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ABSTRACT

The current world situation marked by the COVID-19 pandemic, plus the various specific situations in
each locality, require an adequate response to promote development. One of the most recommended is
the development of tourism, and precisely that it is linked to the environmental environments of nature.
For this reason, geotourism offers guarantees of biosecurity, open spaces, and better conditions in the
current situation. Guayaquil, a cosmopolitan city on the Ecuadorian coast, has unique characteristics
for the development of geotourism. This work aims to carry out an environmental analysis, using the
cause—consequence method and tourist carrying capacity in geosites for sustainable geotourism
development. The methodology includes: (i) strategic geosites selection; (ii) environmental assessment
of geosites and analysis of their carrying capacity for tourism; and (iii) interpretation of results and
strategy development. The results reflect that Guayaquil has very significant potential given its natural
geological and biological conditions. The union of geodiversity and biodiversity give the Guayaquil
metropolis a special uniqueness, auguring an excellent future for geotourism development. It is vital
the develop geosites with an environmental consideration that allows projecting towards sustainable
development.
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1 INTRODUCTION
Megadiversity is characterized by many plants or animal species that inhabit the same
geological site, providing biological richness [1]. The geodiversity and biodiversity present
in the most megadiverse countries make these geographical areas highly recognized and
visited by many tourists [2].

Geodiversity is recognized as the basis for ecological biodiversity [3], improving the use
of natural resources and the tolerance of ecosystems to climate change [4], allowing its
development as a natural [5], geological [6], mining [7] and cultural [8] heritage.

The geodiversity and biodiversity of a place are essential characteristics for the
confirmation of the natural heritage [9], in which the development of human beings, their
cultural traditions and the history of the sector stands out [10]. These sectors consist of a
universal value that encompasses the scientific and educational perspective [11], promoting
the conservation and maintenance of the natural beauty that magnifies its importance and
reason for visitation [12].

The natural heritage is related to the geological heritage since it focuses on the places
where the geological and landscape processes of the place are manifested, being unique
characteristics that promote cultural, scientific and educational interest in the called geosites
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[13]. At the same time, there is a relationship with mining heritage, which focuses on
anthropogenic activities performed on the surface of the earth or below it, called mining,
which implements for tourism and educational purposes [14].

Geosites are essential as the abiotic matrix of ecotopes and an existing relationship
between geomorphological and geological interest [15]. In addition, these sites drive the
development of geotourism, offering scientists the opportunity to conduct research to enrich
knowledge, promote conservation, and achieve sustainable development [16].

Geotourism is a new form of geographic tourism that focuses on visiting fantastic scenic
and scenic places [17], [18]. This term was born as a strategy of geoconservation of the
biophysical and cultural characteristics of the geosite, being an option to promote sustainable
development in rural areas [5].

Geoconservation is a term used to refer to the set of actions and strategies aimed at the
conservation and preservation of geological heritage [19]. This motivates the development
of strategies to conserve the site’s natural resources, habitats, and flora and fauna [20], [21].
These characteristics are essential for the creation of the so-called geoparks [22].

UNESCO Global Geoparks are a network of unique geographic areas of international
geological importance [23], which makes use of geological heritage to improve the awareness
and understanding of society through geotourism [24], [25]. In addition, these places have an
ethnographic, ecological and cultural variety, having their first appearance in European
countries and later joining South America, such as Ecuador [26].

Ecuador recognizes as a megadiverse country located in the southern hemisphere of the
American continent [27]. It has scenic and tourist attractions that frame its geological
evolution. These places stand out in the various geographical regions of continental and
insular Ecuador. Its unique features include wvalleys, volcanoes, basins, and other
geographical features that frame the geo-biodiversity it possesses. [28]. Therefore, there is
an extensive natural, geological and cultural heritage within the territory that has changed
over time due to geological and geomorphological processes [29]. The first geopark in
Ecuador, recognized by UNESCO in 2019, is the Imbabura Global Geopark, located in the
northern Andean part of Ecuador [30].

Guayaquil, also known as the pearl of the Pacific, and Ecuador’s main port, is a city of
international interest since it has very significant potential given its natural geological and
biological conditions [31]. Moreover, the combination of the geodiversity and biodiversity
of the metropolis of Guayaquil gives it a special uniqueness [32], auguring an excellent future
for social, economic, cultural and geotourism development [16]. The city has heritage values
that emphasize elements of geodiversity [33], [34], recognizing it as a symbol of the
Ecuadorian coast.

2 OBJECTIVES

The problem that occurs in Guayaquil is defining by the following question: How would we
recognize the environmental status and physical carrying capacity of four geosites of the city
of Guayaquil for taking measures in the context of sustainable development? Therefore, the
research aims to evaluate four geosite of Guayaquil city, considering environmental aspects
using a cause—effect matrix. The tourism topic is also considering, calculating the carrying
capacity of each of the geosites in the study area. Environmental valuation and carrying
capacity are crucial to establishing strategies that lead to sustainable development.
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3 MATERIALS AND METHODS
The present work focuses on the application of three different phases (Fig. 1), focused on:
(i) strategic geosites selection; (ii) environmental assessment of geosites and analysis of their
carrying capacity for tourism; and (iii) interpretation of results and strategy development.
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Figure 1:  Diagram of the methodology and phases implemented in the development of the
research work.

o [ Environmental sustainability ]

[ Geotourism development ]

3.1 Phase I: Strategic geosites selection

From a group of geosites already valued for their geological relevance in the scientific
contribution of Carriéon-Mero et al. [16], four geosites representatives of the city of Guayaquil
are selecting. Among which are: Cerro del Carmen, Santa Ana hill, Guayas River (Malecon
2000) and the Historical Park (Fig. 2). It should note that these places have an already
established tourist preponderance in the city, and in this work, their geological value is adding
for a critical, synergistic and developmental analysis.

These sites are recognizing for their high tourist, educational and recreational activity.
However, these sites need an assessment of their current environmental status and the
maximum capacity of tourists they can accommodate, given the reality of the COVID-19
pandemic.
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Figure 2: The geographical location of the geosites in Guayaquil, Ecuador. (Source:
Modification of [35].)

3.2 Phase 2: Environmental assessment of geosites and analysis of their
carrying capacity for tourism

The cause—effect method is an interactive matrix implemented for environmental impact
studies to represent the interactions between two components, natural and anthropogenic.
This matrix is a double-entry table, where the rows are the environmental factors to be
assessed, while the columns contain the value corresponding to each factor (Table 2). For
this purpose, the results are analyzing with the valuation ranges in Table 1.

The calculation of the tourist carrying capacity consists of the application of three
different sections, which refer to the physical carrying capacity (PCC), real carrying capacity
(RCC) and effective carrying capacity (ECC) (Fig. 3). The PCC is the limit of visits that can
be made to the site per day, while the RCC is a series of correction factors to the PCC that
affect the site directly or indirectly, and finally, the ECC is defining as the maximum of visits
that can be allowed given its management capacity [36], [37].
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Table 1: Significance ranges.

Features Significance
(+) Highly significant
(+) Significant
(+) Moderately significant

2140 B(+) (+) Insignificant

0-20 A(1) (+) Not significant
(5120 A(-) (-) Not significant
(-)21-40 B(-) (-) Insignificant
(-)41-60 C(H) (-) Moderately significant
—)61-80 (—) Significant
—)81-100 (-) Highly significant

Tourist Carring Capacity

l — |

’ Physical Carring Capacity ] I Real Carring Capacity ] I Effective Carring Capacity
’ PCC=(SxT)/(sxt) ] CF=1-(LM)/(TM) ] l ECC=RCCxMC

RCC:PCCXCleCF2x...xCFn]

Figure 3: Main parameters analyzed for the calculation of tourist carrying capacity.
S = Surface or total area of the geosite destined for tourists; s = surface per
person; T = Time for visitors; t = time a person needs to visit the geosite; Lm =
Limiting magnitude; Tm = Total magnitude; PCC = Physical carrying capacity;
RCC = Real carrying capacity; ECC = Effective carrying capacity; CFl..n =
Correction factor of the variable (1, 2, 3, ..., n, depending on the case); MC =
management capacity.

3.3 Phase 3: Interpretation of results and strategy development.

The results allow us to analyze the status of each geosite, considering the environmental
impact of tourist and human activity, and the maximum capacity to which they are limited to
accommodate under COVID-19 conditions. This phase focuses on the generation of a focus
group to discuss the values obtained after the evaluation of each site (Delphi method). It is
an essential tool for exploring the results and determining practical actions for strategy and
decision making [38].

4 RESULTS
The results reflect the environmental value of each geosite, determining the most relevant
environmental aspects and their impact on the geosite (see Table 2).
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Table 2: Environmental assessment of four geosites of Guayaquil.

(transport or machinery)

Historical | Cerro del | Santa Ana Guayas River

Park Carmen Hill (Malecén 2000)
Environmental aspect Impact Impact Impact Impact value

value value value
Gas emissions perception  -12.5 | A(-) | =32 | B(-) | =32 | B(-) —24 B(-)
Soil quality perception 27 |B(#) | 27 |BH) | 27 | B(#) 15 A(+)
Electricity consumption 24 |B(-) | 24 | B(-) | 48 | C(H) =50 C(H)
Bad odors perception -12 |A) | 21 | B(G) | 21 | B(H) | -17.5 A0
Noise and vibration
perception =20 |B(-) | 54 |C(H) | 54 |[CH) | 40 B(-)
Generation or presence of 30 | BO) | 100 - 100 - 48 o)
wastewater
Fauna 56 - 2 |A®]| 12 A ] 21 B(Y)
Flora 54 28 |B(#)| 12 | A(#) 24 B(+)
Ecosystem impacts 27 |B#) | 54 | CH) | 54 | C(H) —24 B()
Construction for geosite
adjustments 8 1AM 7 |AO) | T | AC) -8 AG)
Reforestation 24 | B(+) | 27 | B(&) | -27 | B(H) —18 A0
Organic waste generation =36 | B() | 48 | C(H) | -54 | C(H) —24 B(-)
Inorganic waste generation | =16 | A(-) | 54 | C() | 54 | C(5) -32 B(-)
Hazardous waste generation | -8 | A(-) | 48 | C(-) | 48 | C(H) —48 CH)
Loss of vegetation cover =75 |A-) | -18 | A | 24 | B(») —24
Industrial activity -15 A | 45 | CH) | 54 | C(= =72
Commercial activities 48 21 | B(+)| 48 54
Employment generation 42 27 |B(#) | 48 48
Service generation 54 36 [B(+)| 54 54
Excessive visual or 27 56 ﬁ 7 56
landscape load
Social recreation 48 6 |AMH)| 42 56
Physical carrying capacity 40 40 [B(+) | 56 72
Tourist safety 54 21 |B(+) | 24 20
Symbol or figure cultural 54 70 90 80
Presence of vehicles 35 63 4 o) 48

The historic park has a negligible negative impact. The perception of gas emissions is
deficient given that the park is located in an area with little intervention by vehicles, although
smoke particles can founding retained in part of the vegetation, which contributes to
mitigating noise pollution and transforming it into pleasant sounds. Organic waste generation
and electricity consumption have a negligible impact due to the biological needs of the
animals and the fact that not all the park is illuminated at night (recreational areas, restaurants,
and event hall). On the other hand, the unique characteristics that make this park a vital
geosite are highlighted, such as the animal shelter (where they can interact and be cared for)
and the diversity of vegetation (which is cared for and reforested), positively benefiting this

ecosystem.
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Given the proximity between El Cerro del Carmen and Santa Ana Hill, similar negative
impacts are not very significant, such as the perception of gases from vehicles travelling in
the surrounding area. Electricity consumption and the perception of noise and vibrations are
other impacts caused by the presence of houses, lights, vehicles of the residents and
commercial activity in the sector, in addition to nighttime activities such as bars and
nightclubs. Wastewater generation is another significant factor, mainly influenced by
housing and services provided by hotels and restaurants, which are also involved in solid
waste and are considered a moderately significant factor. Despite the adverse effects, both
geosites have significant characteristics that highlight their importance, such as the
generation of jobs and services, geoforms that frame their geological activity, cultural and
historical figures, and other peculiarities that make these geosites the unique cultural places
in the Guayaquil city.

In the Guayas river (Malecon 2000), there are negative impacts on electricity
consumption due to the installation of lights for monuments and roads, the perception of
gases, noise and vibrations due to the presence of extreme games, ships/land vehicles passing
around and live shows on weekends and holidays. The generation of wastewater has a
moderately significant impact, given the presence of commercial establishments and other
tourist activities that encourage the use of the facilities. Therefore, industrial activity is more
prevalent and affects the ecosystem. However, this geosite also highlights characteristics of
the city’s identity, such as the generation of employment, social recreation, great tourist
carrying capacity, as well as the presence of symbols, and cultural and historical figures of
the Guayaquil city, which makes it one of the most visited sites by tourists and citizens.

The tourist carrying capacity of these geosites highlights the maximum number of people
at each geosite, which can see in Table 3.

Table 3: Tourist carrying capacity.

Results (visits per day)
Geosites CCF CCR CCE
Historical Park 31,250 2,021 1,887
Cerro del Carmen 113,333 27,036 21,629
Santa Ana Hill 56,000 25,701 23,559
Guayas river (Malecon 2000) 255,000 118,109 110,236

Considering the surface in square meters for visitors and the area of each geosite, in the
PCC, it is possible to determine the maximum number of tourists that can access in a single
day. However, in the RCC, there are correction factors for the previously calculated data,
which significantly influences the stay and number of people on the site. Finally, the ECC
presents multiple variables that refer to the capacity of each geosite to be managing most
appropriately. Therefore, the geosites have a significant number of people represented by the
ECC, such as the Historical Park with a maximum of 1,887 tourists, Cerro del Carmen with
a permissible limit of 21,629 people, similar to Santa Ana Hill with 23,559, but the one with
the most significant capacity to accommodate visitors is the Guayas River (Malecon 2000),
with a capacity of up to 110,236 tourists.

5 DISCUSSION
From an environmental and tourism perspective, Guayaquil city has problems regarding the
lack of environmental culture among its citizens and their activities that affect the
environment [39]. Furthermore, contamination by the solid waste in the Guayas River
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(Malecon 2000) is another environmental problem present in this site, due to improper
disposal [40], as well as the high energy consumption caused by the site’s facilities, and the
contamination of its banks by wastewater discharged into the river from industrial activities
[41]. However, it has a tremendous socioeconomic, cultural, and recreational importance,
being a geosite with great tourist/historical interest and a large tourist carrying capacity.

Despite being a tourist site that maintains its structures in better condition than the others,
the Historic Park also has negative impacts from the surrounding area and slightly from
within, so tour guides must receive training to inform tourists adequately [42]. On the other
hand, its geographic location allows for local flora and fauna development, making it a
geosite of great value for the interaction between humans and nature.

Cerro Santa Ana and Cerro del Carmen are very characteristic places of the city since they
are sites with predominantly cultural and historical heritage, besides being the neighborhoods
where the city of Guayaquil began [43], However, they are deteriorating due to carelessness
of urban infrastructure and lack of an inhabitants culture, which has led to an increase in the
crime rate [44].

Knowing the tourist carrying capacity of the four geosites is necessary to improve the
sustainable use of the site. The number of people in a given geosite depends not only on the
space available for their tour but also on the circumstances and factors (climatic,
anthropogenic, among others), which can affect visitors’ availability and interest during their
visit. In addition, the physical state they present emotionally influences the tourist to see the
level of management or conservation of infrastructure, equipment, and public services
available to people [45].

The environmental assessment of a geosite represents an action of great importance to
establish conservation strategies and an optimal environmental, social, cultural and tourism
development for the site, as is the case of the National Protected Areas System of Uruguay,
where three geosites are environmentally analyzing for the sustainable development of
tourism [46]. With this objective and through the calculation of the carrying capacity, it
intends to improve the environmental and tourism status of the geosites, allowing to know
the maximum capacity of people and emerging problems in these sites receiving tourism [47].
For this, consider the site’s internal characteristics, such as infrastructure, anthropogenic
activities, and the natural and geological resources of the area. Therefore, keeping the status
of these resources up to date is essential for the continuity of geotourism activities, thus
reducing the possibility of socio-cultural deterioration and the deterioration of the sector’s
experience [48].

6 CONCLUSIONS

Four relevant geosites in Guayaquil (Historical Park, Cerro del Carmen, Santa Ana Hill, and
Guayas River (Malecon 2000)) have been studied, considering environmental aspects using
a cause—effect method, and the tourist carrying capacity conditioned by the effects of the
COVID-19 pandemic restrictions. These calculations make for a valuation of the preservation
of these geosites and visitors capacity according to health security. The strategic importance
of these sites and the preponderance of geotourism as a driving force for the socio-economic
aspects of Guayaquil city are demonstrating.

The cause—effect matrix allowed determining the most relevant environmental factors in
the geosites within Guayaquil city. The consumption of electricity has been seen as a
significant negative aspect in most geosites, being a common characteristic given the
availability of these places for night events, allowing them to be part of a tourist attraction
that benefits the sector socially and economically.
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The four geosites assessed are affected by the daily activities of the city (vehicular traffic,
gas generation and urban noise), which are perceiving by these places and, in a few cases
(Historical Park), are buffered or absorbed by the existing vegetation, which favors this type
of places that are considered the lungs of the city and promote a respite for the inhabitants of
their daily lives. Industrial activity is present as a negative aspect. However, in some geosites,
it is the reason for jobs and services provided to the city’s citizens. In addition, the inhabitants
near the sites of interest benefit from the socioeconomic and tourist increase they have. Even
so, they are the reason for the increase of solid waste and wastewater through housing,
restaurants, hotels and other sectors that house or meet the needs of tourists.

Currently, the global COVID-19 pandemic has negatively affected tourism activity and
the sectors that depended on it (restaurants, hotels and commerce in general). However, and
under certain restrictions on people’s capacity, geosites become an optimal socioeconomic
source for the resurgence of tourism activity. This pandemic has generated significant
economic loss within the tourism industry since it influences all environmental aspects, such
as social distancing. However, the spread of the virus can avoid, and tourism can become a
recreational activity, safe and in conditions to promote sustainable development.
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