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Abstract

Purpose — touristic destinations develop over time, which is why, in order to get a comprehensive
picture of their development, it is necessary to observe it's dynamics.

Methodology — in this paper system dynamics methodology and of DPSIR framework will use. In
order to model reasoning behind the TALC behaviour, presented research in this paper leans on
TALC logistic curve.

Findings — deeper analysis of the causes and/or consequences elements of destination (sub)system
(supply and demand) will indicate way of affect touristic area life cycle dynamics.

Contribution — better understanding of the background structure of TALC pattern behaviour may
help destination managers/planners to bring appropriate policies to move destination’s
sustainability towards higher level of organisation.

Keywords: TALC logistic curve, TALC pattern behaviour, system dynamics, DPSIR, policies.

INTRODUCTION

The Tourism area life cycle model (TALC) (Butler 1980) has recently become one of the
most cited models in tourism literature. The purpose of the TALC model, as explained
by Butler (Butler 2006), was primarily to draw attention to the dynamic nature of
destinations and to propose a generalised process of development and potential decline
which could be avoided with the appropriate interventions (planning, management and
development). Hence, it can be said that it represents only a statistical approximation. It
describes the evolution of a tourist area through six stages (Figure 1), namely, the
“exploration”, “involvement”, “development” and “consolidation”, signifying growth
expressed in number of visitors, while the “stagnation” stage represents a gradual
decline. The end of the cycle is marked by the “post-stagnation” stage, which comprises
a set of five options which destination may follow (Muller et al. 2010).
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Figure 1: Hypothetical Tourism Area Life Cycle
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As for the variable indicating the change along the lifecycle stages, to characterize the
change of the destination in terms of life cycle stages, Haywood (Haywood 1986)
considers the variation in the number of tourists. According to him, the destination could
be in the decline stage if there is a sustained decline of about half a standard deviation,
while the development stage would be the result of an increase of the same magnitude.
If there is a decline in arrivals of less than one-half of a standard deviation, the destination
would enter the stagnation stage. An increase of less than half a standard deviation would
place the destination in the consolidation stage. Di Benedetto and Bojanic (Di Benedetto
and Bojanic 1993) used the number of tourists as the measure in their model. In addition,
they augmented it with a "dummy variable” that captured the influences of the
environment, revitalization, and the influence of new attractions. Examples include the
fuel crisis of 1974 and 1979, the World's Fair, the EPCOT Center, and the Cuban missile
crisis.

Some authors use accommodation capacities as a kind of proxy for investments in a
destination’s tourism (Cole 2012) or monthly bed-night data as a measure of demand
(Karplus and Krakover 2005). However, Cruz and Pefiarrubia Zaragoza do not consider
it as an appropriate indicator of saturation unless related to the level of tourist satisfaction
(Cruz and Pefiarrubia Zaragoza 2019). The stages of tourism development in the regions
of Southwestern Europe were identified by Romdo et al. who developed a simplified
tourism life cycle model. They used growth rate of nights spent by tourists and Location
Quotient (associated with the employment in hotels and restaurants) as a measure of
importance of economic activities related to tourism (Romao et al. 2013). The same
information was adopted as indicator in a panel data model, together with other variables
concerning sustainability (regional, natural, and cultural resources), regional innovation
efforts, and other elements associated with tourism infrastructure and economic
conditions affecting regional tourism performance. In order to remove negative effect of
perception excessive demand Diedrich and Garcia-Buades explore residents perceptions
about impact of tourism activities (Diedrich and Garcia-Buades 2009). They obseverd
tourism activities as signals of evolution of toursim destinations.
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An equally important issue in the elaborated papers is the number of stages a destination
passes during its lifetime. With this regard, it was pointed out that the existence of a
variety of non-S-shaped curve patterns implies that there are alternatives to the traditional
stages to the tourist area life cycle already (Haywood, 1986). Moreover, Haywood said
that even those who accepted the S-shaped curve as the dominant pattern of the tourist-
area cycle-of-evolution identified a varying number of stages and labels for these stages.
Thus, Dealbuquerque and McElroy suggest that Caribbean islands pass through three
primary stages of tourist development: low-density exploration, rapid growth and
consolidation, and high-density maturation involving the substitution of man-made for
natural attractions (Dealbuquerque and McEIroy1992).

Prideaux argues that a new approach to the issue of resort development is required and
proposes a new model, the Resort Development Spectrum, with the four life cycle stages
(Prideaux 2000). “Simplified” version of the TALC model, suggest three staged TALC
model (Romao et al. 2013). They establish three criteria for measuring changes in each
phase. The stage of exploration concerns the regions whose growth rate is low or
negative. There, the degree of specialization was calculated by the LocationQuotient,
which takes into account employment in hotels and restaurants. If the destination has a
large tourist demand, it marks the development stage. Finally, if the growth rates are low
while tourism plays an important role in the economy, the regions with higher
specialization in tourism activities are characterized by stagnation.

To better explain the behaviour of the TALC model, figure 2. present life cycle stages
based on the number of tourist arrivals in the city of Split as a case, in the period from
2007-2019. The curve delineating behaviour of demand has sigmoid shape. In addition,
it can be divided in shorter time-periods (from 2009-2011 and 2011-2019) resulting again
with two sigmoid curves. This potentially indicates existence of a rule, common to all
similar situations.

Figure 2: Yearly number of visitors in Split
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According to previous, this paper! aims to propose a structure of TALC model, including
both, demand and supply side to delineate life cycle stages. Furthermore, is common fact
that any tourist destination is a complex adaptive system, and as such possesses a
structure spanning several scales or layers with a (sub)structure at every scale and
involves interplay between cooperation and competition (Baranger 2000). As pointed by
Baggio, complexity is the study of the structures which depending only partially on the
nature of their constituents and concerns the unforeseen adaptive capacities and the
emergence of new properties in systems that arise as the quantity and the quality of the
connections among individuals and organisations increase (Baggio 2008). In line with
the aforesaid, it can be said that the main goal of this paper is to examine and describe
the structure of the TALC pattern behaviour. Given this, it will hopefully contribute to
the interdisciplinary understanding of sustainability at the community (and other levels)
by drawing attention to cross-scale relationships. Finally, to explain the logic lying
behind the TALC model outlined in this paper, the system dynamics (as an aspect of
systems theory) will be employed to comprehend how information feedback governs
using feedback loops, and stocks and flows. Following the theoretical explanation on
system dynamics, a structure of TALC model is being improved with DPSIR (Drivers,
Pressures, States, Impacts and Response) framework for better systematizing
sustainability indicators (Siwailam et al., 2019). Further TALC research will be
conducted towards the analysis of the structure of cause-consequence links among
elements of a destination (tourist area) system in the context of DPSIR. This means that
the destination as a system will be further split into subsystems, each one of them
specifically behaving, and while interacting with each other, shaping the destination’s
life cycle stages.

1. METHODOLOGY
1.1. System Dynamics

The term “life cycle assessment” (LCA) was first used in the late 1980s to describe
holistic environmental assessments. Since its introduction, more than a hundred of
studies have been conducted. Few of these have consistent methodological approaches
or use equivalent data and assessment criteria. It is therefore relatively easy to criticize
LCA studies. Critiques of LCA studies have therefore been relatively easy to mount.
“Some of the prevailing problems are put down to the immaturity of the technique (data
and allocation problems), whereas others may turn out to be less tractable (impact
assessment and evaluation)” (Berkhout 1996, 146).

1 “This article is based on research done in the context of the SmartCulTour project that has received funding
from the European Union’s Horizon 2020 Research and Innovation Programme under grant agreement no.
870708. The authors of the article are solely responsible for the information, denominations and opinions
contained in it, which do not necessarily express the point of view of all the project partners and do not commit
them*
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Figure 3: Basic concept of calculation
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As already explained, the lifecycle model represents only a statistical approximation.
However, system dynamics methodology can be used for analysing structure of lifecycle
patterns. The system dynamics uses Parametric and structural assumptions have used in
order to modelling behaviour of system (Sterman 2000). A practical system dynamics
analysis generally requires creation of a structure of the observed problem in order to
understand how that structure generate that problem (Schoenberg et al. 2020). Also, it aims
to understand how to improve that structure in order to explain the reasons why the observed
behaviour has been generated (Richarson 1996). Based on this, the practitioner may propose
changes of models that will cause more favourable behaviour (Richarson 1981).

The system dynamics mathematical models are generally presented by two types of
functions: stock and flow variable. These two variables make level equation (1),
representing the basic element of a system dynamics model.

Stock(t) = Stock(ty) + X (inflow(t;) — outflow(t;)) - At (1)

A stock is measured at the certain point of time, and represents an existing quantity which
may have accumulated in the past. A flow (inflow/outflow) variable is measured over an
interval of time. Therefore, a flow would be measured per unit of time (such as a year).
Flow is roughly analogous to the rate or speed in this sense. This means that level
functions may be calculated in one-time period, while two-time periods are needed to
calculate rate function (figure 3.). In order to better understand the structure of
calculation, figure 4 presents cause-consequence structure diagram of level function
described by expression (1).

Figure 4: Cause-consequence structure diagram of level function
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Figure 4 shows the causal relationships with their signs (+ and —) indicating direction
and effects of an action (proportionality / inverse proportionality).

Key constituents of the system dynamic models are feedback loops and delays that serve
to connect data in an interactive manner, in accordance with the internal logic of the
observed system. All dynamic models were controlled by two types of feedback loops,
each one of them behaving in a specific manner (Richardson and Pugh 1981). Positive
feedback loops amplify the momentum of action, while negative feedback loops limit
action, consequently regulating the system. An example of each type of loops may be
associated with the basic equation describing typical behaviour of the Butler’s original
TALC model.

1.2. DPISR framework

Berkhout pointed two important questions in the context of life cycle assessment
(Berkhout 1996, 145):

“How significant is each of the impacts that a system generate in the environment?”,
and
“What are the most effective means of reducing these impacts?”

Furthermore, in the context of tourism, Butler stressed that the TALC model had, at its
core, the belief that if demand and visitation exceeded the capacity of the destination,
then the quality of experience for visitors, quality of life for residents and the
destination’s physical appearance would suffer, consequently causing the loss of
attractiveness, and decline in number of visitors (Butler 2006). In order to analyse
impacts of tourism activity in context of TALC, in this paper DPSIR (Driver Forces,
Pressures, States, and Responses) framework will be employed. With this "valuable tool"
complex environmental issues can be organized and communicated (Bradley and Yee
2015). The DPSIR framework was developed by the European Environmental Agency,
has been used by the United Nations, and has been adopted by the US Environmental
Protection Agency (EPA) in the Sustainable Puerto Rico initiative. The DPSIR
framework is a systems-thinking framework. It means that DPISR framework observed
cause-effect interaction between subsystems (e.g. social, economic, and environmental)
of underlying system like touristic destination. The framework can be summarized as
follows (Bradley and Yee 2015):

« Driving Forces are the factors that motivate human activities and fulfil basic human
needs. Driving Forces describe “the social, demographic, and economic
developments in societies” (Gabrielson and Bosch 2003). Driving Forces use
resource and on that way make pressure. They may be observed as two divided
subsystems into Economic Sectors and Social Driving Forces.

o Pressures are defined as human activities that result from the operation of social and
economic drivers. These cause changes in the environment or in human behaviour
that may affect human health. Pressures are also devided into two separate
subsystems: Environmental Pressures and Human Behaviour Pressures.

348



ToSEE — Tourism in Southern and Eastern Europe, Vol. 6, pp. 343-356, 2021.
M. Hell: MODELLING DYNAMICS OF THE TALC WITH SYSTEM DYNAMICS METHODOLOGY ...

« State refers to the state of the natural and built environment (Gabrielson and Bosch
2003) and human systems (Yee et al. 2012). With this regards, State has two
subsystems: Environmental and Human systems state.

o Impacts are the measure of the ecosystem functioning on the welfare of humans,
including the production of ecosystem goods and services and ultimately, human
well-being. Impacts are divided into the two subsystems: Ecosystem Services and
Human Well-being. Ecosystem Services has effect on human system state.

« Responses are defined as set of actions taken by some actors in order to adapt system
to changes.

The framework describes structure of development as cause-consequence chain. The
division of indicators into subsystems allows policy makers to provide feedback on
environmental quality and the resulting impact of policy decisions made or to be made
in the future.

The DPSIR framework has been commonly used in sustainable development literature
(Bradley and Yee 2015). DPSIR used for sustainable environmental and socioeconomics
management of freshwater ecosystem service (Koundori et al. 2016) and to evaluate
sustainability in coastal area (Bidone and Lacerda 2004). Odermatt used DPSIR for
meta-analysis of sustainability in mountain regions (Odermatt 2004), while Atkins
focused on the management of marine environment (Atkins et al. 2011). As shown by
Haberl, it is also possible to use it in order to improve the understanding of
socioeconomic biodiversity pressures and drivers (Haberl et al. 2009).

The application of DPSIR covers also the field tourism research. In order to investigate
the sustainability of tourism development in the selected Mediterranean regions
(Pivéevi¢ et al. 2020) have used DPSR to analyse its similarities and differences

The DPSIR framework creates a set of stable indicators that are used as a basis for
analysis. However, it does not take into account the dynamical change of the system in
question (Piv¢evi¢ et al. 2020), and this is one of the critiques. As Karageorgis
emphasizes, in order to understand the cause-effect relationship for a given
environmental problem, one should focus on the connections among the distinct
categories (DPSIR) (Karageorgis et al. 2006). Given the above, the use of system
dynamics approach in the context of DPSIR framework seems to be very appropriate. It
can be employed in order to model constraints, which cause limitations in TALC. DPSIR
framework enables illustrating the complexities of the system interactions in TALC,
especially for analysing demand and supply.

2. BACKGROUND STRUCTURE OF TALC PATTERN

Concerning the TALC pattern and stages, proposed the s-shaped logistic curve to explain
tourist area life cycle, but at the same time he stressed (Butler 1980, 11) that: “‘the shape
of the curve must be expected to vary for different areas, reflecting variations in such
factors as rate of development, government policies, and number of similar competing
areas.”
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Development of a tourist destination as a system is usually seen as the result of the two
interrelated subsystems, e.g. supply and demand (Hall 2005; Jakulin 2016; etc.). This
implies existence of three important considerations contributing to the dynamics of a
destination, being: changes in visitor preferences and needs (demand conditions), gradual
deterioration and possible replacement of physical assets and facilities (supply
conditions), and change or disappearance of original natural and cultural attractions
responsible for the area’s initial popularity (supply-demand interaction) (Fritz 1989).
This research has intend to extend the model by approaching it from both demand and
supply sides, for which a combination of DPSIR (Drivers, Pressures, States, Impacts and
Response) framework and system dynamics methodology will be used.

2.1. Demand side

Ever since Butler’s seminal work (Butler 1980) was published, most of the researchers
dealing with the TALC model (Haywood 1986; Di Benedetto and Bojanic 1993;
Lundtorp and Wanhill 2001, etc.) approached it from the demand side. As explained by
Cole, this evolutionary path is represented with an S shaped curve associated with the
logistic function: dV/dt = kV(M-V). V represent the number of visitors in time ¢, with the
maximum number of visitors M. K is an empirically derived parameter represents the
“telling” rate, or the “spread of knowledge of the resort” (Cole 2012). The term (M — V)
determines that, as visitor numbers increase toward the level M, the rate of growth
decreases which gives rise to the familiar S-shaped curve. Specifically, by the time
knowledge of a given destination is complete. That means, the increase slows down and
V approaches M because there will only be a few people receiving the message for the
first time. Thus, the most authoritative formulation of the TALC is a demand-side model.
Cole further explained that the above situation can be modelling with the “so-called
Verhulst equation originally devised in 1838” (Cole 2012). Although originally
conceived to describe the Malthusian growth of human populations faced with resource
constraints, it has been applied across many natural and artificial systems including
touristic ones. This systems characterize with endogenous growth and exogenous
constraints, with a corresponding range of interpretations of the variables, their
measurement and their meaning. In tourism, extended version of the equation has been
empirically tested on the cases of the island of Bornholm and the Isle of Man, using long
run time series, from 1884 to 1912 and from 1912 to 1967 (without world war II),
respectively (Lundtorp and Wanhill 2001; 2006). Results of the study showed that even
under the assumption of a uniform market, that ignores the shifting patterns of tourist
arrivals, the lifecycle curve can only be a truly representative aggregation if all tourists
are repeating their visitation. Otherwise, the lifecycle model represents only a statistical
approximation.

To be precise, in the original equation, dV/d=kV(M-V), the change of the number of
tourists in time, dV/dt, is the product of the two expressions, e.g. &'V and (M — V). The
variable dV/dt indicates change of the number of tourists (dV = V&, — V#)) in the time
interval (df = t — t1). The expression k- indicates that this change depends on the
penetration coefficient (k) and the number of tourists /" at time unit #,, or in other words,
variable V' grows exponentially in each subsequent time unit (step), because dV is
attributed to variable V. The question arises as to how long the variable V' (number of
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tourists) will grow. A look on the other expression (M—V) shows that in each subsequent
time unit its value is reduced. Namely, as V increases in each subsequent time unit, due
to the first expression, k', the second expression, M=V, decreases. This indicates that
the feedback loop (—)FBL2 regulates the growth of the number of visitors in the observed
destination, described by (+)FBL1 (see Figure 5a).

Figure 5: Structure of Demand and pattern of behaviour
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Such a combination of (+)FBL1 and (-)FBL2 results in the Butler’s S-shape curve
(Figure 5.b). In previous studies, the penetration coefficient £ and the maximum number
of visitors M were observed as constants. According to previous, observing M as constant
results in a self-regulation system characterized with sigmoid shape of TALC. However,
it has to be borne in mind that destinations develop over time, which is why, in order to
get a comprehensive picture of their development, it is necessary to look at M not as a
constant, but as a variable. In that case, to understand behaviour of M supply side needs
to be analysed.

2.2. Supply side

In order to analyse supply side, the DPSIR framework will be employed. According to
the DPSIR framework there is a chain of causal links starting with “driving forces”
(economic sectors, human activities) through “pressures” (emissions, waste) to “states”
(physical, chemical and biological) and “impacts” on ecosystems, human health and
functions, eventually leading to political “responses” (prioritisation, target setting,
indicators). Describing the causal chain from driving forces to impacts is a complex task,
and tends to be broken down into direct links between DPSIR elements (subsystems of
indicators).
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Figure 6. Structure of interactions DPSIR subsystems
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Regarding the framework, drivers (hotels buildings, tourism industry, access to
services,...) motivate human activities. More drivers means more human activity which
creates more pressure (atmospheric emission, changing landscape, outdoor activities,
transportation and touristic product choice etc.). It means positive (+) influence drivers
on pressures. More pressure decline state of the natural and built environment and human
systems (environment, water, air particulate, insects, asthma, stress, obesity...) what
means negative (—) influence on states. In regard to definition of impacts and state, worse
state of the natural and built environment and human systems (environment, water, air
particulate, insects, asthma, stress, obesity...) cause worse effects of quality and
functioning of the ecosystem (climate regulation, disease & pest regulation, economic
prosperity, job production), i.e. positive (+) influence states on impacts. Worse effect of
quality and functioning of ecosystem (impacts) decreases drivers i.e. motivation for
human activity. It means that negative influence (-) has an impacts on drivers. Described
structure is closes the positive (+)FBL3. Exclude of responses describe natural dynamics
behaviour of supply side. Every growth of drivers makes pressures, which decline state
and impacts, and finally, during longer time it means exponential decline of observed
system quality. Additionally, amplifying effect makes positive (+)FBL4. Worse effect of
quality causes worse state of human systems what mins (+) positive influence impacts
on human states. With previously described positive (+) influence states on impact
(+)FBLA4 is closed. It can be concluded that (+)FBL3 and (+)FBL4 represent breaks of
supply subsystems. Because of that, it is important to manage destination using responses
according with DPSIR framework (Petri¢ et al. 2020).

2.3. Demand and supply subsystems’ interaction

For effective destination management, demand and supply subsystem must be analysed
together as a whole. So, in this paragraph structure diagram of demand and supply
subsystem will be connected. Visitors as actors of the demand subsystem consume
products generated by the drivers from supply subsystem. On the other hand, visitors
from the demand subsystem by consummation generate pressure in demand subsystem.
As presented in the Figure 7, the interaction between the subsystems of supply and
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demand takes place in their cross section. Simply put; a destination uses drivers to attract
visitors; increased number of visitors results in increased pressures. Other elements of
DPSIR describe the structure within the very destination system. By increasing
pressures, the states worsens and leads to negative impacts, eventually causing negative
effects on drivers.

Figure 7: System dynamics approach to explanation of demand and supply
subsystems’

f Demand side K \ Supply side \
\
ﬁ/\
Pressures : (+)FBL3

) \ States

\

\

.Responses LR
(+)FBL1 \

\

\

\

\

d

\

N

.

*y Growth
/’ number of
/ '/ :\_/ visitors |mPaC‘S

(~)FBL2

M-y < o
rivers
Nl

Source: adjusted to (Petri¢ et al. 2020)

J

If a number and/or quality of the drivers is reduced, the drop of the variable M on the
demand side is expected. To mitigate such a situation, management tools and measures,
observed as responses, must be introduced. By introducing responses, pressures caused
by an increased number of visitors (V) are reduced; states caused by an increase of
pressures are improved; impacts generated by states are decreased, and drivers affected
by increased impacts are enhanced.

Based on the above-explained, it may be concluded that the overall shape of the TALC
depends on four “main” feedback loops:

o (+) FBL1, described by the exponential growth of visitor arrivals (V);

o (-)FBL2, described by the self-regulating variable V, limited by the potential market
(M) in a time unit t;

e (H)FBL3 and (+)FBL4 described by the exponential growth of the residents’
dissatisfaction (resistance) with regard to the growth of visitors.

Reaching the optimal number of visitors may be achieved by managing life cycles in
order to establish balance among the four mentioned FBLs.
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CONCLUSION

Conceptualisation of the TALC as a system dynamic model including DPSIR framework
provides new insights into demand and supply interactions. Moreover, it enables:

— Analysis of the limits of growth in terms of the number of visitors, by introducing
different factors affecting sustainability on the supply side; namely, development
of the simulation macro-model enables creation of development prognostic scenarios
for tourist destinations, thus supporting better decision-making and eliminating
uncertainties typical for the declining stage of the TALC model.

— Determination of the TALC stages’ thresholds based on simulation of prognostic
scenarios concerning the number of visitors and the duration of each stage.
Maximum value of the function (variable) Growth coincides with the change in the
shape of the TALC curve. Mathematically, the Growth function represents the first
derivative of the variable V, which is the rate of change. Thus, the TALC curve can
be divided into two periods: the period when the number of visitors grows and the
period when it falls. Similarly, through the second derivation, it is possible to observe
the acceleration of the change, which allows the TALC curve to be divided into more
stages. In the research by (Lundtorp and Wanhill 2001), this approach was applied
up to the fourth derivation, but with only the demand side being observed. Extending
the simulation model to the supply side may help in determining the causes/logic
lying behind the threshold of each of the stages. Simply, instead of the stages being
analysed based on the shape of the life cycle curve, the curve can be shaped according
to the analysed life cycle stages’ characteristics.

— By introducing indicators with regard to both, the DPSIR framework and the
feedback loops through the demand side, the presence of a circular impact on the
supply side can be examined.

Despite its conceptual nature, applying this model on a specific case (destination) may
help managers to properly analyse the interactions between demand and supply side
indicators and to introduce proper tools to reduce pressures and eventually contribute to
a destination’s sustainability and resilience. However, it has to be borne in mind that
each destination differs from the others, and so is its DPSIR framework and related
indicators. This may also be considered a potential gap of the model. However, the
indicators to be chosen must appropriately delineate the state of the art of the D-P-S-and
| variables within a destination, in order to introduce the most proper R (responses), i.e.
policies.
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