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Abstract

Overtourism is an increasingly relevant problem for tourist destinations, and some
cities are starting to take extreme measures to counter it. In this paper, we introduce a
simple mathematical model that analyzes the dynamics of the populations of residents
and tourists when there is a competition for the access to local services and resources,
since the needs of the two populations are partly mutually incompatible. We study
under what conditions a stable equilibrium where residents and tourists coexist is
reached, and what are the conditions for tourists to take over the city and to expel
residents, among others. Even small changes in key parameters may bring about very
different outcomes. Policymakers should be aware that a sound knowledge of the
structural properties of the dynamics is important when taking measures, whose effect
could otherwise be different than expected and even counterproductive.
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1 Introduction

The rapid increase of global mobility that has characterized the mature phase of the
globalization process in the past couple of decades has also, as a consequence, led to
the escalation of ‘overtourism’ issues in many global tourism destinations, and most
notably in major art and heritage cities. Despite massive flows of tourists clearly ben-
efit the local economy, they also pose a major threat to both the livability and, in some
cases, even the sustainability of cities that are literally consumed by a level of human
occupancy they weren’t designed or intended to host. In Barcelona, where the num-
ber of overnight stays escalated from 1.7 millions in 1990 to more than 8 millions in
16 years, overtourism is one of the key causes of an environmental pollution emergency
(Ledsom 2019). In addition to the most renowned tourist locations, the geography of
overtourism is also rapidly expanding due to the global visibility acquired by some
cities for having been the shooting location of successful TV series, as in the case
of Dubrovnik for Game of Thrones (Wiley 2019). However, an increasing number of
critical voices are questioning this trend, locally as well as internationally (Economist,
2018). For residents, overtourism may have dramatic consequences. Housing for per-
manent residential use becomes increasingly scarce and expensive. Services catering
to the needs of locals become rarer, more difficult to reach, and again more expensive.
The constant noise and the overcrowding of streets and local transport can be a source
of considerable stress for working people, families with small children and the elderly.
In cities like Venice, the number of bed-and-breakfasts and flats for short-term tourist
occupancy has nearly doubled in the space of just one year (Tantucci 2018). As a
consequence, residents are evicted by landlords who find way more profitable to rent
to tourists. In Florence, for instance, between October 1, 2017, and June 30, 2018, as
many as 478 residents who couldn’t keep up with the rising rents had to leave their
homes, including lifetime ones: 209 living in the historical center, 71 in the Unesco
area and 198 in other areas of the city (Conte 2018). More generally, the so-called
airification (Picascia et al. 2019) has been identified as a disruptive force that is lit-
erally ‘hollowing out’ cities (Hinsliff 2018). Such a state of things does not come as
a complete surprise to the tourism studies literature. Although early warnings were
appropriately sent, as in the seminal paper by van den Borg et al. (1996), they have
not succeeded in convincing local policy makers to devise appropriate countervailing
strategies and to take action.

Now that the negative effects of the phenomenon are becoming indisputable,
however, some cities are starting to react aggressively. Amsterdam has banned the
concession of new licenses to business within the historical city core that offer goods
and services targeting tourist demand (O’Sullivan 2017), as a way to curb the ‘Disney-
fication’ of the city (Boztas 2017). Bruges has strictly limited the maximum number
of cruise ships that may be hosted at its port’s docks on a daily basis and has limited
its own tourism-related advertising in major nearby cities (Marcus 2019). Venice has
implemented a very severe set of restrictions to many different kinds of tourist misbe-
havior, sanctioned with heavy fines (Spinks 2018). Ten major European heritage cities
such as Amsterdam, Barcelona, Berlin, Bordeaux, Brussels, Krakow, Munich, Paris,
Valencia and Vienna have jointly signed a letter to the new EU Commission asking for
severe limitations to the further expansion of Airbnb and other holiday rental websites
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(Henley 2019). However, it is not easy to go against such a powerful trend, despite
that the current COVID-19-related crisis that has caused a temporary collapse of the
tourism industry worldwide will probably provide overcrowded tourist cities with an
unexpected opportunity to prevent the eventual return to the ‘old normal’ once the
pandemic is over (Higgins-Desbiolles 2020). The vested interests that rely upon the
extractive logic of the mass tourism economy are a major local consensus pool and
exert powerful political pressure (Benner 2019). On the other hand, the needs of tourists
and residents significantly differ, and this is likely to spark conflict between different
local stakeholders, depending on the extent to which they benefit from tourism (Concu
and Atzeni 2012). Whether or not a city eventually gets colonized by the tourism econ-
omy or manages to find a reasonable compromise can therefore be the result of a very
complex interplay of factors. It is therefore of particular importance to study under
what conditions such interplay leads to different long-term scenarios, thus enabling
public decision makers to better understand not only the nature of the problem in order
to imagine and test possible solutions, but also the critical conditions that regulate the
emergence of possible outcomes. Merely proposing ‘plausible’ or ‘just’ solutions is
not enough. We also need to assess whether such solutions would work, and under
what circumstances, once they are actually implemented. In principle, solutions that
are more desirable in abstract terms need not be the ones that work best. As cities are
very complex dynamical systems, the pursuit of the public interest, which in this case
identifies to a significant extent with that of city residents, whose ‘right to the city’
(Lefebvre 2010) should be the object of special consideration and protection, needs to
be supported by evidence-based policies building upon a sound understanding of the
underlying economic and social dynamics.

The aim of this paper is that of studying a simple dynamic model that analyzes
the effects of the tension between residents and tourists in the social usage of city
resources. We focus on the interplay of the essential factors behind such tension: the
substitution between resident-oriented and tourist-oriented facilities and shops, the
congestion of city space from overtourism, but also the experience value of cities
as related to the effective presence of residents as a source of authenticity. Given
that the escalating tourist flows are literally preying on the city’s resources from the
residents’ viewpoint, it is natural to think of modeling such dynamics with the predator—
prey framework in mind. We introduce an expanded variant of the predator—prey
dynamics, which yields more complex dynamic behavior than the original one, and
allows a better analytical treatment of the main factors at play. The model’s structure
is easily interpretable, but the corresponding dynamics are not obvious. In particular,
we show that the actual dynamic trajectories of the system may be very different for
relatively small changes in the key parameters. This implies that even relatively small
differences in local conditions and in policy actions may cause divergent outcomes,
with substantial differences in terms of their social desirability. Our results should be
read as a cautionary tale against delayed or unsystematic action in curbing the social
costs from overtourism: intervening too little or too late, or not focusing on the truly
critical parameters might lead to disappointing results.

The remainder of the paper is organized as follows. Section 2 offers a brief review
of the main issues discussed in the overtourism-related literature. Section 3 presents
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the model. Section 4 contains the main results. Section 5 discusses the results and
concludes. A technical Appendix closes the paper.

2 Literature review

One vastly debated issue that clearly relates to overtourism is that of residents’ attitudes
toward tourists. There is a rich literature that explores this topic, but most of it has
dealt with minor or even marginal tourist destinations rather than with overcrowded
tourist attractors. Lin et al. (2017) focus upon the process of value co-creation through
social interaction between tourists and residents in a Chinese sample and find that the
positive economic benefits from tourism may also positively affect the life satisfaction
of residents. Mathew and Sreejesh (2017), working on a sample of three Indian tourism
destinations, highlight the relationship between responsible tourism and perceptions
of sustainability of the tourist destination in promoting the perceived quality of life of
residents. On the other hand, Boley et al. (2017) show that although destinations that
place more emphasis on sustainability tend also to be the more sustainable, perceptions
of actual sustainability by residents tend to be low. Rasoolimanesh et al. (2017) show
that, for two UNESCO Heritage sites in Malaysia, one of which located in an urban
context and the other in a rural one, there are nuanced differences between the urban
and the rural site in terms of the impact of residents’ perceptions on the support for
tourism development or lack thereof, but also substantial homogeneities. Therefore,
when tourism is still in a developing phase, the evidence of the benefits from tourism
development can be a main driver of support from residents, and this effect may
even cut across major territorial divides such as the urban/rural one. As shown by
Stylidis et al. (2014) and Wang and Chen (2015), a central mediating role in residents’
perceptions of the impacts of tourism is perceived place image—a dimension that is,
tellingly, significantly compromised in destinations affected by overtourism, but can be
improved by an increased tourists presence in developing destinations. It is no surprise
that literature reviews of this research field lament the excessive narrowness of focus
of most research, as well as its reliance on specific quantitative techniques that are
good at highlighting specific effects but often fail to deliver the big picture (Sharpley
2014). For instance, Almeida Garcia et al. (2015) argue that the current literature on
residents’ perception of tourism significantly underplays the role of key historical,
cultural and social factors in shaping a specific destination and its response to tourism.
Moreover, the nature of the ‘ecological’ interactions between the residents and tourists
populations may make a big difference and has an intrinsically dynamic nature (Vargas-
Sanchez et al. 2011). And if this is true in general, it is even truer for overcrowded
destinations, and the possible scenarios may be very different from one another. For
instance, touristic congestion may be the result of a sudden boom or of a gradual,
steady increase; the pervasive presence of tourists in the urban space may have become
a deeply ingrained feature of the local culture, or be an outcome of recent tourism
development strategies; the availability of space and the impact of building density
may be not particularly problematic for urban livability or rather extremely critical
and exacerbated by tourism flows, and so on, just to limit ourselves to a few obvious
examples. Segotaetal. (2017) show for instance that the informedness and involvement
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of residents in the local management of tourism-related issues significantly impacts
their perceptions in the expected direction (the more involved and informed, the more
positive). A rare example of a study on the acceptability of crowding perceptions
by residents in a global tourist destination such as Bruges, carried out by Neuts and
Nijkamp (2012) , moreover, shows that the actual negative perception of crowding
varies widely across residents depending on individual characteristics and is not found
in the majority of the sample. However, the situation might have changed now, in
the light of further recent accelerations of tourism flows in many heritage cities, as
possibly signaled by Bruges’ current de-advertising on the tourism market. Despite
this, overtourism and its policy implications are still relatively poorly covered in the
literature, with the consequent risk of failing to fully appreciate the complex social
conflict issues that can emerge and deflagrate in the absence of proper policy strategies
and management at the city level.

The key critical aspect, which is amplified by overtourism but already apparent in
developing destinations even in the case of positive residents’ perceptions, is the impact
of tourism on local culture and behaviors, whose effects can only be appreciated in
full in the medium-long run. Of course, culture and behaviors are inevitably bound to
change anyway, independently of tourism. But the changes induced by tourism might
eventually clash with the developmental priorities and goals of local communities
(Simpson 2009. There is a need to strike a balance between the benefits of tourism as
a local developmental driver and potentially negative effects, e.g., in terms of long-
lasting impacts on cultural identity and authenticity (Lacy and Douglass 2002; Cole
2007; Zhu 2012), on socioeconomic inequalities (Lee 2009; Alam and Paramati 2016),
on community empowerment (Cole 2006; Aref and Redzuan 2009; Chen et al. 2017),
and so on. Especially critical is the evaluation of residents’ perceptions in developing
countries affected by substantial socioeconomic issues (Truong et al. 2014). Analyses
that rely on an exclusively tourism-centric perspective are likely to overlook the most
critical dimensions (Easterling 2004). Ribeiro et al. (2017)’s analysis of the develop-
ment of pro-tourism behaviors of Cape Verde Islands residents is an example in this
regard. Nunkoo and Gursoy (2012) instead consider, in the case of Mauritius, the role
of local identity in the orientation of residents’ support for tourism, but interestingly
point out how even the emergence of a supportive orientation need not reflect into
a significant shift in attitudes, thus underlying the complex functioning of commu-
nity identity as a regulator of cultural and social change. On the other hand, tourism
itself is constantly raising the bar as to the level and depth of interaction with local
social life and customs that tourists expect to reach as a quintessential aspect of their
experience, to the extent of becoming co-creators of the experience itself. Prebensen
and Xie (2017) show, for example, that the level of tourists’ participation under the
form of mastering and co-creation in experience tourism significantly enhances their
value perception. Paulaskaite et al. (2017) highlight how tourists increasingly expect
to spend their time at the destination ‘living like the locals,” therefore transforming
local identity itself into a commodity that can be purchased at will.

Such issues are relevant for all kinds of tourist destinations, but they are especially
problematic in overcrowded ones. Overtourism shifts the focus of residents’ percep-
tions on critical aspects such as the pressure of tourism flows on the local system
(Muler Gonzalez et al. 2018), the threats to ecological sustainability (Cheer et al.
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2019) and the role of media, and social media in particular, in causing tourist con-
gestion peaks on an almost instantaneous basis (Jang and Park 2020). In other words,
the aspect of overtourism that is seen as the most socially alarming is its capacity to
put under stress at an unprecedented scale and pace the homeostatic mechanisms of
local systems on many different levels: economic, social, cultural, logistical, and so
on. Overtourism magnifies many of the most critical features of tourism to an extent
that strains local governance and regulatory capacity; however, its effects may be more
critical on certain dimensions rather than others (Carvalho et al. 2020). When such
impact is perceived as disruptive by local communities, social protest ensues (Alexis
2017; Pinkster and Boterman 2017; Seraphin et al. 2018). Once a perceived saturation
level is reached, a vicious circle can take over as residents classify as threatening by
default any tourism event that causes local congestion, irrespectively of its quality,
importance and expected long-term benefit for the city (Lemmi et al. 2018). This
kind of vicious circle may mutually reinforce with others, e.g., the one causing the
erosion of local services quality in overcrowded tourism destinations (Caserta and
Russo 2002). Such social dynamics are difficult to manage at all levels, and even
large digital tourism platforms may find it hard to function well (e.g., in rewarding
quality in their rankings of local businesses) when the effects of digital influencing
upon spatial patterns of tourism congestion spark social controversy (Ganzaroli et al.
2017). Such new, system-wide challenges may be effectively tackled only through
tailored, sophisticated forms of local cooperation between key stakeholders (Kuscer
and Mihalic 2019) and of smart governance (Agyeiwaah 2019).

3 The model

The literature briefly discussed in the previous section shows how the problem of
overtourism, in the more general context of the residents’ perceptions of the social
and economic impacts of tourism, is generally focused on the analysis of specific
case studies and on the measurement of perceptions and attitudes by means of suit-
able psychometric tools. In this paper, we take a different route as a contribution to
a comprehensive approach to the smart governance of overtourism dynamics: that of
characterizing such dynamics in terms of an explicit mathematical model. The ambi-
tion of the model is not to provide a detailed, realistic representation of overtourism
in all of its multifaceted dimensions, but to examine what are the basic conditions
that may favor, or prevent, its onset, paying special attention to a basic phenomenon:
the competition between resident-oriented and tourist-oriented services for the limited
spatial and material resources of the city. As we have seen from the literature review,
a detailed modeling of such dynamics would involve many different variables—place
identity, social perceptions, local culture, historical trajectories and many more—and
this would easily make an explicit dynamic analysis intractable due to the number of
potential variables implied. However, simplifying the model to its essentials has the
advantage of providing some insight that may help focus upon the possible dynamic
regimes that may prevail, providing policymakers with some important indications for
policy design.
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We choose as our conceptual benchmark the classical Lotka—Volterra predator—prey
model, which has been the object of countless applications in a variety of different
fields, and of mathematical generalizations of all kinds due to its optimal combination
of simplicity of structure and richness of dynamic behaviors. In our case, the predator—
prey logic is somewhat ingrained into the nature of the problem we want to analyze,
as one thinks of overtourism as the process through which tourism flows literally
‘capture’ the local system, reshaping it according to their necessities. On the other
hand, even a basic description of the overtourism problem urges us to depart from the
basic formulation of the predator—prey model to better take account of some essential
specificities. In particular, the model we propose has the following structure:

XxX=r+ax—b(y —y)x+clx—x)
y=s+dxy+e(ly—yx—fy

where x is the level of the resident population and y is the level of the tourist popula-
tion. All parameters are positive. Let us now see in some detail the rationale behind
the equations. The basic premise of the model is that there is an implicit competi-
tion between residents and tourists for the availability of services and resources that
respond to their specific, and partly mutually incompatible, needs. In particular, there
are two threshold values of x and y, x and y, respectively, beyond which the local level
of residents (tourists) is large enough to warrant a satisfactory provision of resident-
(tourist-) specific services and resources. We call such thresholds the relevance thresh-
olds. When one population crosses its relevance threshold, the local economy becomes
increasingly respondent to that population’s needs, and this positively influences the
dynamics of such population. These two effects are captured, respectively, by the two
terms x — x and y — y. So, the level of the resident population is positively depending
on whether the residents are above their relevance threshold, and negatively depending
on whether the tourists are above their relevance threshold. In this latter case, how-
ever, the size of the effect is scaled by the level x of the resident population: the larger
the pool of residents, the more an above-threshold level of tourists makes competi-
tion for scarce space and resources more sustained, increasing the negative impact of
tourists on the resident population. Parameters b and ¢ measure the relative size of the
two effects. Moreover, the dynamics of the resident population also linearly depends
(according to the parameter a) on the actual level of the resident population, as the
choice to live in a city is characterized by some amount of inertia, due to a variety
of factors such as relocation costs, habit, cultural and affective reasons, job-related
reasons, and so on. As to the tourist population, it positively benefits from the crossing
of its own relevance threshold as already anticipated, and the effect is measured by the
parameter e. Moreover, its dynamics are negatively influenced by tourism congestion,
an effect whose size is measured by the parameter f. Finally, the tourist population’s
persistence in the destination also depends, and in a positive way, on the level of resi-
dents, as measured by the parameter d. Insofar as the resident population is small, the
city basically turns into a ‘theme park’ devoid of any specific authenticity and vitality,
to become a mere entertainment district that maximizes tourism-related profit. This
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effect, as already hinted at in the discussion of the previous section, therefore captures
the ‘experience economy’ dimension, as tourists do not simply ask for entertainment,
but also value opportunities of meaningful interaction with locals. Finally, parameters
r and s measure the exogenous components of the rates of growth of the resident and
tourist populations, respectively.

The system of equations above can be conveniently rewritten as follows:

X=r—cx+(a+by+c)x —bxy )
y=s—eyx+(e+dxy—fy )

In our analysis, we will refer to (1)—(2) as the default formulation of the model.

4 Existence and stability of the stationary states
To analyze the dynamic behavior of the model, we start by posing:

b3 - -
a+by+c ) cxX —r C o= ey D::i, E- f

A= ) = — ) . ) — =
b a+by+c e+d ey d+e

The complete taxonomy of possible dynamic regimes is illustrated in the following
proposition. We will see how even a relatively simple model like the present one can
generate a rich array of dynamic behaviors depending on the prevalence of certain
constellations of conditions rather than others.

Proposition 1 Under the assumption that all parameters of the system (1)—(2) are
strictly positive, the following dynamic regimes can be observed:

_ r . . .
() If B > 0 (i.e., x > —), then at most two stationary states exist. In particular,
c

(l.a) if either D < B < E or E < D < B holds, a unique repelling stationary
state P exists (Fig.Tb, c) in the Appendix);
(1.b) if B < min{D, E}, two stationary states P; = (x{, y) and P,(x3, y3), with
x{ < x3 and y{ < y3, may exist, where Py is always a saddle point, whereas:
(1.b.1) if D < E, then P, is a repeller (Fig.7a) and (7e) in the Appendix);
(1.b.2) if D > E, then P; is either a repeller or an attractor (Fig.7d in the
Appendix).

_ r . . . . .. .
(2) If B < 0 (i.e., X < —) a unique stationary state exists; if D < E, it is a either a

repeller or an attractor (Fig. Tf in the Appendix) while, if D > E, it is an attractor
(Fig.7g in the Appendix).

Proof See Appendix O

To explain the meaning of Proposition 1, let us start by understanding better the
interpretation of the new composite parameters A, B, C, D and E. The parameter
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A measures the relative size of the parameters that positively regulate the growth of
the resident population vs. the parameter b that negatively affects it. In particular, the
growth of the size x of the resident population depends positively on the parameter a
(measuring the persistence effect), on the parameter ¢ (representing the reactivity to
the difference between x and the threshold x and on the parameter y (the threshold
for the tourist population). We can therefore intuitively interpret A as a measure of
residents’ resilience. As for B, it positively depends on the relevance threshold of
the resident population (measured by cx): the larger it is with respect to r, and with
respect to the parameters that positively influence residents’ resilience, the larger B.
B can therefore be intuitively interpreted as a measure of residents’ susceptibility: the
higher B, the more demanding for the residents’ community to fulfil the conditions for
the prevalence of a resident-oriented local economy. Likewise, C can be interpreted
as a measure of rourists’ susceptibility, as C is larger the higher the threshold of
relevance for tourists ey, and the smaller the combined strength of the experience
value parameter d from visiting the city plus the impact e of crossing the relevance
threshold on the availability of tourist-oriented services and resources. D can be seen
as the city’s intrinsic attraction value for tourists, as it equals s (the exogenous growth
rate of tourists) scaled by the relevance threshold for tourists. Finally, £ measures the
tourists’ relative congestion effect expressed by the congestion parameter f scaled by
the combined strength of the experience value and resource and service availability
effects for tourists.

At this point, we are ready to illustrate the findings in Proposition 1. The results
are organized around the sign of B, that is, whether or not the residents’ suscep-
tibility problem occurs, which implies a relatively high relevance threshold for the
residents-oriented local economy to kick off. In the case of a positive level of resi-
dents’ susceptibility, that is, B > 0, we have at most two stationary states that can
be potential equilibria for the dynamics. A first sub-regime relies on two possible
conditions at which, of the two possible stationary states, only one exists and is repul-
sive, that is, the dynamics never settle down to a given state. The two conditions are
D < B < E and E < D < B. In the first case, we have a condition where the con-
gestion effects is particularly high with respect to residents’ susceptibility and to the
intrinsic attraction value for tourists. This is, for example, the case of a relatively small
city where, despite the comparatively modest attraction value, congestion is a prob-
lem and tourists can crowd out residents relatively easily. In the second case, we have
to the contrary a situation where congestion is relatively unimportant and residents’
susceptibility is comparatively high in presence of a relatively substantial attraction
value. This is for instance a scenario that could describe a relatively large city with
high carrying capacity and cultural/amenity value, where there is real competition for
local resources and services between residents and tourists. These two conditions may
therefore span very different cases.

A second sub-regime contemplates again the existence of two possible stationary
points, one of which is always a saddle, that is, a state where a unique converging
trajectory exists and all the other ones diverge. The key condition for the second
sub-regime is that B be smaller than both D and E. Given that B is constrained to
be positive, the condition requires that both the congestion effect and the intrinsic
attraction value are relatively high. An example here is that of an established tourism
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destination with severe congestion problems where however the issue of resource
accessibility for residents is relatively less binding, possibly due to a large, diversified
local economy that can accommodate local demand. An extra condition regulates
the dynamic properties of the second possible steady state, according to the relative
size of the two potentially dominating effects. If the dominant effect is congestion, the
second stationary state is locally unstable. If instead the dominant effect is the intrinsic
attraction value, the second stationary state may either be locally unstable or locally
stable, that is, may attract all local trajectories and emerge as a stable state.

When residents’ susceptibility is not a major concern (i.e., B < 0), the dynamic
regime is much simpler. In this case, the stationary state is always unique. Moreover,
if congestion prevails upon intrinsic attraction, this state may be either attracting or
repelling (locally stable vs. unstable). If the opposite is true and intrinsic attraction
prevails, the stationary state is always attractive. An example of this latter condition is
a world-renowned tourist destination, with a large carrying capacity that can manage
congestion, and where the competition between residents and tourists for local services
and resources is not binding.

Proposition 1 tells us, among other things, that the dynamics we are studying is not in
many cases conducive to a stable equilibrium state and is rather characterized by more
complex long-run behaviors. The stability properties of the stationary states do not give
us enough information to understand what such dynamic behaviors will look like, as
they only provide insight about what happens close to them. However, the structure of
stationary states is an important piece of information, and in particular, it is interesting
to ask how the number and stability properties of the stationary states vary depending
on the levels of specific couples of parameters such as the relevance thresholds for
residents and tourists, given our focus on overtourism and its possible impacts. In all
the analysis that follows, the choice of parameter values for the simulations has been
made in order to select cases that enable us to illustrate clearly and in a compact way
the dynamic properties of the model.

Figure 1 illustrates the bifurcation diagrams obtained by varying the relevance
threshold y. Panels (a) and (b) show how the coordinates x and y (on the horizontal
axis) of stationary states vary in response to variations in y (on the vertical axis).
The LP point separates the interval of y values where no stationary state exists, from
that in which two stationary states exist. The point H indicates the Hopf bifurcation
value of y. Dashed, continuous and dotted lines represent saddle points, attractive and
repulsive stationary states, respectively. The conditions under which a Hopf bifurcation
occurs by varying the parameter y, computed according to the criterion proposed by
Liu (1994), are given in the Appendix. In Panel (c) of Fig. 1, we show how, through
the Hopf bifurcation, a family of limit cycles emerges. Notice that an increase in the
parameter value y leads to an increase in the magnitude of the limit cycles.

InFig. 2, we show, for a specific set of parameter values, the bifurcation diagram that
illustrates the existence and stability of the stationary states as the two relevance thresh-
olds vary. Figure 2a provides the full diagram, whereas Fig. 2b presents an enlargement
of the rectangle area where the most fine-grained structure is found. As we can see, the
bifurcation diagram contains here all seven possible scenarios for the stationary states,
where, in Fig. 2, the apexes (S, A), (S, R), A, R denote, respectively: regions where
two stationary states exist, of which one is a saddle (S) and another an attractor (A);
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Fig. 1 Bifurcation diagrams obtained by varying the relevance threshold y. Panels a, b show how the
coordinates x and y (on the horizontal axes) of stationary states vary in response to variations in y (on
the vertical axis). Panel ¢ shows the family of limit cycles that emerges through the supercritical Hopf
bifurcation. Parameter values: a =2, b=7,c =15,d =2.5,e=5, f =165,r =3,s =15, x =3

regions where two stationary states exist and are in particular a saddle and a repeller
(R); regions where one stationary state exists and is an attractor; and regions where
one stationary state exists and is a repeller. The H curve is the Hopf bifurcation curve,
whereas the LP curve is the one that separates the region without stationary states
from the region where at least one stationary state exists. The Hopf bifurcation curve
H separates the regions where an attractive stationary state is found (to the left of the
curve) from those where a cycle emerges, as shown in more detail in Fig.2b. In the
simulations below, we find that the attractive cycle is stable and the corresponding
stationary state consequently becomes unstable. Figure 2c, instead, reports the bifur-
cation diagram in the (c, e¢) space, where we study how the structure of stationary
states varies with the parameters that measure the strength of resource provision when
residents (respectively, tourists) cross their relevance threshold. Again, the bifurcation
curve H and the LP curve delimit the areas where one of the stationary states (or the
only one, if unique) changes its local behavior from repulsive to attractive, and where
stationary states exist vs. fail to exist.

From these figures we see how, in the case of the bifurcation diagram for the
relevance thresholds, there is a vast region where stationary states do not exist for most
values of the relevance threshold for residents if the relevance threshold for tourists
is small enough. That is, when tourists are substantially favored in their capacity
to access local resources with respect to residents, the dynamics fails to settle on a
stationary state. However, when the relevance threshold for residents is very low, even
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Fig. 2 Existence and stability of the stationary states in (a) (y, x)-plane, (c) (c, e)-plane; (b) shows an
enlargement of the rectangle indicated in (a). Parameters are: a = 2,b = 7,¢c = 1.5,d = 2.5,¢ =5,
f=165r=3,s=15

for relatively high levels of the relevance threshold for tourists a stable stationary state
emerges. That is, when residents succeed in getting access to the local resources, the
system has a chance to stabilize itself. But when the relevance threshold for tourists
or even both thresholds become very high so that it is difficult for both populations to
gain easy accessibility to local resources, there is no chance that the system may settle
down to a stable equilibrium.

In the case of the bifurcation diagram in the (c, e) space, the pattern is more com-
plicated, and the existence of stable stationary states here relies on more specific
combinations of the two parameters. In general, when c is very high, that is, when
the access to resources beyond the relevance threshold has a big positive impact on
the population of residents, no equilibrium exists, whereas for smaller values of ¢ a
stable stationary state can emerge. Again, when both parameters are large, no stable
stationary state can be found. Remember that these bifurcation diagrams are drawn for
a given choice of numerical values of all the other parameters, and that they change
as any one of the other parameters varies.

To get a better understanding of what the actual trajectories of the system look like,
we report a few examples of phase diagrams for a specific choice of parameter values
in Fig. 3. In particular, we keep the values of all the other parameters but the relevance
thresholds as in Fig. 2, and we set a specific value for x = 4, letting y vary. The four
cases correspond, respectively, to points from the white, yellow, indigo and orange
regions of Fig. 2b. For y = 0.8 (white region in Fig. 2b), for most initial conditions the
system converges toward states where the resident population goes extinct and only a
stable level of tourists is observed: this is a full ‘Disneyfication’ scenario where the city
turns into a tourist theme park, where the eventual level of tourists depends on initial
conditions. As it could be expected, this is due to the fact that the relevance threshold
for tourists is very low with respect to that for residents, and consequently, tourists take
over local services and resources expelling the residents. However, for very low initial
levels of tourists and high enough levels of residents, there are also trajectories where
residents take over the city, letting tourists go extinct or remain present at very low
levels. As the relevance threshold y grows to 1.1 (yellow region in Fig.2b), making
access to resources more demanding for tourists, we witness the emergence of a stable
attractor where residents and tourists stably coexist in the long term, approaching this
state through a cyclical adjustment path, whose basin of attraction is delimited by the
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Fig. 3 Phase portrait for the system (1)-(2). Parameters are: a = 2, b = 7,¢ = 1.5,d = 2.5,¢ = 5,
f=165r=3,s=15x=4

yellow region. Outside this basin, depending on the initial level of tourists vs. residents
we find as before that either tourists take over entirely, or residents do, entirely or
partially (that is, with a more or less high level of tourists observed in the long term). As
y is brought further up at 1.3151 (indigo region), the stationary state becomes unstable
and cyclical behaviors emerge within the yellow region, whereas outside the region
one still observes as before, depending on initial conditions, the eventual takeover of
tourists or the emergence of a state with high levels of residents and some tourists.
Finally, with y at 1.35 (orange region), the system is destabilized, the stationary state is
unstable and the trajectories may entail big oscillations where, despite that both the no-
residents and prevailing-residents long-term states can materialize as before, it is also
possible that the limit state is reached through expanding fluctuations. In particular,
it is interesting to observe that as the conditions for accessibility of resources for
tourists become more demanding as y increases, the resulting dynamic behaviors do
not simply favor residents—rather, what we observe is an increase of the system’s
dynamic variability with the eventual emergence of cyclically diverging behaviors
where big changes in the levels of residents vs. tourists are observed in time.

In Fig. 4 we highlight a different phenomenon, namely how the size of the basin of
attraction of the stable stationary state varies with the variation of y for a given value
of x. We now fix x = 2.2 and choose the values of y in order to always remain within
the yellow region of Fig.2b where a stable stationary state (attractor) exists. As we
see, in Fig.4a, as y increases, the size of the basin of attraction of the stable stationary
state (denoted with a black dot) significantly increases. In Fig. 4b, we analogously set
y at a constant value 1.2 and let x vary. In this case, as with the increase in x access to
resources becomes less and less easy for residents, the size of the basin of attraction of
the stable stationary state gradually shrinks. Maintaining a viable access to resources
for residents therefore causes, as one might expect, a dynamic stabilization of the
system.

Figure 5 reports yet another angle of analysis, namely, how the coordinates of the
stationary state vary with y for a given level of x and of e. The other parameters are still
kept at the usual values. We see that, as y increases, the stationary state entails smaller
equilibrium levels of both tourists and residents. However, for a given y, increases
in x imply lower levels of tourists at the stationary state. This pattern of course only
informs us about the composition of the stationary state but not about its stability
properties or, if attractive, about the size of its basin of attraction. In Fig.5b, as it
could be expected, as ¢ grows, we see that the stationary state entails lower and lower
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Fig. 5 The arrows along the curves show the direction of the change in the stationary state values of x*,

y* as a y, b e increase, keeping all other parameters constant. Parameters are: a = 2, b = 7,¢ = 1.5,
d=25e=5 f=165r=3,s=15

levels of tourism all other things being equal. Beyond a certain threshold for c, the
steady state level of tourists keeps declining even when e increases, whereas below
the threshold an increase in e causes a corresponding increase of the level of tourists
at the steady state.

We have checked the robustness of our simulation results through further, extensive
numerical tests that are not reported here for brevity and which confirm our analysis.
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5 Discussion and conclusions

We have built a simple model to study the conditions for the emergence of overtourism
through mathematical simulation of a predator—prey-inspired dynamical system. The
core element that drives our dynamics is the competition for the accessibility of
resources and services between residents and tourists, a feature that is typical of over-
tourism and is mainly responsible for its most disruptive effects. The model has been
further enriched with a few elements that capture effects such as tourist congestion or
the experience value for tourists deriving from the interaction with residents or from
the intrinsic attractiveness of the city. Even if studying the model in its most essential
form, the dynamic analysis is challenging.

Our model shows that, under suitable conditions, overtourism may emerge, to the
point of causing a full ‘Disneyfication’ of the city with the eventual extinction of
all residents and its final transformation into a tourist theme park. However, also the
reverse option is possible, with tourists disappearing from the city or reaching a stable
level without taking over the local economy. Of course, in addition to these extreme
cases, the possibility of a stable coexistence of residents and tourists is also possible, but
equally possible are more complex dynamics that may entail stable cyclical oscillations
or wide variations in the relative levels of the populations of residents and tourists.
The outcome that is eventually reached depends on a very complex constellation of
parameters, each of which plays a specific role that can, however, be fully understood
only by means of a thorough analysis.

What we have learnt from this study is that, in a nonlinear setting, acting on specific
parameter values may cause counterintuitive effects. As we have seen, some cities
have decided to tackle overtourism by restricting tourists’ access to local services
and resources. In our model, this basically amounts to raising the relevance threshold
of tourism as it makes the conditions for access to tourist-specific resources more
demanding. However, this does not necessarily entail the eventual reduction of the
number of tourists or even the reaching of a stable stationary state where the number
of tourists is under control. It may happen instead that the main effect of raising the
threshold y is destabilizing the system, for instance by causing the emergence of
large oscillations in the levels of residents and tourists. This means that, contrary to
commonsense approaches, it is important to understand how certain measures affect
the whole structural organization of the local economy. The interplay with factors
such as congestion, intrinsic attractiveness, or experience value can generate complex
dynamic effects that influence the existence and stability of stationary states, and more
generally the dynamic behavior of the system.

Itis interesting to notice that, in determining the existence and stability properties of
the stationary states of the model, certain composite parameters play a more substantial
role than others. In particular, residents’ susceptibility (B) is the key parameter in
determining the dynamic regime that prevails, whereas residents’ resilience (A) and
tourists’ susceptibility (C) play practically no role, although it is far from excluded
that they may play a role in the dynamic behavior of the system far from equilibrium.
The central point seems therefore to be the conditions for access to local services
and resources by residents. Promoting residents’ access does not merely amount to
restricting access to the same resources to tourists. Lowering residents’ susceptibility
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might be a better strategy and also a source of stabilization of the system. This goal may
be reached, for instance, by providing better social and welfare services to residents,
by supporting social entrepreneurship that better addresses critical local needs, by
improving the quality of key resident services such as kindergartens or retirement
houses, and so on. What is important to stress is that, in a nonlinear system, even
relatively small changes may make a big difference, for better or for worse. And
therefore, building models that allow to estimate the likely impact of policy measures
as an essential support tool for public decision making becomes crucial.

It is unlikely that overtourism will be successfully dealt with by cities through the
implementation of occasional measures without a clear evidence-based strategy that
is informed by a solid knowledge of the underlying system of structural interdepen-
dencies, not unlike what happens in the management of ecological systems. Our study
has clear limitations, due to the extreme simplicity of the model that disregards many
potentially relevant factors. In particular, the role of residents’ and tourists’ expecta-
tions and attitudes, that as we have seen is an important aspect in the current evaluation
of the social and economic impacts of tourism, could also be modeled with all the ensu-
ing complexities arising from cultural transmission effects, misperceptions and biases,
manipulation of consensus, and so on. Another important limitation is that an empiri-
cal estimation of the values of the model parameters is not simple and would call for a
sophisticated nonlinear econometric analysis. Data availability is also demanding, as,
ideally, very long time series of residents/tourists populations of cities with significant
or potential overtourism issues would be required. The nonlinearity features of the
model would imply that even relatively small estimation errors might have big conse-
quences on the projected dynamics, yielding potentially misleading indications. The
present paper has therefore mainly a conceptual value in drawing attention upon the
dynamic complexity of the socioeconomic dynamics of overtourism, and the ensuing
necessity to carefully assess the long-term effects of policy changes even when they
intuitively seem to respond effectively to outstanding issues. Curbing tourist conges-
tion through the reduction of commercial licenses for tourism-related businesses, for
instance, looks like an appealing solution but its long-term consequences might be
more complex than one could expect, depending on the overall structure of the local
economy and its ‘ecosystemic’ interdependencies. In its current form, our model is
not tailored to guiding policy design choices, a task that requires suitably calibrated
empirical models. But we hope that this first study may inspire further, more sophisti-
cated analyses that will serve in turn as a guide for the construction of policy oriented
tools. We look forward to this promising perspective.
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Appendix
5.1 Hopf bifurcation
The Jacobian matrix of the system (1)—(2) evaluated at a stationary state P* = (x*, y*)

is given by:
a+by—+c—by* —bx*
—ye+ (e+d)y (e+d)x*—f

Liu (1994) derived a criterion to prove the existence of a Hopf bifurcation without using
the eigenvalues of the matrix J (P*). According to Liu’s criterion, if the stationary state
P* depends smoothly upon a parameter p € (0, p), and there exists a parameter value
pu € (0, p) such that the characteristic equation of J (P*), A +T(p)a+A(p) =0,
satisfies the conditions:

1. T(p) and A(p) are smooth functions of p in an open interval containing py,
2. T(pr) =0, A(pn) > 0,

3. (dT(p) 20,
dp /) p=py

then a Hopf bifurcation occurs at p = ppy.
Focusing on parameter y, the condition 3 of Liu’s criterion becomes:

T2 ( TP ™) 2o )
ay 4y J5=5u

and likewise for the other parameters of the model. It is rather cumbersome to check
that condition (3) is satisfied without specifying parameter values. We therefore pose:
a=2b="7,c=15,d=25,e=5, f =16.5,r =3,5s =15, x = 3, and consider
y as the bifurcation parameter. For this set of parameter values, the coordinates of the
stationary state with the highest values of x and y in Fig. | are given by:

. 3
x°(y) = =M(y)

35
33 3
5Ty T MO+ MGy
Y =3
3 M)

where M(§) = —24+77§+\/—537.gf2—'34;66.0y+5929.092’ and X)) > 0if 5 e
(0.8660115242, +00).

In such a context, the equation:

_ 15
T(y)=13—7)C(y)—7y+7y(y)=0
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is satisfied at the value yg = 1.309562086. Replacing such a value in the equation:

A 2 105 ey L BL B L B35 Lo
V=@ =+ VO —- I+ 5750

we obtain A(ygy) = 91.73884257 > 0, and therefore, condition 2 holds.
dT (y
(_y) = —12.92610372 # 0, so that a Hopf

bifurcation occurs at the parameter value yy = 1.309562086.

Finally, at y = ypy, we have

5.2 Existence and stability of stationary states

In order to study the existence of the stationary states, we rewrite the system (1)—(2)
as follows:

= Gx,y)i=bA (=B +x - %y) )
y=H(x,y) :=§(D—CXy+xy—Ey) ®)

so, the isoclines (i.e., g(x) = 0 and k(x) = 0) of the dynamical system become:

A

y=gkx):= ;(X—B) (6)
x—D

y:h(x).:Cx_E. 7

It is easy to check that the above functions are two hyperbolas with the following
properties:

i. the function y = g(x) (Fig.6a, b) presents an horizontal asymptote at y = A,
a vertical one at x = 0 and its graph crosses the x-axis at ¥ = B (sign(B) =
sign(cx —r));

ii. the function y = h(x) (Fig.6c, d) presents an horizontal asymptote at y = C, a
vertical one at x = E and its graph crosses the x-axis at X = D.

.1/” A\, VT

& & E z

(@) y=g(x),B>0 (b) y=g(x), B <0. (¢c) y=h(x),D>E. (d)y=h(z), D>E.

Fig.6 Shapes of the hyperbola (nullcline) of equation: a, b y = g(x), ¢, d y = h(x)
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Fig.7 All possible intersection between the two nullclines, shown in Fig. 6

Remark 1 The graphs of g(x) and A(x) can have at most two intersection points and,
therefore, at most two stationary states exist. Furthermore, under the assumption that
all parameters of the system (1)—(2) are strictly positive, it is easy to check that the
inequality A > B is always satisfied.

Overlapping the pairs of Fig. 6a—c, a—d and b—d, we obtain all possible intersections
between the two isoclines as shown in Fig.7a—g. This proves the claim about the
existence of the stationary states of Proposition 1.

In order to study the stability properties of the stationary states, we compute the
Jacobian matrix of the system (4)—(5), evaluated at the stationary state P*:

(b(A—y*) —bx*

JPHY=|f ., f ®)
=(y*—C) =(x*-E

E(y ) E(x )

We know that the signs of the determinant D(J(P*)) = b%

[x*(y* = C) — (y* = A)(x* — E)] and the trace T(J (P*)) = %(x*—E)—b(y*—A)

of the matrix (8) give us the stability properties of the stationary state. In particular,
if D(J(P*)) < 0, then the stationary state is a saddle point; if D(J(P*)) > 0 and
T(J(P*)) > 0(< 0), the stationary state is a repeller (an attractor) point.

We prove the result for the sub-regime 0 < B < E < D (see claim (1.b) in
Proposition 1) shown in Fig.7d. The other claims for the other sub-regimes can be
proven in the same way.

We observe that the slopes of curves G(x, y) = 0 and H(x, y) = 0 are given by:

y—C
x—F

y—A
mg(x,y) = B my(x,y) =—
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at any given stationary state P*.
In this respect, we rewrite the determinant as D(J(P*)) = b%x*(x* —
E) (mg(x*, y*) —mp (x*, y*))

Since y*— A < 0,y*—C > 0,x*— E < 0, the stability analysis can be developed

as follows:

i. At the stationary state Pp, the curves G = 0 and H = 0 are both increasing and
the slope of G = 0 is greater than that of H = 0. Then, the determinant D(J (P1))
is strictly negative and the stationary state is a saddle.

ii. Atthe stationary state P>, the curves G = 0 and H = 0 are both increasing and the
slope of H = 0 is greater than that of G = 0. Then, the determinant D(J (P,)) is
strictly positive and the stationary state is either a repeller or an attractor depending
on the sign of the trace T(J(P>)).
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