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Abstract

Geoconservation consists of the selection and conservation of geodiversity elements that have significant heritage value.
The management of geological sites is based on specific procedures to ensure public use and minimize adverse impacts.
The evaluation of the carrying capacity of geological sites is a management tool that helps to define the acceptable limits
of visitation, without causing significant impacts on the integrity of these sites. This work presents a review of the carrying
capacity concept and the most common methods used to assess the carrying capacity in tourist destinations. Based on this
review and analysis of the advantages and disadvantages of existing methods, this work presents a method that defines a set
of actions for management and calculation of the number of visitors recommended for geological sites, based on specific

geoindicators for each type of site.

Keywords Carrying capacity - Geoconservation - Geological sites - Geoindicators - Protected areas

Introduction

The increase of visitors in national parks and other desig-
nated areas in the USA in the middle of the twentieth cen-
tury obliged park managers to improve the management
strategies of these protected areas (Soller and Borghetti
2013). Therefore, the concept of carrying capacity (CC),
initially proposed under the scope of biological sciences
(ecology) and applied in the context of wildlife, agricul-
ture, and livestock, became an important tool for the man-
agement of recreation and leisure areas. Initially, CC was
applied primarily on the identification and quantification
of human activities impacts in protected areas (Takahashi
1998; Shaofeng 2004; Pires 2005; Manning 2007; Delgado
2007; Coutinho 2010; Soller and Borghetti 2013; Zelenka
and Kacetl 2014; Sharma 2016; Kennell 2016). Later on and
influenced by the sustainability paradigm, the CC concept
gained global relevance and started to also address cultural
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and economic issues of the population living in tourist areas
(Pires 2005; Kostopoulou e Kyritsis 2006; Coutinho 2010).

Several methodological studies were developed in the
beginning of the 1990s, aiming the evaluation of the tour-
ism carrying capacity (TCC) in protected areas (Cifuentes
1992; Cifuentes-Arias et al. 1999; Coccossis and Mexa
2004a, b; Boullén, 2006). These and other methodological
models propose a quantitative TCC assessment by setting
up the maximum number of visits that a place can with-
stand and a qualitative assessment by identifying which are
the acceptable conditions for a certain site. In recent years,
different methodological approaches that include distinct
TCC types have been applied as tools for the management
of protected areas in several parts of the world, like Costa
Rica (PROARCA 2006), Rio Grande do Sul (Brazil) (Soller
and Borghetti 2013), Java Island (Aryasa et al. 2017), and
Parana (Brazil) (Pontes and de Paula 2017).

However, the use of TCC as a tool applied to the manage-
ment of geological sites is still very scarce. The more con-
solidated TCC studies are related to management of caves,
e.g., Boggiani et al. (2007), Lobo (2009b, 2011, 2015), and
Lobo et al. (2013). Other TCC studies in geological sites
were done by Coutinho (2010) at Penha Garcia geosite
(Naturtejo UNESCO Global Geopark, Portugal), by Lima
(2012) and Lima et al. (2017) at Ponta da Ferraria and Pico
das Camarinhas geosite (Azores UNESCO Global Geopark,
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Portugal), and by Guo and Chung (2017) at geoparks in
Hong Kong.

Sharples (2002) defines geoconservation as the conserva-
tion of the diversity of significant geological (bedrock), geo-
morphological (landform), and soil features and processes
whilst keeping the natural evolution of these processes as a
function of their intrinsic and heritage values. This author
adds that the objectives of geoconservation are to preserve
and assure the maintenance of geodiversity, to protect and
safeguard the integrity of places whose geodiversity is rel-
evant, to minimize the adverse impacts on these sites where
geodiversity exhibits a relevance above average, to interpret
and explain geodiversity to visitors of protected areas, and
to contribute to the safeguard of biodiversity and ecological
processes.

Brilha (2016) highlights the need to establish geocon-
servation strategies in order to ensure the preservation and
sustainable management of geoheritage by means of specific
procedures that include inventory, quantitative assessment,
conservation, interpretation and promotion, and monitoring
of sites. According to Gordon et al. (2018), geoconserva-
tion must address a set of fundamental principles for the
implementation of a holistic approach in practice and the
integration of geoconservation in the preservation of nature
and in the planning and management of geological sites.
Furthermore, measures must be taken for the control of visi-
tors in sensitive sites and for the promotion of education and
interpretation of the whole natural heritage.

This work revises the CC concept with emphasis on the
CC assessment applied to tourist destinations. The literature
review is focused on the CC understanding and its concep-
tual and methodological evolution throughout time. It is
shown how the CC concept as a tool for planning and main-
tenance can be combined with geoconservation and applied
to the sustainable management of geological sites. The main
methodological applications in geological sites are analyzed,
with a special focus on protected areas, and the advantages/
disadvantages of the different methods are discussed.

The Concept of Carrying Capacity

The concept of carrying capacity or support capacity
appeared in the end of the nineteenth century applied to
biological sciences, ecology, and human ecology. The “idea”
or “need” to establish a carrying capacity was registered for
the first time between 1880 and 1885 in the Random House
Webster's Collegiate Dictionary and in 1906 in the annual
catalog of the Department of Agriculture of the United
States, primarily related with the management of pastures
(Price 1999; Shaofeng 2004).

In the beginning of the twentieth century, Hadwen and
Palmer (1920) introduced for the first time the ecological CC
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concept by studying the deer population in Alaska (Shaofeng
2004). Many authors (Takahashi 1998; Shaofeng 2004;
Manning 2007; Delgado 2007; Coutinho 2010; Zelenka and
Kacetl 2014; Sharma 2016) emphasize that the first studies
tackled, mostly, the management of wild life, livestock, and
agriculture. The first methodological (practical) applications
of the concept emerged in the USA and mostly made refer-
ence to the number of animals of a certain species that could
be kept at the same time in a given habitat (Dasmann 1945).
The studies applied to livestock aimed at determining the
number of cattle that can be kept in a certain area without
causing irreversible damage to pastures (Soller and Borghetti
2013; Sharma 2016).

Still, during the early decades of the twentieth century,
the CC concept started being applied to define environmen-
tal limits that result from human activities. Shaofeng (2004)
distinguished two main areas of application: basic ecology
and human ecology.

The CC concept in basic ecology refers to the manage-
ment of habitats and specific ecosystems (like wildlife and
pastures) and the management of tourism. It has as its pri-
mary objective the identification of the saturation limit of a
certain species in a certain area. Once this limit is reached,
the population of that species is at the maximum level to
allow its sustainability (Pazienza 2004).

When applied to human ecology, CC refers to the impacts
and ecological limits that result from the human population
growth and consumption increase (Shaofeng 2004).

Tourism Carrying Capacity Applied to Protected
Areas

The TCC concept became a very important tool for the man-
agement of recreational and leisure spaces, namely on the
identification and calculation of human activity impacts in
protected areas (Takahashi 1998; Shaofeng 2004; Pires 2005;
Manning 2007; Delgado 2007; Coutinho 2010; Soller and
Borghetti 2013; Zelenka and Kacetl 2014; Sharma 2016;
Kennell 2016).

The first attempt to apply the CC concept to protected
areas was made in the 1930s; in a US National Park Ser-
vice (NPS) report, it was questioned: “what is the number of
people that can walk along a natural area without destroying
its essential qualities?”” (Sumner, 1936 cited by Manning
2007). However, it was only in the decade of 1950, with the
increase of visitors in national parks and other protected
areas in the USA, that CC became part of visitors’ manage-
ment (Soller and Borghetti 2013). In the decade of 1960,
Wagar (1964) proposed the broadening of the CC concept
as “the level of use that an area can sustain without affect-
ing its quality.” This work emphasized that, in addition to
the management of protected areas, the social aspects and
the experience of visitors should also be incorporated into
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the CC concept (Stankey and Cole 1998; Takahashi 1998;
Takahashi and Cegana 2005; Pires 2005; Manning 2007;
Coutinho 2010; Soller and Borghetti 2013). According to
these authors, the management of visitors in protected areas
must involve a set of management actions and not only the
limitation of the number of visitors.

In the beginning of the decade of 1980, the United World
Tourism Organization (UNWTO) defined TCC as “the maxi-
mum number of people that may visit a tourist destination
at the same time, without causing the destruction of the
physical, economic and sociocultural environment and an
unacceptable decrease in the quality of visitors satisfaction”
(MclIntyre 1993).

In 1984, the management plan of the Galapagos National
Park (Ecuador) included a method to calculate the TCC of
trails and beaches, which was later revised and applied to
protected areas of Costa Rica (Cifuentes 1984). According to
Cifuentes (1992) and Cifuentes-Arias et al. (1999), TCC is
“a type of environmental carrying capacity that refers to the
biophysics and social capacities around the tourist activity
and its development” and represents the maximum limit of
human activity in a certain area.

The U.S. National Park Service (1993) revises the TCC
concept and defines it as the level of use that may be concili-
ated whilst sustaining the desired resources and the recrea-
tion conditions that integrate the objectives of the unit and
the management goals. Takashi (1998) stresses that TCC
may, or may not, define a maximum number of visitors,
depending on the recreation conditions. If the resources are
adequate and the recreational conditions are kept, the num-
ber of visitors will have secondary importance.

In 1992, the United Nations Conference on Environment
and Development took place in Rio de Janeiro, Brazil (Rio-92).
Rio-92 was an important milestone and raised global aware-
ness on sustainable use and development. Under the influ-
ence of that new paradigm, the TCC concept gained global
relevance and boosted the concern with sociocultural and
economic issues related to local populations at tourist areas
(Pires 2005; Kostopoulou and Kyritsis 2006; Coutinho 2010).

Types of Tourism Carrying Capacity

According to Coccossis and Mexa (2004a, b), the first split
of the TCC concept into three categories was suggested
by Pearce (1989): environmental and ecologic, physical,
and perceptive or psychological, reflecting the different
dimension on which the concept was applied. However,
based on Boullén (2006), Pires (2005), Coccossis and
Mexa (2004b), Kostopoulou and Kyritsis (2006), Nghi
et al. (2007), and Kennell (2016), the more recurring cat-
egories for the application of the TCC concept in tourism

management are: ecological and physical, material, per-
ceptive/psychological/social, and political/economical.

The ecological and physical TCC aims at identifying
and quantifying the impacts caused by recreation and tour-
ism on ecosystems (Pires 2005). It consists on the determi-
nation of the limits of acceptable ecological degradation
based on the definition of a maximum number of visitors.
While the ecological TCC refers to the impacts caused in
the natural environment, the physical TCC refers to ele-
ments of the built environment, mainly to infrastructure
systems (like supply services, transports, health services,
electricity). According to Boullén (2006), the material
TCC refers to the geological, geographical, and biologi-
cal characteristics associated with the safety conditions for
visitation in tourist sites. The perceptive/psychological/
social TCC is related to the experiences of the visitor in a
tourist site and to eventual impacts on local communities.
According to Getz (1983, cited by Kennel 2016) while
the perceptive TCC is a measure of the limit perceived
by the tourist, the social TCC refers to the maximum use
of a tourist resource, without causing unacceptable levels
of negative feelings by the tourist. Finally, the political/
economical TCC refers to the economic impacts generated
by the tourist activity (Kostopoulou and Kyritsis 2006).
According to Getz (1983 cited by Kennell 2016), the polit-
ical/economical TCC of a tourist site is the maximum use
of the resource before leading to an unacceptable level
of economic dependence on tourism and without causing
political instability, for example, conflicts over land rights
or control of tourism revenues.

Methods for the Tourism Carrying Capacity
Assessment and Their Application
in Protected Areas and Geological Sites

The CC assessment applied to the management of tourist sites
can be based on quantitative and qualitative methods (Pires
2005). While the former calculates numerical standards for
TCC quantification, the latter proposes management models
for protected areas. There is also a set of quantitative and/or
qualitative methods that are specific for the TCC calculation
in speleological sites (or speleological carrying capacity),
already compiled by Santos (2019). For each one of these
three groups (quantitative, qualitative, and speleological
TCC), it is presented a brief analysis and examples of applica-
tion with emphasis on protected areas and geological sites, as
well as advantages and disadvantages pointed out by several
authors (Pires 2005; Delgado 2007; Manning 2007; Boggiani
et al. 2007; Lobo 2009; Coutinho 2010; Lobo et al. 2010,
2013; Lobo 2015; 2017; Santos 2019) (Tables 1, 2 and 3).
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Table 1 Brief analysis of the TCC assessment by quantitative methods

1. Method of Cifuentes 1992; Cifuentes-Arias et al. 1999

Advantages
e Monitoring of physical and chemical parameters;
o Limitation of the number of visitors

Disadvantages

o The assessment of the maximum number of visitors might be con-
flicting with management objectives;

o Difficulties in measuring certain variables (erosion, soil compaction)
and disturbances in fauna and flora;

o Difficulties in establishing and measure direct relation between
visitation and impacts;

e Overlapping of factors and consequent real carrying capacity reduc-
tion may give unrealistic results

Examples of application: Aryasa et al. (2017); Zacarias (2013); Silva (2017); PROARCA (2006); Soller and Borghetti (2013); Pontes and
Paula (2017); Raimundo and Vilani (2000); Mitraud (1998); Amador et al. (1996); Rios-Jara et al. (2013); Lima (2012; Lima et al. (2017);
Queiroz et al. (2014); Boggiani et al. (2007); Sgarbi (2003); Lobo (2006; 2008); Lobo et al. (2009); Lobo and Zago (2009)

2. Method of Boullén (2006)

Advantages
e Considers the visitation demand;
o Allows the control of visitation in a simple way (number of groups
per day);
e Provides a provisional TCC assessment when the environmental
variables are still unknown;
o Alternative for TCC assessment in sites with intensive use and
where the environment is highly altered;
o Evaluation of the number of people at the same time in a site, as a
function of the user needs

Examples of application: Costa (2004); Camargo (2008)

3. Density and standards of tourist use
(Lozato-Giotard 1992; Ruschumann et al. 2006; IBAMA 2001, 2002)

Advantages
e Considers the visitation demand;
o Allows the control of visitation in a simple way (number of visitors
per day in a certain area);
e Monitoring based on quantifiable data

Disadvantages

e Absence of criteria and environmental parameters;

o Difficulties in establishing the real visitation limits (underestimates
or overestimates TCC values);

o Better applied to the evaluation of psychological/social TCC (per-
spective of visitor);

o Not appropriate for the assessment of ecological/material TCC

Disadvantages

e Absence of criteria and environmental parameters;

o The standards are of empirical nature;

o Difficulties in establishing the real visitation limits (underestimates
or overestimates TCC values)

Examples of application: Lozato-Giotard (1992); Ruschumann et al. (2006); IBAMA (2001; 2002)

Table 2 Brief analysis of TCC assessment by qualitative methods

1. Limits of acceptable change (LAC) (Stankey et al. 1985);

Visitor experience and resource protection (VERP) (National Park Service 1993, 1997; Manning 2001); Tourism optimization management

model (TOMM) (TOMM 2000)

Advantages
e Provide an easy way to relate environmental impacts and social
conditions;
o Identification and assessment of impacts;
o Systematic monitoring to detect anthropic or natural environmental
changes;
o Facilitates the management;
e Management decisions fostering resource conservation

Disadvantages

o Need of large funding for management actions;

e Lack of studies about impacts on the environment caused by visita-
tion;

e Focus on the visitor experience and on the assessment of his/her
level of satisfaction (small environment changes are not prioritized);
o Not suitable for small areas

Examples of applications: Takahashi (1998); Passold (2002); Barros (2003); Guo and Chung (2016, 2017)

2. Method of Coccossis and Mexa 2004b

Advantages
o Definition of limiting factors;
o Assessment of the level of acceptable impacts and basis for the
management of the studied area;
e Indicators for the sustainable development of tourism and for TCC
assessment, in a simple and flexible way;
e Monitoring of the state of the environment

Examples of applications: Coutinho (2010)

Disadvantages

o Need of large funding for management actions;

e Focus on the visitor experience and on the assessment of his/her
level of satisfaction (small environment changes are not prioritized);
o Not suitable for small areas
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Table 3 Brief analysis of three TCC methods applied to speleological sites

1. Environmental zoning of caves (ZAC) (LOBO 2009)

Advantages
e Establishes the usage limits as a function of the characteristics of
each zone of the site and type of visitors;
® Quick calculation of a preliminary TCC;
e Integration of thematic studies (archeological, palacontological,
etc.);
e Provides alternatives for the calculation of the real carrying capac-
ity;
e May be adapted to other types of geological sites

Examples of application: Lobo (2009)

2. Projection of scenarios onto fragility maps (Lobo et al. 2010; 2013)

Advantages
o Integration of thematic studies (archeological, palacontological,
etc.);
e Participation of different experts (biology, geology, archeology,
etc.);
o Includes social aspects and the participation of the local commu-
nity;
e Provides flexible results;
o Establishes the number of visitors and groups size according to the
type of activity;
e Definition of visitation circuits;
e When there is no agreement between stakeholders, defines a provi-
sional TCC

Examples of application: Lobo et al. (2010); Lobo et al. (2013)

Disadvantages
o The classification of management zones with restricted and intan-
gible use foresees the limitation of tourism use. In these areas the
permitted use is scientific and speleological research, and therefore
the idea of TCC does not apply

Disadvantages
e Not appropriate for the calculation of a definitive TCC;

3. TCC calculation based on critical atmospheric parameters (Lobo 2011; 2015)

Advantages
e Projection of different visitation scenarios;
e Monitoring of environmental factors taking into account the differ-
ent seasons;
o Establishes a dynamic TCC as a function of each season

Examples of application: Lobo (2011; 2015)

Disadvantages
o High costs for the monitoring of environmental variables (atmos-
pheric parameters);
e The TCC calculation of speleological sites is not compatible with
short-term data (weeks or months)

Quantitative Methods

A comparison between some of the quantitative methods
already published is presented in Table 1.

The Cifuentes method was applied for the first time in
1984, as part of the revision of the management plan of
Galapagos National Park (Ecuador). It gained international
recognition and was thereafter applied to calculate TCC in
several protected areas in different countries. A few years
later, Boullén (2006) introduced the concept of “rotativ-
ity coefficient” and reintroduced the concept of “personal
distance” or “ecological bubble” for the TCC assessment
in natural areas. The model of density by zone type in pro-
tected areas is based on environmental zoning, which is a
tool that establishes the territorial planning and rules for
soil occupation and use of natural resources IBAMA 2001).
The guidelines for management different zones are formu-
lated after identifying the vulnerabilities and possibilities
of each zone, based on the environmental particularities of

the region, and on its interaction with the current social,
cultural, economic, and political processes (IBAMA 2001;
FADURPE 2010). While areas with little modifications due
to anthropic actions can receive about 20 visitors per km?,
areas with significant modifications can have about 500 visi-
tors per km? (Pires 2005).

Qualitative Methods

In parallel to the development of quantitative methods for
TCC assessment, since the decade of 1970, qualitative meth-
ods are helping to define models for the management of public
use in protected areas. These models consider that TCC is
the “level of recreational use that may be accommodated in
a park or related areas without the overstepping the limits
established by variables of relevant indicators” (Manning
2007). The models that are most known and used include the
Recreational Opportunity Spectrum (ROS) (Clark and Stan-
key 1979); Limits of Acceptable Change (LAC) (Stankey
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et al. 1985); Visitor Impact Management (VIM) (Graefe
et al. 1990); Visitor Activity Management Process (VAMP)
(Environment Canada and Service Park 1991); Visitor Experi-
ence and Resource Protection (VERP) (National Park Service
1993, 1997; Manning 2001); Carrying Capacity Assessment
Process (C-Cap) (Shelby and Herberlein 1986); and Tourism
Optimization Management Model (TOMM 2000). The main
advantages and disadvantages of three of these models that
are more widely used in the tourism management of protected
areas (LAC, VERP, and TOMM) and the method proposed
by Coccossis and Mexa (2004a, b) are presented in Table 2.

The concept of “Limit Acceptable Change” (LAC) was
proposed by Frissell and Duncan (1965) assuming that rec-
reational activities in natural environments cause negative
impacts on the environment. These impacts must be identi-
fied, and the limit of acceptable change for a certain natural
environment must be defined. Once this limit is reached,
measures must be undertaken to avoid the deterioration of
the environment in order to avoid “adverse changes.” LAC is
a technical model of planning that enables a systematic defi-
nition of acceptable ecological and social changes resulting
from recreational and tourist activities, which facilitates the
decision by managers (Stankey and Cole 1998; Takahashi
1998; Takahashi and Cegana 2005; Pires 2005).

The VERP method was developed by NPS in 1992 in
order to improve the management of visitors and TCC
assessment in public areas (Pires 2005; Coutinho 2010).
This model emphasizes both the quality of the natural
resources and the visitor experience. Belnap et al. (1997)
and Manning (2004, 2007) state that the structure and
development of this model were an adaptation of the LAC
method. Although some of the aspects, like terminology and
sequence of stages, may vary, in general, the two methods
display a common rational:

1. Definition of the area conditions to be maintained in
terms of management objectives/desired conditions and
associated impact indicators and standards, considering
resources, visitor experience, and management of parks
and outdoor recreation;

2. Monitoring of indicators to determine if existing park
conditions meet the standards that have been specified;

3. Management actions to assure that the standards are
maintained.

The Tourism Optimization Management Model (TOMM)
was developed in 1996 as a new model for the sustainable
management of tourism in the Kangaroo Island, Australia
(TOMM, 2000, 2016). This model, like LAC and VERP,
is composed by stages that involve the definition of the
required conditions, the identification of indicators and
standards, the monitoring of indicators, and the applica-
tion of management actions. However, the main focus is
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the management of tourism considering the sustainable
economic benefits. Hence, the identification of maximum
limits of use and the carrying capacity are secondary to the
model (Pires 2005; Lessa 2006; Coutinho 2010).

Finally, the method proposed by Coccossis and Mexa
(2004b) for TCC assessment involves descriptive and evalu-
ation elements. The former includes physical, ecological,
social, political, and economic aspects that will help to iden-
tify the restrictions (limiting factors with difficult manage-
ment), obstructions (limiting factors that may be manipulated
by the managers), and impacts (elements affected by the inten-
sity of use). Evaluation elements describe how an area must
be managed and what is the limit of acceptable change. Coc-
cossis and Mexa (2004b) also present a set of indicators for
the sustainable development of tourism (e.g., quality of air,
production and management of waste, use of soil, consump-
tion and quality of water, social behavior, profits, and invest-
ment in tourism) and TCC indicators (e.g., number of days
that the pollution standards are exceeded, daily consumption
of water and electricity in activities related to tourism, average
production of waste). This type of approach has been widely
used in protected areas with high ecological value.

Methods for TCC Assessment in Speleological Sites

The carrying capacity of speleological sites is defined as the
“possibility to limit in time and/or space the use of a cave so
that environmental damage does not occur, its resilience capac-
ity” (Lobo 2008). Lobo et al. (2009) discuss the necessity of
multidisciplinary studies involving the biodiversity and geodi-
versity assessment to define TCC in caves. In what concerns the
assessment of the physical environment, these authors highlight
the need of a climate monitoring (like temperature and rela-
tive air humidity) inside the cave. Based on the monitoring of
these variables, some authors (e.g., Hoyos et al. 1998; Calaforra
et al. 2003; Sgarbi 2003; Scaleante 2003; Fernandez-Cortés
et al. 2006; Boggiani et al. 2007) have established TCC as the
maximum number of visitors allowed daily inside the cave.
While this procedure may be sufficient to plan the speleological
use in the early stages, more detailed studies might be necessary
in more complicated situations (Lobo et al. 2009).

The main advantages and disadvantages of the three
methods proposed by Lobo and co-authors are presented
in Table 3.

Proposal for the Tourism Carrying Capacity
Assessment Applied to Geological Sites

The management of geological sites should be planned
in order to achieve the conservation objectives and, at
the same time, ensure the quality of visitation (Lima
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2012). The TCC assessment of geological sites is justified
because it is a management tool that helps to define the
acceptable limits of visitation, without causing significant
impacts on the site integrity (Brilha 2018b). In addition,
monitoring actions that are necessary to calculate TCC can
provide information about the evolution of the conserva-
tion status of the site throughout time.

Based on the models and their applications presented in
the “Methods for the Tourism Carrying Capacity Assessment
and Their Application in Protected Areas and Geological
Sites” section and on the aims of a geoconservation strategy
(Brilha 2016), a proposal for the TCC assessment as a tool for
the proper management of geological sites is presented below.
As it is intended to contribute to the TCC assessment under
the scope of geoconservation (considering the potential use
and degradation risk of each geological site), it will be given
more emphasis to TCC components that assess the natural
environment, specifically the physical-ecological or mate-
rial carrying capacity, in order to highlight the geological

characteristics in these sites. The following proposal com-
prises three steps (Table 4): (A) system analysis, (B) manage-
ment priority, and (C) calculation of carrying capacity.

Part A—System Analysis

The system analysis is based on the method proposed by
Coccossis and Mexa (2004b) and involves the following
stages: (i) analysis of the physical characteristics, biodiver-
sity, and geodiversity; (ii) analysis of the tourism activity;
and (iii) analysis of management policies. The geodiversity
analysis includes the inventory of geological sites, which
corresponds to the first stage of a geoconservation strategy
(Brilha 2016). The analysis of the tourism activity in the
region includes the characterization of the existing tourist
offer and demand and the definition of the visitors’ profile
(Coccossis e Mexa 2004b). The knowledge about the exist-
ent management policies may help to define the manage-
ment objectives of each geological site, i.e., the activities

Table 4 Stages for the
TCC assessment applied to
geological sites

Part A—System analysis

e Physical characteristics
o Biodiversity
o Geodiversity

Analysis of the physical environment

Analysis of the tourist development / potential use / public use

e Potential use
o Tourist offer and demand
e Characterization of visitors

Analysis of the management policies of the area / geological site

e Protection regime

e Management category (when applicable)

Part B—Management priority

Establishment of management priorities (when applicable)
o Ranking of geological sites (especially in areas with dozens of sites)

Part C—Calculation of the tourism carrying capacity

Zoning of the area/geological site (when applicable)
e Identification of aspects and sub-aspects for each area/geological site
o Definition of zones for each area/geological site
o Definition of the type and level of use for each zone in accordance with different management catego-
ries and in order to group together aspects and sub-aspects

Identification of factors/geoindicators (associated with threats)
o Identification of factors that influence each zone or geological site
o Definition of geoindicators for each zone or geological site

Monitoring of factors/geoindicators related to threats
e Establishment of a monitoring strategy
o Definition of the limit of acceptable change for each geoindicator and indicators of visitation impacts
(when applicable) for each zone or geological site
e Systemic collection and analysis of data in order to calculate the TCC of each zone or geological site

Calculation of the tourism carrying capacity
o Assessment of the indicators monitored in the previous stage and management strategies
e Definition of the maximum number of visitors in the different zones or geological sites

Revision of the process

e Revision of the monitoring and management strategies
e Revision of the numeric carrying capacity (when applicable)
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and the type of tourism that may be practiced, and to select
which geological sites need to be protected, in accordance
to international, national, regional, and local regulations
(Brilha 2016, 2018a).

Part B—Management Priority

The quantitative assessment of the scientific value, tour-
ist and educative potential uses, and risk of degradation of
geological sites contributes to rank these sites and to estab-
lish management priorities (Brilha 2016). Sites with higher
tourist and educational potentials and a higher risk of deg-
radation should be the first ones to have a TCC evaluation.
It is important to highlight that if the geological sites that
are included in the same study area are located in different
administrative regions, this may imply that they are under
different public use policies. In this case, the establishment
of management priorities should be done before the system
analysis.

Part C—Calculation of the Tourism Carrying
Capacity

This calculation starts with an environmental zoning aim-
ing to define the occupation and norms of use of a certain
site and its management needs. The zoning of the geologi-
cal site, i.e., the subdivision into zones in order to facilitate
the definition of the type of use, according to the different
management categories, should group the geological ele-
ments of main interest (aspects) and the secondary geologi-
cal elements (sub-aspects), in accordance to the proposal of
Wimbledon et al. (2004) for the preparation of management
plans for geological sites.

The processes and pressures that affect or may affect the
state of conservation of the site must be identified, consider-
ing the aspects and sub-aspects that were characterized in
each zone or geological site. According to Cifuentes (1992)
and Cifuentes-Arias et al. (1999), this stage consists of iden-
tifying factors, i.e., characteristics that influence each site
by means of impact indicators. Factors can affect directly
or indirectly a site, making it more vulnerable and dimin-
ishing or increasing the public interest in accordance to
possible changes of the main aspects or sub-aspects. Fac-
tors may have natural (e.g., erosion, vegetation growth) or
anthropic (e.g., trampling, resource exploration, infrastruc-
tures) causes. Authors like Stankey et al. (1985), Merigliano
(1987, 1990), and Manning (2007) argue that the selection of
good impact indicators must be specific, objective, trustable,
related to public use, sensitive, manageable, efficient and
effective to measure, interactive, and meaningful. Garcia-
Cortés et al. (2012) and Diez-Herrero et al. (2018) refer to
impact indicators as geoindicators, according to the defi-
nition of Berger and Iams (1996): measures (magnitudes,
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frequencies, rates, and trends) of phenomena and geologi-
cal processes that occur at or close to the surface and are
subjected to significant changes for understanding environ-
mental changes in a period up to one hundred years. Hirai
and Augusto Filho (2008) describe several geoindicators that
are usually mentioned in the literature. Visitation impact
indicators should also be identified; relevant examples are
explained in Lobo and Simdes (2010) and ICMBio (2011).

After the identification of geoindicators and visitation
impact indicators, procedures for the periodic monitoring
and analysis of data must be established for each zone or for
the whole geological site. For each indicator (geoindicator/
visitation impact indicator), the limits of acceptable alteration
(desirable conservation status) (Stankey et al. 1985) (LACV)
or the maximum accepted measurement conditions (National
Park Service 1993, 1997; TOMM 2000) must be established,
i.e., the conditions that must be maintained for each indica-
tor from the establishment of standards. In LAC, VERP, and
TOMM models, the definition of the desired level for each
indicator should be related to the capacity of the environment
(e.g., pollution levels). The definition of standards for the
geoindicators and indicators of impact of visitation should be
based on a reference value, obtained during the initial phase
of monitoring at the geological site. After a certain period
of monitoring, the established standards may be confronted
with the indicators, helping in the TCC assessment and on the
management actions. It is recommended that the monitoring
of each indicator should cover 12 months so that the different
seasons of the year are considered.

The geological site TCC must be defined after the evalu-
ation of the data obtained during the indicators’ monitoring
considering:

1. A set of management actions directed towards keeping
the limits of acceptable change of the set of indicators,
or

2. Limitation of the number visitors in a zone or geological
site.

Monitoring data will supply information about the impact
caused at a geological site. In general, an impact is not asso-
ciated with only on indicator, but rather to a set of indicators
(ICMBio 2011).

Thus, when there are signs that the acceptable limit for
a key indicator or set of indicators has been exceeded, one
must consider the changes in the established standards and
assess the impacts and their possible causes. Knowing these
impacts and their causes, whether natural or related to public
use, specific management actions must be implemented in
order to re-establish the standards, that is, to maintain the
TCC of the zone or site in question.

Management strategies are a set of actions or interven-
tions to control, minimize, and/or eliminate the impacts
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caused to the environment (Lobo and Sim&es 2010). These
actions must be planned in order to minimize the medium-
and short-term impacts and should need a low budget (ICM-
Bio 2011).

Once the limits of acceptable change are exceeded and
case the management strategies are not sufficient to control
the impacts on a site, then the number of visitors should be
limited, according to the following formula:

INU = LACV
Al
where

LNU = Maximum number of visitors (carrying capacity).

LACV = Maximum acceptable change of an indicator.

Al = Average impact caused by one visitor.

The value LACV is obtained from the following
expression:

LACV = LAC — NEC

where:

LAC = Maximum acceptable change for an indicator,
defined by the pre-established standards.

NEC = Natural expectable change due to natural pro-
cesses and without any anthropic influence.

The AI value may be calculated from the monitoring
data (when available):

_IC—NIC
NV

Al

where:

IC = observed indicator change (monitoring data).

NIC = natural indicator changes (indicator changes
caused by natural processes and without anthropic
influence).

NV = number of visitors during the monitoring period.

There may be cases in which the monitoring data is not
detailed enough to distinguish which part of the change is
caused by natural processes and which one is caused by
anthropic factors. In these cases, the value NIC must be
estimated according to the standards established in the lit-
erature for that region. When monitoring data are not suffi-
cient for a trustful estimation of the average impact caused
by one visitor (Al), this value can be assumed based on
values presented in the literature and in which the condi-
tions of the geological site are as similar as possible to the
site under study.

After the calculation of the maximum number of users
(LNU) for each indicator, the carrying capacity of the zone
or geological site is given by the minimum value obtained
within all the indicators and should not exceed the real car-
rying capacity that can be calculated according to Cifuentes
(1992), in which only the correction factors associated with

restrictions that limit the physical access to the site are
considered.

After the TCC calculation of a geological site, there is
a period in which the impact factors should be monitored.
By the end of this period, the monitoring and management
strategies can be reviewed, together with the TCC value,
if necessary.

In case the management conditions are kept or improved
(for example, recovery of accessibility, implementation of
infrastructures, availability of new services), the TCC revi-
sion must follow what is expressed in Fig. 1. In these cases,
one must verify if the impact indicators are in conformity
with the established standard. If that is not verified, and if
after the analysis of the causes of the impacts it is concluded
that such is due to intensive public use, then the TCC value
must be reduced, i.e., the number of visitors must decrease.
If, on the other hand, the analysis of the causes of impacts
concludes that the extrapolation of indicators is not directly
related to a high public use, then TCC can be increased.
Independently on the motives that led to the exceedance of
standards, the TCC revision can be attained with manage-
ment actions at the site. In case the monitoring data reveal
that the indicators are in conformity with the established
standards, then TCC can be redefined and the visitor number
increased.

When the management conditions of the geological
site get worse, the TCC revision must be based on what
is shown in Fig. 2. In these cases, one must try to under-
stand if the factors that limit the site visitation (visita-
tion impact indicators) considered in the TCC calculation
have changed. In case they did change, then TCC must be
revised and reduced. If there are no changes in the factors
that limit visitation, it must be verified if the management
conditions have deteriorate the capacity for public use. In
this case, new indicators may be included in the review
of the TCC calculation. After assessing the management
conditions in the site, the review of the procedure for TCC
assessing is concluded following the same procedures
adopted in cases where management conditions have been
maintained or improved (i.e., from the verification whether
the impact indicators are in accordance with the established
standard).

Finally, in both situations of improvement or deterioration
of management conditions, it should be noted that the TCC
review at one geological site is cyclic and is directly related
to the data collected from the impact indicator monitoring.
However, for the TCC calculation, it is necessary to establish
strategies for the control of visitors (tickets, entrance quotas,
etc.) in the period of monitoring and analyze the direct rela-
tion between the levels of use and the environmental quality
at the geological site ICMBio 2011).

@ Springer
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Final Considerations

The review of the TCC concept and of the different meth-
ods for its assessment carried out in this work has shown
that there is neither a universally accepted definition nor a
standard application that can be used in all circumstances.
Different approaches to this concept imply different ways
of calculation, which is reflected in different interpretations
increasing the complexity of the subject.

The inefficiency of imposing a limit on the number of
visitors to control environmental impacts in protected areas
opened space for the development of methods to manage
visitor impacts. However, obtaining data to establish accept-
able limits of change is quite time-consuming, and the man-
agement strategies to be implemented require investment,
which is a disadvantage in applying the TCC concept.

The proposal developed in this work is based on the eval-
uation and integration of practices analyzed in the meth-
ods of TCC evaluated previously. The procedures for TCC
assessment in geological sites include three distinct steps.
The initial procedures (part A) focus on the identification
and characterization of the main geodiversity elements, anal-
ysis of their potential use, and management policies for the
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study area. Part B establishes the management priorities for
geological sites, and part C seeks to collaborate and extend
discussions on overcoming the main disadvantages associ-
ated with the previous methods, by defining and monitoring
geoindicators and other indicators of visitors” impact.

Thus, this method can be applied to geological sites at
different scales (local, regional, national) in different “area
types” (e.g., protected areas, geoparks, urban sites) and
diverse geological contexts (e.g., palacontological, geo-
morphological, tectonic sites). However, among the main
challenges of implementing this method, as verified in most
of the methods evaluated in this work, is the need for a sys-
tematic monitoring of geological sites throughout at least
1 year, so that the different seasons of the year can be con-
sidered and possible factors affecting the site can be identi-
fied. Only its practical application will allow us to obtain
data and answers regarding its effectiveness and possible
impasses. However, the characterization of geological pro-
cesses at certain sites may require years of research, and
the techniques for monitoring and implementing concrete
management actions may need significant funding.

We can conclude that the TCC assessment of a geologi-
cal site is more than just establishing or setting a number
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Fig.2 Decision flux for the
analysis of the tourism carrying
capacity in case the manage-

Deterioration of

management conditions

ment conditions at the geo-
logical site deteriorate (adapted
from ICMBio 2011)

have changed?

The limiting visitation factors
considered in the CC calculation

Do the deteriorated management
conditions affect the capacity of
e site to receive visitors?

Revise and decrease
the CC

Include the new
factor in the CC
calculation

Monitoring of indicators

YES

Maintain the CC

Maintain the CC

Are the indicators in conformity

Is the high intensity of use the
cause for the environmental
impacts at the site?

with the standards?

Analysis of the cause of
impacts

YES

A 4

Revise and Execution of
decrease the CC managemeny
actions

of visitors. This assessment should also involve a series
of steps that allow for knowing the site, establishing cri-
teria for the identification and monitoring of indicators,
developing management strategies, and periodic review/
reassessment of these steps, becoming a cyclical process.
These results should be made compatible with the assess-
ment of other “types” or “categories” of carrying capacity
(ecological, perceptive/psychological/social, and political/
economic), so as to promote the sustainable use of the site.

Since this is a complex method and may last several years,
it requires a management team focused on geoconservation
and determined to make the correct management of geo-
logical sites. Unfortunately, there are still few examples in
the world where this situation occurs.

The TCC assessment method presented here was applied to
geological sites of Alto Ribeira Touristic State Park (PETAR)
and its surroundings in Sdo Paulo State, Brazil. The description
and analysis of this case study will be presented in another article.
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