise the suitability of tree-based machine
learning methods for the analysis of survey data, we apply a Gradient Boosting Machine
(GBM) for model building in R (R Core Team, 2021). We use the packages gbm
(Greenwell et al., 2020), rsample (Kuhn et al., 2020), caret (Kuhn, 2020), foreign (R
Core Team, 2020), plotmo (Milborrow, 2020) and ROCR (Sing et al., 2005). We
consider the binary outcome variable (vacation >5d yes or no) as a classification
problem and use the GBM's machine learning technique to solve it. In doing so, the
algorithm iteratively builds ensembles of classification trees and optimises them by
minimising the loss function to achieve the best predictive value (Friedman, 2001). For
this purpose, we developed an identical algorithm for each of the two data sets (RA2020
and RA2021). Each data set is divided into training data (60%, 4,420/3,495

observations), which teaches the model, test data (20%, 1,473/1,164 observations) for

URL: https://mc.manuscriptcentral.com/cvp-cit Email: RCIT-peerreview@journals.tandf.co.uk



6.5 Travel participation of Germans before and during the COVID-19 pandemic ... 115

Page 12 of 41

model evaluation and validation data (20%, 1,473/1,164 observations) that we use for

hyperparameter optimization (see Figure 3).
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Figure 3: Model generation process
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We define the model's quality by its accuracy in predicting the outcome of each

observation in the test data and the model's area under the ROC curve (AUC, Table 2).

We evaluated all features for correlation and dependence. The correlation between the

features is not distinct — with two exceptions: 1) Household size and household income

show a moderate positive relationship (+0.60 for 2019 and +0.63 for 2020). 2) There is

also a moderate positive relationship (+0.46 to +0.61 for 2019 and +0.47 to +0.62 for

2020) between the household size and the three variables of children in household.

We also compared the results of the two GBM models with Generalised Linear

Models (GLMs), confirming the tendency and direction of the GBMs. The R code for

both models, correlation plots, all result plots, and a descriptive analysis of all features

concerning central tendencies and measures of dispersion are available online at

www.github.com/AnonymisedLinkForReview.

Using a GBM approach has the following advantages for our specific research

question: 1) The high performance compared to other analysis methods, 2) the high

robustness of the model for correlations between features, 3) the negligence of those
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features without relevance for the outcome variable (Friedman, 2001) and 4) the
robustness of the model regarding monotonic feature transformations (Friedman, 2001).
Due to the minimal need for adaption of the original dataset, overall, the approach

enables high applicability for further research.

Results

The difference in the predictive quality of the two models (2019 vs 2020) itself (see
Table 2) is a significant finding. Thus, the 12 variables used as predictors for the 2019
model lead to good model performance with high accuracy (71%) and AUC (0.76).
However, the same variables result in a lower model quality for the 2020 model (59%

accuracy, AUC 0.63).

Table 2: Confusion matrix and GBM's accuracy as well as area under the ROC curve

(AUC) for 2019 and 2020 data set

References (actual values)
2019 2020
Travel Not Travel Travel Not Travel
Predictions Travel 224 306 279 251
Not Travel 118 825 224 410
Accuracy 71% 59%
AUC 0.76 0.63

For further analysis, we consider the features' relative influence (see Figure 4). It
describes the role of the specified feature in predicting the target response and can be
used to visually quantify the contribution of each explanatory variable to the model
(Friedman, 2001).

For 2019, household income explains 42% of the classification in the model.
Altogether, household income, age, highest education in household and household size
explain 84%. For 2020, the relative importance of household income decreases from
42% to 22% and that of age increases from 20% to 33%. Household size (4% to 6%)

and hometown size (6% to 9%) also increased. In contrast, highest education in
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household (17% in 2019 and 2020) remains unchanged regarding its influence. Other
variables have also changed, but since their relative influence is less than 5% in each

case, they contribute only marginally to the model (see Figure 4).

Figure 4: Relative influence for each model's feature for 2019 and 2020
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Using a GBM approach (as described in Chapter 3) enables us to interpret the models
through partial dependence plots (PDPs). PDPs illustrate the direction, impact, and
functional form of the relationship between an input and output variable, holding other
variables constant (James et al., 2013). We use PDPs with averaged effects to illustrate
the probability of Germans travelling under non-pandemic (2019) and COVID-19
pandemic (2020) conditions as a function of the features under investigation.

In the following, we highlight the differences between the two years in the
probability of travel participation depending on the features analysed (see Figure 5).
The probability of travel participation was higher in 2019 than in 2020 across all
variables and their expressions. Both within the model and the sample, it was 76% in
2019 and 56% in 2020. The observed features can be grouped into three categories
when comparing the two years:

1) Those where the range, the difference between the smallest and largest
values, of feature expression has extended: for 2019, there is a declining probability of
travel participation with increasing age. This decrease is particularly relevant for

subjects in their late sixties and older. In contrast, for 2020, the variable age shows a
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plateau between the subject's late thirties and late sixties. Considering residency, the
probability of travel participation is higher for East Germans than West Germans (81%
to 75%) before the pandemic. For 2020, the probability for both groups is below the
2019 values, but the value for West Germans (55%) has fallen more sharply than for
East Germans (64%). In 2019, the probability of travel participation as a function of
highest education in household ranged from 71% for Junior high school to 82% for
University or college. However, this range has reduced in level and widened in 2020 to
49% for Junior high school to 70% for University or college.

2) Those where the range has narrowed: while in 2019, independent of all other
variables, women were slightly more likely to participate in travel than men (78% vs
75%), this difference has levelled for 2020 (56% vs 57%). For 2019, the probability of
travel participation increases with increasing household income, regardless of all other
variables. This effect applies up to an income of around 3,500 euros. From then on,
saturation sets in, and the probability of participating in travel remains at about the same
high level. For 2020, a similar trend emerges, with a general lower probability of travel.
While the range in 2019 was between 56% for low incomes and 90% for high incomes,
in 2020, it was between 45% for low incomes and 67% for high incomes.

3) Those where the range has remained about the same: hometown size,
household size, and fully employed show roughly the same range of travel participation,

but on a lower level in 2020 than 2019.
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Figure 5: Partial Dependence Plots (PDPs, averaged effects) for each model's feature for
the probability of travel for 2019 and 2020
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Discussion

We analyse the effect of sociodemographic variables on tourism participation before
(2019) and during (2020) the COVID-19 pandemic. Applying a Gradient Boosting
Machine (GBM) algorithm, we use a machine learning approach to examine the relative
influence of German travel participation predictors. The quality of our models,
measured by their ability to predict a correct classification, thereby permits the
following conclusion: 1) The predictors we used allow a good classification accuracy
(71%) under non-pandemic conditions (2019) within the GBM approach. This relatively
good classification indicates the suitability of both the chosen method and the
sociodemographic variables used in predicting travel participation. 2) However, the
same predictors and the same approach result in relatively low classification accuracy
(59%) for the pandemic year of 2020. Due to this difference, we assume that during the
COVID-19 pandemic, additional variables that we could not observe have a more

decisive influence on travel participation during the pandemic year 2020 than in the
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non-pandemic year 2019. Those determinants might be travel experience, travel
motivations and travel constraints. 3) The identified differences, both in the predictive
quality of the two models (2019 vs 2020) and in the different variables regarding their
importance for travel participation (see Figure 5), demonstrate the suitability of the
chosen Stimulus-Organism-Response framework. Thus, we show that and how the
COVID-19 pandemic, as an external stimulus, impacts the German-speaking residential
population's travel participation regarding sociodemographic variables. These
differences in the importance of each predictor for travel participation are discussed
hereafter.

Corresponding with Nicolau and Mas (2005a), we deduced that household
income is the most crucial predictor, followed by age, highest education in household,
hometown size and household size when analysing travel participation in a non-
pandemic year. These five variables are identified as most influential (see Figure 4) and
therefore discussed in the following section. Household income is the essential variable
for travel participation among the respondents under non-pandemic conditions (2019)
and, after age, the second crucial predictor during the COVID-19 pandemic in 2020.
The positive association of household income and travel participation and the higher
effect for medium or high-level earners found in both years concurs with tourism
literature on travel participation (Alegre et al., 2009; Eugenio-Martin & Campos-Soria,
2014; Nicolau & Mas, 2005a). Coincident with Ivanova et al. (2020), during the
COVID-19 pandemic, travel participation increases with a rise in household income.

Furthermore, compared to the income curve in 2019, the curve in 2020 is on a
lower level, and its range is more compressed, meaning that the income effect has
decreased. The pandemic itself may explain this, as it can be understood as an uncertain

macroeconomic situation. For such situations, Eugenio-Martin and Campos-Soria
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(2014) argue that the influence of disposable income on household consumption
decreases, not due to the actual reduction of income, but due to expected changes in
income in the future.

In a non-pandemic setting (2019), the probability of travel participation declines
with increasing age. This finding is in line with e.g. Bernini and Cracolici (2015).
Under pandemic conditions, age becomes the most crucial determinant for predicting
travel participation. Travel experience tends to rise with increasing age, while at the
same time, risk perception falls (Neuburger & Egger, 2021). Both aspects affect travel
behaviour (Sonmez & Graefe, 1998a). Under COVID-19 conditions (2020), younger
Germans in their twenties and until their mid-thirties and older Germans in their
seventies and eighties tend to be more reluctant to travel than those in the late thirties to
sixties. In this case, age may be interpreted as a proxy for generalised COVID-19
anxiety (Skoda et al., 2021) and health issues (Deaton & Paxson, 1998). Both might
explain the steep decline in the travel participation of younger Germans and those aged
65 or older. Furthermore, Ivanova et al. (2020) reveal that older people attach more
importance to health and safety issues. In contrast, Cahyanto et al. (2016) stated for the
Ebola outbreak in the USA 2014 that with increasing age, the likelihood of avoiding
travel decreases.

Moreover, we find that increasing highest education in household affects the
probability of travelling positively under both non-pandemic and COVID-19 conditions.
In non-pandemic conditions, this is also shown by other empirical studies (Bernini &
Cracolici, 2015; Karl et al., 2020; Nicolau & Mas, 2005a; Popp et al., 2021). Alegre et
al. (2010) summarise that the likelihood of travel participation increases with education
due to greater access to knowledge and information. The decline in risk perception, an

essential variable for travel decisions, with increasing education level (Karl, 2018;
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Sénmez & Graefe, 1998b), might explain the broader range of travel participation
between lower and higher education during the pandemic.

Household size, which recently declined in its importance due to demographic
change (Bernini & Cracolici, 2015) in non-pandemic conditions, becomes more critical
under COVID-19. One reason for the negative relationship between increasing
household size and travel participation might be the budget limitation for family
holidays (Nicolau, 2008) and the fact that a larger household (with children) also faces
more extensive and foresighted planning (Grigolon et al., 2014). Also, with increasing
household size, the likelihood that a member of the household will somehow be exposed
to health risks from the pandemic rises.

Like Nicolau and Mas (2005a), we find hometown size a determining influence
predictor for travel participation. Its influence is more substantial in the year with
pandemic constraints than in a non-pandemic year. For non-pandemic years, as per
Alegre and Pou (2004), we find travel participation increases with a rising hometown
population. In the pandemic year 2020, the same effect occurs for cities with up to
around 100,000 inhabitants. With larger cities, the trend reverses, and compared to the
previous year, the likelihood of travel participation decreases more steeply. One
possible explanation is that under COVID-19 conditions, residents of larger cities are
objectively at greater risk of infection (Stier et al., 2020) or that they subjectively
perceive this to be the case.

Our analysis has the following implications. On the theoretical side, we have
demonstrated the suitability of the SOR framework and the GBM approach and the
predictive value of sociodemographic variables. On the practical side, we explain who
the additional non-travellers in the pandemic year 2020 are. We show that age became

more critical for travel participation in the pandemic year of 2020 than in the previous
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year. Therefore, for a post-COVID-19 recovery, advertising and marketing might
specifically address people in their twenties and thirties and those in their late sixties
and older. As age might be a proxy for health concerns, a sense of safety and hygiene
might become more crucial under COVID-19 conditions. Moreover, results show that
the decline in travel participation is not primarily a matter of money. Price discounts in
tourism, therefore, might not be necessary for a speedy recovery.

We are limited by the data source (FUR, 2020, 2021) regarding the available
variables and could not implement predictors for travel experience, travel motivations
and travel constraints. Theoretically, a self-conducted survey for 2020 including those
variables would not have allowed us to compare travel participation with 2019. For the
observed variables, the existence of other, unobserved background variables that
influence them cannot be ruled out. Nevertheless, the observed sociodemographic
variables are less influenceable by day-to-day events and more stable over time. The
relatively low accuracy of the 2020 model is an indication that other unobserved
variables influence travel participation during the pandemic. However, we can neither
identify these with the used dataset nor measure their relative influence. In addition, our
analysis refers to the German-speaking residential population in Germany. Whether
these findings, especially the changing influence of income and age, can be transferred

to other statistical populations remains unanswered.

Conclusion

In summary, our analysis of the travel participation of the German-speaking residential
population (18-85a) before (2019) and during the COVID-19 pandemic (2020) shows
the following: 1) The 12 sociodemographic variables used have a high explanatory
value (71% accuracy) for predicting travel participation before the COVID-19

pandemic. During the pandemic, the explanatory value of the same variables decreases
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(59% accuracy), indicating their reduced relative influence. 2) The five predictors,
household income, age, highest education in household, hometown size and household
size alone, account for more than 86% of the relative influence in predicting travel
participation in both years. 3) Comparing the probability of travel participation as a
function of variables between both years shows that it is lower for 2020 than for 2019
across all 12 variables. In addition, when comparing each variable individually for both
years, differences are particularly apparent for the variables age, household income and
hometown size.

As a methodological conclusion, using the machine learning algorithm Gradient
Boosting Machine (GBM) enabled us to determine the relative importance of each
feature for the probability of travel participation. Using Partial Dependency Plots
(PDPs) also allows us to detect the direction, impact, and functional form of the
relationship between the features and the probability of travel participation — holding
other variables constant. We, therefore, suggest the further development and utilisation
of this kind of method in tourism research, following Kern et al. (2019), especially in
panel survey settings.

Results show that even in the pandemic year of 2020, travel never came to a
complete halt. Against the background of the observed variables, the reduction in
German travel participation from 76% (2019) to 56% (2020) is mainly driven by age
and not by household income. During the pandemic, the following groups were more
likely to participate in travel compared to the previous year: people of middle age,
people less dependent on income compared to 2019, East Germans, inhabitants of
smaller cities and smaller households and such households with a migration
background. On the other hand, previously existing differences, such as gender, have

levelled off. Thus, we summarise that while in 2019, travel participation was mainly a
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financial issue, this influence decreased in 2020 under COVID-19 conditions, while
other variables, such as age (possibly indicating health issues and risk aversion),
became more influential. Consequently, these results can help the supply side
understand who is not travelling during COVID-19. Tourism practitioners might derive
direct recommendations for marketing and market penetration from this.

Our work offers incentives for future research. Since our analysis focused on
comparing the pandemic year 2020 with the non-pandemic year 2019 in Germany, we
were obliged to use the available sociodemographic variables of the Reiseanalyse (FUR,
2020, 2021). Future work should focus on additional variables such as travel
experience, travel motivations and travel constraints. These variables should be added to
the predictors we have studied to examine the travel participation process further. This
study covers the period before and during COVID-19 and compares them. Upcoming
research might extend this consideration for the time after the pandemic when, for
example, vaccines become more readily available, potential changes in price level occur
and as recovery (potentially as pent-up demand) or further decline proceed. Moreover,
our analysis shows a decreasing influence of household income and an increasing
influence of age during the pandemic year 2020 compared to 2019. Whether this effect
was only observable in 2020 or will persist in the medium or longer-term might be of

interest for further research.
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Appendices

Figure s1: Central tendency and measure of dispersion all features 2019
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Figure s2: Central tendency and measure of dispersion all features 2020
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Figure s3: Correlation plot for metric features 2019
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Figure s4: Correlation plot for categorial features 2019
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Figure s5: Correlation plot for metric features 2020
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Figure s6: Correlation plot for categorial features 2020
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Figure s7: False-positive-rate of both Gradient Boosting Machines (2019 and 2020)
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Tables

Table 1: Sample Characteristics (nyg19 = 7,366, nypp0 = 5,823): Outcome variable and 12

predictors (For classes, the class centre was used. >x was set to x).

Level of Scale/Categories Frequency Percentage
measurement in 2019 2020 2019 2020
the model
Vacation >5d Nominal Yes 5,660 3,269 76.8 56.1
(in 2019/2020 —
March to December No 1,706 2,554 232 439
(outcome))
Gender Nominal Male 3,401 2,670 46.2 459
Female 3,965 3,153 53.8 54.1
Age Numeric 18-85 mean:  mean: median: median:
51.2 513 52 53
Residency Nominal West 5,880 4,641 79.8 79.7
East 1,486 1,182 20.2 20.3
Hometown size Numeric [1,4,999] 1,135 902 15.4 15.5
[5,000, 49,999] 3,308 2,636 44.9 453
[50,000, 99,999] 645 493 8.8 8.5
[100,000, 499,999] 1,091 853 14.8 14.7
>500,000 1,187 939 16.1 16.1
Household size Numeric 1 2,348 1,875 31.9 322
2 3,010 2,391 40.9 41.1
3 1,057 791 14.4 13.6
4 756 591 10.3 10.2
>5 195 175 2.7 3.0
Children (<5a) Nominal Yes 570 470 7.7 8.1
in household No 6,796 5,353 92.3 91.9
Children (6-13a) Nominal Yes 885 692 12.0 11.9
in household No 6,481 5,131 88.0 88.1
Children (14-17a) in Nominal Yes 571 453 7.8 7.8
household No 6789 5370 922 9.2
Household income Numeric [0, 499] 10 21 0.1 0.4
(net, monthly in euros [500, 749] 66 29 0.9 0.5
— frequency and [750, 999] 231 148 3.1 2.5
percentage per [1,000, 1,249] 337 257 4.6 4.4
category) [1,250, 1,449] 539 428 7.3 7.4
[1,500, 1,749] 587 472 8.0 8.1
[1,750, 1,999] 624 480 8.5 8.2
[2,000, 2,249] 561 477 7.6 8.2
[2,250, 2,499] 677 478 9.2 8.2
[2,500, 2,999] 1,056 817 14.3 14.0
[3,000, 3,499] 880 690 12.0 11.9
[3,500, 3,999] 657 553 8.9 9.5
[4,000, 4,499] 462 385 6.3 6.6
[4,500, 4,999] 300 256 4.1 4.4
> 5,000 379 332 5.1 5.7
Fully employed Nominal Yes 3,595 2,888 48.8 49.6
(respondent or
primary earner) No 3,771 2,935 51.2 50.4
Highest education in Nominal Junior high school 2,211 1,718 30.0 29.5
household Secondary school 2,959 2,406 40.2 413
High school 1,412 1,031 19.2 17.7
University or college 784 668 10.6 11.5
Migration background ~ Nominal Yes 992 636 13.5 10.9
No 6,374 5,187 86.5 89.1
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Table 2: Confusion matrix and GBM's accuracy as well as area under the ROC curve

(AUC) for 2019 and 2020 data set

References (actual values)

2019 2020
Travel Not Travel Travel Not Travel
Predictions Travel 224 306 279 251
Not Travel 118 825 224 410

Accuracy 71% 59%

AUC 0.76 0.63
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Figures
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Hyperparameter Optimization
using metric Accuracy
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Figure captions

Figure 1: Theoretical framework. Adapted from Sonmez and Graefe (1998b) and Ma
(2000)

Figure 2: Sample selection reduction and classification for 2019 and 2020
Figure 3: Model generation process
Figure 4: Relative influence for each model's feature for 2019 and 2020

Figure 5: Partial Dependence Plots (PDPs, averaged effects) for each model's feature for
the probability of travel for 2019 and 2020
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