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Estimating Destination Carrying Capacity: The Big Data approach

Introduction

Before the emergence of the COVID-19 crisis, forecasts of the continued tourism growth made
overcrowding and related negative consequences for destination image and sustainability, the
primary concerns for many destinations (Peeters et al., 2018). Although the emergency caused by
the COVID-19 drastically reduced visitation of many renowned destinations, the hopes of "back
to normal” are also associated with fears of large crowds invading touristic spots once the travel
will be allowed. Overall, research shows that crowding leads to changes in the perception of a
destination’s liveability, appeal or economic viability (Bellini et al., 2017; Kuscer & Mihali, 2019).
Accordingly, a deepening understanding of managing tourist flows and crowds appears essential
for policymakers (Butler & Dodds, 2019).

For understanding, this the notion of carrying capacity is frequently used in the literature. The
social carrying capacity of tourism is defined as the maximum number of tourists present at a
destination without their activities being unacceptable to residents and without precluding tourists
from appreciating the destination (McCool & Lime, 2001; Saveriades, 2000).

Individual emotional perceptions on social density in touristic areas have been analyzed in
sociology and anthropology since late 1960 (Cohen, 1979; MacCannell, 1976; Smith, 1989). For
example, Rosenow and Pulsipher (1979) associate seasonal visitor pressure, adverse tourist
behaviour and environmental impacts with negative tourism outcomes, anticipating the underlying
consequences of overtourism (Capocchi et al., 2019). Recently, in some destinations, vast tourism
growth levels cause organized and active anti-tourist protests (Gossling et al., 2020).

Research measuring tourists' carrying capacity is scant. Only a few studies managed to provide a
concrete carrying capacity measure (i.e. Rathnayake, 2015; Zhang et al., 2017). These studies are
based on questionnaire-based data collection. This method suffers from several limitations. First
of all, ad-hoc data collection requires considerable budgets and resources for its implementation.
Given the budget limitations, it is challenging to conduct data collection with an appropriate
sample for multiple years for the same destination. This limitation makes questionable external
validity of the obtained estimates of carrying capacity and does not permit investigating the
dynamics of destination evolution. Finally, questionnaires pose hypothetic situations, often tricky
for interviewees to understand and come up with responses.

Yu and Egger (2021) propose a first study to explore tourists' perceptions when visiting crowded
attractions in Paris. As tourists are more likely to share their travel experiences online (Varkaris &
Neuhofer, 2017), they investigate tourists' feelings based on TripAdvisor online reviews. The
findings illustrate that tourists feel most negatively about safety and security due to the crowds
through topic modelling and sentiment analysis.

The present study aims at assessing social carrying capacity from the demand side (tourists),
addressing the need for more objective evaluations. This research mainly relies on secondary data,
combining sentiment scoring derived from TripAdvisor online reviews with official statistics about
touristic flows.

This study adopts the NRC Emotion Lexicon which includes a list of words and their associations
with eight basic emotions (anger, fear, anticipation, trust, surprise, sadness, joy, disgust) and two
sentiments (negative, positive). While this method is commonly used to analyze public emotions



in certain situations (e.g. pandemic situation: Aslam et al., 2020; political elections: Fagbola &
Thakur, 2019; online product reviews: Bose et al., 2020), its application in the tourism field
appears novel. For this study the destination Berlin has been investigated.

Literature Review
Carrying capacity and overtourism

Initially adopted in animal ecology (Kessler, 1994), the notion of carrying capacity is proposed by
range managers due to concerns on land use for grazing livestock (Liu & Borthwick, 2011).
Accordingly, carrying capacity was defined as "the entire amount of a given animal species that
the habitat can sustain without yielding irrecoverable damage on the ecosphere™ (Wei et al., 2015,
p. 65).

Successively, the concept has been adapted to the urban context, leading to a comprehensive
definition of urban carrying capacity (Joardar, 1996; Oh et al., 2005). The urban carrying capacity
is defined as the limit of urban development beyond which damages to natural resources, urban
services, public perception may occur (Sarma et al., 2012). This notion's innate feature lies in its
ever-changing nature, according to the reactions between technology utilization, human
preferences, investments, and consumption patterns (Graymore et al., 2010).

In the tourism context, as early as 1960, initial discussions about the negative consequences of
excessive tourism on the host communities and the natural environment emerge (Foster, 1964;
Wager, 1964). These evolving discussions culminate in several theoretical concepts. Doxey's
irridex model (Doxey, 1975) depicts residents' perceptions of tourism in their community and
represents a first theoretical grounding of this phenomenon. Successively, Pizam's Attitude-Index
(1978) measures residents' perceptions about the impact of tourism on different domains,
attempting to examine the existence of tourism's adverse effects empirically. Rosenow and
Pulsipher (1979) unveil other causes related to tourism's negative consequences, such as too many
visitors, particularly during season peaks, rowdiness and noise as adverse visitors impact,
crowdedness in touristic areas (e.g. city centres) with consequent destruction of natural resources.
Later, Butler (1980) proposes a tourist life cycle, suggesting that the tourist destination life cycle
goes through six stages (i.e. exploration, involvement, development, consolidation, stagnation,
decline/rejuvenation).

Overall, this initial work underpins that tourism concentrations cause harm to the local
environment and negative attitudes among residents.

Later, the discussion about the carrying capacity of a destination moves forward with the aim to
investigate the number of tourists allowed in a specific touristic destination without causing
negative consequences to the environment and residents' perceptions (Van der Borg et al., 1996).
While social carrying capacity remains a popular concept to depict tourism's negative
consequences, a precise definition is only provided in early 2000. The social carrying capacity of
tourism is defined as the maximum number of tourists present at a destination without their
activities being unacceptable to residents and without precluding tourists from appreciating the
destination (McCool & Lime, 2001; Saveriades, 2000). The diffusion of social carrying capacity
defines the emergence of the term overtourism, starting from 2017. When the number of tourists
at a destination surpasses the social carrying capacity, the phenomenon of overtourism is observed
(UNWTO, 2018). The UNWTO officially defines overtourism as "the impact of tourism on a



destination, or parts thereof, that excessively influences the perceived quality of life of citizens
and/or quality of visitors' experiences in a negative way" (UNWTO, 2018).

Estimations of social carrying capacity

In the literature, social carrying capacity is perceived as an all-including notion able to measure
the impact of tourism both on residents' lives and on the situations tourists are experiencing
(Saveriades, 2000). Thus, the concept of social carrying capacity has two facets. From the demand
side (quality of the touristic experience), it measures "the maximum level of use (in terms of
numbers and activities) that can be absorbed by an area without an unacceptable decline in the
quality of experience of visitors” (Saveriades, 2000, p. 149). In other words, the notion of social
carrying capacity is closely related to the quality of experience that visitors accept before searching
for alternative destinations. The supply side (residents) refers to the degree of tolerance of the host
population to tourists' presence before detrimental effects on the society of the area occur
(Gonzales et al., 2018).

Identifying social carrying capacity thresholds is problematic because it relies on subjective
judgements, thus depending on individual preferences, attitudes and opinions (Koens et al., 2018).
Consequently, multiple types of carrying capacity limits exist as residents' threshold may differ
from the one for tourists. Both differ from the limits set by the environment (Jurado et al., 2012).
However, proper research techniques (e.g. questionnaires, public surveys, interviews) allow to
develop evaluative standards and obtain valuable insights into people's perceptions (Gonzales et
al., 2018).

Concerning the supply side (residents), Tokarchuk et al. (2020) quantify the maximum value of
tourism intensity before residents perceive a decline in their satisfaction with life. The use of a mix
of primary and

secondary data to measure the threshold value of residents' social carrying capacity represents a
novelty in the literature that traditionally relies on ad hoc data collection (e.g. survey, interviews).
For example, Saveriades (2000) survey investigates the attitudes and perceptions of the indigenous
population towards tourism on the east coast of the Republic of Cyprus, thus enabling the
identification of the social carrying capacity threshold of the area and an optimum tourist-host
contact ratio.

Regarding the demand side (tourists), Gonson et al. (2018) assess the social carrying capacity in
popular coastal areas of New Caledonia, using data from visitors/boats' count survey and
questionnaire-based surveys. The survey directly asks users what they will do in the case of high
use level, and the number of encounters users would like to see simultaneously. This approach
permits the evaluation of several thresholds' values (i.e. preferred number, acceptable number,
intolerable number of meetings), enabling the assessment of social carrying capacity by gauging
the observed numbers of boats/visitors estimated from the survey concerning the threshold values
obtained from the interviews.

Zhang et al. (2017) empirically test the determinants of a theme park tourism social carrying
capacity (i.e. waiting time per attraction, wait proportion, visited-attraction number) by surveying
visitors at a theme park in China. For this study, the authors focus on the threshold that does not
cause an unacceptable low visitor satisfaction level, introducing the notion of psychological
carrying capacity. As prior research shows that theme parks' visitors complain about heavy
attendance even in the presence of below capacity usage, a park's physical carrying capacity should



exceed its psychological carrying capacity (Zhang et al., 2012). Through one-way ANOVA, linear
regression, and multi-group moderation tests, the results show that whereas waiting time is more
important at a high attendance level than at a low level, the visited-attraction number is more
important to visitors relatively high attendance level than at too high and low attendance levels.

Jacobsen et al. (2019) identify stimulus-overload theory (Schmidt & Keating, 1979) as a critical
conceptual framework suited to understanding tourists' crowding perceptions within minor tourist
hotspots. They measured approach/avoidance reactions in the context of cruise ship visitation,
unveiling that self-organized tourists reveal a lower level of crowding tolerance compared to group
tours.

Rathnayake (2015) investigates how crowding affects visitor satisfaction at a National Park located
in Sri Lanka. It is the first study that estimates visitor satisfaction concerning crowding in monetary
term. The findings indicate that visitor satisfaction as well as willingness to pay decrease with
crowding.

Overall, quantifying and estimating social carrying capacity falls in the normative category, as
visitors are asked directly about the maximum acceptable number of encounters (Manning et al.,
1999). As this approach depends on the evaluation by respondents of meetings with other visitors
during a specific period, more objective estimations arise from the literature.

While considerable research efforts have been dedicated to investigating the relationship between
the crowd at the destination and tourists' satisfaction with stay, little progress has been made to
estimate carrying capacity. Existing literature attempts to evaluate tourism carrying capacity for
tourists by interviewing tourists at destination with the help of ad-hoc questionnaires (i.e.
Rathnayake, 2015; Zhang et al., 2017). This approach allows individuating the overall satisfaction
or dissatisfaction of tourists with a given level of the crowd present in the destination. It fails to
estimate the offset point in which positive feelings of sharing destination experience with other
tourists turns to negative impression with destination due to the crowd.

Gonson et al. (2018) estimated preferable, acceptable and intolerable levels of other tourists'
presence. However, to replicate this approach, destination managers need to conduct ad-hoc data
collection involving a representative sample of tourists to obtain a trustable measure of this
indicator.

The present study aims to develop an alternative approach to measuring tourism carrying capacity
for tourists. We propose a methodology based on big data analytics that provides a point estimate
of tourists' carrying capacity. It allows to forgo costly data collection and obtain a more objective
assessment of tourism carrying capacity.

Conceptual model development
3.1 Emotional responses to tourism intensity

While tourism intensity from residents' perspective has been theoretically explored in the form of
emotional responses that trigger place-protective actions (Garcia et al., 2015, McKercher et al.,
2015), prior studies that investigate tourism intensity from the visitors' perspective appear scant.
To date, research shows that tourist pressure from the visitors' side is a psychological construct



(Bell et al., 2011; Jurado et al., 2013) that depends on multifaced personal (e.g. motivations,
cultural background) and situational (e.g. activity type, environmental characteristics) features
(Alazaizeh et al., 2016; Klanj$¢ek et al., 2018; Li et al., 2017). People might consider crowds
stressful in specific contexts while appreciating intense flows in other environments (Jacobsen et
al., 2019). Gossling et al. (2020) suggest that "tourism will not per se have negative outcomes;
rather, it is possible that tourism can positively reinforce perceptions of a place. This, however, is
less likely in scenarios where visitor numbers are high with respect to the local population or
concentrated in small areas, where tourist behaviours interfere negatively with local customs and
social norms, and where fewer people profit from tourism developments™ (Gossling et al., 2020,
p. 84).

Following this reasoning, we formulate the following hypothesis:
Hypothesis 1a: Tourists' positive emotions towards the destination are affected by tourism intensity

Hypothesis 1b: Tourists' negative emotions towards the destination are affected by tourism
intensity

Research in consumer behaviour demonstrates that crowding perceptions affect consumer
emotions in the retail setting. Higher levels of crowding are associated with lower levels of positive
emotions and heightened negative emotions (Mahleit et al., 2000). Mehta et al. (2013) find that
the relationship between crowding perception and consumers' emotions follows an inverted U-
shape pattern. For low levels of perceived crowding, they observed increasing pleasure. For high
levels of the crowd, a negative value for pleasure is observed. Mehta et al. (2013) conclude that
there is an optimum crowding level that allows maximizing the positive emotions from store
visitation.

Tokarchuk et al. (forthcoming) demonstrate an inverted U-shape influence of tourism intensity on
residents' satisfaction with life. Following this approach, we suggest that tourists' emotions are
affected by tourism crowding in a nonlinear fashion. In particular, positive emotions exhibit an
inverted u-shape pattern in relationship with tourism intensity. At low levels of tourism intensity
at the destination, an increase in tourists' number increases positive emotions related to the visit.
Neuts and Nijkampas (2012) suggest that density experiences can activate positive reactions of
friendliness and excitement, particularly for vacationers belonging to group tours. Simultaneously,
the preferred level of visitation measured in Gonson et al. (2018) suggests that tourists will
thoroughly enjoy their visit and thus, experience positive emotions, even if a certain number of
other tourists will be present. However, negative sentiments caused by personal space violations,
congestion and overuse of infrastructures increase with increased tourism intensity (Kim et al.,
2016; Simancas et al., 2019).

Meanwhile, negative emotions follow a u-shape pattern. For low levels of tourism intensity, a
decrease in the negative feelings will be observed. At high levels of crowding, tourists will
demonstrate increasing negative emotions.

Accordingly, we formulate the following hypothesis:

Hypothesis 2a: Positive emotions are associated with tourism intensity following an inverted u-
shape pattern.

Hypothesis 2b: Negative emotions demonstrate a u-shape pattern concerning tourism intensity.



Methodology
Study context

Berlin is a prolific European urban tourism destination that has risen quickly in numbers to occupy
the third-most visited city in Europe in terms of bed nights with more than 34 million in 2019 after
London and Paris (Statista, 2020). This pronounced growth has led researchers of overtourism to
investigate this mass visitation's outworking and determine the effect of increasingly large
numbers of visitors on residents' quality of life (Tokarchuk et al., forthcoming). To provide a novel
perspective to the debate on whether and how Berlin policy-makers should moderate tourism in
Europe's "Capital of Cool” (Novy, 2017), this paper explores how demand dynamics measured in
online travel reviews can inform a better understanding of the resident quality of life. To this end,
we collected for analysis the online reviews from the ten most popular Berlin attractions on
TripAdvisor. These attractions are Berliner Dom, Brandenburg Gate, East Side Gallery,
Friedrichstadt Palast, Memorial of the Berlin Wall, Museum Island, Pergamonmuseum, Reichtag
Building, The Holocaust Memorial, Topography of Terror.

Tripadvisor Data collection and data treatment

Our analysis is conducted over the period from January 1 2013, to December 31 2019. All available
online reviews from January 1 2013, until December 31, 2019, irrespective of the original language,
were considered for analysis. Due to the monolingual processing libraries, previous studies tend
to exclusively select English-language reviews (Yu & Egger 2020), missing a significant and
valuable portion of the total sample. Altogether, 122,317 reviews, including the review text, date
of experience, rating and review language, were factored into the analysis.

The review bodies were first pre-processed from their raw state through GoogleTranslate to
establish a uniform lexicon and then cleaned by the R package TidyText (Silge & Robinson, 2021),
removing punctuation, special characters and lowercasing letters. The textual analysis employed
the NRC Word-Emotion Association Lexicon (Mohammad & Turney, 2013) to extract an
emotional index based on the prevalence of emotionally charged sentiments in the reviews.
Reviews were split by month, and a corresponding average emotional and sentiment score was
ascribed to each month. Additionally, the original language variable per review was preserved as
a factor, counted and recorded as a composite index. Through this procedure, we obtained two
separate scores for positive and negative emotions. The trend of the two indices is presented in
figure 1.
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Figure 1. Monthly positive and negative index from TripAdvisor reviews for top 10 Berlin
attractions

Berlin tourism data collection

We retrieved the data on tourists' presence in Berlin from the official statistical sources. We
collected monthly tourists' beds in Berlin from January 1 2013, to December 31 2019. Following
previous literature, we consider tourists nights per resident as the independent variable. The trend
of tourists' presence in Berlin during the analyzed period is presented in Figure 2.

The incidence of tourists visiting Berlin has grown during the analyzed period from 26.9 min
registered in 2013 to 34.1 miIn in 2019, a growth of 27%. As Figure 2 demonstrates, the tourists'
presence in Berlin is seasonal. December, January and February are the months that correspond to
the lowest number of tourists. January 2013, with 0.44 tourists nights per resident, registered the
lowest incidence of tourists in Berlin during the analyzed period. The peak season goes from May
to October, while August is the busiest month of the year. August 2019 was the months with the
most tourists nights per resident. During the observed period, the growth of tourists' presence is
mainly observed during the low season, with January and February demonstrating the highest
growth, corresponding to 45% growth from 2013 to 2019. The tourism intensity grew the least in
August, accounting for only 18% of growth from 2013 to 2019.

Method of analysis
The dependent variables used in the present study, the positive and negative indices, are continuous.

For this reason, ordinary least square regression has been chosen to analyse the impact of tourists'
presence on the sentiment score that is recovered from the tourists' reviews.
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Figure 2. Monthly tourists' nights in Berlin

We hypothesize that there is a limit that tourists can tolerate other tourists' presence in the city. To
test for this hypothesis, we follow Tokarchuk et al. (forthcoming) approach and assume that the

impact of tourists' presence on the positive (negative) sentiment associated with visiting Berlin's
attractions is nonlinear. Accordingly, we estimate the following model:

Positive index, = Tour_nights_res?f3; + Tour_nights_res.f3, + Dummy_year; + &
Negative index, = Tour_nights_res?p, + Tour_nights_res.f3, + Dummy_year; + &

Where Positive index; is the value of index of positive emotions at month t, Negative index;
is the value of index of negative emotions at month t, Tour_nights_res? is the quadratic term of
tourist nights per resident in month t, Tour_nights_res; is the value of tourists nights per resident
in month t, Dummy_year; is a dummy for each year j from 2014 to 2019, ¢, is an error term.

Hypothesis 2a will be confirmed if coefficient g, is significant and negative, while coefficient 3,
is significant and positive. These values of coefficients correspond to an inverted parabola.

Hypothesis 2b will be confirmed if coefficient 5, is significant and positive, while coefficient S,
is significant and negative. These values of coefficients correspond to a parabola.

In case hypotheses 2a and 2b are confirmed, the threshold value can be calculated as the axis of
the parabola

Threshold level = ——



Results

Table 1 reports the results of the estimation. The coefficients corresponding to the linear and
quadratic term of tourists nights per resident are significant both for positive index and negative
index. This result confirms hypotheses 1a and 1b.

In the case of a positive index, the coefficient 5, is negative and positive. This performance
indicates that the relationship between tourists' positive emotions in their reviews on Tripadvisor
and the crowdedness registered in the month of their visit, measured as tourists nights per resident,
follow an inverted u-shape pattern. Accordingly, Hypothesis 2a is confirmed. Given the estimated
values of the coefficients, the level of monthly tourists intensity that maximizes tourists' positive
emotions is 0.67 tourists' nights per resident.

The sign of the coefficient 8, corresponding to negative emotions index presents a positive sign,
while coefficient S5, is negative. This evidence suggests that negative emotions of tourists
expressed in their reviews on Tripadvisor follow a u-shape pattern. The optimal value of tourism
intensity that minimizes the negative emotions of tourists visiting Berlin is 0.62 tourists' nights per
resident. This result confirms hypothesis 2b.

Positive index

Negative index

Tourists nights per resident quadratic -1.37** (0.5572) 0.55** (0.2417)
Tourists nights per resident 1.85** (0.7721) -0.68** (0.3349)
Dummy 2014 0.07** (0.0328) -0.05%** (0.0142)
Dummy_2015 0.11*** (0.0330) -0.08*** (0.0143)
Dummy 2016 0.23*** (0.0332)  -0.12*** (0.0144)
Dummy_2017 0.26*** (0.0331)  -0.14*** (0.0143)
Dummy 2018 0.12*** (0.0335)  -0.16*** (0.0145)
Dummy_2019 0.10** (0.0348) -0.18*** (0.0151)
Constant 1.81%** (0.2622)  0.87*** (0.1137)
Number of observations, months 84 84

R? 0.5750 0.7679

Table 1. Results of estimation

** correspond to significance level at 0.05, *** correspond to significance level at 0.001

The threshold for the negative index is lower than for the positive index. It indicates that positive
feelings prevail even when negative emotions start increasing due to crowd related issues, like a



violation of personal space, queues or robbery. Tourists still enjoy the destination even if their visit
is not perfect.

While the threshold is an essential indicator for measuring psychological carrying capacity, it is
crucial to analyze the whole interval of possible values that the indices can take during the analyzed
period. Figure 3a and figure 3b represent the relationship between positive and negative indices
and monthly tourism intensity observed in Berlin during the analyzed period. Figure 3a suggests
that the values of positive index observed for the lowest levels of crowdedness are similar to the
index values corresponding to the highest levels of crowdedness. Although the positive index
decreases after reaching the optimal value, with the increase in tourism intensity, the positive
index’s corresponding value does not go below the values of the index observed for the lowest
levels of crowdedness. Only in August 2019, when tourism intensity in Berlin registered its peak
of 0.95 tourists' nights per resident, this value got inferior to the value recorded in January 2013,
corresponding to the lowest level of tourism intensity of 0.43 tourists' nights per resident. This
finding suggests that tourists visiting Berlin enjoy the crowd.

At the same time, figure 3b demonstrates that for negative emotions increase in tourism intensity
beyond the threshold level increases negative emotions. Accordingly, the peak months in 2016 and
2017, five months in 2018 and seven months in 2019, registered values of negative emotions' index
considerably higher than the index observed for the lowest level of crowdedness in January 2013.
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Figure 3a. Positive index trend in relation to tourism intensity. The solid line corresponds to the
optimal level of tourism intensity calculated for positive index, the short-dash line corresponds to
the optimal level of tourism intensity calculated for negative index, the long-dash line corresponds
to the optimal level of tourism intensity calculated for residents calculated based on results from
Tokarchuk et al. (forthcoming).

Figure 3b. Negative index trend in relation to tourism intensity. The solid line corresponds to the
optimal level of tourism intensity calculated for the negative index, the short-dash line corresponds
to the optimal level of tourism intensity calculated for positive index, the long-dash line
corresponds to the optimal level of tourism intensity calculated for residents calculated based on
results from Tokarchuk et al. (forthcoming).

Finally, the present study allows a comparison between the levels of carrying capacity of residents
observed in Tokarchuk et al. (forthcoming) and one of tourists. The analysis in Tokarchuk et al. is
conducted at the district level involving annual tourism data. Residents' carrying capacity reached
the threshold between 2011 and 2012. The yearly tourism intensity in Berlin in 2012 was 7.17



tourists' nights per resident in a year, which in terms of monthly tourism intensity corresponds to
0.59 tourists' nights per resident. Accordingly, residents appear to demonstrate less tolerance to
the city's tourism intensity compared to what tourists seem to express towards the crowding in the
destination.

Conclusion and Discussion

In the present study, we proposed an effective method of measuring destination carrying capacity
on the demand side based on sentiment analysis of tourists' reviews on TripAdvisor. Based on the
sentiment analysis technique, we constructed an index of positive and negative emotions. This
index is then regressed on the tourism intensity in Berlin's city during the analyzed period from
January 2013 to December 2019. Our results demonstrate that destinations can use the emotional
index for measuring the carrying capacity of the destination. Our analysis indicates that positive
emotions, including anticipation, joy, surprise, trust, resist the increasing crowding perception.

Moreover, the positive emotions' index suggests that Berlin's tourists require some crowd to fully
enjoy the destination. On one side, this result may indicate that Berlin visitors inform themselves
about the destination from TripAdvisor and form an expectation of a crowd. Consequently, their
positive feelings are not harmed by the crowdedness because they were expecting to find it and
were ready to face it. On the other hand, these findings can demonstrate that with time, larger
crowds in the destination attract visitors that enjoy crowds. Thus, the evolution of a mass
destination may be taking place.

Negative emotions like anger, disgust, fear and sadness, seem to follow a different pattern. The
negative index reaches its minimum level at a lower value of tourism intensity than the positive
index and increases drastically with the increase of tourists' nights per resident. This evidence
underlines the negative consequences that overcrowding at the destination has on visitors'
experience.

Destination managers should carefully consider the implications of the present study. While the
positive index analysis suggests an optimistic view of the situation, the negative index's pattern
presents warning signs that should be taken seriously. Berlin's negative index was growing fast in
the last years. In 2019, the negative index values for high tourism intensity exceeded the negative
index values corresponding to the lowest intensity for seven months, from April to October. This
evidence suggests that at the present state of destination development, tourism intensity is reaching
unacceptable levels, and further growth without intervention could damage the destination image.
Destination managers need to understand the sources of this negativity. For instance, the same
reviews on TripAdvisor can be analyzed with textual analysis to individuate the most frequent
topics of complains and tourists' segments that are mostly affected by them. Based on this
information, informed decisions on the type of intervention could be made.

Finally, for the first time in the literature, a comparison of carrying capacity on demand and supply
sides has been performed. The results indicate a similar level of carrying capacity for residents and
tourists. Residents' carrying capacity suggests lower levels of acceptance of tourists' crowds than
tourists' levels seem to tolerate.

The innovative approach to measuring destination carrying capacity on tourists' side provides
several advantages. First of all, it allows destination managers to obtain a point estimate of the
carrying capacity and see its development in time. This measure can be built at any level of
destination for which TripAdvisor reviews are collected. Consequently, it can be constructed for



the whole destination, as in the case presented in this analysis, or for its single sightseeing spots.
Second, the use of this measure avoids costly ad-hoc data collection through interviews with
tourists that is required for methods developed in other studies. This analysis allows to improve
the guest experience as well as save budgets for more critical interventions. Finally, this method
provides a more objective measure of tourists' sentiments. Tourists write their reviews to share
their experience in the destination and not answer specifically designed questions to understand
their behaviour.

We believe that the method developed in the present study will help advance academic research in
the area of overtourism and, more largely, destination management. Implementation of this method
opens for many applications, including confronting the carrying capacity of different destinations
and studying their evolution over time.

The present study faces some limitations. The carrying capacity's estimate is based on reviews
from TripAdvisor. People tend to share negative reviews on social media. This behavior might
lead to overestimation of the negative index. On the other hand, automatic textual analysis is not
able to distinguish scathing reviews. Thus, it is possible that some negative emotions in reviews
expressed by sarcastic positive tone may not have been detected, which will overestimate the
positive index. Keeping in mind these possible distortions in the index, the reliance of the analysis
on many voluntarily published reviews makes its results precious for decision-makers and
academics.
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