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Fig. 1 Plan map of Guanyan cave
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Strategies for the sustainable tourism development of Guanyan cave based on
SWOT-AHP analysis

DENG Yadong"?, LUO Weiqun"’, CHEN Weihai"’, MENG Qingxin"?, TU Chun'?,
ZHANG Tanfengl’z, LUO Shuwen’, PAN Tianwangl’z, SHEN Lina'?
( 1. Institute of Karst Geology, CAGS/Key Laboratory of Karst Dynamics, MNR&GZAR/International Research Center on Karst under the Auspices of
UNESCO, Guilin, Guangxi 541004, China;
2. Pingguo Guangxi, Karst Ecosystem, National Observation and Research Station, Pingguo, Guangxi 531406, China;
3. Guizhou Institute of Mountain Resources, Guiyang, Guizhou 550001, China )

Abstract Predominantly forming in the Devonian light gray, thick-bedded limestone, Guanyan cave is located in
Caoping township, Yanshan district, Guilin. In 1985, Guanyan cave was explored by a joint Sino-British expedition
team. After planned and designed in 1992, it was officially opened to the public on October 1, 1995. The designed tour
path is approximately 2.8 km long and is renowned for its unique three-dimensional cave exploration experience of
"sea, land and air". Over nearly three decades since its opening, Guanyan cave has achieved good economic benefits.
However, with the construction of cave engineering and the influx of tourists, some of the cave's sedimentary
landscapes have gradually turned black and dark, peeled off, and weathered, directly affecting the scientific and
aesthetic value of Guanyan cave, thereby weakening its capacity for sustainable tourism development.

To investigate the sustainability of tourism development in Guanyan cave, this study employs a perspective of
sustainable development strategy and utilizes the SWOT analysis to assess the internal strengths and weaknesses, as
well as the external opportunities and threats affecting the sustainable tourism development of Guanyan cave. The
study identifies the key factors influencing sustainability and employs the Analytic Hierarchy Process (AHP) to
determine the importance of these factors. Furthermore, a strategic model for sustainable development has been
established through the SWOT quadrants. Based on the actual tourism conditions of Guanyan cave, targeted strategies
and recommendations for sustainable development have been proposed.

This study has obtained the following results,(1) According to the analysis of SWOT, the relationship of the
related factors is as follow, strengths>weaknesses>opportunities>threats. The biggest strength of sustainable
development of Guanyan cave lies in its great popularity of the scenic area, while its biggest weakness is the obvious
degradation of landscape. The biggest opportunity of this cave roots in the tourism market while its biggest threat
comes from homogeneous tourism competition. (2) Through the four-quadrant coordinate method, the strategic
coordinate P (x, y) is determined to be P (0.0749, 0.0526), and P is located in the first quadrant. It is concluded that the
SO strategic model should be selected for the sustainable tourism development of Guanyan cave. (3) Based on the

SWOT analysis, the following strategies for sustainable tourism development of Guanyan cave are proposed: utilizing
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internal strengths to enhance the tourism image, managing the underground river to restore the unique characteristics of
the tourism brand, leveraging policy opportunities to establish demonstration zones for sustainable development, taking
advantage of market opportunities to create diversified tourism products, capitalizing on the opportunities presented by
the establishment of demonstration zones to build an ecological tourism circle, using the advantages of the
cooperations to improve corporate competitiveness, strengthening management and enforcing strict protection,
cultivating tourism talent to improve the quality of tourism services, and encouraging local residents to participate the
development to enhance their sense of belonging to the scenic area.

Based on the actual tourism development of Guanyan cave, the application of the SWOT-AHP method to
determine the strategic direction for sustainable development of cave tourism enables the precise formulation of
sustainable development countermeasures. This approach holds significant reference to the sustainable tourism

development of similar cave projects.

Key words SWOT-AHP model, tourism cave, strategic analysis, sustainable development strategy, Guanyan cave
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fluctuations in groundwater levels can lead to a drop in water levels below the bedrock, resulting in the loss of
buoyancy within the cavities and the generation of negative pressure suction erosion within them. When combined
with gravitational effects, this phenomenon may cause the overlying soil above the cavities to exceed the critical
support threshold, ultimately resulting in karst collapses at the ground surface. The collapse zones formed by suffosion
exhibit a high degree of karst development, development of karst caves, weak adhesion of overburden layers,
substantial fluctuations in groundwater levels, and susceptibility of soil particles to erosion. When the roof of an upper
soil layer reaches its critical stability, the upper soil becomes unstable, leading to instantaneous collapses. Both factors
are the main mechanisms responsible for the formation of karst collapses in karst plains. This study examines the
spatial relationship between collapses and fault tectonic belts, fluctuations in groundwater levels, and thicknesses of
overburden layers to summarize the distribution laws and formation mechanisms of karst collapses in the Guangxi
karst plains. The research findings provide a reference for the prevention and investigation of karst ground collapses in

similar karst plain areas.

Key words Kkarst collapse, distribution law, vacuum suction erosion, karst plain, fault effect
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