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A B S T R A C T

Global tourism growth is threatening environmental health of several destinations. While negative impacts of 
tourism on environmental quality are being increasingly documented, the effects of degrading environmental 
quality on tourists’ choices have been largely neglected. Here we investigated the case study of Egyptian Red Sea, 
one of the world’s most popular targets for blue tourism. We provide evidence that, in the North (Sharm El 
Sheikh), coral reefs experienced a progressive degradation (25–40 % from 1991 to 2023 in the most impacted 
touristic targets). We report multiple evidence that the loss of natural capital decreased the attractiveness of 
touristic areas: the shift of tourism flows towards the more pristine regions of the South (Marsa Alam) was unable 
to counterbalance the loss of Sharm El Sheikh. The significant decline in tourism flows (-23 %, 2009–2019) 
caused an estimated annual loss of ca. 1.77 billion USD (0.6 % of the Egyptian GDP in 2019). We conclude that, 
given the increasing demand of pristine environments as tourism target, an unsustainable ecosystem manage
ment can threaten local economies, particularly where nature integrity represents a key asset for destination 
choice. Policy makers should thus consider the convenience of protecting natural capital and/or carrying on 
ecosystem restoration interventions to recover their attractiveness and develop a sustainable blue-tourism 
economy.

1. Introduction

Tourism is a leading force in the global economy: in 2019, at the peak 
of sixty years of continuous growth, 1.4 billion people moved around the 
world for tourism [1]. In the period 2014–2019, the tourism economy 
contributed to more than 10.3 % of all jobs worldwide (334 million, 
equivalent to ca. 20 % of the new jobs created) and 10.4 % of global GDP 
(US$ 10 trillion; [2]).

Tourism and tourism-related income are key determinants of eco
nomic growth, employment and well-being, especially in developing 
countries [3-5]. In most cases, the touristic offer is based on the beauty 
of pristine nature and the possibility to watch endemic species and wild 
animals [6]. Tourism is a driving sector also in Middle East/North Africa 
(MENA) countries, a region that, in 2018, welcomed 87 million inter
national tourists, equivalent to 6 % of the world’s total arrivals [7]. In 
2019, the travel and tourism sector accounted for 5.3 % of GDP growth 
and 6.7 million jobs across the MENA region [8].

Among MENA countries, Morocco, Tunisia, Lebanon, and Egypt are 
those for which tourism represents a highly relevant source of income 

[8]. Here and elsewhere, tourism also represents a strategic component 
in the diversification of local economies [9,10]. Egypt, in particular, is a 
renowned tourism destination of culture and antiquity [11], but during 
the last four decades, a policy for diversifying tourism attractions was 
elaborated by the Egyptian government (Five Year Plan in 1982), with 
the scope of accommodating an increasing international demand while 
reducing the pressure on historic locations along the Nile Valley [11]. 
Since 1995, international tourism, and particularly blue tourism, has 
remarkably increased in Egypt [12], attracting passengers through 
several tour operators offering a wide variety of the popular “sun and 
beach package holidays’’ [13]. An increasing proportion of tourists has 
been attracted by the promotion of nature-based tourism on the Red Sea 
coasts, where the natural beauty, wilderness and unicity offered new 
opportunities and experiences in a previously underdeveloped area of 
the region [14].

Blue tourism relies on the presence of a pristine natural capital [2]
and on the provision of ecosystem services (ESs), defined as the direct 
and indirect benefits that humans obtain from ecosystems [15]. In the 
last decades, tourists have been increasingly attracted by a thriving and 
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pristine biodiversity, and nature-based experiences [16]. Such kind of 
tourism also has positive effects in terms of tourist permanence, as the 
average duration of the stay has been shown to be positively linked to 
the biodiversity profile of a destination [17].

The main driver of tourist attraction in Sharm El Sheikh since the 
1980s has been its natural capital and biodiversity associated with the 
colorful coral reefs [18-20]. Cesar [21] estimated that the percentage of 
direct users of the reef (divers and snorkelers) varies from 30 % to 
100 %, depending on location. More recent analyses showed that, 
snorkeling, SCUBA diving and field nature experiences (e.g., dolphin 
watching) represent by far the strongest attraction factor for 97 % of 
tourists in the Red Sea [19]. Since the early 1990s, the Red Sea has been 
a target for massive blue tourism, leading to the exponential increase of 
the number of hotels and accommodation facilities. In 2000, the number 
of rooms along the Egyptian coasts was 10.549, equivalent to 22 % of the 
total hotel accommodation capacity in Egypt [22]; fifteen years later, 
the cities of Sharm El Sheikh, Hurghada and Marsa Alam alone 
accounted for over 110,000 rooms (almost 60 % of total rooming ca
pacity of the Country; [23]). This growth was primarily due to the 
construction of new resorts and the expansion of the existing ones, 
almost exclusively located within 50–300 m from the coast [24].

With over 13 million passengers in 2019 and 12 million in 2022, 
Egypt is the most visited African country. This implies important eco
nomic returns as, in 2019, tourism contributed for 8.8 % of total GDP, 
employing 2.42 million people, equivalent to 9.5 % of total Egyptian 
workforce [2]. In 2019, in Egyptian tourism economy “coral-reef 
tourism” industry generated USD 7 billion in revenues, more than any 
other country in the world, and more than double the revenues of the 
runner-up Indonesia [20]. However, the growing popularity of this 
destination has progressively threatened and degraded marine ecosys
tems, and particularly the vulnerable coral reefs, which in some areas 
have significantly suffered from this increasing human pressure. For this 
reason, there is serious concern on the factors that might potentially 
jeopardize this important economic income [22].

As a downside of the numerous economic benefits, tourism can cause 
increased carbon emissions, habitat loss, alteration of biodiversity, ac
celeration of the depletion of natural resources and overuse of water 
resources [25,12,26]. Recent studies demonstrated that blue tourism 
and related activities might have negative impacts on marine environ
mental status [27] and can compromise the habitat integrity of marine 
and coastal areas [28-32].

This applies also to the Red Sea, where blue tourism is determining 
several direct and indirect impacts on marine ecosystems [12,21]
related to tourism pressures, exploitation of marine resources, overf
ishing and/or fishing in illegal areas and is creating concern about the 
degrading environmental quality caused by tourism impacts themselves 
[33,34].

The impacts of coastal tourism on the local marine ecosystems can be 
grouped into four main categories: a) construction of buildings and fa
cilities directly related to tourism (hotels, golf courses, marinas, canals 
in fringing reefs, road paving); b) litter, wastewater, dumping, desali
nation and sewage treatment plants, power generation plants, etc.; c) 
increasing ecological footprint related to the increase of resident pop
ulation (due to the expansion of tourism-related jobs); d) impact of 
tourists and touristic activities (recreational fishing, boat tours, jet ski, 
snorkeling and SCUBA diving, trampling over the reef, etc.). All these 
activities are producing significant and negative impacts on the sur
rounding coral reef ecosystems, which are often overlapping with out
comes of other human activities [35] creating cumulative effects.

The effects of the degrading environmental quality and consequently 
reduced tourist incomes have been already documented in various pla
ces worldwide. One example is the Boracay Island (Philippines) once 
considered one of the world’s most beautiful islands, that due to un
regulated tourism and consequent environmental degradation became a 
“polluted disaster” [36]. In 2018, the Philippine government closed for 
six months the Boracay Island to tourism. This temporary closure 

resulted in a significant loss of incomes (from 7 to PHP 27.9 billion, 
[37]), but served as a stark reminder of the need for developing an 
eco-sustainable tourism [36].

Although the negative impacts of tourism on environmental quality 
are increasingly recognized and documented, much less is known on the 
effects of degrading environmental quality on tourists’ choices and the 
consequent economic implications. The increasing tourists’ attention 
and sensitivity towards environmental issues (e.g., marine litter and 
plastic, mammal conservation, etc.) can result in a lower appeal of 
destinations where naturalness is jeopardized or ecosystem integrity 
compromised [38,39]. Such attention to nature preservation is 
increasingly evident among the younger generations, and thus expected 
to orient a larger portion of the tourism in the future [40]. If so, this 
could cause shifts in tourists’ preferences towards different localities 
with severe economic implications as the progressive degradation in 
Egyptian coral reefs is discouraging tourism and could lead to a loss of 
up to USD 5.6 billions out of the 7 generated by coral reef tourism by the 
end of the century [20].

In this study, we investigate the effects of environmental degradation 
of the Red Sea coral reefs on the local blue tourism economy. We also 
assess the economic dimensions of this effect and explore if it has the 
potential of affecting the economic development of the Egyptian coastal 
areas.

2. Materials and methods

2.1. Study area

The Red Sea is a semi-enclosed basin located between African and 
Arabian plates, extending for a 1932 km-long shore, [41]. Egypt shows 
the largest coastline development among the Red Sea countries and its 
coasts extend for ca 1386 km. The main Egyptian coastal cities are 
Sharm El Sheikh, Ras Ghareb, Hurghada, Safaga, El-Quseir and Marsa 
Alam [42].

The Red Sea is currently worldwide recognized for its high biodi
versity and presence of endemic species [18,43]. Coral reefs are among 
the greatest attractions of the Red Sea, with 359 species of scleractinian 
corals [44], 211 species of echinoderms and >1000 species of fishes 
associated to the reefs [18] globally renowned from their pristine con
ditions and resilience to rising sea temperatures [33]. It is also habitat 
for endangered marine mammals, such as cetaceans, dugongs, and tur
tles (https://www.iucnredlist.org/regions/persian-gulf; [45]).

Sharm El Sheikh is the oldest and most iconic blue-tourism destina
tion of the Red Sea: since 1982, the city started its expansion as a major 
international resort, with a high concentration on the area on Na’ama 
Bay, a portion of shoreline 1 km long, 10 km North of Sharm El Sheikh 
town [46]. Currently, resorts in Sharm El Sheikh cover a portion of 
shoreline approximately 30 km long. Ras Mohammed National Park, 
established in 1983, is the first marine protected area of Egypt and ex
tends on the coastline of the southern tip of Sinai ca. 30 km West from 
Sharm El Sheikh.

Marsa Alam is a town in South-Eastern Egypt whose development 
began only in 1995 and strongly increased after 2003, when the airport 
of Marsa Alam was inaugurated. The airport of Marsa Alam, located 
approximately 60 km North of the homonymous town, serves resorts 
that span on a shoreline of over 300 km. At the southernmost end of the 
Marsa Alam Region, lies the Wadi El Gemal–Hamata Protected Area, 
designated in 2003 as a National Park under the IUCN Protected Area 
Category II (Fig. 1)

In this study, we consider and compare a set of variables from two 
areas: a) Sharm El Sheikh and surrounding coasts vs. b) the coastline 
around Marsa Alam, from the city of El Quseir to the marine protected 
area of Berenice.
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2.2. Data collection

2.2.1. Environmental quality data
We identified the changes in the concentration of phytopigments 

(expressed as Chlorophyll-a contained in the microalgae) as a measure 
of the phytoplankton biomass and thus as a proxy of marine eutrophi
cation (i.e., the process of deterioration of the water quality related to 
the increasing release of nutrients due to sewage and/or insufficient 
waste-water management). Data on Chlorophyll-a has been retrieved 
from Copernicus Marine Data (https://data.marine.copernicus.eu 
/products; accessed in July 2023). This variable was selected as eutro
phication is a recognized threat to coral health [47] and is one of the 
Descriptors of the Marine Strategy Framework Directive (D5, EC 
56/2008). High Chlorophyll-a concentrations are typically associated 
with a decrease of water transparency (which is crucially important for 
coral survival, [48]), a shift in the ecosystem functioning and eventually 
to the rise of red tide or toxic phytoplankton blooms [49].

The second investigated variable is the change in coral coverage (i.e., 
the portion of the area covered by living corals, expressed as percent
age). This has been investigated through extensive literature research 
and data mining from Scopus, Web of Science and Google Scholar, from 
1991 to 2023, using the following search: “Coral Status” or “Coral 
health” AND “Red Sea” or “Sharm El Sheikh’’ or “Marsa Alam” or “Ras 
Mohammed” or “Wadi El Gemal”. Due to the scarcity of data in peer- 
reviewed articles we extended the search to grey literature (technical 
reports, monitoring activities). Articles relating to areas of the Red Sea 
other than Sharm El Sheikh and Marsa Alam, such as the Gulf of Aqaba 
or the Arabic coasts, were intentionally excluded by this specific anal
ysis. We used available data to reconstruct temporal patterns in coral 
cover and to compare the two destinations (i.e., Sharm El Sheikh and 
Marsa Alam).

Within the Sharm El Sheikh area, we also compared the changes in 
coral cover between Sharm El Sheikh touristic area and Ras Mohammed 
National Park (West of Sharm El Sheikh), to assess the differences be
tween protected and unprotected areas within the same region.

For the Marsa Alam region we acquired data from: a) North Marsa 
Alam (Abu Dabab), b) Central Marsa Alam, c) South Marsa Alam and d) 
Wadi El-Gemal-Hamata Protected Area (WEGNP). Data availability for 
Sharm El Sheikh started in 1991, whereas from Marsa Alam the first 
available information dates to 2003.

2.2.2. Index of human impact
Finally, we determined the index of “Human Impact on Marine 

Ecosystems”, through an ecosystem-specific, multiscale spatial model 
that quantifies anthropogenic impact [50]. This index elaborated 17 

drivers of human pressures over 20 ecosystems, among which coral 
reefs. The index increases as the anthropogenic impact increases. Data 
for this model were collected in shapefiles elaborated with QGIS to 
extract zonal statistics like the spatial mean value of the index in the 
considered areas. The HI Index was elaborated with data accessible from 
the portal EcoInformatics (https://knb.ecoinformatics.org/view/doi:10. 
5063/F12B8WBS). All data used are annual averages of the Human 
Impact Index elaborated by Halpern. The files were exported in “tiff” 
format, for the period of availability 2003–2013 and the manually 
overlapped with shapefiles containing the areas around the sites to be 
analyzed (see Fig. 1). The last step consisted in superimposing the 
shapefiles on the maps contained in the.tiff files to calculate the zonal 
statistics which specifically are an average of all the points belonging to 
each.tiff file, but within the area delimited by the shapefile. The model 
was applied to both Sharm El Sheikh and Marsa Alam regions.

2.2.3. Socio-economic data
Different databases were mined to extract data from independent 

sources and to assess the economic and social implications of the 
tourism-driven environmental degradation.

The number of passengers who traveled via Sharm El Sheikh and 
Marsa Alam airports was used as a proxy for the number of tourists 
visiting the two destinations. We retrieved tourism data from the 
following sources: i) UNTWO Tourism Data Dashboard, ii) CEIC Data for 
Egyptian Ministry of Civil Aviation and iii) Statista.com. All databases 
were accessed in July 2023.

The analysis of average expense per travel in 2023 was made by 
sampling the average cost (in USD) of a seven-day holiday with flights 
included in all-inclusive resorts in Sharm El Sheikh and Marsa Alam. In 
particular, the website of a leading Italian Tour Operator (https://www. 
alpitour.it/), UK Tour Operator (https://www.tui.co.uk/) and online 
Tour Operator (https://www.expedia.it/) were accessed in the month of 
July 2023 to determine the mean and median prices of a stay in hotels of 
4* and 5* categories. The analysis was carried out for two distinct sea
sonality periods, the high-season peak of August and the low-season 
period of December, before Christmas Holidays.

Since Tripadvisor is a potentially relevant “text source” for investi
gating consumers’ perceptions [51,52], we used this data source to 
collect the comments from the tourists [53] who visited and compared 
the two destinations of Sharm El Sheikh and Marsa Alam in order to 
analyze their impressions/perceptions and decision process based on the 
environmental quality and “naturalness” of the sites selected for their 
vacation. We used user-generated contents (UGC) from Tripadvisor re
views and Q&A sections on Egypt and Red Sea, Sharm El Sheikh and 
Marsa Alam and we selected all travelers’ opinions when referred to 
coral reefs and biodiversity (expressed with identified keywords such as: 
fish, turtle, life, colors, natural beauty etc.) after their vacations. The 
selection of UGC in Trip Advisor was purposefully conducted to capture 
a broad and relevant spectrum of tourist opinions regarding the envi
ronmental quality of the two destinations. The “Purposeful sampling” is 
a well-recognized approach for qualitative data collection and analysis 
in mixed method implementation research, particularly useful when the 
researcher seeks to gain in-depth insights into a specific issue or phe
nomenon [54]. When the aim is to select information-rich data that can 
provide significant insights into the topic in analysis, purposeful sam
pling allows a more systematic and transparent way for decision making 
[55]. This method is particularly suitable when the research focus is on 
understanding the perceptions, experiences, or opinions of individuals 
within a specific context [56]. We systematically selected comments 
based on predefined criteria to ensure that the sample adequately rep
resented the range of opinions expressed by tourists, including relevance 
(comments were selected if they directly referred to aspects of envi
ronmental quality, such as preservation of natural habitats, or pollution, 
making comparisons between the two destinations of interest: Marsa 
Alam and Sharm El Sheikh) and variety of perspectives (including both 
positive and negative comments on the two destinations to capture a 

Fig. 1. Sharm El Sheikh and Marsa Alam resort areas (white), Ras Mohammed 
National Park and Wadi El Gemal National Park (green).
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balanced view of the destination quality as perceived by tourists). The 
final sample size was determined based on the principle of data satu
ration, where no new insights were being gained from additional com
ments. This approach has been standardized to ensure that the sample is 
sufficiently large to capture the full range of relevant opinions without 
redundancy [57].

An additional analysis was conducted with Google Trends at global 
scale to highlight the global research interest of the keywords “Marsa 
Alam” and “Sharm El Sheikh’’: data were filtered for the time-span 
January 2009-December 2019, coherently with the timespan analyzed 
for the tourism flows, at a global level.

3. Results

3.1. Changes in Chlorophyll-a concentration

Satellite images show an overall increase of chlorophyll concentra
tions over time throughout the Red Sea region, but with a stronger in
crease in the northern region and along coastal areas. Chlorophyll-a 
concentrations were typically very low, with average annual values 
ranging from 0.09 m− 3 in Marsa Alam to 0.16 mg m− 3 in Sharm El 
Sheikh (Fig. 2; for the meso-scale map and the values of environmental 
variables, see SOM Figure S1).

3.2. Temporal patterns in coral reef health

A total of 16 scientific articles (plus one IUCN report) were retrieved 
for assessing the coral coverage specifically in the two areas of interest. 
In both areas, we also compared the data from protected areas (Ras 
Mohammed National Park - RMNP for Sharm El Sheikh, Wadi El Gemal 
National Park WEGNP for Marsa Alam; here defined as “Control”) with 
those of the touristic area (here defined as “Impacted”).

In the 1980s, the condition of corals in Sharm El Sheikh was pristine 
and characterized by a relevant hard coral cover (ca 72 % at a depth of 
1 m) [58]. In 1989/90, there was reported evidence of direct human 
impact with 1.7–4.7 broken coral colonies per square meter in diving 
sites compared to 0–0.5 in non-diving sites [59]. Ten years later, coral 
coverage decreased to 41 % or less depending on the location [60,61]
and approximately ten more years after coral cover within Ras 
Mohammed area ranged from 23 % to 40 % [62].

In the Marsa Alam region, in early 2000’s, the touristic areas 
exhibited a coral coverage (29–33 %) significantly lower than in pristine 
(now protected) areas (69 %; [63]). Approximately ten years later, 
impacted areas showed a coral coverage of ca. 16 % vs. 53–78 % in 
pristine areas [64]; Attalla et al. [65]).

3.3. Changes in coral cover in protected and unprotected areas

In the Sharm El Sheikh area, coral coverage was on average 29 % 
(ranging from 14 % to 40 %) in the touristic area, vs. ca. 41 % (ranging 
from 10 % to 86 %) in the protected area.

In the Marsa Alam region, in the northern area coral cover showed an 
average of 65 % (range from 38 % to 92 %), whereas in the Wadi El 
Gemal–Hamata Protected Area coral cover showed an average of 71 % 
(range from 63 % to 85 %).

In both regions, areas more affected by the presence of tourism fa
cilities showed a lower coral coverage than in protected areas, but the 
decrease of coral cover in the Sharm El Sheikh area was ca 30 % vs. 
8.5 % in Marsa Alam (Fig. 3, Supplementary Table S1).

3.4. Human impact on marine ecosystems

At a global level, there are few to no areas where coral reefs show an 
HI Index <1.5 [50]: Marsa Alam stayed below this level until 2010. Our 
data suggest that almost half of all coral reefs experience medium high to 
very high impact. The HI Index shows an increasing trend in both re
gions, but Sharm El Sheikh suffered from a significantly higher impact 
than Marsa Alam. The gap between the two indexes diminishes over 
time: the initial difference of nearly 50 % in the first three years grad
ually narrows, eventually reaching disparities of less than 20 % in the 
last years (Fig. 4). The yearly values for the HI Index have been reported 
in Table S2 of the SOM.

3.5. Tourism flows and travel preferences

The number of passengers traveling to the Egyptian coasts of Red Sea 
via Sharm El Sheikh and Marsa Alam airports was used as a proxy for the 
number of tourists visiting the two destinations (Fig. 5). Total number of 
passengers in Sharm El Sheikh decreased by almost 3 million (-23 %) in 
the decade 2009–2019, while in Marsa Alam it grew by approximately 
0.8 million (+85 %). These patterns indicate that the number of pas
sengers choosing the Egyptian coast as a destination for their holidays 
decreased over time and this decrease is mostly due to the drop of Sharm 
El Sheikh flows. Data from 2016 were omitted since they were showing a 
significant drop in both locations due to the terrorist attacks that 
occurred in 2015 and 2016 [66,67].

The analysis carried out using Google Trends for the period 
2009–2019 highlighted that the research interest for Sharm El Sheikh 
decreased over time (Figs. 6a and 6b). Conversely, the interest in Marsa 
Alam as a target for vacation remains stable in the decade. It is to be 
noted that in 2016 Google Trends changed the modality of data 

Fig. 2. Satellite images from the studied areas; a) 2002, b) 2008, c) 2014, d) 2020.
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acquisition causing a drop in interest scores for all searches worldwide: 
this might limit the data comparability with the previous years and 
negatively influence the trend from 2016 onwards.

3.6. User-generated contents for social analysis

A sample of the opinions and feedback of tourists visiting the 
investigated areas for holiday purposes was collected on Tripadvisor and 
analyzed. We selected the comments in topics where the two locations 
were compared and aggregated their reviews by categories of perception 
on which the visitors gave more emphasis (general features of the 
destination/Reef and coral quality-colors/Presence of wildlife). The re
sults of this analysis are reported in Supplementary Table S3. Overall, 
the results of the tourists’ opinion revealed a consistent higher appre
ciation for the marine ecosystems of the Marsa Alam coasts when 
compared to those of Sharm El Sheikh: this factor would lead them to 
choose again and/or recommend the former destination rather than the 
latter because of grater accessibility and more pristine conditions of 
natural resources. Some opinions, besides the better opportunities for a 
naturalistic experience (SCUBA diving, snorkeling on coral reefs, 
visiting dolphin, sea turtles and dugong areas), also considered the 
associated costs (“even if the holiday itself is more expensive”). Conversely, 
those recommending Sharm El Sheikh were basing their preference on 
the “luxurious resorts”, “entertainment”, and “presence of a town close to the 
resorts” more than on the natural beauty, integrity, and values of 
wilderness.

3.7. Cost analysis

The analysis of average costs for a seven-day vacation revealed 
consistent differences between Marsa Alam and Sharm El Sheikh 
(Fig. 7): in the high season, a seven-day holiday in Marsa Alam is on 
average 6.9 % more expensive than in Sharm El Sheikh, while in low 
season the average difference is +4.7 %. The spread of costs between 
Marsa Alam and Sharm El Sheikh becomes even more evident when 
considering median prices: +10.6 % in high season and +7.5 % in low 
season (see Supplementary Tables S4 and S5).

Fig. 3. Boxplot with all data over time in the two studied locations. O-RMNP: Outside Ras Mohammed National Park; RMNP: Ras Mohammed National Park; 
WEGNP: Wadi El Gemal National Park (Including sampling points from the border outside the park).

Fig. 4. Cumulative Human Impact Index in Marsa Alam and Sharm El Sheikh, 
from 2003 to 2013.

Fig. 5. Trend of tourism flow (passengers traveling to Egyptian Coasts of Red 
Sea) to Sharm El Sheikh and Marsa Alam airports.
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4. Discussion

4.1. Threats and trends in coral reefs’ health in the Red Sea

Our results corroborate previous evidence that tourism exploitation 
and associated impacts (shipping, maritime and other transportation, 
boat accidents, increased sedimentation, pollution, waste and sludge 
from accommodation, infrastructures and facilities, trampling over the 
corals, or use of harmful sunscreen products; [68]) can explain the loss 
of coral cover in the investigated areas (as highlighted by the Human 
Impact Index; Fig. 4). The direct consequences of snorkeling and tram
pling on coral reefs are known since more than a decade [19] and are 
evident also from our analysis of coral cover data, which shows a 
negative trend in Sharm El Sheikh (especially in the area most exposed 
to intensive tourism), that led to a loss of coral coverage by approxi
mately 40 % or more over the last 3 decades.

We conducted a comparative analysis between the protected area of 
the RMNP (used here as control), whose border is located at ca 3 km 

from tourism facilities, with the area accessible to tourists (impact). 
Currently, 12 % of the park is accessible to visitors, and thanks to its 
robust conservation initiatives, it earned a spot on the IUCN’s Green List 
in 2018 (https://iucngreenlist.org/, accessed November 2023). The 
coral coverage within the park ranges from 60 % to 80 %. These values 
of coral coverage, similar to the coral coverage conditions in the 80’s 
[58], are among the highest in the whole Gulf of Aqaba. Conversely, 
coral coverage in the touristic area outside the park’s boundaries ranges 
from 20 % to 30 %, with lowest values in the coral reef areas facing the 
hotels and resorts.

Along the wider area of the Marsa Alam region (stretching for 
approximately 300 km), there are notable differences between the 
northern part (showing a higher concentration of resorts and hotel) and 
the southernmost part, which includes the Berenice area and protected 
areas such as Wadi El Gemal-Hamata National Park. Currently, hard 
coral coverage in the Marsa Alam area is still very high, from 55 % to 
67 % [69], indicating limited impacts on coral reef health. Yet, a com
parison between protected (Wadi El-Gemal National Park) and unpro
tected sites in the Marsa Alam area revealed that, in 2015, coral 
coverage within the National Park was on average 82 % (vs. 63 %, 
outside the park; [70]).

As also suggested by the trend of Human Impact Index on marine 
ecosystems, our data indicate that the environmental condition of the 
coral reefs is worsening in both areas, but in Marsa Alam it is consis
tently better than in Sharm El Sheikh. We also provide evidence of the 
efficacy of the protection measures in both Marsa Alam and Sharm El 
Sheikh areas, which are responsible for a preservation of ca 20–40 % of 
coral cover. The temporal trends of the decreasing coral health, along 
with the significant differences in coral cover between protected and 
unprotected marine areas, strongly support the conclusion that human 
impacts are the main driver of the decrease of coral cover and conse
quent habitat loss.

Stony corals are not just attracting the tourists for their intrinsic 
beauty, but are also ecosystem engineers that provide several ecosystem 
services, in particular food and nurseries for a large variety of species, 
including the famous colorful fish species of the Red Sea [71]. A 
decrease of coral covers means a consequent decrease in the associated 
biodiversity and local species loss: for instance, all butterfly fish species 
are crucially dependent on the coral polyps for their diet and are among 
the first taxa lost after coral degradation [72].

4.2. Impacts of degrading reef health on tourism attractiveness

Here we show that the expansion of the accommodation and tourism 
facilities in Sharm El Sheikh mirrors the flow of tourists that since the 

Fig. 6. Google Trend research interest for: a) Sharm El Sheikh and b) Marsa Alam.

Fig. 7. Box plot of mean and median prices (in USD) of a 7-days all-inclusive 
holiday in Sharm El Sheikh and Marsa Alam, low and high season.
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80’s have identified the Red Sea as a target for their vacations. At the 
same time, the deteriorating environmental conditions, which started to 
be evident already in the late 90’s, have been driving a change in the 
public perception of the attractiveness of the area. This was highlighted 
by the feedback reported on social media, comments and reviews in 
TripAdvisor, the search trends from Google. It has been shown already 
that online social travel networking contributes to creating the desti
nation’s image and is increasingly influencing the identification of 
tourist targets [73]: the comments found in TripAdvisor can discourage 
tourism flow towards the most impacted destinations by reporting that 
the famous coral reefs which for decades attracted the tourists to the Red 
Sea are not there anymore (Hawkins, 1996), especially for what con
cerns coral colors, in favor of more pristine locations.

The decreasing attractiveness of the Egyptian reefs close to Sharm El 
Sheikh has been reported already 20 years ago, with an increasing echo 
and a negative trend that alarmed the local authorities that started 
appropriate management actions of protection of the reefs from tram
pling and other damaging practices: in 2019, Egypt was the 11th 
Country worldwide to implement UNEP’s initiative “Green Fins”, the 
only internationally recognized voluntary eco-certification offering a 
sustainable management approach for diving and snorkeling operators, 
which in Egypt are estimated to be over 500 [74]. Egyptian authorities 
also explored the possibility of restoring the damaged coral reefs of the 
northern areas, but pilot interventions are still in progress.

The decreasing environmental quality (namely the richness, integ
rity, biodiversity and thus beauty of the coral reefs) raises a growing 
concern as the results of this study provide evidence of the progressive 
drop of attractiveness of Sharm El Sheikh as a target for nature-oriented 
vacations and partial shift of tourists to Marsa Alam. Several studies 
have shown that there is a significant relationship between number of 
tourists, international tourism income and economic income [75,76]
and that the negative impacts on the natural beauty, such as bleaching, 
can directly cause economic losses to the residents of the destination 
[77]. This is made evident by the loss of arrivals for about 23 % from 
2009 to 2019 in Sharm El Sheikh (despite the overall increase of tourists 
worldwide), with a negative impact on the Egyptian tourism supply 
chain.

4.3. Economic implications of degrading environmental qualities and 
tourism flows

In 2019, tourism accounted for 8.8 % of Egyptian GDP (26,7 billion 
USD), providing 3.1 million jobs (9.5 % of the total Egyptian workforce, 
[2,78]). However, the decrease of blue tourism reported here might 
have had disruptive effects, particularly evident for Sharm El Sheikh 
that employs a great number of domestic migrant workers, whose in
comes also support households in the native villages or towns [79]. 
Sharm El Sheikh accounts for 28.9 % of total Egyptian rooming capacity 
and we assume that it contributes to the tourism-related Egyptian GDP 
by an equal share (hence ca. 2.6 % of total GDP). In a scenario where the 
tourism flows decreased by 23 % as happened from 2009 to 2019, the 
reduced contribution of Sharm El Sheikh to the Egyptian GDP can be 
estimated at approximately 1.77 billion USD (-6,65 % of tourism related 
GDP), equivalent to a loss of 0.6 % of total GDP (2019 values).

The loss of Sharm El Sheikh is partly counterbalanced by the growth 
of Marsa Alam. In terms of flows, Sharm El Sheikh lost 1.76 million 
passengers from 2009 to 2019, Marsa Alam grew by over 800,000, with 
a net balance of − 960,000 passengers. The two destinations together, 
basing on their rooming capacity, contribute to ca. 35 % of tourism- 
related GDP (3 % of Egyptian GDP): in the decade 2009–2019 the Red 
Sea experienced an overall decrease in flows of ca 11 %. The reduced 
flows may imply a lower contribution of 1 billion USD to the Egyptian 
GDP (3.75 % of tourism related GDP and 0.33 % of total GDP).

Our data support the evidence that a degraded environmental quality 
discourages tourists in choosing one destination and hence affects all the 
sectors of the local tourism supply chain. These estimates are projections 

of possible scenarios but must be considered with caution as tourism is 
known to have large multiplier effects on other sectors of the economy 
[80,81] and that due to difference in prices, not all destinations 
contribute to the national GDP proportionally to their accommodation 
capacity, as hypothesized above.

Ecosystem integrity and conservation is becoming a major attraction 
factor for tourists who are looking for wildlife and pristine destinations 
[38,82], for those who pay a particular attention to sustainability issues 
[83,84] and are willing to pay a premium to visit ecosystems with 
greater ecological health such as Marine Protected Areas [85,86]. This is 
apparently confirmed by the increasing attractiveness and growing 
flows of tourists towards the more pristine area of Marsa Alam and to
wards ecologically pristine areas, as it is for the Ras Mohammed Na
tional Park, close to Sharm El Sheikh, that passed from a few hundreds of 
visitors (tickets emitted) in 1988, to 444,653 in the fiscal year 2018/19, 
of which 400,461 (90 %) were international tourists [87]. Moreover, it 
is to be noted that the wider variety of attractions that go beyond the 
snorkeling and diving activities, expanding/orienting the attraction to 
nightlife, markets, food and more luxurious accommodations, which 
may be appealing to tourists who are not seeking for a merely “blue” 
experience, is mostly present in Sharm El Sheikh. Also, a monetary 
policy of lowering prices has been carried on in the destination, so that 
today, in equal accommodation conditions (e.g., a five-star hotel in the 
same season), Sharm El Sheikh results on average less expensive than 
Marsa Alam and price is a relevant variable for holiday destination 
choice [88]: in 2018, Sharm El Sheikh was ranked as the lowest-costing 
luxury holiday destination in the world [89].

4.4. Potential actions to contrast current trends

Tourist destinations of Red Sea need crucial actions towards sus
tainable development [90]. Local managers should work on engaging 
tourists in educational initiatives and in the development of environ
mentally responsible behaviors [91,92] that can be highly beneficial in 
the long term for the environment and the local economies. The study by 
Hannak et al. [19] highlighted that in the Red Sea the least educated 
tourists about reef ecology and less experienced snorkelers and divers 
would be the most prepared to financially support educational activities. 
If in fact by one side more tourists mean more consumptions, services 
and employment, leading to an economic growth in Egypt, on the other 
side an unsustainable expansion of the tourism flows, by degrading local 
ecosystems, might develop a boomerang effect on economic 
development.

At the same time, there is evidence that Sharm El Sheikh’s experience 
is addressing the local management (even in other Red Sea regions) 
towards a more sustainable development and more attention is being 
paid to minimizing and mitigating the impacts in the construction of 
new facilities, in enforcing the ban of trampling, discouraging impactful 
behaviors and reducing the negative environmental effects of the man
agement of new resorts in the area [93,94].

At global scale, there are several emerging issues related to the blue 
tourism, such as the coral bleaching caused by sunscreen products [95]
which call for a change in the use of eco-sustainable personal care 
products and has led to the Hawaii Reef Bill to stop the use of products 
containing oxybenzone and other harmful chemical filters [96]. How
ever, these measures have been not yet adopted in the Red Sea region.

Moreover, it emerges that despite some recent attempts to protect the 
coral-reef from direct impacts of tourism (such as trampling over the 
reef, which has been forbidden only very recently), continuous, coor
dinated initiatives to protect the Red Sea reefs close to the touristic lo
cations have not been sufficiently enforced [33]. Local managers should 
increase the efforts in ecosystem protection and good practices to avoid 
or minimize any environmental impact.

To compensate the habitat loss, coral-reef restoration is currently 
carried out in several areas of the world [97-102]. In 2022, also in Egypt 
started the first pilot project of coral-reef restoration, based on the 
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creation of 100 nurseries to regenerate damaged reefs. However, 
restoration interventions, appropriate, long-term investments, and a 
specific expertise, so that the effects of these interventions require time 
to be fully assessed.

Future management strategies should involve destination managers, 
local communities, tourists and volunteers as to prevent further damage 
and incentivize local inhabitants to play a positive active role in tourism 
planning, environmental conservation, and sustainable use of resources 
[103-106].

5. Conclusions

The present study provides evidence that the progressive loss of coral 
cover covaried with the decrease of attractiveness of one of the best- 
known marine locations in the world: Sharm El Sheikh. Data on social 
perception collected in this study highlight that habitat degradation 
negatively influenced the tourists in the selection of their destination, 
ultimately contributing to a decrease of tourism flows. The significant 
decline in tourism flows in Sharm El Sheikh (-23 %, 2009–2019) caused 
an estimated annual loss of ca. 1.77 billion USD (0.6 % of the Egyptian 
GDP in 2019), only partly compensated by the increased tourism in 
Marsa Alam. Overall, the resulting annual loss is in the order of ca 1 
billion USD. We also documented the increasing number of tourists’ 
accesses in marine protected areas, which still preserve a higher biodi
versity and better coral health. However, the increase of tourism in the 
southern region of Marsa Alam, in absence of adequate environmental 
management measures, can threaten the integrity of this area, as it re
ported for the touristic areas of Sharm El Sheikh. Protection measures, 
together with the local initiatives aimed at discouraging wrong behav
iors damaging the coral reefs (i.e., trampling on the reef, once common 
and now completely forbidden, feeding on large fish, managing plastic 
and litter pollution etc.) can reduce the impacts and in some cases 
contribute to preserve the natural capital and reef integrity. Available 
evidence suggests that responsible behaviors and education towards 
environmental sustainability and protection of natural resources (e.g., 
marine protected areas) can be extremely relevant not only to target 
future targets for vacation, but also to increase the average duration of 
the stay and to build loyalty of the tourists to a specific area for their 
vacations. Protection of coral reefs is the first solution to preserve the 
ecosystem’s attractiveness, but it might take a long time to be effective 
on degraded/impacted reefs. A complementary solution could be the 
limitation of the overtourism along with the education of the tourists to 
respect the reefs and avoid any impact. Finally, the development of 
active restoration interventions might accelerate the coral recovery and 
the overall ecosystem quality thus shortening the time to a new shift and 
orientation of the future vacations.
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