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Abstract
The tourism is an industry that makes extensive use of natural heritage sites. It has long 
been debated whether tourism is a threat to natural heritage sites. This research has been 
written to contribute to these discussions. In the study, the author(s) aims to determine the 
effects and threat levels of tourism in World Natural Heritage Sites. Within the scope of 
the research, the impact of tourism on 24 samples selected from UNESCO natural heritage 
sites was examined with multi-criteria decision-making methods. According to the results 
of the research, the highest endangerment level among the selected NHS are "Lake Malawi 
National Park", "Machu Picchu Historic Sanctuary" and "Phong Nha-Ke Bang National 
Park", while "Atlantic Forest Southeast Reserves", "Sinharaja Forest Conservation Area" 
and "Vredefort Dome" were found to be the least affected sites. The research results were 
discussed with the implications developed in accordance with the contexts of the selected 
NHS.
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1 Introduction

World Heritage Sites (WHS), which have become very popular nowadays, are recognized 
as the most efficient international legal scroll for the protection of natural and cultural her-
itage (Strasser 2002). However, the areas included in the WHS list can become destinations 
for tourism development. Many world heritage sites are important attractions for nature 
and cultural tourism. Based on their natural, geographical, cultural and historical features 
natural and cultural heritage assets form the tourism destination components (Formica and 
Uysal 2006), playing an important role as attractive factors in terms of tourist flows (Buck-
ley 2018) and competitiveness (Crouch 2011). World Heritage status motivates tourists to 
experience the site (Bryce et al. 2015). Indeed, for tourism researchers, the WHS’ list is 
particularly notable for its capability of being "magnet for visitors" (Fyall and Rakic 2006). 
The image created by WHS status is seen as the “best brand” image that provides a com-
petitive advantage over unlisted destinations (Buckley 2004). However, despite the impacts 
of WHS on tourism sector, studies examining the relationship between tourism activities 
and WHS status differ significantly (Yang et al. 2010; Cellini 2011). While some quantita-
tive studies have found a positive impact (Yang et al. 2010), others have highlighted a neg-
ligible association (Cuccia et al. 2016). Regarding this issue, UNESCO and IUCN did not 
remain indifferent to the possible negative effects of tourism on natural areas and included 
them in their reports. Accordingly, in the World Heritage Convention tourist development 
projects and tourism and recreation areas are listed as possible risks in the protection of 
heritage sites (WHC 2021). In this context, it is important to reveal the environmental sta-
tus of the natural heritage areas where tourism activities take place or to determine the 
level of danger. When the literature is examined, few studies evaluate the situation of the 
natural areas in UNESCO’s WHS. To the best of author(s)’ knowledge, this study can be 
considered as the first study to include heritage sites where tourism is seen as a proven dan-
ger element through UNESCO data.

In this context, the research questions of the study are: "Is tourism really a threat to 
natural heritage sites?", and "How does tourism affect natural heritage sites?". Therefore, 
aim is to ascertain the effects and threat levels of tourism in natural heritage sites within 
WHS. Accordingly, there was an attempt to determine the areas with the potential to fall to 
the critical hazard level. In addition, author(s) aspire to inform the international community 
about the conditions that threaten WHS (significant concern) and to encourage corrective 
action. The popularity of natural attractions and the high potential of nature-based tour-
ism have been effective in the selection of natural heritage sites as the study area. In the 
continuation, first the World Heritage Convention (WHC) is explained together with the 
effects of tourism on natural heritage sites. This is followed by elaboration on multi-criteria 
decision-making techniques in the method part and finalized with interpretations of the 
findings.

2  World heritage convention

UNESCO’s WHC is recognized as the foremost instrument of conservation to recognize 
and preserve humanity’s outstanding natural and cultural heritage for posterity. While 
the cultural and natural heritage sites were initially evaluated separately, after the adop-
tion of the Convention for the Protection of the World Cultural and Natural Heritage at the 
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1972 UNESCO General Conference these started to be evaluated together. The convention 
addresses issues such as the protection of cultural and natural heritage, biodiversity, endan-
gered species, natural habitats and climate (Matsuura 2007). 194 countries have approved 
the convention as of 2020 (UNESCO 2021a). As of June 2021, there are 1121 heritage 
sites in the World Heritage List (WHL), including 213 natural,869 cultural, and 39 mixed 
sites (WHC 2021).

Although the issue of protection of heritage sites was handled in good faith in the begin-
ning, there are serious discussions about the selection of heritage lists and the determi-
nation of areas over time. For instance, Bolla (2005) questioned whether this increscent 
size of the list would have the effect of devaluing the site and probably attenuating the 
World Heritage label. Observers of World Heritage Committee, such as Meskell (2011) 
and Cameron (2013) have expressed various levels of concern about the current situation. 
Researchers point to system overload as it grows without concomitant growth in resource 
and conservation capacity, and they are concerned about the possible loss of credibility of 
the WHL due to perceptions of increasing politicization of decisions. There are also con-
troversial aspects, such as site selection, which is not only the subject of rent seeking due to 
national interests pursued by bureaucrats and politicians, but also by the commercial herit-
age industry (Frey and Steiner 2011). Moreover, less protection of areas that are not part 
of the WHL, the potential degradation of areas due to over tourism, and the creation of an 
attractive target for terrorist attacks are among the topics of discussion.

2.1  UNESCO selection criteria for natural heritage sites

Seen as an “innovative legal instrument”, the Convention, is designed to enable nations to 
cooperate in the protection of cultural and natural areas of extraordinary value to humanity 
(Hall 2008). The main purpose of the nomination process at international level is “inclu-
sion of a property on the WHL in order to provide additional protection to the site” (Slatyer 
1983). The inclusion of candidates who do not meet the standards is considered to devalue 
the purpose of the Convention and the protection it provides to the world’s cultural and 
natural heritage. In addition to the prestige conferred on a WHS, it creates some degree of 
protection under international law and a possible increase in the attractiveness of the site 
as a tourism destination. Areas degraded by human action or natural causes may be deleted 
from the heritage list and added to the World Heritage in Danger List. The purpose of 
placing an area on the endangered list is to increase the likelihood of recovery for the site. 
Thus, it is aimed to draw attention to the heritage site before the ’symbolic fate’ of dereg-
istration takes place. WHS can be classified as cultural, natural, or mixed sites, depending 
on what criteria they meet. As of 2005, WHS have been selected based on six cultural and 
four natural criteria. With the adoption of renewed operational guidelines for the fulfilment 
of the WHC, aforementioned ten criteria are on UNESCO webpage (UNESCO 2021b). To 
get included in the WHL, natural sites must have outstanding universal value and measure 
up at least one of these selection criteria.

3  Tourism as ascertained danger

Tourism and its effects on the environment were not foreseen in the 1972 Convention 
and were only included as a concept in the Recommendation. Today, however, tourism 
poses both an opportunity and a threat to UNESCO WHS. Recognition of a heritage 
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site by UNESCO often helps the destination reinvent itself, innovate, and improve the 
resources and products devoted to tourism. However, the destination itself may not have 
an adequate or updated tourism management plan that considers the changes brought 
about by the UNESCO recognition. It can also create tension when tourism leads to site 
abuse, commodification, increased waste and resource exploitation (De Ascaniis et al. 
2018). Although WHL accreditation means identifying, recognizing, and protecting nat-
ural hotspots of global value, WHL is now widely admitted as a marketing tool for tour-
ism campaigns and strong support for attracting tourism (Huang et  al. 2012). Placing 
on the list is conspicuous to policy makers as it makes the site stand out and enhances 
its attractiveness (Frey and Steiner 2011), resulting in generated income. Recently, the 
tourism literature has begun to realize the prepotent effectiveness of UNESCO recogni-
tion in increasing the attractiveness of tourism, without conclusive results (Yang et al. 
2010; Su and Lin 2014; Patuelli et al. 2016). As a result, there has been a long-standing 
debate between heritage preservation and tourism development, as experts in various 
disciplines have expressed concerns about potential damage caused by over tourism to 
such sites (Yang and Lin 2014). This discussion has crucial importance, considering the 
relationship between sustainable planning, tourism, and heritage protection.

The sustainable tourism practices are now a necessity for the growth of tourism 
industry in heritage sites (UNESCO 2021c). Indeed, since 1994, sustainability has 
been increasingly integrated into the directions recommended by the WHC (Marcotte 
and Bourdeau 2012). Donations and support funds have been collected for many of the 
listed heritage sites. Protected area managers and conservationists around the world 
spend sizeable amount of money each year to conserve biodiversity (Castro and Locker 
2000). However, these donations are often in serious conflict with the socioeconomic 
development needs of local residents (McNeely and Ness 1996).

The reason why some of the protected areas do not function well, despite sufficient 
management, may be mainly because of intensified human spatial use in the protected 
areas, causing changes in biodiversity and ecological function. Satellite-based analyzes 
reveal that intensive land use and human populations have swiftly increased in recent 
years around many protected areas (Hansen et al. 2013). Besides, the habitat destruction 
is a key component of species extinction (Bibby 1994; Brooks et al. 2002), with human 
activities being (Kozak 2013) responsible for the vast majority of existing habitat loss 
(Bawa and Dayanandan 1997). At this point, the size of the protected area is important 
in terms of the volume and functionality of the conservation activities due to the nega-
tive effects of tourism Parks and Harcourt (2002) note that small reserves are particu-
larly prone to this effect, and conservation agencies are increasingly focusing on such 
areas.

Environmental impacts of tourism in heritage sites include ecosystem, season, man-
agement measures, tourist behavior and characteristics, scale and intensity of tourism 
operations (Buckley 2012, 2018; Koichi et al. 2013). Flora effects vary from botanical dif-
ferences to usage type in the site. Forest floor plants are usually less tolerant to crush resist-
ance, while open grassy habitats are harder.

Impacts on ground often include erosion and compaction. Tourism usually causes soil 
compaction because of recreational activities. This raises runoff from snow and rain, result-
ing in decreased water absorption, erosion, and vegetation loss. Soil compaction is inevi-
table but may be limited to certain areas. Turbidity in source is a frequent consequence of 
recreation activities and tourism infrastructure. Tourist activities are more likely to alter 
water quality in ways that harm aquatic flora and fauna if soils are more prone to erosion. 
The absence or malfunction of the sewerage and cesspool systems in the hotels can drive 
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tourists away from the region. Organic waste from poorly treated sewage affects water 
quality. On coastlines, these wastes may cause pollution (Pedersen 2002).

Disturbances from wildlife watching affect some species more than others. Distinct spe-
cies develop a tolerance for discomfort after an initial impact. The habit can be mistakenly 
viewed as favorable, as it draws visitors up to wildlife. But it can pose a problem: habitual 
wildlife can be in search for food, and they may injure or even kill visitors. When the toler-
ance levels of nesting birds are exceeded, they could leave their nests. Timid species per-
manently replace the recreation areas when they encounter visitors, while others such as 
deer may get used to it over time. However, some species are readily frightened than oth-
ers, and even any simple factor can influence their breeding and feeding patterns (Pedersen 
2002).

Despite the high level of protection provided to natural heritage sites, the balance of 
protection and use has deteriorated due to the negative effects of the above-mentioned 
tourism activities. Exotic species are increasingly infesting protected areas (Stohlgren and 
Schnase 2006) and some native species have become extinct in protected areas (Brashares 
et al. 2001). These extinctions are often attributed to the isolation of nature reserves (Wil-
cove and May 1986). In addition, tourism activities sometimes rise near the boundaries of 
protected areas and can replace wildlife (Hansen and DeFries 2007). In order to prevent 
this situation and to develop conservation activities, it has been proposed to create buffer 
zones around the protected areas (Noss 1983).

3.1  Carrying capacity and related issues

Carrying capacity is introduced as a conceptual tool for managing tourism pressures in 
heritage sites. For heritage sites, the carrying capacity is expressed as ’the number of peo-
ple who visit the site without causing irreversible damage to its natural and built environ-
ment and without degrading the quality of the visitor’s experience’ (Jinshi 2014). Carrying 
capacity can serve as a frame of reference for a variety of purposes, depending on the char-
acteristics of the site (size, site characteristics, community, tourism, and visitors) and the 
adoption capacities of the local system (institutional, economic, social, and cultural) and 
implementing visitor management policies. Carrying capacity should be evaluated in the 
context of heritage site and/or destination management plans. Tourism management and 
careful planning, as well as respect for the well-being of destination’s permanent residents, 
are other issues that both researchers and managers must constantly consider (Wall 2020). 
Discussions about human pressure on resources go long way back, but in the tourism con-
text, research focusing on carrying capacity in North American national parks is in lead 
(Dodds and Butler 2019).

The negative effects of tourism occur when the environment exceeds the limit of coping 
with tourism activity within the limits of acceptable change. Uncontrolled tourism poses 
potential threats especially to the sustainability of natural areas. In recent years, because 
of tourism mishandling and profit maximizing policies, many tourist areas and local com-
munities and the wildlife have suffered from tourist concentrations. For this reason, over 
tourism (Seraphin et al. 2018; Cheung and Li 2019) leads to the failure of existing policies 
that promote tourism, continuous and increased cultural site destructions, natural herit-
age degradation, and harm to local communities. Tourism is being studied as an important 
topic of conservation and management as it is probably the most important commercial use 
for protected natural areas (Spenceley 2018). However, ignoring environmental concerns in 
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tourism development in heritage (natural) areas is a factor that will threaten sustainability 
(Badola et al. 2018).

Post-organized infrastructure construction in natural heritage sites initiates a complex 
process chain that is often unfeasible to reverse. Infrastructure has a variety of indirect 
and direct ecological impacts on the environmental areas with a spatial extent through to 
several kilometers (Ibisch et  al. 2016; Tverijonaite et  al. 2018). Better access to natural 
area destinations not only impacts its immediate surroundings along the way; but it also 
affects satisfaction among visitors, as well-organized roads result in higher visitor traffic. 
This could cause an increased demand for more service development and infrastructure 
(Haraldsson and Ólafsdóttir 2018). While visitors prefer to relax in a natural and unspoiled 
environment, they are probably disappointed if the infrastructure and crowd level at a par-
ticular nature destination are too high. This paradox shows the importance of protection- 
use balance.

Ecotourism can procure an additional economic ground for the conservation of biodi-
versity and natural areas. Also, it has been seen as a sustainability tool, especially for devel-
oping countries where resources for environmental management are limited or non-existent 
(de Oliveira Silva et al. 2005). Protected areas need more flexible ownership structures and 
funds to improve monitoring systems and achieve equity and efficiency through nature-
based tourism (Su and Xiao 2009). To ensure sustainability, it is necessary to consider 
scientific and empirical evidence, and also to make decisions by integrating cultural, social 
and political factors (Xu et al. 2014). Protection and management can be achieved with a 
balance in supporting local communities while preserving the characteristics of the natu-
ral area that allows for such tourism development (Bello et al. 2016; Lucrezi et al. 2017). 
Considering the visitation and environmental pressures in protected areas (Rodríguez-
Rodríguez 2012), there is a need for continuous update and follow-up on conservation and 
management for response framework and an optimal visitor impact assessment.

4  Method

Multi-criteria decision-making (MCDM) techniques are designed to select among alter-
natives, classify these into fewer categories, or rank alternatives. MCDM is the general 
name of all the methods that exist to help people make decisions based on their prefer-
ences when there is more than one conflicting criterion (Mardani et al. 2015). Related 
techniques offer the opportunity to be used in many areas in the form of hybrid models 
in which more than one technique is used together. Accordingly, there are studies in 
the literature that examined the relations of protected areas with various subjects with 
MCDM methods. For example, Rocchi et al. (2020) analyze the opportunities of Nature-
based tourism development in Umbria, Italy, with the application of spatial multi-cri-
teria analysis. Wang and Du (2016) use the GIS-based MCDM analysis to assess the 
priority area for monitoring in Bogda, China. Demir (2019) explored the natural and 
cultural landscape values of the Mary Valley (Trabzon, Turkey) by using MCDM meth-
ods with GIS. Moreover, Valagussa et al. (2021) used multi-criteria risk analysis in their 
project JPI-CH PROTHEGO to identify and rank the most critical UNESCO World Her-
itage Sites in Europe. Kuncova et  al. (2018) used TOPSIS to compare the 14 Czech 
regions from the tourism infrastructure using 22 criteria. Hategekimana et  al. (2018), 
developed a multi-criteria analysis framework for determining flood hazard index using 
fuzzy-AHP, geographic information system, and bivariate statistics-based methods. 
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They tested the index in some provinces of Kenya. Similarly, Semeraro et  al. (2016) 
developed a multi-criteria analysis based on Fuzzy Expert System integrated in a GIS 
environment to identify and map potential "hotspots" of fire vulnerability. They applied 
the approach in the Torre Guaceto, southern Italy. Overall, with the best of authors’ 
knowledge, the current study can be considered as the first one to include all heritage 
sites where tourism is seen as a proven danger element based on UNESCO data.

In this study, natural areas that are in the list of UNESCO’s natural heritage sites at 
the level of significant concern and where tourism activities are seen as a threat were 
discussed. MCDM techniques were used to rank these natural areas according to their 
hazard levels. 24 natural areas and 12 criteria that are thought to damage these natu-
ral areas were taken into consideration. We used the CRITIC method to determine the 
importance levels of the criteria, and the TOPSIS, MOORA and VIKOR methods to 
rank the threatened habitats according to these criteria. Rankings obtained using three 
different methods in an integrated manner, with the BORDA technique, were evaluated 
and the final ranking was reached.

The research process chart with its general stages is presented in Fig. 1. In the con-
tinuation, the alternatives covered in the study (natural heritage areas affected by tour-
ism activities) and the process of determining the criteria that are thought to affect the 
danger level of natural areas are explained followed by, information on data collection 
process and definition of the techniques used in the analysis part.

Fig. 1  Research process chart
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4.1  Study area (determination of alternatives)

In the scope of the current study, UNESCO’s World Natural Heritage List was used to 
determine the natural areas affected by tourism activities. Natural sites on the list were 
studied using the UNESCO website and the IUCN World Heritage Outlook website. The 
UNESCO page includes definition of the areas, their location on the map, their indicators, 
and documents, while the IUCN page includes reports describing the conservation status 
of the area. We followed A and B notations in determining the heritage sites.

With the B notation, 60 out of 213 natural heritage areas where tourism is seen as a 
threat were determined. Among 60 heritage sites, 24 of these with Conservation Out-
look level of “Significant Concern” were selected as the final research area (alternatives) 
(Fig. 2). Rationale for selecting this level is to determine areas close to the “Critical” level 
limit and to make evaluations about these.

(1)
=(UNESCO∕Culture∕World Heritage Centre∕The List
∕World Heritage List∕Advanced∕Category∕Natural)

(2)
=(IUCN∕Explore Sites∕Advanced Search∕FILTRES∕Threat∕Residential
and Commercial Development∕Tourism − Recreation Areas)

Fig. 2  Alternatives and their locations. Alternatives: A1: Atlantic Forest Southeast Reserves (Brazil) A2: 
Białowieża Forest (Belarus, Poland) A3: Brazilian Atlantic Islands (Brazil) A4: Forest Complex of Dong 
Phayayen-Khao Yai (Thailand) A5: Durmitor National Park (Montenegro) A6: Galápagos Islands (Ecua-
dor) A7: Gondwana Rainforests of Australia (Australia) A8: Greater Blue Mountains Area (Australia) A9: 
Historic Sanctuary of Machu Picchu (Peru) A10: Hyrcanian Forests (Iran) A11: Kenya Lake System in the 
Great Rift Valley (Kenya) A12: Komodo National Park (Indonesia) A13: Lake Baikal (Russian Federation) 
A14: Lake Malawi National Park (Malawi) A15: Mana Pools National Park (Zimbabwe) A16: Cultural 
and Natural Heritage of the Ohrid Region (Albania) A17:National Park ofPhong Nha-Ke Bang (Viet Nam) 
A18: Rainforest of the Atsinanana (Madagascar) A19: Sagarmatha National Park (Nepal) A20: Serengeti 
National Park (Tanzania) A21: Sinharaja Forest Reserve (Sri Lanka) A22: Vredefort Dome (South Africa) 
A23: Western Caucasus (Russian Federation) A24: Western Ghats (India)
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4.2  Determination of criteria

Criteria were determined according to the factors that characterize the natural heritage 
negatively affected by tourism activities as previously mentioned in the literature. In this 
context, the following tourism-related criteria were discussed: the number of visitors and 
accommodation facilities, the impact of tourism, the impact of tourism on infrastructure, 
and tourism and visitor management. Regarding the carrying capacity, the size of the area 
and the number of species in the flora and fauna were selected as criteria. Regarding the 
protection and management, the year of registration in the UNESCO list, the financial aids, 
the report score and the general evaluation of threats in the area were taken as criteria. Cri-
teria definitions and targeted direction in determining the threat level of criteria value are 
presented in Table 1.

4.3  Data collection process

Secondary data were used to collect data on alternatives and criteria. Area size, year of 
registration to the heritage list, aids made, number of flora and fauna species showing 
biodiversity in the area, data on the World Heritage Committee’s report score criteria, 
"Description", "Indicators" and "Assistance" available on each site’s own page on UNE-
SCO’s website were obtained from the values presented under the headings (WHC 2021). 
Values for tourism impact, infrastructure in buffer zones, overall assessment of threats, and 
assessment criteria for tourism and visitor management were obtained from the Conserva-
tion Outlook report available for each area on the IUCN website (IUCN 2021). Assess-
ments presented in the report regarding the relevant criteria as “Very Low Threat, Low 
Threat, High Threat, Very High Threat” or “Serious Concern, Some Concern, Mostly 
Effective, Highly Effective” were converted into numerical data as “1, 2, 3, 4” respectively. 
Finally, although the number of visitors and accommodation facilities were mentioned in 
the reports, these were collected separately due to the lack of clear numerical data. For 
the number of visitors, the 2020 tourism statistics of the country where the area is located 
were examined. Number of accommodation facilities was obtained by counting the facili-
ties within 50 km of the area via TripAdvisor and Google Map. Data obtained at the end of 
the data collection process, which are also evaluated as the decision matrix (X), are given 
in Table 2.

5  Application and findings

During data analysis, CRITIC, TOPSIS, MOORA, and VIKOR methods were conducted 
in a hybrid way. Weights of the criteria that are thought to affect the level of danger in NHS 
where tourism activities are seen as a threat, were calculated by using the CRITIC method. 
Criteria weights are used as inputs for TOPSIS, MOORA, and VIKOR methods in which 
natural areas are ranked. The reason for using three different methods is to see the differ-
ences in the rankings and to examine the consistency among the methods. Finally, rankings 
were analyzed with the BORDA counting technique, and an integrated result was obtained. 
The application steps and formulations of these methods are included in the Supplemen-
tary File (SF).
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Upon determining the alternatives and criteria, and collecting raw data, the analysis 
phase started. Techniques applied during the analysis process and the findings obtained 
are presented in detail below. Important steps of the techniques are presented and given in 
some tables in order not to create data complexity and repetition.

5.1  Determination of criteria weights with CRITIC method

Determining the weights in multi-criteria problems is a critical step in the whole deci-
sion-making process. In MCDM methods, criteria weights are usually determined by 
subjective or objective techniques. Weighting with subjective techniques is related to 
the experience and knowledge of the decision-makers and the structure of the prob-
lem. Therefore, the results of subjective techniques may show bias. Moreover, objective 
weighting methods are recommended to ensure the reliability of the results (Kazan and 
Ozdemir 2014). In this study, CRITIC method was preferred as one of the objective 
weighting, in which the objective weight of each criterion depends on its standard devi-
ation and correlation with other criteria (Diakoulaki et al. 1995; Wang and Luo 2010).

Table 2  Decision matrix for natural sites

Criteria 
alterna-
tives

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12

A1 468,193 22 0 0 470 450 1,300,000 18 2 3 3 3
A2 141,885 29 0 50 329 3363 150,000 88 2 1 3 3
A3 43,270 20 6000 0 178 400 106,000 341 3 3 3 2
A4 615,500 16 0 60 805 2500 700,000 156 2 2 3 2
A5 32,100 41 117,000 23 300 700 270,000 273 4 3 3 2
A6 14,066,514 43 627,825 58 3014 500 271,238 312 3 3 3 2
A7 370,000 35 0 0 505 1625 2,000,000 218 2 2 3 3
A8 1,032,649 21 0 13 416 1500 3,000,000 514 2 1 3 3
A9 38,161 38 166,625 62 623 438 1,578,030 289 2 3 3 2
A10 129,485 2 0 0 238 3200 26,000 232 3 3 3 2
A11 32,034 10 45,000 36 570 556 300,000 1305 2 1 4 3
A12 219,322 30 119,500 0 1409 102 150,000 158 3 1 3 1
A13 8,800,000 25 33,200 80 3071 1800 2,000,000 551 3 3 4 1
A14 9400 37 147,423 36 1024 6000 871,000 34 3 3 4 1
A15 676,600 37 81,854 40 357 106 7500 14 2 3 3 2
A16 94,729 42 20,000 40 247 58 275,000 154 3 3 4 1
A17 123,326 18 29,240 36 896 2700 4,000,000 71 4 3 3 1
A18 409,661 14 155,000 79 498 4509 25,000 62 1 1 3 3
A19 124,400 42 232,097 45 216 376 57,000 70 3 4 3 1
A20 1,476,300 40 59,500 52 512 334 175,000 16 3 3 4 2
A21 8864 33 0 0 400 219 58,000 107 3 2 3 3
A22 30,000 16 24,035 17 244 99 60,000 93 2 3 2 2
A23 298,903 22 0 81 83 1508 550,000 35 4 4 3 1
A24 795,315 9 0 0 555 650 800,000 155 3 3 3 2
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For the CRITIC steps and formulations in the SF were followed. Standard deviation 
values and criteria weights calculated with the correlation matrix, showing the strength 
of the relationship between the criteria, are summarized in Table 3.

When 12 criteria that are thought to have an impact on danger level of NHS are eval-
uated, the criteria of "Property (0.125)", "Tourism and visitation management (0.098)" 
and "Assistance (0.09)" come to the fore. On the other hand, the criteria with the lowest 
weight are “Overall assessment for threats (0.06)” and “Number of visitors (0.067)”.

5.2  Ranking of threat levels with TOPSIS and MOORA methods

Firstly, TOPSIS and MOORA methods were applied to rank the alternatives. TOPSIS is 
based on the fact that the alternatives have the Euclidean distance closest to the positive 
ideal solution and the farthest from the negative one (Tzeng and Huang 2011). MOORA 
is a ratio system in which an alternative on a target is compared with a denominator 
representing all alternatives related to that target (Kalibatas and Turskis 2008). The 
MOORA is more preferred in MCDM problems due to the simplicity of mathematical 
operations, short computation time, and reliability (Brauers and Zavadskas 2006). It has 
different applications such as ratio method, reference point approach, importance coef-
ficient, multi-moora, full product. The MOORA Ratio method was used in this study.

Since the normalization and weighted normalization formulas used in both methods 
are the same, we deemed appropriate to present the results together. In this part, we first 
calculated the normalized decision matrix using SF-Eq. 7, then obtained the weighted 
normalized decision matrix for TOPSIS and MOORA by using the weights. The ideal 
and negative ideal solution values used in the TOPSIS are also calculated by SF-Eqs. 8 
and 9 (Table 4).

In Table 5, the Euclidean distance and the closest distance to the ideal solution, and 
the farthest distance to the negative ideal solution were determined for TOPSIS (SF-
Eqs. 10 and 11). To calculate the relative closeness ( Ci ) to the ideal solution, Eq. 12 is 
applied by using the ideal and negative ideal discrimination criteria and the ranking of 
the alternatives is presented. In the same table, the ranking created with MOORA is also 
seen. The maximum or minimum directional conditions of the criteria with SF-Eq. 14 
over the weighted normalized decision matrix values were calculated. Finally, ( y∗

i
) val-

ues were calculated using SF-Eq. 15 and presented in Table 5.
As can be seen from Table 6, the top three NHS with high levels of danger according 

to the TOPSIS method are “National Park of Lake Malawi”, “Great Rift Valley Lake 
System (Kenya)” and “Historic Sanctuary of Machu Picchu”, respectively. On the other 
hand, areas of less significant concern are "Serengeti National Park", "Lake Baikal" and 
"Galápagos Islands", respectively.

According to the MOORA Ratio method, “National Park of Lake Malawi”, “National 
Park of Phong Nha-Ke Bang” and “Lake Baikal” are the top three NHS with a high 
danger level. Less endangered areas are the “Atlantic Forest Southeast Reserves”, the 
“Vredefort Dome” and the “Sinharaja Forest Reserve”.
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5.3  Ranking the threat levels with the VIKOR method

The VIKOR method, proposed by Opricovic in 1998, is based on the compromise solu-
tion approach in complex decision-making situations with disproportionate and contra-
dictory criteria, where a solution that meets all criteria cannot be found at the same time 
(Opricovic 1998; Opricovic and Tzeng 2004). The Lp metric is used to find the best 
solution in the VIKOR technique (Shojaei et al. 2018):

VIKOR uses rank measures 
(

L1j = Sj
)

 and (L∞j = Rj.wi) is the weight that indicates 
the relative importance of the criterion. 

(

fij
)

 is the value of alternative i according to 
the j criterion. ( f ∗

i
 ) and ( f −

i
 ) indicate the best and worst ideal solution. Here, (minjSJ) 

indicates maximum group utility, while 
(

minjRJ

)

 is used for minimum individual regret.

Lpj =

{

n
∑

i=1

[

wi

(

f ∗
i
− fij

)

(

f ∗
i
− f −

i

)

]p}
1∕p

; 0 ≤ p ≤ ∞; j = 1, 2, 3,… j

Table 4  Weighted decision matrix with V+ V− scores

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12

A1 0.003 0.012 0.000 0.000 0.008 0.003 0.014 0.001 0.011 0.020 0.011 0.028
A2 0.001 0.015 0.000 0.023 0.006 0.026 0.002 0.004 0.011 0.007 0.011 0.028
A3 0.000 0.011 0.001 0.000 0.003 0.003 0.001 0.017 0.017 0.020 0.011 0.019
A4 0.005 0.008 0.000 0.023 0.014 0.019 0.007 0.008 0.011 0.013 0.011 0.019
A5 0.000 0.022 0.014 0.015 0.005 0.005 0.003 0.013 0.022 0.020 0.011 0.019
A6 0.105 0.023 0.075 0.027 0.053 0.004 0.003 0.015 0.017 0.020 0.011 0.019
A7 0.003 0.019 0.000 0.002 0.009 0.012 0.021 0.011 0.011 0.013 0.011 0.028
A8 0.008 0.011 0.000 0.005 0.007 0.011 0.032 0.025 0.011 0.007 0.011 0.028
A9 0.000 0.020 0.020 0.026 0.011 0.003 0.017 0.014 0.011 0.020 0.011 0.019
A10 0.001 0.001 0.000 0.000 0.004 0.024 0.000 0.011 0.017 0.020 0.011 0.019
A11 0.000 0.005 0.005 0.013 0.010 0.004 0.003 0.064 0.011 0.007 0.015 0.028
A12 0.002 0.016 0.014 0.011 0.025 0.001 0.002 0.008 0.017 0.007 0.011 0.009
A13 0.066 0.013 0.004 0.032 0.054 0.014 0.021 0.027 0.017 0.020 0.015 0.009
A14 0.000 0.020 0.018 0.006 0.018 0.046 0.009 0.002 0.017 0.020 0.015 0.009
A15 0.005 0.020 0.010 0.009 0.006 0.001 0.000 0.001 0.011 0.020 0.011 0.019
A16 0.001 0.022 0.002 0.003 0.004 0.000 0.003 0.008 0.017 0.020 0.015 0.009
A17 0.001 0.010 0.004 0.008 0.016 0.021 0.042 0.003 0.022 0.020 0.011 0.009
A18 0.003 0.007 0.019 0.021 0.009 0.034 0.000 0.003 0.006 0.007 0.011 0.028
A19 0.001 0.022 0.028 0.012 0.004 0.003 0.001 0.003 0.017 0.026 0.011 0.009
A20 0.011 0.021 0.007 0.011 0.009 0.003 0.002 0.001 0.017 0.020 0.015 0.019
A21 0.000 0.017 0.000 0.005 0.007 0.002 0.001 0.005 0.017 0.013 0.011 0.028
A22 0.000 0.008 0.003 0.009 0.004 0.001 0.001 0.005 0.011 0.020 0.008 0.019
A23 0.002 0.012 0.000 0.018 0.001 0.012 0.006 0.002 0.022 0.026 0.011 0.009
A24 0.006 0.005 0.000 0.000 0.010 0.005 0.008 0.008 0.017 0.020 0.011 0.019
V + 0.000 0.023 0.075 0.032 0.054 0.046 0.042 0.064 0.022 0.026 0.015 0.009
V− 0.105 0.001 0.000 0.000 0.001 0.000 0.000 0.001 0.006 0.007 0.008 0.028
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The best and worst values for each criterion were calculated with Eq.  16 by using 
Table 2. Then Eqs. 17 and 18 were used to calculate the Si and Ri values. For VIKOR, 
the Qi values were calculated in the last step and, accordingly, the ranking of the alter-
natives was presented (Table 6).

In the VIKOR ranking, “Lake Malawi National Park”, “Lake Baikal” and “Historic 
Sanctuary of Machu Picchu” took the first three places, while “Atlantic Forest South-
east Reserves”, “Rainforest of the Atsinanana” and “Sinharaja Forest Reserve” are listed 
last.

5.4  Obtaining the final ranking by BORDA count method

In the rankings of TOPSIS, MOORA, and VIKOR methods, the alternatives are ranked 
close to each other. In this study aim was to create a final ranking by combining the 
rankings of these methods with the BORDA Counting technique. It is common to use 
more than one technique together in studies using MCDM as there is the attempt to 
obtain comparisons or consistency between methods. Since analyses made with dif-
ferent techniques may yield different results, some methods for evaluation of these 

Table 5  TOPSIS (Si + , Si, Ci) 
and MOORA (Yi) Rankings

TOPSİS MOORA

S+ S− Ci Rank Yi Rank

A1 0.126 0.104 0.452 21 A1 0.049 24
A2 0.121 0.111 0.478 12 A2 0.075 16
A3 0.123 0.108 0.467 16 A3 0.064 20
A4 0.114 0.107 0.484 10 A4 0.092 11
A5 0.111 0.112 0.503 6 A5 0.112 7
A6 0.130 0.101 0.437 24 A6 0.124 5
A7 0.117 0.108 0.480 11 A7 0.079 15
A8 0.111 0.107 0.489 9 A8 0.085 13
A9 0.101 0.115 0.534 3 A9 0.134 4
A10 0.121 0.109 0.473 13 A10 0.069 18
A11 0.108 0.124 0.535 2 A11 0.109 8
A12 0.111 0.111 0.500 8 A12 0.100 9
A13 0.111 0.086 0.437 23 A13 0.141 3
A14 0.102 0.122 0.545 1 A14 0.159 1
A15 0.123 0.104 0.458 17 A15 0.064 19
A16 0.124 0.110 0.470 15 A16 0.084 14
A17 0.108 0.119 0.525 4 A17 0.146 2
A18 0.111 0.112 0.502 7 A18 0.086 12
A19 0.111 0.114 0.506 5 A19 0.116 6
A20 0.122 0.099 0.449 22 A20 0.075 17
A21 0.128 0.107 0.457 19 A21 0.050 22
A22 0.127 0.107 0.458 18 A22 0.050 23
A23 0.123 0.110 0.473 14 A23 0.098 10
A24 0.123 0.102 0.454 20 A24 0.058 21
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different results together have been developed. Thus, BORDA Counting technique offers 
the opportunity to combine rankings created with more than one technique into a sin-
gle ranking (Wu 2011). It accepts each technique with equal importance for classifica-
tion performance, while also offering convenience in terms of applicability (Akyuz and 
Salih 2017). In the ranking of the alternatives, the best alternative is m−1, the second-
best alternative is m−2, and the worst alternative is scored as 0. By adding new values, 
BORDA count score is obtained and sorting is performed (Lansdowne and Woodward 
1996). In the Equation below, m is the total number of alternatives, for (rik) k is criterion 
and i refers to the rank of the alternative.

The final ranking using BORDA is shown in Table 7.
According to the final ranking, the sites with the highest level of danger are “Lake 

Malawi National Park”, “Historic Sanctuary of Machu Picchu” and “National Park of 
Phong Nha-Ke Bang”. “Atlantic Forest Southeast Reserves”, “Sinharaja Forest Reserve” 
and “Vredefort Dome” took the last place among a total of 24 sites. Detailed findings on 
the most critically threatened sites and their current status are presented as SF.

bi =

n
∑

k=1

(m − rik)

Table 6  VIKOR rank Si Ri Qi Rank

A1 0.691 0.098 0.740 24
A2 0.661 0.098 0.691 20
A3 0.625 0.089 0.546 13
A4 0.595 0.090 0.506 12
A5 0.504 0.083 0.284 6
A6 0.468 0.125 0.632 17
A7 0.648 0.098 0.670 19
A8 0.672 0.098 0.708 21
A9 0.499 0.073 0.183 3
A10 0.630 0.090 0.562 14
A11 0.631 0.098 0.641 18
A12 0.553 0.086 0.397 10
A13 0.388 0.085 0.118 2
A14 0.389 0.082 0.086 1
A15 0.614 0.083 0.469 11
A16 0.508 0.087 0.334 8
A17 0.434 0.086 0.200 4
A18 0.682 0.098 0.725 23
A19 0.465 0.085 0.243 5
A20 0.549 0.083 0.360 9
A21 0.680 0.098 0.721 22
A22 0.683 0.087 0.617 16
A23 0.481 0.090 0.317 7
A24 0.638 0.090 0.577 15
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6  Conclusion

Aim of this study was to determine the level of danger created by tourism activities in natu-
ral areas, which are at the level of significant concern in the UNESCO WHL and where 
tourism activities are perceived as a threat. 24 NHS were analyzed by MCDM methods 
using the following criteria: visitor numbers, number of accommodation facilities, impact 
of tourism, impact of tourism on infrastructure, tourism and visitor management, size of 
the area, species number in flora and fauna, year of registration in the UNESCO list, finan-
cial aids, report score, and general assessment of threats. Findings of TOPSIS, MOORA, 
and VIKOR techniques were re-examined in the BORDA method and final ranking was 
obtained. According to the results of the study, the NHS with the highest level of danger 
are "Lake Malawi National Park", "Historic Sanctuary of Machu Picchu" and "National 
Park of Phong Nha-Ke Bang ", while "Atlantic Forest Southeast Reserves", "Sinharaja For-
est Reserve" and " Vredefort Dome” were found to be the least affected sites.

When the current situation of the affected natural areas is examined, the effects of tour-
ism can be clearly seen. In recent years, various threats have increased in Lake Malawi, 
primarily due to the increase in the human population related to tourism activities in the 

Table 7  Rankings of the 
alternatives via three methods

The numbers shown as a bold in the table represent the locations with 
the highest and lowest hazard level (1, 2, 3, and 22, 23, 24)

TOPSIS MOORA VIKOR BORDA

A1 21 24 21 24
A2 12 11 11 18
A3 16 20 17 20
A4 10 12 14 10
A5 6 7 5 5
A6 24 6 23 16
A7 11 15 22 14
A8 9 14 24 13
A9 3 4 3 2
A10 13 18 18 15
A11 2 5 10 7
A12 8 13 13 6
A13 23 2 2 8
A14 1 1 1 1
A15 17 19 12 17
A16 15 16 9 11
A17 4 3 4 3
A18 7 10 15 12
A19 5 8 7 4
A20 22 17 8 19
A21 19 22 19 23
A22 18 21 16 22
A23 14 9 6 9
A24 20 23 20 21
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region, oil resource potential, changing climate and implementation of altered manage-
ment plan. Therefore, there is a necessity for monitoring systems to assess threats’ trends 
and status, while the heritage values remain mostly intact. While tourism facilities around 
Lake Malawi make efforts to minimize the environmental impacts, the increase in the tour-
ist numbers and permanent residents cannot be prevented from posing a pollution threat. 
Other impacts of tourism contain increased degradation of nearshore fish sets due to boat 
noise and scuba divers, as well as the loss of local culture and tradition (Harding et  al. 
2018).

Since its inclusion in the WHL, Machu Picchu has witnessed activities such as deforest-
ation and commercial plant gathering, poor waste management, poaching, and the preva-
lence of agricultural use due to the absence of open land tenure regulations for the develop-
ment of tourism. In addition, these events cause the deterioration of the ecosystem in the 
region through water pollution from both urban waste and agriculture.

For Phong Nha-Ke Bang, the threat of increased over-reliance on income from tour-
ism remains. In addition, a distinct benefit-sharing in local communities is not adopted 
yet. However, while the conservation of caves has been consistently successful, the report 
about Reactive Monitoring Mission in 2018 states that waste product accumulated in Para-
dise Cave draws mice and rats posing a considerable menace to the cave (UNESCO and 
IUCN 2018). Lately, activities that are of great interest to visitors, such as caving and kay-
aking experiences, mud baths, an expanding zip-line system, and the expansion of a water 
playground in Nuoc Mooc Eco cave, indicate that tourism poses a threat.

6.1  Managerial implications for NHS

Understanding the responsibilities of the World Heritage Convention is fundamental for 
decision-making and policy. Operational Guidelines have a major impact on tourism man-
agement and provide operable guidance on responsibilities. World Heritage network ten-
ders unique chances, and it has a great number of beneficial resources for tourism manag-
ers (Pedersen 2002).

Environmental protection and tourism development in key heritage sites often involve 
multiple stakeholders. Topics such as WHS assignment, marketing, interpretation, revenue 
generation and visitor management are often controversial and complex. The responsibility 
is vital in managing these appropriately and ensuring the resources are not harmed by visi-
tors, environmental conditions, or conflicts of interest.

The clearest way to balance conservation use activities is to include them effectively in 
management plans and recognizing management practices that can be used to maximize 
or control the benefits. Thus, it is important to integrate WHS management into land man-
agement and tourism plans at local, regional, and national levels. Indeed, Balmford et al. 
(2001) states that future conflicts between development and conservation cannot be easily 
avoided, and that the conservation of reserves in regions with high population will become 
increasingly difficult.

For the benefit of both heritage sites and tourism industry, joint planning of conserva-
tion and tourism is inevitable, as tourism itself represents a remarkable threat for conver-
sation in some regions. Additional funds for the management and monitoring of sites and 
visitors can be provided. Besides UNESCO donations, tourism tax or government funds 
may play a key role in supporting the regional tourism industry.

Although usually quite delicate, the effects caused by tourists are generally avoidable 
(e.g., visitors may be requested not to feed animals). On the other hand, it may be difficult 
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to determine the cause-effect relationships of tourism effects. Garbage may be disposed 
of by residents, not tourists, or water pollution may stem from sources other than hotels, 
coastal areas may suffer from natural events rather than tourism, hunting by locals may 
explain the declining amount of biodiversity. Therefore, it is recommended to consider 
such effects when preparing status reports for heritage sites.

While visitor capacity is a particularly serious issue for natural areas in terms of sustain-
ability, solutions for decreasing numbers in the area may not always be impressive. Since 
effects are related to complex socio-environmental parameters and developmental patterns, 
it is important to understand the interrelationships that may facilitate locals in hosting tour-
ists or cause strong opposition to their presence.

Relatively all WHS are associated with their ’local communities’. Therefore, for tourism 
activities, visitor areas should be carefully planned and WHS visitors should not interfere 
with the daily lives of local people or their ties with WHS (ICOMOS 1999). The authori-
ties are advised to adopt a prevalent policy aiming to give natural and cultural heritage a 
function in daily life of residents and to integrate heritage conservation into comprehensive 
planning programs (Jimura 2018).

6.2  Limitations and recommendations for further research

As with many studies, this study also has limitations. The limitations of the study are; (1) 
the selection of sites where tourism is seen as dangerous for the NHS and (2) the conserva-
tion outlook level is seen as significant concern, (3) the use of secondary data, and (4) the 
selection of MCDM techniques for the method. According to these limitations the authors 
offer some suggestions for future studies. Firstly, the authors had difficulty choosing vari-
ables to study tourism effects on sites, despite using UNESCO data. Therefore, determin-
ing the variables for a more detailed examination of tourism effects in future studies and 
considering the studies in a wider framework (other effects besides tourism) will contrib-
ute to the literature. Secondly, methodological triangulation (longitudinal, cross-sectional, 
and mixed patterns) can be recommended to explain the subject in more detail, as MCDM 
techniques cannot explain the variable relations in an interpretive sense. Lastly, with the 
approach adopted in this study, the impact of tourism on cultural heritage sites can be 
evaluated.
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