


Climatic Determinants of Tourism
 in South Sinai, Egypt
______________________________________________________________________________________________
Abstract: The South Sinai Governorate's arid climate is a paramount tourism asset, acting as a powerful "pull factor" due to its favorable characteristics: moderate winds (ideal for water sports), high insolation (ensuring clear water for diving), and a temperate annual average of 21.4°C. Bioclimatic analysis (Thom and Pesi models) confirms high tourist comfort, critically maintained by low relative humidity, which extends the optimal comfort period for mass tourism to six continuous months (May–October). This climatic profile provides the region with a distinct competitive advantage for year-round coastal and outdoor tourism.
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Introduction
Tourism is the fastest-growing industry in the world. In many countries, it represents a major, rapidly developing economic sector. Climate forms a crucial part of the environmental context in which leisure and tourism activities take place, serving as an important tourism resource. As tourism is a voluntary activity, its practice depends on the perceived climatic conditions of the tourist destination, which is one of the main influences on the decision to take a holiday and choose a destination (Perry, 2005, 730-731). Climatic extremes often prevent many tourism activities from taking place. Winds, for example, often lead to various forms of destruction, also sand and dust storms are considered destructive climatic elements that cause the cessation of beach and other tourism activities (Boniface et al., 2014, 72-73). The climate pattern acts as a pull factor in the receiving area, occurring in relation to a specific time of year, season, resulting in unevenness or fluctuation during the course of the year (Corluka, 2019, 22).
Climate is neither transported nor stored; rather, it's a unique spatial imprint that obliges the tourist to direct their desire to travel to a specific destination to enjoy it. Since the elements of climate represent the raw material necessary for practising many tourism activities, they influence tourism from two aspects: comfort and seasonality (Martin, 2005, 575-580). Tourism geography is concerned with studying the relationship between climate and tourism to clarify the importance and role of climate in practising tourism activities and in making decisions regarding the location and planning of tourism sites. It does this by analyzing the tourism components provided by the climatic conditions in the areas of interest.
Drawing from the preceding ideas, this study aims to geographically investigate the impact of climate on the tourism sector in the South Sinai Governorate. This involves analyzing key climatic parameters and their corresponding influence on the viability of tourism activities, the level of tourist comfort, and the resulting seasonality patterns.
Study area
[image: ]The South Sinai Governorate (Figure 1) occupies a strategic geographic location, extending approximately between latitudes 27° 30' and 29° 30' north and longitudes 32° 30' and 34° 50' east. Situated at the southern tip of the Sinai Peninsula in Egypt, its boundaries are defined by the Gulf of Suez to the west and the Gulf of Aqaba to the east, which converge dramatically at the renowned Ras Muhammad promontory. The Governorate spans an area of nearly 31,272 km2. Administratively, it comprises nine principal cities: Ras Sudr, Abu Zenima, Abu Rudeis, Saint Catherine, El Tor (The capital), Sharm El Sheikh, Dahab, Nuweiba, and Taba. Furthermore, the region encompasses an estimated 81 Bedouin communities. It is also home to five significant declared nature reserves: Ras Muhammad, Saint Catherine, Taba, Nabq, and Abu Galum (South Sinai Governorate Electronic Portal).
Hypotheses
The research issue of the study examines the following question: To what extent and in what manner does the climate of South Sinai Governorate influence the tourism industry, tourist comfort, and seasonality patterns? Therefore, the hypotheses can be formulated as follows:
· The primary climatic elements significantly influence the viability and practice of specific tourism activities across destinations in South Sinai.
· There is a direct correlation between South Sinai's climatic conditions and the perceived level of tourist comfort.
· The distinct seasonal variations in South Sinai's climate are the key determinant shaping the temporal patterns (seasonality) of tourism demand.
Methodology
This study employs a descriptive-analytical method to investigate the critical role of climate in determining tourism viability, tourist comfort levels, and seasonality patterns within the South Sinai Governorate, Egypt. This approach necessitates both the description and rigorous analysis of the regional climate's characteristics and its subsequent impact on tourism activity. Given that climate stands as one of the most prominent determinants affecting the tourism sector within the governorate, the study adopts a robust descriptive, analytical, and quantitative research design.
 Data Sources and Collection
The quantitative analysis relies on two primary categories of data:
1. Climatic Data
Data are sourced from the Egyptian Meteorological Authority (EMA). The dataset encompasses monthly and annual averages for key climatic parameters, including wind (direction and speed), insolation, air temperature, and relative humidity. These data are utilised to analyze their direct influence on the viability and practice of specific tourism activities.
2. Tourism Data
Data are gathered from the South Sinai Governorate Statistics Department. The dataset comprises monthly tourist flow figures, which are further disaggregated by Nationality (Egyptian, Arab, and Foreign).
Data Processing and Analytical Techniques
The collected data are processed using three main analytical techniques:
1. Direct Climatic Analysis
This stage involves comparing the collected climatic parameters against established scientific standards for tourism suitability and safety (e.g., optimal wind speeds for water sports, standard thermal comfort ranges).
2. Bioclimatic Modeling
To quantify the complex relationship between climate and perceived tourist comfort, bioclimatic modeling is employed using two established indices:
· Thom Model (Discomfort Index - DI): Utilized for assessing spatial comfort variations across different geographical stations.
· Pesi Model (Temperature Humidity Index - THI): Utilized for mapping temporal comfort variations and defining annual seasonal comfort periods.
3. Seasonality Analysis
The tourism flow data are used to calculate the Seasonality Index (SI). This index serves to quantify the degree of monthly fluctuation in tourist demand and is subsequently correlated with the Pesi comfort periods to precisely determine the climatic influence on tourism seasonality.
Result and Discussion 
1-Climatic Elements
1-1. Wind
Wind is the movement of air that results from an uneven distribution of air pressure. Air tends to move from regions of high pressure to regions of low pressure at a speed that is proportional to the pressure gradient. It does not flow directly from the center of high pressure to the center of low pressure, however, owing to the Coriolis effect caused by the rotation of the Earth. Local effects also produce winds. Winds are generally thought of as blowing horizontally, but they can also have a vertical component (Allaby, 2007, 549). To monitor the characteristics of wind in South Sinai Governorate, the data presented in Table 1 and Figure 2 are used as follows:
Table 1: Wind Direction and Speed in South Sinai Governorate
	Station
	Taba
	Sharm El Sheikh
	El Tor
	Abu Rudeis
	Ras Sudr
	St. Catherine
	Average

	
Wind Direction (%)
	Northerly
	25.8
	48.6
	10.6
	10.3
	10.8
	7.1
	18.9

	
	Northeasterly
	4.4
	29.1
	7.3
	7.6
	6.7
	18.7
	12.3

	
	Easterly
	2.5
	2.4
	2.3
	2.3
	2.5
	3.3
	2.6

	
	Southeasterly
	8.7
	4.3
	1.3
	1.2
	1.4
	6.8
	3.8

	
	Southerly
	1.5
	3.6
	2.6
	2.6
	2.3
	2.2
	2.5

	
	Southwesterly
	3.2
	1.5
	3.4
	2.1
	2.2
	8.2
	3.4

	
	Westerly
	6.1
	2.9
	2.6
	2.8
	4.3
	17.3
	6.0

	
	Northwesterly
	36.7
	4.4
	63.1
	65.4
	64.1
	17.1
	41.8

	
	Calm
	11.1
	3.2
	6.8
	4.7
	5.7
	19.3
	8.5

	Average Speed (knots)
	10.6
	11.6
	15.6
	8.8
	7.8
	10.2
	10.8


             Source: Egyptian Meteorological Authority (EMA), 2024 (Unpublished data).
-Wind direction, the northerly, north-easterly, and north-westerly winds dominate the governorate. The average annual rate of occurrence (or blowing) for each of them reached approximately 18.9\%, 12.3\%, and 41.8\%, respectively. This means that they represent approximately three-quarters of the winds that blow over the governorate. These winds originate from the Mediterranean region, carrying many of its climatic characteristics and bringing a degree of moderate conditions to South Sinai over the year, which supports the tourism activities. It is also noted that these winds blow relatively parallel to the coasts of the Gulfs of Suez and Aqaba; thereby providing a suitable environment for water sports.
- Wind speed, the wind speed in South Sinai’s stations is gentle and not stormy. The average wind speed recorded in the governorate was about 10.8 knots ([footnoteRef:1]). Temporally, the wind speed characterized by its variation through months around the year. The monthly average speed reaches its peak during the summer, while it decreases slightly during the autumn and spring, and then there is a marked drop in speed during the winter. Spatially, the wind speed in South Sinai increases towards the south, especially on the coasts of the Gulfs of Aqaba and Suez, due to their longitudinal extension in a direction that is largely consistent with the prevailing wind direction over them. The average wind speed along the Suez Gulf coast recorded about 10.7 knots, and it was 11.1 knots along the Aqaba Gulf coast.  [1: () Knot = 1.85 km/h. ] 

[image: ]The governorate is rarely exposed to stormy winds that exceed a speed of 34 knots. For instance, Saint Catherine is exposed to stormy winds for an average of 0.5 days per year, and the average for stormy winds in Sharm El Sheikh reaches 0.2 days per year. The geographical explanation for this is attributed to: (1) the very limited effect of low-pressure systems (depressions) – which are confined to extending along Egypt's Mediterranean coast in winter, (2) the low impact of the Khamsin low-pressure systems on the governorate (Baldi et al., 2020, 9-12).
Based on the wind characteristics in South Sinai, it is clear that the governorate is considered an ideal environment for tourism activities, specifically: (1) Safari Tourism (Terrestrial and Marine), this is due to the winds being of moderate speed and not the stormy type that carries sand and dust and threatens the trip safety. (2) Water-based tourism, this type is considered one of the most important components of the tourist supply in South Sinai. The IISD ([footnoteRef:2]) in Canada (2022, 6) indicated that water sports can be practiced when the wind speed ranges between 8 - 29 knots. This aligns closely with the recommendations of the CDWS ([footnoteRef:3]) in Egypt, which state that the ideal wind speed for water sports ranges between 8 - 25 knots. For example, kitesurfing and windsurfing are practised in wind speeds of no less than 10 knots and no more than 27 knots. The necessary wind speed for sailboat ranges between 8 - 29 knots. The required speed for swimming and fishing competitions should be between 8 - 10 knots, while canoeing/kayaking (boating) can be practiced in a wind speed that does not exceed 29 knots (IISD, 2022, 6; CDWS-Egypt, 2009)  [2: () International Institute for Sustainable Development.]  [3: () Chamber of Diving and Water Sports. ] 

1-2-Insolation 
Insolation refers to the amount of solar radiation that reaches the surface over a unit area of the surface of Earth. The word isolation is a contraction of incoming solar radiation. This varies with the seasons and according to weather conditions. Knowing the isolation at a particular place is useful for economic activities such as tourism. Insolation is calculated for a whole day, then averaged over a number of days, chosen to include both cloudy and sunny conditions. Insolation is measured in megajoules per square meter (MJ/m2). Sunshine is most intense at noon, a typical value for insolation in middle latitudes is about 25 MJ/m2 (Allaby, 2007, 246). South Sinai is characterized by having clear sky almost year-round, providing it with an insolation quantity estimated at about 6 KJ⁄m2; that represents one of the highest insolation quantities worldwide. The insolation is a result of the governorate’s astronomical location, lying between latitudes 27° 34⁻ and 29° 44⁻ N; the location places it within the hot desert climate, granting the governorate a high number of sunshine hours ranging between 3400 - 3870 hours annually, with a daily average sunshine duration of between 9.3 - 10.6 hours per day (Rahom, et al., 2025, 140-150). 
According to the EMA (2024), the actual number of sunshine hours recorded in South Sinai during the winter was approximately 8.5 hours/day, which is the lowest value among all seasons. In the spring, the sunshine recorded about 10.2 hours/day, and in the autumn, the actual number of sunshine hours reached 10 hours/day; however, during the summer, the actual sunshine reached its maximum, approaching 11 hours/day. Spatially, sunshine in the South Sinai is characterized by increasing the one travels further south, this is due to the astronomical location, coupled with the low cloud cover it experiences. For example, the cloud cover percentage does not exceed 7.4% in Sharm El Sheikh and 5% in El Tor.
The aforementioned special characteristics of sunshine in the South Sinai have led to a clear atmosphere and a concentration of sun rays in the region. This clarity has aided the penetration of sunlight and its rays to great depths underwater, providing the water with appropriate warmth. Consequently, the waters of the two gulfs—Aqaba and Suez—and the Red Sea become a warmer, more transparent, and purer environment. This environment facilitates clear visibility for those practising swimming and diving, allowing them to enjoy the underwater marine environment, which constitutes a main resource for attracting tourists. The clear atmosphere has also supported the practice of safari tourism, particularly in the inland mountainous areas located in the heart of the governorate.
1-3-Temperature  
Temperature is a measure of the relative warmth of an object or substance that allows it to be compared to another object or substance (one is warmer or cooler than the other) or to a standard (so many degrees). Temperature and heat are not the same thing; heat is a form of energy, and temperature the effect that energy produces (Allaby, 2007, 457).
To ascertain the characteristics of the temperature element in the South Sinai, the following observations can be derived from the data presented in Table (2) and Figure (3):
Table 2: Average Temperatures in South Sinai Governorate (° C)
	Season
	         Station Month
	Taba
	Ras Sudr
	Abu Rudeis
	St. Catherine
	El Tor
	Sharm El heikh
	Average

	Spring
	March
	13.8
	16.8
	18.0
	12.3
	18.4
	20.9
	16.9

	
	April
	17.9
	20.6
	22.3
	16.7
	22.3
	24.3
	20.9

	
	May
	22.8
	24.2
	25.6
	20.9
	25.6
	28.8
	24.7

	
	Seasonal Average
	18.2
	20.5
	22.0
	16.6
	22.1
	24.6
	20.8

	Summer
	June
	24.8
	27.2
	27.8
	23.5
	28.5
	31.6
	27.3

	
	July
	26.4
	28.6
	28.8
	24.7
	29.5
	32.5
	28.5

	
	August
	26.9
	28.4
	28.7
	24.9
	29.4
	32.7
	28.6

	
	Seasonal Average
	26.0
	28.1
	28.4
	24.4
	29.1
	32.3
	28.1

	Autumn
	September
	24.4
	26.3
	27.3
	23.1
	27.8
	32.1
	26.9

	
	October
	24.1
	23.0
	24.2
	18.8
	24.1
	27.0
	23.6

	
	November
	15.5
	18.3
	19.6
	13.0
	20.6
	22.5
	18.6

	
	Seasonal Average
	21.3
	22.5
	23.7
	18.3
	24.2
	27.2
	23.0

	Winter
	December
	11.4
	14.8
	16.0
	10.2
	17.6
	18.9
	14.9

	
	January
	10.8
	13.8
	14.3
	8.1
	15.2
	17.8
	13.5

	
	February
	11.9
	14.8
	15.6
	8.8
	15.7
	18.6
	14.5

	
	Seasonal Average
	11.3
	14.5
	15.3
	9.0
	16.2
	18.4
	14.3

	Annual Average
	19.2
	21.4
	22.3
	17.1
	22.9
	25.6
	21.4


               Source: (EMA, 2024) (Unpublished data).
-The annual average temperature recorded at South Sinai’s climatic stations was approximately 21.4°C. Reviewing the annual temperature averages at the main stations reveals that the highest average was recorded in Sharm El Sheikh, reaching about 25.5°C; while the lowest average was recorded in Saint Catherine, reaching about 17.1°C. 
- The seasonal temperature averages showed a significant variation between the solstices (summer and winter) and a convergence between the equinoxes (spring and autumn). Summer recorded the highest average temperature, reaching 28.1°C. However, winter recorded the lowest average temperature, reaching about 14.3°C. Autumn and spring recorded seasonal averages of about 23°C and 20.8°C, respectively.
- The monthly temperature averages showed a clear difference throughout the months of the year. August recorded the highest average temperature, reaching 28.6°C. January recorded the lowest overall average temperature, reaching about 13.5°C. Furthermore, analyzing the recorded temperature of the key stations shows that: Sharm El Sheikh recorded the highest monthly average at about 32.7°C during August; however Taba recorded the lowest monthly average at about 9°C during January.
[image: ]Based on the foregoing, and given that the appropriate temperature for human comfort, which allows for effortless activity, ranges between 18°C and 29°C (Maarouf & Munn, 2005, 160), the temperature in the South Sinai is considered a factor of tourist attraction. All annual averages recorded at the governorate’s climatic stations fall within the thermal comfort zone. Consequently, the temperature is suitable for various tourism activities. For example, practising coastal tourism and related water sports is more acceptable and popular if the air temperature exceeds 21°C (Abd el-Kader, 2012, 416). This aligns with the study by the IISD in Canada (2022, 6), which indicated that the suitable air temperature for practicing water-based sports tourism ranges between 15°C and 35°C. Therefore, the coastal cities in South Sinai are highly suitable for tourism activity. For instance, Sharm El Sheikh enjoys warm temperatures throughout the year; its highest temperature reaches 32.7°C and its lowest temperature reaches 17.8°C. This has made it a destination for international tourism, particularly European tourists, who seek to enjoy its warm climate and practice water sports. 
1-4- Relative humidity
Relative humidity refers to the amount of water vapor in the atmosphere at a given temperature, usually expressed as a percentage of the amount of moisture that can exist in the same volume of air if it is saturated at the same temperature. Warm air can contain more water vapour than cold air, so the same amount of absolute humidity or specific humidity in a parcel of air will have a higher relative humidity if the air is cooler and a lower relative humidity if the air is warmer (Smith , 2006, 187).
Relative humidity (RH) in the South Sinai Governorate exhibits significant variability, both spatially—from one area to another—and temporally—seasonally throughout the year, and even diurnally over the course of a single day. This fluctuation is attributable to the combined influence of two primary atmospheric factors: temperature and wind, as well as the regional effect of the water bodies that surround the governorate from the east, west, and south. To establish the specific characteristics and features of the relative humidity regime within the South Sinai Governorate, the following observations are derived from the data presented in (Table 3 and Figure 4):
Table 3: Average relative humidity in South Sinai Governorate (%)
	Season
	         Station  Month
	Taba
	Ras Sudr
	Abu Rudeis
	St. Catherine
	El-Tor
	Sharm El-Sheikh
	Average

	Spring
	March
	46
	56
	52
	36
	53
	45
	48.0

	
	April
	37
	49
	51
	28
	57
	39
	43.5

	
	May
	33
	49
	53
	31
	58
	37
	43.5

	
	Seasonal Average
	38.6
	51.3
	52.0
	31.7
	56.0
	40.3
	45.0

	Summer
	June
	35
	47
	55
	27
	60
	33
	42.8

	
	July
	37
	49
	59
	26
	60
	36
	44.5

	
	August
	40
	54
	60
	28
	62
	39
	47.2

	
	Seasonal Average
	37.3
	50.0
	58.0
	27.0
	60.7
	36.0
	44.8

	Autumn
	September
	47
	58
	62
	28
	64
	45
	50.7

	
	October
	49
	59
	62
	33
	60
	48
	51.8

	
	November
	52
	57
	58
	38
	58
	49
	52.0

	
	Seasonal Average
	49.3
	58.0
	60.7
	33.0
	60.7
	47.3
	51.5

	Winter
	December
	57
	63
	58
	40
	56
	51
	54.2

	
	January
	55
	60
	56
	40
	57
	50
	53.0

	
	February
	47
	55
	54
	40
	55
	44
	49.2

	
	Seasonal Average
	53.0
	59.3
	56.0
	40.0
	56.0
	48.3
	54.1

	Annual Average
	44.6
	54.7
	56.7
	33.0
	58.4
	43.0
	48.4


       Source: (EMA, 2024) (unpublished data).

-The annual average of relative humidity recorded at the weather stations in the South Sinai Governorate was approximately 48.4%. A review of the annual averages of relative humidity at the main stations across the governorate shows that: the highest average was recorded in the city of El-Tor on the coast of the Gulf of Suez, reaching about 58.4%, and the lowest average was recorded in the city of Saint Catherine in the heart of the governorate, reaching nearly 33%.
[image: ]- The quarterly averages of relative humidity in the governorate showed a clear variation across the four seasons of the year. Winter recorded the highest average humidity, at approximately 54.1%, while summer registered the lowest average relative humidity, at about 44.8%. As for the spring and autumn seasons, their quarterly averages of relative humidity were about 45% and 51%, respectively. This indicates a convergence in relative humidity between the summer solstice and the vernal equinox, and between the winter solstice and the autumnal equinox. When comparing the monthly averages of relative humidity at the main stations in the governorate, it is clear that the highest average was recorded in the cities of Abu Rudeis and El-Tor during the autumn season, with an average of about 60.7%. The lowest average was recorded in the city of Saint Catherine during the summer, with a value of approximately 27%.
- The monthly averages of relative humidity also showed a significant variation throughout the year. December recorded the highest average humidity, with a relative humidity percentage of 36% recorded in the city of Ras Sudr. July recorded the lowest average relative humidity, at about 26% recorded in the city of Saint Catherine.
Based on the foregoing and according to the physiological climate rule, which states that relative humidity readings of 50% or less in hot desert climate zones allow humans to feel a considerable degree of comfort (Boniface et al., 2014, 68-71), the South Sinai Governorate, with its relative humidity characteristics, is considered a suitable environment for tourist comfort and for engaging in touristic activities.
2- Climate and Tourist Comfort
This section provides a quantitative description of the relationship between climate and tourist comfort in the South Sinai Governorate, attempting to map the spatial and temporal physiological comfort zones for tourists in the governorate. This is done by applying the two mathematical models of Thom and Pesi, which rely on the relationship between temperature and humidity. These two elements are considered to play an essential role in achieving tourist comfort. In desert areas, a temperature of 29° C coupled with a relative humidity of 50% is considered the permissible limit for a human (tourist) to feel comfortable (Boniface et al., 2014, 68-71). The study's choice to apply these two models was based on the governorate's location within the hot desert climate region, which is characterised by scarce rainfall. The limited amount of rainfall does not affect humidity when studying the relationship between climate and human comfort. Furthermore, it is acknowledged that humans can tolerate high temperatures if the air is dry, but conversely, they feel discomfort and distress if the air is humid (Martın, 2005, 576; Md Din et al., 2014, 6-8).
2-1- Thom model
The Thom model is scientifically recognised as the discomfort index (DI), and is also referred to interchangeably as the temperature humidity index (THI). As a widely adopted empirical model, the DI was employed to quantify the degree of human thermal discomfort at the selected locations. The index was calculated based on air temperature and relative humidity using the following formula (Thom, 1959, 58-60; Md Din et al., 2014, 8-9):
DI = Ta - (0.55 - 0.0055 RH)(Ta - 14.5)
Where:
DI: Discomfort Index.
Ta: Air temperature in degrees Celsius °C).
RH: Relative humidity in percent (%).
The classification system for the Thom's Discomfort Index (DI), used to interpret the level of human thermal sensation, is presented in Table 4. This table correlates the calculated DI values with specific comfort categories: 
Table 4. The DI Levels
	Level
	DI Range 

	Uncomfortable (Cold/Stress) (UCCS)
	DI ≤ 14.9

	Comfortable (C)
	15.0 ≤ DI ≤ 19.9

	Partially Comfortable (PC)
	20.0 ≤ DI ≤ 26.4

	Uncomfortable (Warm/Hot Stress) (UCWHS)
	DI ≥ 26.5


The application of DI across the governorate's main stations (Table 5 and Figure 5) reveals a significant spatial gradient in human comfort, with classifications ranging from "comfortable" to "partially comfortable". The results confirm the suitability of the destination’s climate for tourist activities, contingent on location.
Governorate Average (20.0): The calculated average DI value falls exactly on the lower boundary of the "partially comfortable" category. This is a critical finding, as it signifies that the region's climate tends to be on the cusp of optimal comfort. This general trend supports the governorate's reputation as an attractive destination.
Table 5. The DI Levels in South Sinai Governorate
	Region
	Station
	Average
	DI
	Level

	
	
	Ta​ (°C)
	RH (%)
	
	

	
Gulf of Suez Coast
	Ras Sudr
	21.4
	54.7
	19.8
	C

	
	Abu Rudeis
	22.3
	56.7
	20.5
	PC

	
	El-Tor
	22.8
	58.4
	20.8
	PC

	Gulf of Aqaba Coast
	Sharm El-Sheikh
	25.5
	43.0
	23.5
	PC

	
	Taba
	19.2
	44.6
	18.0
	C

	Mountainous heart
	Saint Catherine
	17.1
	33.0
	16.4
	C

	Governorate Average
	21.4
	48.4
	20.0
	PC


                     Source: Tables (2) and (3).
Three stations registered DI values falling within the Optimal Comfort Zones, indicating conditions where tourists are unlikely to experience stress and are best suited for strenuous tourist activities:
1. Saint Catherine (16.4): This station exhibited the lowest DI value, confirming it as the most comfortable location. This is attributable to its high altitude (Mountainous Interior), which significantly reduces both air temperature (17.1°C) and relative humidity (33.0%). It represents a prime zone for high-exertion tourism.
2. Taba (18.0): Falling well within the comfortable range, the northern Gulf of Aqaba coast offers highly favorable bioclimatic conditions for relaxation and outdoor excursions.
3. Ras Sudr (19.8): Located at the upper limit of the comfortable category, this station is on the northern Gulf of Suez coast provides generally acceptable conditions.
Three stations fell into the partially comfortable. This implies that while the climate is generally acceptable, sensitive tourists may feel slight discomfort, and minor stress may occur during peak exposure: 
1. Sharm El-Sheikh (23.5): This station records the highest DI value, mainly driven by its elevated air temperature. This value suggests a moderate load on tourists. 
2. El-Tor (20.8) and Abu Rudeis (20.5): These stations are positioned just above the threshold for comfortable. The conditions are generally favorable but indicate a slight shift towards load for tourist.
2-2- Pesi model
Pesi formulated his mathematical model to measure the level of human comfort over time, also relying on air temperature and relative humidity. The model takes the following form:
THI = T – 55(1 – RH)(T – 14) ⁄ 100
Where:
THI: Temperature Humidity Index, or Pesi Model.
T: average temperature in Celsius (°C).
RH: Relative humidity as a decimal fraction (e.g., 50% = 0.50).
Pesi classified the results of his model into five levels of perceived comfort Table 6, as follows (Abd el-Kader, 2012, 27): 
Table 6. Pesi model Levels
	THI Range
	Level

	THI = 16
	Cold discomfort (CDC)

	16 ≤ THI < 20
	Partial cold comfort (PCC)

	20 ≤ THI < 25
	Comfort (C)

	25 ≤ THI < 28
	Partial hot discomfort (PHDC)

	THI ≥ 28
	Hot discomfort (HDC)


(Table 7 and Figure 6) Provide a comprehensive comfort assessment for South Sinai Governorate by calculating and classifying the Pesi model (THI) across the annual cycle. The THI, as applied here, serves as a crucial climatic indicator of the combined effect of air temperature and relative humidity on human comfort, particularly relevant for tourist activities.
The THI values reveal a distinct pattern in the thermal environment of South Sinai, with the year clearly divided into three distinct comfort periods:
Table 7: Pesi Model in South Sinai Governorate
	Month
	Avg. T (∘C)
	RH (%)
	THI (∘C)
	Level

	January
	13.5
	53
	13.63
	CDC

	February
	14.5
	49.2
	14.36
	CDC

	March
	16.9
	48
	16.03
	PCC

	April
	20.9
	43.5
	18.73
	PCC

	May
	24.7
	43.5
	20.59
	C

	June
	27.3
	42.8
	22.51
	C

	July
	28.5
	44.5
	23.51
	C

	August
	28.6
	47.2
	23.50
	C

	September
	26.9
	50.7
	22.58
	C

	October
	23.6
	51.8
	20.37
	C

	November
	18.6
	52
	17.20
	PCC

	December
	14.9
	54.2
	14.80
	CDC


                                                    Source: Tables (2) and (3).
1. Optimal Comfort Period (C): This zone is characterized by THI values between 20 and 25. This is the ideal time for tourism, where the environment is thermally comfortable without requiring significant physiological adjustment. This period spans six continuous months from May through October. While average temperatures are at their annual peak (e.g., 28.6° C in August, the relatively low humidity rates (primarily in the 42% to 51% range) prevent the THI from escalating into the hot discomfort zone, affirming the region's generally dry heat which is more tolerable than humid heat.
2. Partial Cold Comfort Period (PCC): This transition zone, with THI values between 16 -20, is still generally pleasant but requires some light covering or higher activity levels to maintain comfort. This includes the shoulder months of March, April, and November. Temperatures are moderate (16.9° C to 20.9° C in the equinoxes), and the THI stays below the optimal range, primarily due to the lower temperatures at the beginning and end of the warm season.
3. Cold Discomfort Period (CDC): This is the least comfortable period for outdoor, non-heated activities, with THI values falling below 16. The true winter months: January, February, and December. The lowest average temperatures of the year (as low as 13.5° C in January) are the primary driver. Even with mid-range humidity, the low temperature results in significant cold stress.
The THI analysis scientifically demonstrates that the tourism peak season in South Sinai, in terms of comfort, should optimally span from May to October. This six-month window offers the most favorable physiological conditions for tourists. Conversely, January, February, and December present the challenge for tourists, requiring adaptations to cope with cold stress.
3- Demand Seasonality
Seasonality is a universally recognized global tourism phenomenon. it refers to variation according to the time or seasons of the year, which tends to exhibit a similar pattern from year to year, and affect tourism activities and related employment. When associated with climatic and related factors, natural seasonality, to differentiate it from institutional seasonality, such as that reflected in the events such as pilgrimages and patterns of holiday (Medlik, 2003, 148). BarOn (1973) stated that seasonality implies an incomplete and unbalanced utilization of the means at the disposal of the tourism, and this is similar to the imbalance of the tourist demand cycle, where the destination is either overheated or running under full potential at different phases of the cycle (Corluka, 2019, 23).
Butler (1994) defines the concept of tourism seasonality as temporal imbalance in the phenomenon of tourism, which can be expressed in the number of visitors, their expenditure, traffic on different forms of transportation, employment and admissions to attractions (Lee et al., 2008, 1-2). Following Cooper et al. (2005) seasonality refers to the temporal fluctuations of tourism on a daily, weekly, monthly or annual basis. Manning and Powers (1984) define seasonality as the uneven distribution of use over time (peaking) becoming one of the most pervasive problems with outdoor recreation and tourism, causing inefficient resource use, loss of profit potential, strain on social and ecological carrying capacities, and administrative scheduling difficulties (Corluka, 2019, 24). The tourist season is one of the parts into which a year is divided, a unit of time less than a year, when something usually takes place a tourist event (Bateman, 2006, 271). Lim and McAleer (2000, 500-5003) give a quantifiable definition of the tourist seasons, that define tourist seasons as ‘months for which the corresponding average indices exceed 1.0, which means that the seasonal factors increase tourist numbers above the trend and cyclical components’.
To study the seasonal changes in tourist flows, the tourism seasonality indices are calculated using the following eq.:
SI = Ra / Va × 100
Where:
SI: Seasonality Index
Ra: Actual value of tourist movement distributed over the months of the year.
Va: Trend value (or Vector value) of tourist movement distributed over the months of the year, which was calculated by applying the regression line equation ([footnoteRef:4]).  [4: ()y^ = mx + c,   where: 
y^: Vector value of the phenomenon (number of tourists or tourist nights). x: Series of successive dates over which the phenomenon is studied. c: A constant indicating the y-intercept (the point where the straight line intersects the y-axis), calculated as:  . m: A constant indicating the slope of the straight line, calculated as:  . y: Actual value that the studied tourism phenomenon takes in the successive time series over the year. n: Duration of the study (number of observations) (Al-Ghammaz, 1997, 240).] 

This section aims to estimate and study the disparity in tourist movement in South Sinai Governorate throughout the months of the year and the effect of climate on it. The tourist movement data for the year 2024 were used, as the data for the year 2025 were incomplete across all months. To monitor tourism seasonality in the governorate, the SI was applied. This index is useful for identifying the rates and trends of change in tourist demand throughout the months of the year. To achieve the objective of this section, the following is derived from the data presented in (Table 8 and Figure 7):
- The sum of the standard values for the tourism demand seasonality index equals 12. This implies that the standard value of the index for each month, on average, is equal to one (1.0). However, due to the variation in the tourism season, a difference (disparity) is observed in the index values, either increasing or decreasing from the perfect unity (1.0). This indicates that the coefficient of tourism demand varies from one month to another. Meaning that an SI value greater than 1.0 indicates a higher-than-average (peak) month, while a value less than 1.0 indicates a lower-than-average (off-peak) month.
Table 8: Tourism Seasonality in South Sinai Governorate, 2024
	Month
	Egyptian
	Arab
	Foreign
	All Nationalities

	January
	1.2
	0.4
	0.6
	0.7

	February
	1.5
	1.7
	0.9
	1.4

	March
	0.7
	0.6
	1.4
	0.9

	April
	0.5
	0.7
	1.1
	0.8

	May
	0.6
	0.9
	1.0
	0.8

	June
	0.7
	1.3
	0.9
	0.9

	July
	1.2
	1.7
	1.1
	1.3

	August
	1.6
	1.9
	1.5
	1.7

	September
	1.2
	1.0
	1.1
	1.1

	October
	0.8
	0.6
	0.9
	0.8

	November
	0.6
	0.3
	0.6
	0.5

	December
	1.4
	0.9
	0.9
	1.1

	General Average
	1
	1
	1
	1


                           Source: Department of Statistics in South Sinai Governorate (Tourist Data, 2024).
- Overall Seasonality (All Nationalities), the overall tourism flow into South Sinai is highly seasonal. Peak Months (SI > 1.0), five months, the primary high-season months are August (1.7), February (1.4), July (1.3), September (1.1), and December (1.1). In these months, except for February, the governorate is at the level C, according to the Pesi model. August represents the absolute peak for all nationalities combined, indicating a tourist flow 70% above the monthly average. Off-Peak Months (SI < 1.0), seven months, the lowest demand occurs in the transition months, with November (0.5) being the absolute off-peak month, recording only half of the monthly average. It is evident from the above that South Sinai characterized by a major summer peak and a secondary winter/year-end peak. This is confirmed by the Peaking Index ([footnoteRef:5]) which registered values of 8.2 in winter and 15.1 in summer, respectively. [5: ()- The Peaking Index is used to provide a quantitative measure of the tendency of a population to utilize a certain facility (establishment) or visit a destination during one time period as opposed to other time periods. The index is an open-ended scale, with its lowest value being zero. The higher the utilization, the greater the index value. The index is derived from a graph known as the exceedance curve, which illustrates the number of times a certain level of utilization was reached or exceeded. This index is useful for planners and developers of tourism and recreational programs to identify the seasons of intensive utilization of tourism and recreational facilities. The index is calculated using the following eq.:

Where:
Pn = Peaking Index
V1 = Number of visitors during the most crowded period.
Vn = Number of visitors during the least crowded period.
n = Time period (or duration) (Smith, 1995, 239–242).] 

- Foreign tourism seasonality, foreign demand displays a more balanced, climatically-driven seasonality, avoiding the extreme summer heat. Peak months occur during the transitional months and late summer, March 1.4, August 1.5, April 1.1, July 1.1, and September 1.1. The August peak is likely due to school holidays in origin markets, while the spring peaks (March/April) align with optimal climatic comfort conditions. This trend is attributed to the mild climate that the governorate enjoys during the months of March, April, August, and September, which has a positive effect on human comfort as demonstrated by the Pesi model, the governorate is at the level PCC and C. Furthermore, these months represent the main season for fishing and diving, activities highly favored by foreign tourists at the governorate. Stable month, May 1.0 shows a perfectly average utilization, indicating stability before the major summer peaks, the governorate is at the level C, according to the Pesi model. Off-Peak, demand drops significantly in the shoulder and winter months, with the lowest indices recorded in November 0.6 and January 0.6.
- Arab Tourism Seasonality. Arab tourism exhibits the highest peak intensity among all segments and is heavily concentrated in summer and late winter. Peak months, the seasonality is sharply concentrated in February 1.7 (the governorate is at the level CDC, according to the Pesi model), June 1.3, July 1.7, and August 1.9 (the governorate is at the level C, according to the Pesi model). August registers a demand 90% higher than the monthly average, making it the highest index value. The peak months of seasonality is due to these months coinciding with the holiday season. Additionally, harsh of the hot desert climate elements, particularly in the Arabian Gulf region during the summer, contribute to this trend. This makes the Arabian Gulf a tourism push region towards the shores of the Gulfs of Aqaba and Suez in Southern Sinai, which benefit from their proximate location to the Gulf States. Off-Peak, Arab tourism shows the most pronounced off-peak period, with extremely low indices in November 0.3 and January 0.4, indicating demand significantly below 50% of the monthly average.
- Domestic (Egyptian) tourism seasonality, domestic tourism shows a clear bimodal pattern (two distinct peaks) strongly linked to academic and national holidays. Winter Peak: High demand is observed in December 1.4, January 1.2, and February 1.5 (the governorate is at the level CDC according to the Pesi model), coinciding with the mid-year academic break, New Year's celebrations and Christmas celebration. Summer Peak: The highest domestic demand occurs during the summer holiday months, peaking in August 1.6, followed by July 1.2 and September 1.2 (the governorate is at the level C according to the Pesi model). Off-Peak: The lowest demand for domestic tourists is recorded during the spring and late autumn working months: April 0.5, May 0.6, November 0.6, March 0.7, June0.7, and October 0.8.
Summery and Conclusion
The geographical investigation confirms the critical role of climate as a primary determinant of tourism viability, tourist comfort, and seasonality patterns in the South Sinai Governorate, supporting all initial hypotheses. The region's unique arid climate acts as a significant "pull factor," creating highly favorable conditions for diverse tourism activities, particularly those focused on coastal and safari.
-Wind conditions favor water sports: The prevailing northerly, north-easterly, and north-westerly winds (comprising approx. 73% of annual wind patterns) are predominantly of moderate speed (annual average of 10.8 knots). This is an ideal range (8–27 knots) for wind-dependent water sports like kitesurfing, windsurfing, and sailing, directly supporting the governorate's premier status for water-based tourism along the Gulfs of Suez and Aqaba.
- Optimal insolation for clear waters and safari: The high insolation rates (approx. 6 KJ/m2) and an annual average of 9.3–10.6 hours of sunshine per day result from a nearly year-round clear sky. This intense sunlight penetrates the water, ensuring the transparency and warmth of the Red Sea, which is vital for diving and snorkelling. The clear atmosphere also enhances the appeal and safety of safari tourism in the mountainous interior.
- Temperature as a core attraction: The annual average temperature of 21.4° C falls well within the comfort zone (18° C -25° C). Coastal cities like Sharm El-Sheikh maintain a warm climate year-round (low of 17.8° C), making them a key destination, especially for European tourists seeking warm winter sun.  
- The Relative humidity (RH) regime in the South Sinai Governorate is characterized by significant spatial and temporal variability, yet its annual average of 48.4% confirms the region's suitability for tourist activities; this aligns with the physiological climate rule for hot desert zones which states that states that recording RH at 50% or less in the hot desert climate zones gives the tourist a feeling of comfort.
- High comfort: Bioclimatic models (Thom and Pesi) confirm that the climate is largely within acceptable comfort ranges, primarily due to the region's low relative humidity (annual average approx 48.4\%). The low humidity is crucial, as it mitigates the discomfort typically associated with high temperatures in desert environments.
- Spatial comfort variation (Thom Model): Comfort levels range from comfortable (C) in high-altitude (Saint Catherine: DI 16.4) and northern coastal areas (Taba: DI 18.0) to partially comfortable (PC) in warmer southern coastal hubs (Sharm El-Sheikh: DI 23.5).
- Seasonality is temperature and humidity-driven (Pesi Model): The year is divided into three distinct comfort periods, directly shaping tourist seasonality:
- Optimal comfort (C): May through October (6 months), ideal for mass tourism. Despite high temperatures, low humidity keeps the comfort index in the optimal range.
- Partial cold comfort (PCC): March, April, and November (3 months), suitable transitional months.
- Cold discomfort (CDC): January, February, and December (3 months). This period, while the 'coldest,' is still attractive to cold-averse tourists, but requires appropriate planning for outdoor activities.
[bookmark: _GoBack]Finally, the climate of South Sinai is overwhelmingly a positive and powerful tourism resource, validating the core hypothesis that climatic elements significantly influence the tourism sector. The combination of moderate wind, intense isolation, warm temperatures, and low relative humidity creates a nearly year-round environment highly conducive to diverse tourism, ensuring high levels of thermal comfort, especially along the coasts. The mild, dry winter and comfortable summer (due to dry heat) mitigate the extreme seasonality seen in many other destinations. Strategic tourism planning should leverage the spatial variations in comfort (e.g., promoting Saint Catherine for high-exertion activity and the coasts for year-round sun and sea) and target the extended six-month Optimal Comfort Period as the peak international draw.
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Figure 5: The DI Levels in South Sinai Governorate 
Column6	Ras Sudr	Abu Rudeis	El-Tor	Sharm El-Sheikh	Taba	Saint Catherine	19.8	20.5	20.8	23.5	18	16.399999999999999	Column1	Ras Sudr	Abu Rudeis	El-Tor	Sharm El-Sheikh	Taba	Saint Catherine	0	0	0	0	0	0	Column2	Ras Sudr	Abu Rudeis	El-Tor	Sharm El-Sheikh	Taba	Saint Catherine	Column3	Ras Sudr	Abu Rudeis	El-Tor	Sharm El-Sheikh	Taba	Saint Catherine	Column4	Ras Sudr	Abu Rudeis	El-Tor	Sharm El-Sheikh	Taba	Saint Catherine	Column5	Ras Sudr	Abu Rudeis	El-Tor	Sharm El-Sheikh	Taba	Saint Catherine	Station

DI

Figure 6: Pesi model levels in South Sinai Governorate 
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Figure 7: Tourist seasonality in South Sinai Governorate in 2024
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Figure3 : Annual Average Temperature in South Sinai Governorate
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Figured : Annual Average Relative Humidity in South Sinai Governorate
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Figure 1. Study area: South Sinai Governorate
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Figure 2: Wind Rose for Meteorological Stations in South Sinai





