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Abstract Recently, the climate changes and global warming phenomena have resulted in a significant Sea Level 

Rise (SRL) worldwide. The objectives of the current study include defining the recent Mean Sea Level (MSL) 

datum of Egypt, estimating SRL trends, and investigating the correlation between sea level and meteorological 

elements, principally air temperature and atmospheric pressure, and to give general indications about sea level 

and atmospheric elements’ variations at four locations over the Egyptian coasts along both the Mediterranean and 

Red seas. It utilizes the most-recent heterogeneous hourly datasets from 2008 to 2020. Even though it is a 

relatively medium period, the achieved findings are significant for coastal management and risk assessment of 

environmental hazards. The attained results, as previous researches, reveal sea level is increasing as going east 

over the Mediterranean Sea and it decreases as going south over the Red Sea. In addition, it has been shown that 

sea level has a strong positive correlation with air temperature and a strong negative correlation at Alexandria, 

Port Said, and Suez sites. Concerning the spatiotemporal variations of sea level in Egypt, it has been noticed that 

the relative rising rate of the Mediterranean Sea range from 1.8 mm/year at Port Said to 3.1 mm/year at Alexandria. 

Regarding the Red Sea, the relative SRL varies between 2.7 mm/year at Suez and 4.3 mm/year at Safaga. 

Generally, the accomplished findings necessitate developing a national plan for dealing with the SLR phenomenon 

and its consequence hazardous environmental impacts. From a geodetic and surveying perspective, such reality 

should be significantly considered in the realization of a recent Egyptian vertical datum for mapping and surveying 

applications. 
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1. Introduction  

Nowadays, it becomes a fact that the Earth suffered a global warming phenomenon, in the last couple of centuries, 

with serious environmental and economic hazards. One such crucial hazard is the accelerating Sea Level Rise 

(SRL) worldwide that causes sea flooding, particularly for low-elevation lands and coasts. According to the 

Intergovernmental Panel on Climate Change (IPCC), three chief remarks should be considered: (1) the global 

SRL has increased from 1.4 mm/year over the period 1901-1990 to 2.1 mm/year over 1970-2015 to 3.2 mm/year 

over 1993-2015 to 3.6 mm/year over 2006-2015, (2) under some specific scenarios, the global SRL could likely 

reach 0.84 m (0.61-1.10 m) by 2100 over the 1986-2005 level, and (3) if global warming is fast accelerating and 

the global air temperature is kept rising over the next three centuries, a global SRL could be over few meters by 

2300 [1]. On another hand, it has been found that atmospheric pressure affects the sea level changes on a global 

basis over a long time [2-3]. Moreover, warm air temperature could contribute significantly to the generation of 

severe sea level changes and storm surges in coastal regions [4-5]. 

Global variations of sea levels are attributed to several factors such as thermal expansion, glaciers melting, and 

land water storage changes [6] (Oppenheimer et al. 2019). Moreover, Local or regional SLR are mostly due to 
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land subsidence, ocean dynamics, and climate changes (ibid). Global Sea Level Rise (GSLR) is a mean estimate 

of SLR worldwide, which varies from one specific region to another. Thus, many studies have been carried out to 

estimate SLR over different spatial areas. For example, Parker and Ollier [7] have reported that SLR in India, 

computed from datasets of 11 TG over 51 years, equals 1.06 mm/year. Similarly, the SLR in the north-western 

part of the Arabian Gulf was found to be 2.2 mm/year [8]. In Poland, the SLR over the period 1951-2017 was 

estimated as 2.99 mm/year [9].  

Projecting SLR over future time comprises a vital research activity for estimating the vulnerability of such 

significant environmental hazards. An example of such projection reported by Mengel et al. [10] where sea level 

in 2100 could rise by 0.28-0.56 m, 0.37-0.77 m, and 0.57-1.31 m for different greenhouse gas concentration 

scenarios. Other studies have projected the SLR in the 21st century on a regional scale. For example, Edwards [11] 

has reported that in the United Kingdom there are three scenarios of sea level rise from 1990 to 2100 based on the 

expected rise in global temperature: (a) the low-to-medium case of possible SLR of 0.30 m, (b) the high scenario 

of possible 0.60 m of SLR, and (c) the extreme situation of SLR of 2.5 m. Similarly, Dawod et al. [12] have 

projected sea level at four TG stations along the Delta coastlines and estimated the risks of SLR and storm surges 

by 2025.  

In Egypt, evaluating SLR has become a major concern not only to the government but also to the research 

community in the last few decades. For example, Dawod [13] (2001) has utilized datasets at Alexandria over 

1944-1999 and at Port Said over 1926-1987 to estimate a long-term SRL over the Nile delta along the 

Mediterranean sea. He found that SRL equals 1.7 mm/year and 2.4 mm/year at Alexandria and Port Said 

respectively. Moreover, Dawod et al. [14] have utilized hourly tide datasets and Global Navigation Satellite 

Systems (GNSS) covering 2008-2016 to estimate relative SRL, land subsidence rates, and absolute SRL at both 

Alexandria and Port said. It has been found that the relative SRL in the Nile delta region varies from 2.6 mm/year 

to 4.3 mm/year, and the vertical land movements rates at the tide gauge sites range between +0.09 mm/year and -

4.3mm/year, and hence the absolute SRL differ between 5.0 mm/year at Alexandria to 6.9 mm/year at Port Said. 

Recently, Radwan et al. [15] have utilized different datasets with variable time resolution (over the period 2009-

2015) at Alexandria, Damietta, and Port Said along the Mediterranean sea to investigate the variations of sea level 

in the Nile delta region. They estimated the Mean Sea Level (MSL) relative to the 1906-based national datum 

equal 0.172 m, 0.601 m, and 0.513 m at Alexandria, Damietta, and Port Said respectively. Using a three-year tide 

dataset (covering 2012-2014), El-Geziry et al. [16] have inspected the general pattern of sea level in Safaga and 

Qussier harbors on the Egyptian Red sea costs, and they found that the MSL at those two sites equal 0.56 m and 

0.50 m respectively.  

The metrological elements that influence sea level variations comprise a wide range of factors as utilized in many 

research studies worldwide. For example, Zubier and Eyouni [17] have analyzed the relation between sea levels 

and air temperature, atmospheric pressure, wind speed and wind near Jeddah harbor, Saudi Arabia. Other 

researchers [18] have focused on the relationship between wind and air pressure on the variability of sea levels. 

Other studies have analyzed the influence of both air temperature and precipitation on sea level variations [19]. 

Moreover, Han et al. [20] have studied the impacts of only atmospheric pressure on sea levels in the Asian 

marginal seas. In Iraq and Egypt, Both Latfa [21] and El-Geziry et al. [22] have investigated sea level variations 

with air temperature, atmospheric pressure, and wind speed.  

The relationship between sea level and metrological factors has been investigated extensively in the last few years 

in Egypt. Mohamed [23] and Dawod et al. [24] have investigated the inter-relationship between the MSL and 

meteorological variations at Alexandria. Based on the monthly tide and metrological records from 1985 to 2003, 

it has been concluded that the most-critical metrological elements are the air temperature that has a 60% positive 

correlation impact on the recorded tide, and the air pressure which has a negative correlation of 40%. Thus, the 

current research highlights the correlation between sea level and only air temperature and atmospheric pressure. 

Furthermore, Sharaf El Din [25] has investigated the relationship between sea level changes and metrological 

factors over three tide gauges in Egypt along both Mediterranean and Red seas over 1956-1966. Freshly, Ibrahim 

[26] has investigated the variability of sea level at Mersa Matruh along the Mediterranean sea and their relationship 

to pressure, air temperature, and wind speed. She concluded that air temperature and wind speed significantly 

affect the observed sea level at this site.  
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This paper aims to fulfill three objectives: (1) defining the recent MSL datum, (2) estimating SRL trends, and (3) 

investigating the correlation between sea level and meteorological factors, and (4) to give general indications 

about sea level and atmospheric elements’ variations at four sites over the Egyptian coasts along both the 

Mediterranean and Red seas using most-recent heterogeneous datasets over the period 2008-2020.  

 

2. Methodology 

There are several approaches for analyzing the trend of sea level variations and their relationship to metrological 

elements, with a wide range of variability in mathematical formulation, flexibilities, and characteristics [27]. Some 

of such techniques are harmonic analysis [28], machine learning [29], and Artificial Neural Network: ANN [17]. 

However, the regression statistical analysis has been extensively utilized in modelling and predicting sea level 

variability worldwide. For example, Jamali et al. [30] have utilized regression to predict monthly variations of sea 

level in Malaysia. Moreover, Kumar [31] has investigated the variations of sea levels in the western South Pacific 

islands using the multiple regression approach with a selection of some oceanic and atmospheric parameters as 

input. Also, the regression approach has been applied to statistically reconstruct sea levels in the Baltic sea from 

tide gauge datasets [32]. 

Simply, the correlation coefficient quantifies the correlation between two or more variables. It is a unitless value 

that varies between +1, expresses strong positive agreement, and -1, describing a strange negative agreement, 

where 0 means no correlation between the investigated variables. The sample correlation coefficient, rxy, between 

two variables x and y can be estimated as: 
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where, 

n is the sample size, 

xi, yi are the individual ith sample point, and  

−−

yandx  are the sample mean for both variables x and y. 

Moreover, linear regression modelling has been performed to model the temporal variations of sea level and 

metrological elements over the period 2008-2020. A linear regression model can be estimated as: 

bXaY +=                    (2) 

where, 

Y is a set of observed values of the dependent variable, 

X is a set of predicted values of the independent variable, and  

a and b are two unknowns to be estimated as: 
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To judge the goodness of the attained linear regression model, a statistical measure called the coefficient of 

determination, R2, is applied. Simply, it represents the proportion of the variation in the dependent variable that 

is estimated from the independent variable. Thus, its value ranges from zero to +1 and the higher this value the 

better the regression model. The coefficient of determination could be estimated as: 
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 represent the estimated and average values of the dependent variable respectively.  

 

3. Study Area and Available Data 

The study has utilized two integrated datasets: sea level data and metrological data, particularly air temperature 

and atmospheric pressure. Such datasets have been collected over along Egypt’s Mediterranean coasts between 

Alexandria (31.130N, 29.880E) and Port Said (31.200N, 32.310E) and the Red sea cost from Suez (29.910N, 

32.590E) to Safaga (26.710N, 33.950E) as depicted in Fig. 1.  

The four Tide Gauges (TG) have been installed and operated by the Survey Research Institute (SRI) of the 

National Water Research Center (NWRC) under the umbrella of the Ministry of Water Resources and Irrigation. 

At Alexandria and Port Said, the installed (TG) are microwave devices (Fig. 2) while pressure devices are installed 

at Suez and Safaga sites. The collected Sea Level (SL) datasets comprise bi-hourly measurements from 2008 to 

2020 for three TG, while the fourth one, namely Suez, has data since 2016. No gaps exist for the three sites, but 

Port Said TG did not have SL data in 2018 (Table 1). It is worth mentioning that the utilized TG data at all 

locations have an accuracy level of less than one centimeter. Moreover, the normality of the utilized datasets has 

been analyzed and proved and, thus, parametric modelling techniques, such as the regression analysis, could be 

carried out. Also, it should be stated that SL data at Alexandria are relative to the vertical national Egyptian datum 

as defined in 1906, while the other three TG have data tied to the nearest benchmark, where a datum shift of 0.18 

m exists between those two vertical frames. It is worth mentioning that there are no hourly 30-years TG datasets 

available in Egypt to extremely analyze climate changes and global warming. Thus, the current available dataset 

have been utilized to give general indications about sea level and atmospheric elements’ variations in Egypt.  

 
Figure 1: The Study Area 

     
Figure 2: A Utilized Tide Gauge 
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Normally, the investigation of long-term variations of sea level and metrological elements require long-span 

datasets of at least 30 years. However, the importance of that environmental issue and the lack of long-term data, 

in many situations, force several researchers to utilize data covering only fewer years. For example, Latfa [21] 

has analyzed the influence of atmospheric forces on sea-surface fluctuations in Iraq using hourly datasets covering 

the entire year of 2017. Also, El-Geziry et al. [22] have utilized datasets of two years (2012-2013) to investigate 

the variability of sea-level in Safaga harbor, Egypt in relation to metrological conditions and tidal characteristics. 

Also, Tur et al. [29] have utilized sea level and metrological datasets over 2014-2015 in investigating sea level 

prediction in Antalya harbor, Turkey.  

The second dataset contains hourly metrological data at the four investigated sites over the period 2008-2020 with 

no gaps. Such dataset has been collected from several online sources, particularly the Automated Surface 

Observing System (ASOS) and the Automated Weather Observing System (AWOS) projects [33].  

Table 1: Available Datasets 

(a) Sea Level Data 

Site Data Span Gaps 

Alexandria 2008-2020 None 

Port Said 2008-2020 2018 

Suez 2016-2020 None 

Safaga 2008-2020 None 

(B) Metrological Data 

Site Data Span Gaps 

Alexandria  

2008-2020 

 

None Port Said 

Suez 

Safaga 

 

4. Results and Discussions 

The accomplished results have been presented and analyzed in the next four sub-sections.  

4.1 Daily Variations 

The hourly datasets of sea levels, air temperature, and atmospheric pressures at the utilized four TG have been 

investigated. The first of January 2020 (as the most-recent dataset) has been selected as a typical day for inspecting 

the daily patterns of sea level and metrological factors. Starting by studying the variations over the Mediterranean 

sea at both Alexandria and Port Said, Table 2 summarize the daily variations. It can be noticed that the sea level 

at Alexandria varies between 0.177 m and 0.380 m with an average equals 0.279 m. While at Port Said, it ranges 

from 0.288 m to 0.510 m with a mean of 0.403 m. Regarding air temperature at Alexandria, it changes daily from 

13.0 oC to 16.2 oC with a mean equals 14.3 oC. At Port Said, the air temperature varies between 12.0 oC and 17.9 

oC with an average of 14.9 oC. The atmospheric pressure at Alexandria ranges from 1014.0 hpa to 1019.0 hpa with 

an average of 1016.2 hpa. At Port Said, it varies between 1017.2 hpa and 1020.8 hpa with a mean of 1019.0 hpa. 

Fig. 3 and 4 depict the daily variations of such factors at Alexandria and Port Said respectively. It can be noticed 

that the sea level daily patterns at both sites are semi-diurnal (two maximum and two minimum values) in nature. 

As expected, the daily patterns of air temperature are diurnal at both sites. However, the atmospheric pressure 

does not possess a daily pattern.  

Table 2: Variations Over the Mediterranean Sea on January 1st, 2020 

Item Minimum Maximum Mean 

(A) At Alexandria 

Sea Level (m) 0.177 0.380 0.279 

Air Temperature (oC) 13.0 16.2 14.3 

Atmospherics Pressure (hpa) 1014.0 1019.0 1016.2 

(B) At Port Said 

Sea Level (m) 0.288 0.510 0.403 

Air Temperature (oC) 12.0 17.9 14.9 

Atmospherics Pressure (hpa) 1017.2 1020.8 1019.0 
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(a)                                                         (b) 

 
(c) 

(a) Sea Level, (b) Air temperature, (c) Atmospheric Pressure 

Figure 3: Variations Over Alexandria on January 1st, 2020 

    
(a)                                                         (b) 

 
(c) 

(a) Sea Level, (b) Air temperature, (c) Atmospheric Pressure 

Figure 4: Variations Over Port Said on January 1st, 2020 

Next, the variations over the Red sea at both Suez and Safaga have been inspected. Table 3 summarize the 

accomplished daily variations. It can be recognized that the sea level at Suez varies between 0.536 m and 1.597 

m with an average equals 1.044 m. While at Safaga, it ranges from 0.361 m to 1.048 m with a mean of 0.733 m. 

On the other hand, the air temperature at Suez changes daily between 12.8 oC and 18.4 oC with a mean equal 15.2 
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oC. At Safaga, the air temperature varies from 13.7 oC to 21.4 oC with an average of 17.6 oC. The atmospheric 

pressure at Suez ranges from 1017.7 hpa to 1021.3 hpa with an average of 1019.6 hpa. At Safaga, it varies between 

1014.3 hpa and 1017.8 hpa with a mean of 1016.1 hpa. Fig. 5 and 6 depict the daily variations of such factors at 

Suez and Safaga respectively. It can be noticed that the sea level daily patterns at both sites are also semi-diurnal 

in nature. Additionally, the daily patterns of both air temperature and atmospheric pressure are generally diurnal 

at both sites.  

Table 3: Variations Over the Red Sea on January 1st, 2020 

Item Minimum Maximum Mean 

(A) At Suez 

Sea Level (m) 0.536 1.597 1.044 

Air Temperature (oC) 12.8 18.4 15.2 

Atmospherics Pressure (hpa) 1017.7 1021.3 1019.6 

(B) At Safaga 

Sea Level (m) 0.361 1.048 0.733 

Air Temperature (oC) 13.7 21.4 17.6 

Atmospherics Pressure (hpa) 1014.3 1017.8 1016.1 

 

   
(a)                                                         (b) 

 
(c) 

(a) Sea Level, (b) Air temperature, (c) Atmospheric Pressure 

Figure 5: Variations Over Suez on January 1st, 2020 
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(c) 

(a) Sea Level, (b) Air temperature, (c) Atmospheric Pressure 

Figure 6: Variations Over Safaga on January 1st, 2020 

 

4.2 Monthly Variations 

The hourly data have been averaged to produce the daily values which have been averaged again to obtain the 

monthly means of sea level, air temperature, and atmospheric pressure at the four investigated locations in 2020. 

Tables 4, 5, and 6 presented the attained results. Regarding sea level, it can be noticed that it reached the minimum 

values in February for both Alexandria and Port Said and attained its maximum values in August-September. Over 

the Red sea, the minimum sea level occurred in January and June for Suez and Safaga respectively and attained 

the maximum in August and October. Similar results have been reported for other sites on the Mediterranean 

coasts of Egypt [34]. Furthermore, the air temperature almost follows the same patterns at the investigated sites, 

while the atmospheric pressure has a slightly different scheme.  

A significant remark could be concluded from those tables, particularly concerning the spatial variations of sea 

level and metrological factors over both the Mediterranean and Red seas. First, from Table 4 and Fig. 7 it can be 

noticed that the mean annual value of sea level at Alexandria and Port said equal 0.284 m and 0.344 m respectively. 

That means that the sea level is increasing as going east over the Mediterranean sea. The mean sea level in 2020 

at Suez equals 1.161 m. Thus, the sea level of the Red sea is higher than that of the Mediterranean sea at Port Said. 

Also, it is realized that the annual mean sea level at Suez and Safaga equals 1.161 m and 0.533 m respectively. 

Similar results have been reported by other studies [16, 32]. El-Geziry and Said [34] have reported the existence 

of spatial variations of sea level along the Egyptian Mediterranean coast where the mean sea level increase from 

the west (at Marsa Matruh) to the east (at Port Said) with a difference of 0.35 m.  

In addition, comparing the sea level at Suez and Safaga reveals that the Red sea is decreasing as going south. Such 

an observation has been recognized by other researchers too. For example, regarding the MSL at both Safaga (1.4 

m) and Qusseir (0.67 m) on the Red sea, as reported by El-Geziry et al. [16], it can be noticed that it decreases as 

going south.  Also, Shirman and Nelzer [35] have reported the difference in sea level magnitudes and trends 

between the Mediterranean and Red seas using tide gauge records over 1958-2008. Moreover, comparing the 

MSL at Safaga on the Red Sea [28] and that of Alexandria on the Mediterranean sea [32] concluded that variations 

of sea levels between both seas. Also, comparable results have been reported by Alam El-Din and Abdelrahman 

[36]. Similarly, it can be concluded that the air temperature is increasing as going south while the atmospheric 

pressure is decreasing.  

Table 4: Sea Level Monthly Variations in 2020 (m) 

Site Minimum Maximum Mean 

Alexandria 0.257 (February) 0.311 (September) 0.284 

Port Said 0.217 (February) 0.486 (August) 0.344 

Suez 1.050 (January) 1.355 (August) 1.161 

Safaga 0.496 (June) 0.563 (October) 0.533 

Table 5: Air Temperature Monthly Variations in 2020 (oC) 

Site Minimum Maximum Mean 

Alexandria 15.8 (February) 28.2 (August) 22.3 

Port Said 14.2 (January) 28.7 (September) 22.1 

Suez 15.3 (January) 31.2 (August) 24.1 

Safaga 17.4 (January) 32.6 (August) 26.0 
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Table 6: Atmospheric Pressure Monthly Variations in 2020 (hpa) 

Site Minimum Maximum Mean 

Alexandria 1007.4 (July) 1018.0 (December) 1013.0 

Port Said 1008.2 (July) 1021.6 (January) 1014.9 

Suez 1005.4 (January) 1020.9 (August) 1012.9 

Safaga 1003.3 (July) 1020.0 (January) 1011.3 

 

     
(a)                                                             (b) 

     
(c)                                                                 (d) 

(a) Alexandria, (b) Port Said, (c) Suez, (d) Safaga 

Figure 7: Sea Level Monthly Variations in 2020 

4.3 Annual Variations 

Furthermore, the monthly datasets of sea levels, air temperature, and atmospheric pressure have been investigated 

to reveal the correlation between sea levels and metrological elements. The accomplished findings are tabulated 

in Table 7. It can be concluded that sea levels have a strong positive correlation with air temperature and a strong 

negative correlation at Alexandria, Port Said, and Suez sites. At those sites, comparable correlation estimates have 

been reported by Dawood [37]. However, the estimated correlation at Safaga is moderate, which might need 

further deep investigation. In this regard, El-Geziry et al. [28] have concluded that the astronomical tides have a 

higher influence (1.5 times) on the observed sea levels at Safaga than the metrological circumstances.  

Table 7: Correlation Between Sea Level and Atmospheric Elements in 2020 

Site Correlation to Air Temperature Correlation to Atmospheric 

Pressure 

Alexandria 0.80 -0.63 

Port Said 0.85 -0.68 

Suez 0.94 -0.87 

Safaga 0.39 -0.31 
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4.4 Long-Term Variations 

It is worth mentioning that the utilized hourly datasets, particularly sea level, might be considered the most-recent 

high-frequency data over a long period span in the 21st century from 2008 to 2020 in Egypt. Table 8 and Fig. 8 

presented the spatiotemporal variations of sea level in Egypt. From that table, it can be noticed that the Mean Sea 

Level (MSL) over 2008-2020 equals 0.270 m, 0.459 m, 1.158 m, and 0.517 m at Alexandria, Port Said, Suez, and 

Safaga respectively. This is a critical fact that the global warming phenomena have significantly raised MSL in 

Egypt in the last years over the MSL national Egyptian vertical datum at Alexandria defined in 1906. Additionally, 

this fact necessitates developing a national plan for dealing with the SLR phenomenon and its consequence 

hazardous environmental impacts. From a geodetic and surveying perspective, such reality should be taken into 

consideration in the realization of a recent Egyptian vertical datum for mapping and surveying applications. 

Table 8: Long-Term Sea Level Annual Variations Over 2008-2020 (m) 

Site Minimum Maximum Mean 

Alexandria 0.238 0.284 0.270 

Port Said 0.449 0.470 0.459 

Suez 1.149 1.161 1.158 

Safaga 0.480 0.533 0.517 

 

    
(a)                                                             (b) 

    
(c)                                                                 (d) 

(a) Alexandria, (b) Port Said, (c) Suez, (d) Safaga 

Figure 8: Long-Term Sea Level Variations over 2008-2020 

Table 9 and Fig. 9 describe the annual variations of air temperature over the period 2008-2020 at the four 

investigated locations in Egypt. A common trend of increasing temperature, except at Port Said, could be noticed 

from this figure. Additionally, Table 10 and Fig. 10 describe the annual variations of atmospheric pressure over 

2008-2020 at the examined sites. A common trend of decreasing pressure at Alexandria and Suez and increasing 

schemes at Port Said and Safaga could be realized from this figure. The utilization of a medium span of 

metrological data, herein, just gives overall indications about the metrological variations. In this context, it should 
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be mentioned that long-term metrological datasets, of at least 30-year, might be necessary to precisely investigate 

the climate changes over Egypt.  

Table 9: Long-Term Air Temperature Annual Variations Over 2008-2020 (oC) 

Site Minimum Maximum Mean 

Alexandria 21.5 22.4 21.9 

Port Said 21.8 22.9 22.1 

Suez 23.5 25.1 24.2 

Safaga 25.4 27.0 26.1 

 

       
(a)                                                             (b) 

          
(c)                                                                 (d) 

(a) Alexandria, (b) Port Said, (c) Suez, (d) Safaga 

Figure 9: Long-Term Variations of Air Temperature over 2008-2020 

Table 10: Long-Term Atmospheric Pressure Annual Variations Over 2008-2020 (hpa) 

Site Minimum Maximum Mean 

Alexandria 1012.0 1014.2 1013.3 

Port Said 1014.1 1015.9 1014.9 

Suez 1012.8 1014.7 1013.8 

Safaga 1010.5 1012.3 1011.4 
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(a)                                                             (b) 

    
(c)                                                                 (d) 

(a) Alexandria, (b) Port Said, (c) Suez, (d) Safaga 

Figure 10: Long-Term Variations of Atmospheric Pressure over 2008-2020 

Modelling the relative SLR is the next processing step where a linear regression model has been applied for the 

2008-2020 collected data over the four tide gauges in Egypt. Table 11 presents the accomplished findings. First, 

it can be noticed the coefficient of determination (R2) is generally high which concludes that the linear regression 

produces reliable results. Second, the computed annual rates of relative SRL indicated that sea level is rising over 

the Egyptian coasts, with variable rates, as a consequence of the global warming phenomena. The rising rate of 

the Mediterranean sea range from 1.8 mm/year at Port Said to 3.1 mm/year at Alexandria. Regarding the Red sea, 

the relative SRL varies between 2.7 mm/year at Suez and 4.3 mm/year at Safaga.  

Concerning air temperature regression analysis (Table 12), it shows a rising trend at Alexandria, Suez, and Safaga 

but a decreasing rate at Port Said. Although the R2 values are very weak, the overall trend is positive at the three 

sites. In addition, Table 13 presents the results of regression modelling of the atmospheric pressure. It can be 

noticed that the annual rate is positive at both Port Said and Safaga while it is negative at Alexandria and Suez. 

Alike, lower R2 values for regression of both air temperature and atmospheric pressure have been reported for 

Alexandria over 2007-2018 [38]. These two findings might be attributed to the short time of the utilized 

metrological data that could not describe such a global phenomenon.   

Table 11: Regression of Sea Level Variations Over 2008-2020 

Site Equation Annual Rate (mm/year) R2 

Alexandria SL = 0.0031 Y – 5.9054 + 3.1 0.77 

Port Said SL = 0.0018 Y – 3.2482 + 1.8 0.78 

Suez SL = 0.0027 Y – 4.2734 + 2.7 0.67 

Safaga SL = 0.0043 Y – 8.1382 + 4.3 0.83 
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Table 12: Regression of Air Temperature Variations Over 2008-2020 

Site Equation Annual Rate (oC/year) R2 

Alexandria T = 0.0086 Y + 4.5948 + 0.0086 0.01 

Port Said T = -0.143 Y + 50.887 - 0.0143 0.04 

Suez T = 0.0187 Y – 13.466 + 0.0187 0.04 

Safaga T = 0.0096 Y + 6.7515 + 0.0096 0.01 

Table 13: Regression of Atmospheric Pressure Variations Over 2008-2020 

Site Equation Annual Rate (hpa/year) R2 

Alexandria P = -0.0231 Y + 1059.9 - 0.0231 0.02 

Port Said P = 0.0672 Y + 879.61 +0.0672 0.21 

Suez P = -0.0086 Y + 1031 - 0.0086 0.01 

Safaga P = 0.0453 Y + 920.07 + 0.0453 0.14 

 

5. Conclusions 

The global warming phenomenon has caused a significant rise of sea level worldwide in the last century. Since 

the rate of SLR changes spatially and over time, this paper focuses on giving general signals about sea level and 

atmospheric elements’ variations at four locations in Egypt along with both the Mediterranean and the Red seas 

over the period 2008-2020. Correlation and relationships between SL and metrological elements, mainly air 

temperature and atmospheric pressure, have been, also, investigated. It is worth mentioning that, to the best of the 

authors’ knowledge, no previous research have been published using such precise hourly datasets of sea levels 

and metrological elements covering almost thirteen years at four different sites on the Egyptian coasts. The 

accomplished findings reveal several important remarks. First, it has been noticed that the sea level daily patterns 

at the four investigated sites are semi-diurnal in nature. As expected, the daily patterns of air temperature is diurnal 

and the atmospheric pressure does not possess a daily pattern. Second, it has been concluded that the mean annual 

value of SL at Alexandria and Port said equal 0.284 m and 0.344 m respectively, which means, similar to results 

of previous studies, that sea level is increasing as going east over the Mediterranean sea. On the other hand, the 

mean SL at Suez equals 1.161 m, which indicates that the sea level of the Red sea is higher than that of the 

Mediterranean sea at Port Said, as other researchers have reported. In addition, it has been realized that the annual 

mean sea level at Suez and Safaga equals 1.161 m and 0.533 m respectively, which concluded that it decreases as 

going south. Third, it has been concluded that sea level has a strong positive correlation with air temperature and 

a strong negative correlation at Alexandria, Port Said, and Suez sites. However, that correlation at Safaga is 

moderate, which might need further deep investigation.  

Although the utilized datasets cover a relatively medium period, the accomplished findings are considered 

important for coastal management and risk assessment of environmental hazards. Concerning the spatiotemporal 

variations of sea level in Egypt, it has been noticed that the MSL over 2008-2020 equals 0.270 m, 0.459 m, 1.158 

m, and 0.517 m at Alexandria, Port Said, Suez, and Safaga respectively over the Alexandria defined national 

vertical datum in 1906. Such rises could be attributed to the global warming phenomena in the last years. The 

rising rate of the Mediterranean sea range from 1.8 mm/year at Port Said to 3.1 mm/year at Alexandria. Regarding 

the Red sea, the relative SRL varies between 2.7 mm/year at Suez and 4.3 mm/year at Safaga. Concerning air 

temperature regression analysis, it shows a rising trend at Alexandria, Suez, and Safaga but a decreasing rate at 

Port Said. Although the estimated values of the coefficient of determination are very weak, as formerly 

documented by other studies, the overall trend is positive at the three sites. Regarding the pressure trend over the 

period 2008-2020, it has been noticed that the annual rate is positive at both Port Said and Safaga while it is 

negative at Alexandria and Suez. Such findings might be attributed to the short time span of the utilized 

metrological data that could not describe such a global phenomenon.   

Overall, the attained findings impose developing a national plan for dealing with the SLR phenomenon and its 

consequence hazardous environmental impacts. From a geodetic and surveying perspective, such reality should 
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be significantly considered in the realization of a recent Egyptian vertical datum for mapping and surveying 

applications.  
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