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Abstract

Achieving sustainable tourism is a multidisciplinary process fraught with development planning obstacles that
require advanced spatial data and information system management. Tourism growth and planning
pronouncements are becoming increasingly complex without a corresponding organised computerised spatial data
and information management system. Tourism organisations are also grappling with the challenges of achieving
sustainable tourism development. The emergence of geographic information systems technology can help address
the challenges associated with achieving sustainable tourism development. Geographic information systems
technology provides opportunities for spatial data and analysis of tourism resources for sustainable development.
Through content analysis, this study reviews how geographic information systems technology can contribute to
sustainable tourism development. Specifically, the authors examined the role of geographic information systems
technology in managing environmental impacts, analysing the suitability of locations, identifying conflicting
interests, and modelling relationships for sustainable tourism development within the Southern African context.
The findings indicate that geographic information systems technology has the potential to contribute to sustainable
tourism development and achieving sustainable development goals. It offers a snapshot of the state-of-the-art in
this rapidly evolving field to tourism academics, managers, and policymakers.

Keywords: Tourism growth; sustainable tourism development; geographic information systems

Introduction

Tourism has grown at an astounding rate in recent years. The proliferation of this field has
converted it into an instrument for development with enormous contributions to the creation of
jobs, economic growth and entrepreneurship, especially in the Global South (Hunt et al., 2019;
Ramaano, 2022; Sharpley &Telfer, 2015; Tidd & Bessant, 2020). Other beneficial effects of
tourism may be cultural interaction, protecting the environment, improving living standards,
establishing a better image of destinations, and spreading messages of peace and love around
the world (Mashapa & Dube, 2023; Brown et al., 2023; Dube & Nhamo, 2020; Nunkoo et al.,
2017). As increasing numbers of areas are being developed as tourist attractions, adequate
planning, development, and operations have become essential to ensure environmental, social
and economic sustainability again related to potential damages that tourism development could
cause in communities (Nyikana, & Tichaawa, 2022; Rogerson & Rogerson, 2020).
Consequently, concepts such as sustainable tourism have become more prevalent in the context
of ethical travel. Sustainable tourism seeks to develop tourism without obliterating the
environment, economies, or communities (Rogerson et al., 2022; Giddy & Rogerson, 2018;
Nunkoo & Gursoy, 2012; Nunkoo & Ramkissoon, 2016; Rogerson, 2017; Tsai, 2016).
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Moreover, sustainable tourism principles offer a constant development process that
applies to tourism in urban and rural areas, resorts, coastal areas, mountains, and protected
areas (Rebollo & Baidal, 2003; Siakwah, 2018). These principles can also be used for all types
of tourism and recreation. Several studies have highlighted the predicament that tourism is not
environmentally friendly and causes severe adverse environmental effects owing to
infrastructural development (Atanga & Tichaawa, 2020; Li & Zhang, 2022; Harilal et al., 2019;
Mashapa, 2016; Cole, 2015; Rogerson, 2008). Likewise, inadequate measures to meet tourists'
needs, such as energy consumption, water resources, and waste disposal, have also been
accentuated (Kelly & Williams, 2007; Martinez-Ibarra, 2015; Tortella & Tirado, 2011).
Counter to poor tourism planning and decision-making; the gap widens when it comes to
systems that aid in managing sustainable tourism at existing popular destinations (Makoni &
Tichaawa, 2017). This failure has frequently been linked to sustainable tourism, which remains
a nebulous notion challenging to translate into operational concepts applicable to specific
circumstances. Additionally, there are various interpretations of its definition of imperil
movement (Butler, 1999; Hunter & Green, 1995). As a result, this situation demands
innovative, viable management solutions such as geographical information systems to be
implemented in the tourism sector (Jones et al., 2023; Ulmasova, 2014).

Geographic Information Systems (GIS) is a broad term that connotes a computer-based
application for mapping and analysing data (Erdin & Akbasg, 2019). Madkour (2015) noted that
GIS applications in tourism management and planning began in the early 1990s. Goodchild
(2010) highlights that GIS has been a technologically developed system with advanced
information comprehension and data visualisation during the last two decades. The literature
further indicates that GIS technologies can be used to acquire, store, analyse, retrieve, and
manage the diverse and extensive data required by the industry to estimate indicators and aid
decision-making throughout the planning, monitoring, and assessment phases (Jones et al.,
2023; Masron & Osman, 2015). The application of GIS in tourism development has been
demonstrated in the literature (Chang, 2019; Ramaano, 2022). However, the role of GIS in
sustainable tourism development, emphasising Southern Africa, is not yet visible in the
literature. Southern Africa is a stronghold for tourism development in Africa, and the use of
GIS technologies in this era of high information communication technology could be an added
advantage for sustainable tourism in the region. Besides the aim of this study to the literature
and future research, a synthesis of the contributions of GIS to sustainable tourism development
planning in the region can inform future decisions and management of the Southern African
sector.

Based on the above discussion, this study discusses the potential contributions of GIS
technology to sustainable tourism planning and management in South Africa. The aim is to
highlight the importance of exploiting the possibilities of this technology for developing
sustainable tourism policies. The authors believe that efforts to harness the power of GIS
technologies for sustainable tourism management in Southern Africa appear to have
overlooked several benefits. Therefore, a comprehensive review of the literature on GIS
applications in tourism will help identify current trends and areas for future research to identify
key GIS features that can be used to plan for sustainable tourism growth.

This study is comprised of seven main sections. In addition to Section 1, which introduces
this chapter to readers, the remainder of this paper is structured as follows. Section 2 reviews
the literature on GIS and its role in sustainable tourism development, and Section 3 unfolds the
research design and methods of this study. Section 4 synthesises the key thematic areas of
geographic information systems for sustainable tourism development in Southern Africa.
Section 5 highlights the critical role played by GIS in sustainable tourism development in
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Southern Africa. Section 6 emphasises the limitations of the study, and Section 7 concentrates
on the conclusions and recommendations.

The role of GIS in tourism development

According to Blasch et al. (2011), Geographic information systems (GIS) are essential tools
that enable the representation, storage, management, analysis and visualisation of geographical
and non-spatial data on an integrated platform. This spatial and non-spatial data is called
geographically referenced information. This includes spatial data that describes the location
and characteristics of a geographical phenomenon (Jones, 2014; Jovanovic, 2016; Shelton,
2022). These are highly effective tools because they integrate geographic and attribute analysis,
resulting in a more accurate interpretation of data that can be used in various disciplines.
Tourism development is a geographical phenomenon that requires collecting and analysing
spatial data (Elwood et al., 2012; Jones et al., 2023) to explicitly discover and understand the
feature relationships in a spatial context. Therefore, geographic information systems can be
considered an important commercial tool for tourism. According to Conti et al. (2012), tourism
planning problems have spatial or geographical characteristics and are becoming increasingly
multidimensional and complex. Therefore, it is likely that projects can be managed more
precisely using the techniques and tools of a GIS environment.

Although tourism has expanded significantly from 1950-1960, its contribution to visitor
arrivals and earnings in developing and developed nations has not been equal. According to
the United Nations World Tourism Organization [UNWTO] (2019), global international tourist
arrivals totalled around 1,4 million in 2018, an increase of approximately 5 per cent over the
previous year. While international visitor arrivals in Asia and the Pacific increased from 14
million to 348 million, their numbers rose from 13 million to 181 million in the United States
in 2018. International visitor arrivals to Africa rose by 7%, reaching 67 million tourists
(UNWTO, 2019). Until recently, tourist activities worldwide lagged and growth stagnated due
to the COVID-19 pandemic. However, on the other hand, developing nations have been
accelerating their economic progress through domestic tourism (Nhamo et al.;, 2020). As a
result, GIS applications, such as Google Maps, are increasingly being used in the tourism
industry to facilitate communication and travel. This is because tourism involves travelling
between local and distant areas; thus, maps are crucial for locating destinations (Asero et al.,
2016)

According to Abou-Elnour et al. (2015), GIS can be used in various applications,
including tourism information management systems, tourist decision support systems, visitor
impact assessment studies, tourism facility inventory studies, and tourism-based land
management systems. Although GIS is widely used in the developed world, its use in
developing countries is still in its infancy (Bui et al., 2016; Ramli et al., 2017,
Sarvajayakesavalu, 2015; Watson & Venter, 2019). A survey of GIS applications in several
countries in the Global North found that it was used for scenario analysis in North America
(Yang, 2016; Zhang et al., 2019) and for tourism planning in South Carolina (Merem et al.,
2015). Similarly, GIS has been used to collect, analyse and plan the inventory of tourism
resources in Canada (Huang, 2020; Johnson & Chen, 2021; Malik & Abdalla, 2016). In the
United Kingdom, GIS has been used for planning and policy-making, leading to the
development of the Tourism and Recreation Information Package (TRIP) (Bahaire & Elliot-
White, 1999; Nistor & Nicula, 2021).

In Africa, geographical information systems in the tourism sector are recognised in
Nigeria, Malawi, Zambia, Uganda, Kenya, Madagascar and Rwanda, among others. For
example, Nigeria's National Tourist Development Corporation (NTDC) has established a
spatial tourism database through GIS and other multimedia platforms (Uluocha, 2018). A
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distribution census of mountain gorillas and other species was conducted using GIS in Bwindi
Impenetrable National Park in Uganda (Robbins et al., 2011). Additionally, Malawi has created
a bird atlas using GIS (Lee et al., 2022). While the Environmental Support Program (ESP)
carried out environmental intervention and management in Zambia using GIS (Lungua &
Njobvu, 2009). Additionally, in Kenya, the Laikipia Predator Project monitored lions, hyenas,
wild dogs, and other known African predators using radiolocation and GIS (Kolowski &
Holekamp, 2006). Similarly, GIS has been used in Rwanda to identify conservation value areas
(Nzeyimana et al., 2014).

In the South African context, research has been conducted on applying GIS in various
contexts. Steudel et al. (2015) assessed the contribution of surface and subsurface flows to
Sandspruit river flows in the Berg River catchment using GIS in South Africa. Nshuti-Babona
(2020) conducted an analysis of the participatory GIS approach to flood resilience for flood
monitoring and interventions. Meanwhile, Cobbinah and Nyame (2021) examined the
application of GIS in the urban political ecology of water in South Africa. Van der Merwe and
Van Niekerk (2013) used GIS for gap analysis in tourism planning for the Western Cape in
South Africa. At the same time, Sharma et al. (2018) developed a systematic framework for
categorising GIS applications based on the fundamental problems that GIS is commonly used
to investigate. In contrast, Bahaire and Elliott-White (1999) linked these categories to basic
GIS operations and their potential for tourism applications. Additionally, the authors
demonstrated the variety of tourism and recreation management and planning applications that
can benefit from GIS technology.

Research design and methods

This research focuses on the role of GIS in sustainable development in Southern Africa.
Southern Africa comprises 16 countries within the Southern African Development Community
(SADC) region. SADC is the hub of the African tourism industry and requires a set of reliable
geospatial information tools for managing tourism data and information for sustainable
development. This qualitative research was designed to obtain insights from secondary sources
of data and the existing literature on sustainable tourism development and GIS. Qualitative
analysis was used because it allowed the authors to comprehensively describe and interpret
GIS techniques and their application to sustainable tourism development in the region. This
approach has the advantage of being able to read widely for better comprehension of the
literature before drawing meaningful insights.

A targeted data search strategy was used to identify relevant electronic literature
databases and library portals. The targeted search strategy began with general literature on
specific topics dealing with GIS and sustainable tourism development. This broad scope was
further narrowed down to the geographical focus of the study area. To obtain comprehensive
perspectives on the topics, literature was compiled on the broad topics of GIS as a toolbox for
spatial data collection and management, sustainable development and GIS in sustainable
tourism development. This strategy enabled the authors to understand the literature in the
context of Southern Africa. This strategy was useful as it allowed the authors to derive a
framework of relevant themes that guided the conceptualisation of the study. The themes
emerging from the literature clearly describe the capabilities of GIS as a computer-based
system of techniques for the inventory of tourism resources, the suitability of destinations, the
assessment of tourism impacts, the management of visitor flows, the environmental
responsibility of tourism, the engagement in tourism in the Community and tourism marketing
and decision support systems for tourism stakeholders. These topics address the issues of GIS
application for sustainable development of the tourism sector in the SADC region.
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GIS technology offers opportunities for spatial data collection and tourism resource
analysis for sustainable tourism development. This study used a thematic data analysis
approach to examine how GIS technology can contribute to the development of sustainable
tourism. Thematic analysis is popular because it can illuminate detailed interpretation of
qualitative data. Braun and Clarke (2013) explained that a thematic approach to data analysis
allows researchers to gain qualitative insights from existing data sources. The thematic method
of data analysis allows researchers to gain an in-depth understanding of the textual materials
being reviewed for descriptive and interpretive qualitative analysis. With this data analysis
method, the descriptive themes become clear and explain GIS as a toolbox and its usefulness
for sustainable tourism development in the SADC region. This applies clear interpretation to
identify and analyse the patterns of the topic for better understanding and resulting conclusions
(Braun & Clarke, 2006; Johnson & Chen, 2021). The subject matter enabled researchers to
reflexively absorb textual data to achieve research goals for meaningful action (Jones et al.,
2023; Neuendorf, 2019).

Geographic information systems in sustainable tourism development

Inventory of tourism resources

A major capability of GIS can be seen in the inventory of spatial resources that tourism can
benefit from (Chang, 2019; Jones et al., 2023). Resource inventories are conducted to monitor
and control tourism development by considering competing or complementary land use
activities, existing infrastructure, and natural resources. These inventories define an area's
capabilities and size (Abou-Elnour et al., 2015; Bahaire & Elliott-White, 1999). This
identification of locations technique is mainly used for nature-based tourism development.
Mukherjee (2019) developed a system to detect ecotourism potential in northern Ontario,
Canada. Firstly, an inventory of available resources and a list of ecotourism criteria were
compiled. GIS methods have been used to rank various locations using a set of predefined
criteria, resulting in places with the best or highest potential (Xu, 2020). Moreover, Eftekhari
and Mahdavi (2019) utilisedutilised GIS to identify locations on Lombok Island in Indonesia
as ideal places for tourism development. The inventory of potential tourism areas further needs
to be verified for their appropriateness as locations for tourism.

Appropriateness of the location

The most well-known and extensively used GIS is the location appropriateness analysis.
Tourists cannot be excluded from this application, and several instances of tourism include
selecting places that are appropriate for tourism development, either directly or indirectly.
Conflicting or complementing land uses, and activities, infrastructure availability, and enabling
or restricting natural resources are all fundamental geographic characteristics that are used to
assess the area's potential and capability to grow as a tourism destination (Coccossis & Mexa,
2017; Smith, 2022; Metternicht, 2018). Doorga et al. (2019) used a demonstration site in the
United States Virgin Islands to demonstrate the usefulness of GIS for spatial analysis. Using a
fourth model, the authors identified conservation zones, ecological study areas, and residential
and recreational areas using three models to resolve disputes between conflicting uses.
Mansour et al. (2020) outlined a technique for selecting sites with ecotourism potential in the
context of northern Masirah Island in Oman. The primary goal was to develop a system for
tourist arrival planning using GIS. Several prospective tourism development sites were
discovered using map overlays and multi-criteria evaluation. Duncan et al. (2016) argued for
the benefits of utilising GIS for hotel site design in Costa Rica, arguing that it enables the
consideration of complicated criteria that would not be evident otherwise. When a tourism
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destination is considered appropriate, the impacts of tourism can be monitored and evaluated
using GIS technology.

Evaluating the impacts of tourism

Thematic category of GIS applications in sustainable tourism development is concerned with
monitoring the chosen parameters through time and space rather than predicting possible
consequences, as seen in the following example. GIS technology enables the integration and
administration of disparate data sets within the context of sustainable tourism development,
which requires environmental, social, and economic information. Xiong et al. (2018) posit that
such integration capabilities make identifying and monitoring critical indications easier. In
addition, by utilising the analytical and modelling capabilities of GIS, sophisticated metrics
and indicators may be created, which are frequently necessary for monitoring sustainable
development. Duncan et al. (2016) described a GIS prototype application created to monitor
the effects of a growing number of trekking and unique interest visitors in a remote region of
Nepal. In contrast, Sharma (2011) proposed constructing a GIS-based multimedia cultural
archive based on her engagement in regional and site tourism management concerns in the
Himalayan Kingdom of Lo in Nepal, which had recently opened to tourists. This collection,
which contains data from the infancy of tourist growth, might serve as a baseline for tracking
developments through time. Depending on the results of the evaluation, tourist arrivals to a
destination may have to be regulated to increase or decrease in numbers. GIS is capable of
managing visitors to tourism destinations.

Management of visitor flows

GIS applications are also useful for managing visitor flows, which is termed the time-space
analysis of tourists. The purpose of tourist time-space analysis is to get insight into the
behaviour of tourists and visitors. Historically, this was achieved by an analysis of static
numbers of tourists or visitors and their socio-economic and demographic features (Coccossis
& Mexa, 2017). GIS could be an effective tool in conducting this analysis, providing a
complete picture of visitor flows within a specific region or location. A greater understanding
of tourists’ behaviour may result in effective management of infrastructure and activities,
environmental protection, and the spread of benefits such as economic gains. Tourist time-
space analysis is also connected to resource relationship analysis because it entails evaluating
visitors' behaviour in connection to the usage of available resources. Naibei (2018) employed
a survey-based time-space analysis to better understand visitors' preferences among the park'’s
different attractions. GIS was utilised to determine the coherence of the park's different
attractions and other features. The results were then utilised to develop a more balanced
distribution of visitor streams and a more efficient routing mechanism. Moreover, Hall and
Ram (2019) utilised GIS to evaluate visitor mobility across the physical environment and their
usage to promote sustainable tourism development. Ghafourian and Sadeghzadeh (2021)
described a case study at Broken Arrow Canyon, Arizona, in which the movement patterns of
tourists were reproduced using rule-driven autonomous agents moving in a GIS-based terrain.
GIS is further useful for the analysis of environmental impact, management and stewardship
towards sustainable development.

Environmental stewardship

GIS may be used to identify places that should remain untouched by tourism and other forms
of development activity. Impact analysis falls under this area since GIS may be used to discover
patterns and interactions between various components, as well as to assess the possible impact
of tourist development on the natural environment (Mashapa & Maziriri, 2020; Robert, 2018;
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Torrieri & Bata, 2017; Cetin & Sevik, 2016; Bahaire & Elliott-White, 1999). Another point to
consider is environmental justice, a concept that has gained prominence over the last decade
and is concerned with equality in the distribution of effects among diverse populations, as well
as the costs and advantages associated with the location of particular industries, such as
tourism. Typically, environmental justice concerns develop when unfavourable land uses, such
as pollution, occur. Tourism and recreation facilities frequently represent beneficial land uses,
providing recreation opportunities and good economic consequences; environmental justice
can still be a concern, as the positive impacts may not benefit all demographic groups equally.
Such evaluations are primarily spatial in nature - and hence heavily reliant on GIS use. It is
useful for GIS technology to enhance community engagement.

Community engagement

The notion of sustainable development has increased awareness of the critical nature of
community involvement and participation in the creation of plans that may affect the
community. Community engagement is viewed as critical for establishing some measure of
local control over development plan decisions and for increasing commitment to their
execution (Ika & Donnelly, 2017; Yalegama et al., 2016; Kolopack et al., 2015; Mowforth &
Munt, 2015; Ramukumba, (2014). Additionally, when planning tourism that involves several
agencies and organisations, the participation of groups or persons from other disciplines may
be required. However, participatory procedures facilitated by GIS are not without their
detractors. It is frequently argued that traditional GIS lacks the mechanisms necessary for
multiple user access and for incorporating diverse priorities into the evaluation and should,
therefore be expanded to include the necessary methods and tools for group decision-making
(Metternicht, 2018; Alexander, 2017; Hewlett et al., 2017; Johnson, 2016). Parker et al. (2021)
mention the Brecon Beacons National Park project as an example of how a GIS was used to
create maps that aided in local and planner debate and provided focus at public meetings. The
Tour Plan system (Feick & Hall, 2000) is a GIS-based decision-support system that enables
people and organisations to investigate various development plans while fostering consensus
and detecting areas of dispute in tourist land use planning. In Grand Cayman's West Bay
District, a sample application was made with four distinct categories of participants:
government, nongovernment, private sector, and the public. Tourism also requires a public
support system opportunity for GIS.

Support for decisions

Although GIS is not a Decision Support System (DSS), it can act like one because its functions
and applications (such as those mentioned previously) can provide the necessary information
in various forms, such as tables and maps, perform calculations, visualise results, and thus
support a variety of decisions. As Carver (2019) explained, GIS is more of a means for
presenting information in a manner suitable for decision-making than it is a decision-making
tool. Abdelfattah and Kumar (2015) acknowledge the value-added information provided by
GIS as a contribution to decision-making. This added-value information is a result of the
capacity of GIS to discover patterns or correlations based on specific criteria through the use
of its graphical presentation, data manipulation, spatial analysis, and modelling features.
Similarly, Aswani et al. (2015) created a decision support system (SpaME) to aid in the
development of tourism in Mauritius. SpaME is meant to take all criteria into consideration
concurrently and to aid users in comprehending both the decision issue and the interactions that
may occur between these criteria in a dynamic environment. While the system is GIS-based,
its analytical capabilities are increased by the use of suitable models and multi-criteria
assessment approaches. Furthermore, Feick and Hall (2000) discuss the creation of a Tour Plan,
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a GIS-based decision support system that enables numerous stakeholders from diverse sectors
to consider alternative land-use plans in the Small Island States. GIS is equally relevant for
tourism marketing.

Tourism marketing

Marketing is another aspect of geospatial applications. According to Dar et al. (2021),
geodemographic and lifestyle studies that can be conducted using GIS tools can make a
significant contribution to meeting the needs of postmodern tourism marketing. There is an
increasing trend towards more personal and individual or niche-oriented forms of tourism
(Maziriri et al., 2023). Although managers and other tourism stakeholders involved in tourism
marketing could benefit from using GIS to identify and analyse potential characteristics of
consumers, its relevant applications are rare. Moreover, Mandi and Pranievi (2019) observed
difficulties related to capital planning and training of staff for proficient skills and knowledge
in GIS for tourism marketing. Hence, tourism managers and policymakers can never gain
insights from the subject areas of GIS to improve the sustainable development of tourism.

GIS for sustainable tourism

The development of GIS applications in tourism closely parallels the three phases of GIS
application development by Masron et al. (2015). Initially, there were inventory applications
for compiling and organising interesting features, which primarily performed simple data
queries such as location and status queries. This led to the development of analytical
applications that performed more sophisticated analysis processes. The final phase involved
the development of more comprehensive management applications that aided decision-making.
Thus, GIS has enormous potential to support sustainable development approaches to tourism
planning, development and management, also referred to as sustainable tourism. Unfortunately,
most GIS management applications in tourism involve identifying suitable locations for
tourism development. Other critical issues, such as the contribution of GIS to destination
management and the implementation of sustainable tourism principles, have been overlooked.

Furthermore, tourism is a complex phenomenon with social, economic and
environmental impacts in addition to the geographical dimensions of its data. Tourism interacts
with visitors and residents and generates income, which is often the main source of income in
many places. The tourism industry relies on the use of natural resources and the quality of the
environment. GIS is a technology that allows the integration of both qualitative and quantitative
data sets into a single system (Alhamwi et al., 2019; Karimi & lordanova, 2021; Shan & Sun,
2021). All geographical, economic, social and environmental data can be stored and generated
in a GIS for various analyses. This integrative capacity is particularly important in the context
of sustainable tourism, which requires a balance between economic development,
environmental costs and social benefits. GIS provides local and national governments and
sustainable tourism planners with a robust tool to manage all the necessary data.

Additionally, the purpose of information systems, especially GIS, is to connect
disparate pieces of information and produce new data (Jia et al., 2017). This may yet again
prove to be a significant asset in sustainable tourism since the interrelationships between the
many dimensions of tourist development, as well as between tourism and other activities, the
larger social and economic framework in which tourism operates, are critical. Indeed, this trait
may be critical for ensuring and promoting sustainable development. As numerous authors
argued, the essence of the sustainability concept is the incorporation of interconnections
between different parameters of the same activity or between the activity and the broader
context in which it operates into a developmental strategy (Bibri & Krogstie, 2017; Coe &
Yeung, 2015; Truffer et al., 2015).
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Data manipulation and integration to provide the value-added information required for
policy and decision-making appear to be accessible for spatial interactions in the case of GIS.
This type of technology enables the connection of numerous characteristics and attributes to
their spatial environment and the study of their consequences. As McAdam (1999) and Frye
(2020) pointed out, the essential value of GIS technology is in its capacity to enable desk-top
mapping via the graphical presentation and manipulation of data in order to discover patterns
or correlations based on specified criteria and, therefore, give enriched information for further
study. The latter is improved further by GIS's capacity to incorporate various technologies,
both in terms of the sources of geographic data and the tools for storing, manipulating, and
analysing them (Lu et al., 2019). Remote sensing, which extracts data from satellite images,
and the Global Positioning System (GPS), which acquires comprehensive, customised
geographical information, are two examples of technologies that are compatible with GIS.

The display of data and analytical processes is a well-known capacity of GIS. The
visualisation may take the shape of more conventional tabular presentations or a more unusual
map display. The two formats enhance the dissemination of findings to interested parties and
the analytic process itself by allowing for comparisons. For example, the analysis between
tourist resources and resources required for other activities is a clear illustration of this capacity
of GIS (Gokkaya et al., 2017). Thus, visualisation can aid in some aspects of decision-making
and, more significantly, can contribute to sustainable development. As noted before in the
applications section, GIS and its visualisation capabilities have been utilised to promote and
increase public and stakeholder engagement in a variety of instances. This element may prove
to be beneficial, as there is a growing consensus that participatory procedures are necessary for
attaining sustainable development (Birgi, 2017; Leon-Fernandez et al., 2018). This is
connected to the method of planning for sustainable development. For similar reasons, it is
thought that bottom-up planning and policy-making can contribute to attaining sustainability.
Information technology may be used to facilitate planning and policy development
decentralisation. One or more people doing relevant tasks may have access to standalone or
distributed systems. Thus, depending on the circumstances and the amount of legitimacy, local
governments may choose to operate independently or in collaboration with other agencies or
the federal government.

Another significant benefit of GIS technology is its adaptability in terms of thematic layers,
restrictions, and data addition and removal. Thus, it is a dynamic rather than a static tool for
planners, capable of being changed as new data becomes available and as consumer tastes and
preferences vary over time (Beedasy & Whyatt, 1999). This feature may be particularly
relevant in decision-making about sustainable tourism, as both preferences and objectives may
change over time and as the idea of sustainable tourism is operationalised.

Limitations

Borrelle et al. (2015) believed that GIS can support decision-making processes that prioritise
resource conservation and community needs. However, Belletti et al. (2017) point out that GIS
is only a tool and in itself does not represent a guarantee of fairness, justice or adherence to
sustainable principles. They continue to claim that GIS is neither apolitical nor impartial. It can
be used to promote specific interests and policies. As Radil and Anderson (2019) argued, while
GIS can improve access to information and, therefore, democratic processes, it can also be used
to advance the interests of certain groups with technological access. In any case, GIS does not
make decisions; it enables easy data processing and analysis and can convey results. Kuosa
(2016) has shown that GIS technologies are unlikely to change the political nature of
policymaking, which may not lead to sustainable tourism planning practices. One could,
therefore, argue that approaches and procedures that ensure the compatibility of the process
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followed and the results achieved should be discovered and integrated into a decision support
system for sustainable tourism.

The software advancements over the previous decade have not altered public opinions
of GIS, which is still viewed as a complicated technology requiring more advanced skills than
simple word processing. This is one of the primary factors cited by Wallentin et al. (2015) for
the inability of GIS to be integrated into the decision-making process of tourist planners.
Therefore, one could argue that there is a need for a system that is easy to use even for non-
GIS specialists and yet contains all the necessary procedures and tools for policy making and
sustainability that users from different backgrounds can use.

The latter raises the question of policy scale. While it may appear that a central, top-
down policy formulation would prefer to have the resources necessary to conduct such
procedures, the importance and need of minor-scale policy and decision-making should not be
neglected. However, to enable destinations to create their own arrangements, some
considerations must be made. One possibility is to establish regional tourist planning bodies,
each accountable for a distinct geographical entity (Shereni et al., 2023). Thus, investment
expenses associated with the acquisition of gear and software and operating costs associated
with specialist employees would be segregated. However, a well-designed system that
incorporates all essential procedures for sustainable tourist planning and presents them in a
user-friendly interface would significantly decrease the need for many specialists and provide
convenient and timely support. Additionally, if it is built to be adaptable to a variety of tastes
and probable scenarios, it may be suitable to a variety of end-users, therefore reducing costs
further.

Additional constraints are imposed by the idea of sustainable development itself. As
previously stated, sustainable tourism is still unclear, and implementation details are not
entirely fleshed out. Additionally, the multifaceted nature of sustainable tourism necessitates
the use of a variety of data types for planning and management, which are typically unavailable.
Thus, knowledge of the potential advantages of decision support systems for sustainable
tourism may serve as a catalyst for more study on the subject, as well as for the construction of
processes and mechanisms to give context for policy development and data collecting.

Conclusions and recommendations

This research was designed to review GIS technologies in sustainable tourism development
within Southern Africa. Southern Africa is endowed with cultural, social, built and natural
tourism resources, and the region is considered as a leading region of tourism in the continent.
However, sustainable tourism development has not yet comprehensively explored the
usefulness of GIS, and there is much unused potential to tap. The results show that sustainable
tourism is considered a tourism activity that considers current and future economic,
environmental and social impacts by meeting the needs of tourists, the tourism industry, host
communities and the environment. GIS, as a data collection and information management tool,
can capture and manage spatial data of tourism activities to better manage the industry in
accordance with the principles of sustainable management. Sustainable tourism requires active
and consensus-oriented participation of tourism stakeholders.

Sustainable tourism is a process which involves regular monitoring of impacts and
management of these impacts in the SADC region, which is where GIS becomes a relevant tool
to apply. GIS is understood as a tool with capabilities to map and analyse geospatial data,
which includes tourist flow and social, economic and environmental tourism resources in the
SADC (Chang, 2019). GIS serves as a set of computerised systems of tools that could support
tourism managers to identify, capture, store, manipulate, and analyse tourism resources and
their patterns to predict different scenarios and make appropriate decisions for tourism
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development. GIS allows tourism managers to deploy it as a toolbox that allows them to
support the planning and implementation of sustainable tourism development principles.
Tourism stakeholders are provided with supporting system opportunities of GIS to gather
spatial data, analyse and manage the data options for retrieving and updating the data to aid in
decision-making for tourism management and sustainable development. Thus, GIS as a toolbox
can become a central part of a spatial decision-making system that supports tourism marketing
and businesses in Southern Africa if explored. The unique characteristics of GIS as an
information system can be explained by its capacities to capture, store, analyse, represent,
manage, visualise, retrieve and update spatial and non-spatial data in an integrated
environment. Sustainable management of tourism in the SADC, especially in this information
age, can make good use of GIS technologies for positive gains. GIS is applied in all fields of
the tourism industry for improvement in marketing, hospitality, location and local area impact,
transportation, and pattern inventory and analysis.

To develop sustainable tourism would require the principles of sustainable development
that can harness the capabilities of GIS as a supporting system to develop a socially,
environmentally, economically and culturally responsible tourism. In fact, GIS as a spatial tool
could capture tourism data and promote the principles of community-based eco-tourism, fair
trade and ethical travel, as well as tourist interest and conservation of tourism assets. The
capability of GIS as a data capturing and information analysis tool can support tourism
managers to analyse the economic, social, cultural and environmental impacts of tourism in
communities. The tool allows tourism stakeholders to account for tourism activities in
destinations to support tourism management, development and operations. Hence, GIS as a
toolbox is useful for the improvement of tourism in urban, rural, protected, coastal, and
mountain areas. Southern Africa is endowed with similar tourism assets, which can be
improved with the use of GIS technologies for engagement with tourism assets, tourism
destinations, tourists and tourism managers for sustainable development.

The goal of sustainable tourism development is to drive economic development that
would involve the participation of tourism destination communities as well as sustain cultural,
biological and ecological resources. To ensure that GIS as a toolbox achieves its sustainable
tourism mandate, the negative environmental effects caused by tourists and tourism
infrastructure development require tourism stakeholders to afford and apply GIS technologies
in the tourism industry of the SADC region. Sustainable tourism development would further
require tourism stakeholders to acquire the skills and competence to use GIS technologies to
pursue the agenda of sustainable tourism in the region. There is a need for empirical studies in
the field with specific emphasis on the application of GIS in each component of sustainable
tourism in the SADC region.
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