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INTRODUCTION  

 

Hydrographic investigations in the Red Sea area were first undertaken by the Pola 

Expedition in 1895 (Natterer, 1898; Luksch, 1901). Early studies were also made with 

the Magnaghi (Vercelli, 1927). The John Murray Expedition of 1933-1934 (Thompson, 

1939) occupied numerous stations, and this was followed by an Egyptian Survey of the 

northern Red Sea (Mohammed, 1939).  

Global warming results as changing the radiative balance in the atmosphere and 

produces many negative effects, among the most important of these negative effects is the 

rise in sea surface temperature, the temperature of permafrost to rise, and the infiltration 

of salinity due to anthropogenic influences on the sea and overland (IPCC, 2019). 

Accordingly, the sea level has risen, causing surges in rafts and extreme rainfall severe 

heavy weather on the north shore of Egypt. The sea level, according to an IPCC survey, is 

by 2100; a rise of approximately 60 CM is expected (Ali and El-Magd, 2016).  

A warming of the Earth‘s surface is likely to have vital ecological, economic and 

political consequences, not only because of its effect on terrestrial environments and 

ecosystems, agriculture and forestry e.g. (Strzepek and Smith, 1995), and also very 
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The Red Sea is a semi-enclosed sea basin that is extremely warm, and 

it is experiencing rapidly rising temperatures. Sea Surface Temperature 

(SST) is influenced by weather factors as well as oceanographic factors. The 

relationship between SST and air temperature (AT) was studied using data 

from 2010 to 2019 for both air and sea temperatures, and a comparison 

between these data and those in Luksch‘s tables. A strong relationship was 

found between the temperature in the air and the surface temperature of the 

sea, where the air and sea temperatures reach maximum values in the 

summer season. The temperature tends to increase at an annual rate of 0.109 

while the sea temperature tends to increase at an annual rate of 0.036 °C. It 

was found that the air temperature increased in the period 2010-2019 by 

about 4.57°C, while the difference between them in the SST was about 

2.21°C. 
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important, due to its effect on aquatic environments and ecosystems, water supplies and 

fisheries (Watson et al., 1996).  

The Red Sea is a semi-enclosed, extremely warm sea basin, experiencing rapid 

warming (Belkin, 2009 ; Raitsos, 2011& 2013). Between 1982 and 2006, the average 

annual temperature of the Red Sea increased by 0.74 °C (Belkin, 2009), comparable to 

the global average of 0.85 °C (Rhein et al., 2013). An intense warming event occurred in 

1994 leading to a 0.7°C increase in mean annual sea surface temperature (Raitsos, 2011). 

Currently, the average temperatures in the Red Sea already exceed those of other tropical 

regions (Cantin, 2010). Yet, the Red Sea hosts one of the largest reef systems in the 

world, where organisms may be already close to their thermal limits.  

SST is one of the most important physical properties of aqueous systems; any 

change in SST can alter marine ecosystems, affect in plant, animal species and microbes 

in the ocean, also, have an impact on migration and reproduction patterns, threaten 

sensitive ocean life such as coral reefs and exert influence on the frequency and intensity 

of harmful algal blooms such as ―Red Tide‖ (Ostrander et al., 2000), in addition to, 

marine organisms tolerate a specific range of temperatures (Dunham et al., 2003).  

The Red Sea can be divided into five sub-basins as: the Gulf of Aden Basin, 

southern Bab Al-Mandab Strait, southern Red Sea, central Red Sea and northern Red Sea 

(Al-Horani et al., 2006). The latter basin was considered to be in an arid climate zone 

with little rainfall and runoff. Also, Langodan et al. (2017) showed that the northern 

region of the Red Sea is affected by the Mediterranean climate and therefore it is always 

exposed to the northern winds, but the high mountains surrounding it prevent these winds 

from some areas and thence, the weather varies from one region to another. 

Generally, several studies consider that meteorological parameters as well as 

hydrological parameters are the main factors affecting SST changes (Lima et al., 2012 

and Chaidez et al., 2017).  

This paper deals with data of air and sea surface temperatures collected during the 

"Pola" Expeditions in 1895 - 1898 by (Luksch, 1901) of the Red Sea, and compare with 

air and sea surface temperature values of the period from 2010 to 2019 of north Hurghada 

on the Red Sea coast. Also, to understand the changed in sea surface temperature and air 

temperature for long time. 

 

MATERIALS AND METHODS  

 

Air temperature (AT) values were recorded each hour of the period from 2010 to 

2019 from https://www.worldweatheronline.com/h Hurghada-weather-history/al-bahr-al-

red./, while and sea surface temperature (SST) measurements were recorded from https:// 

sea temperature.info/march/el-gouna-water-temperature.html. The study area is located 

north of Hurghada on the Red Sea coast at Lat. 27° 23' 18.01" N & Long. 33° 40' 44.55" 

E. on the other hand, AT and SST data were taken from Luksch's table according to 

(Sherif, 1953) to carry out a comparison with the new results of the period from 2010 to 

http://www.worldweatheronline.com/h%20Hurghada-weather-history/al-bahr-al-red./
http://www.worldweatheronline.com/h%20Hurghada-weather-history/al-bahr-al-red./
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2019. The newly data was processed in Excel and SPSS programs, while the location 

map was drawn up using Golden Software Surfer 15 (Fig. 1). 

 

 Fig.1. Location map of the study area. 

RESULTS AND DISCUSSION  
 

The heat balance of the sea is determined primarily by three radiative and two non-

radiative heat exchange processes; the absorption of direct and diffuse short-wave 

radiation from the sun and the atmosphere, respectively; the absorption of long-wave 

radiation from the atmosphere; the emission of long-wave radiation from the sea surface; 

the exchange of latent heat between sea surface and atmosphere due to evaporation and 

condensation; and the convective exchange of sensible heat between sea surface and 

atmosphere (e.g. Sweers, 1976). 

 

1- The air temperature (AT) 

Insolation of sea water surface varies across the world depending on latitude and 

season. The net radiation at a certain location is positive during the day, as the surface 

gains heat from the sun's rays, while at night, the flow of short wave radiation stops, but 
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the earth continues to radiate long wave radiation, therefore, the net radiation becomes 

negative. Daily cycles of AT northern Hurghada during period 2010-2019 are shown in 

(Fig. 2). The height of the AT curve varies with the seasons, in the summer; temperatures 

are warm and the daily curve is high, while in the winter; the temperatures are cold. The 

September equinox is considerably warmer than the March equinox even though net 

radiation is the same, this is due to the temperature lag behind net radiation, reflecting 

earlier conditions.  

 
Fig. 2.The annual variation of AT from north Hurghada during the period 2010-2019 corresponding data 

recoded by Luksch‘s table (1898). 

 

The average values of AT from the north Hurghada oscillates between the months 

of June and August, whereas the highest value (34.68 °C) was recorded only during June 

(2016), while in Luksch‘s table (1898) it is 29.20 °C (Table 1). Also, the lowest value 

(14.88 °C) was recorded during January 2012, while it was 19.80 °C in Luksch‘s table 

(1898). A cloud-like curve shows the temperature values over the period from 2010 -

2019 (Fig. 2). The width of this cloud is the least possible in the summer season, 

especially in July (1.60 °C) and widened in the winter and autumn seasons to about 5.2 

°C. The change in the values of the incident radiation and the rate of evaporation in the 

winter season may be led to a change in the AT within ten years causing its wide range in 

the winter. However, the AT in the cloud curve is much higher than they were since 

nearly a hundred years. Line׳s Luksch divided AT line to worm and cold parts (Fig. 3), 

where worm part extends from April to September and cold one extends from October to 

March. 

 

 

 

 

 

 

https://geography.name/seasons/
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Table 1.The average values of AT during the period 2010 – 2019 of north Hurghada and corresponding 

data recoded by Luksch‘s table. 

year 

 month 

Jan. Feb. Mar. Apr. May Ju. Jul. AU. Sep. Oct. Nov. Dec. 

2010 18.93 20.45 22.32 25.65 29.02 32.64 32.85 34.45 31.58 28.67 24.64 19.12 

2011 17.30 19.20 20.64 24.18 28.04 30.86 32.77 32.53 29.89 26.36 20.05 17.35 

2012 14.88 17.28 18.84 25.11 29.68 32.95 34.11 33.44 30.98 30.98 20.55 19.39 

2013 18.72 20.69 23.41 25.99 31.60 32.56 33.00 33.20 30.52 25.66 23.79 17.73 

2014 18.59 20.35 23.03 28.23 29.72 32.79 33.98 33.79 30.59 26.95 22.82 20.16 

2015 17.23 19.16 23.04 25.05 29.94 31.52 33.66 34.47 33.26 28.77 32.56 28.78 

2016 16.72 20.54 23.24 27.68 30.03 34.68 34.30 33.52 31.10 27.26 22.99 17.75 

2017 16.48 17.04 20.84 25.27 28.97 31.63 33.52 33.94 30.80 26.55 22.03 19.83 

2018 17.88 * 23.97 26.17 31.69 32.83 33.91 33.35 31.37 28.01 23.35 18.72 

2019 16.86 18.90 21.81 * 30.54 32.83 34.36 33.84 * 28.90 25.03 19.60 

Luksch’ 

table 

19.80 20.20 22.00 23.70 25.40 27.50 28.20 29.20 28.00 25.40 24.60 22.10 

 * not detected 

 

 

 
Fig. 3.The annual variation of AT (pale line), SST (dark line), trend line of AT (pale dotted line) and trend 

line of SST (dark sold line) during the period 2010 – 2019. 

 

At north Hurghada; trend line of air temperature during the period 2010 – 2019 tend 

to increase (Fig. 3), this increasing was calculated according to the equation; 

Ta= 0.0003 t + 25.927 

Where: 

Ta is air temperature , t is the time  

From the (figure 3) we can deduce the temporal change of air temperature which 

tends to increase with rate of 0.109 °C annually, this value corresponds to the global 
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average of the oceans 0.85 °C, (Rhein, et al., 2013), and lower than the average values 

0.74 °C which calculated between 1982 and 2006 detected by (Belkin, 2009) and also 

lower than the global average 0.7 °C which recorded by (Raitsos, 2011). 

 

2- The Sea Surface Temperature (SST) 

The northern Red Sea experiences maximum annual temperature (Tm) throughout 

July while Tm is reached between late July and mid– August in the southern Red Sea 

(Chaidez et al., 2017). Eladawy et al., (2017) illustrate that SST is affected by many 

weather factors; they considered that wind is one of the most influential factors. Raitsos 

et al., (2011) showed that SST appears to track air temperatures, this opinion was 

confirmed by (Shaltout and Omstedt, 2014). Sea level pressure, precipitation and total 

cloud cover, surface wind stress, and air & sea heat flow affect SST (Sartimbul et al., 

2018). 

The highest and lowest SST values depend on the change from season to another 

one and the air temperature above surface water to a large extent, where the change in the 

SST follows the change in the AT (Livingstone and Lotter, 1998). As it is showed in 

Figure (4); SST distribution produces a curve similar to AT distribution, also the values 

of peak SST are fluctuate between 28.98 and 29.27 °C which recorded during August, 

and it is less than the average temperature (27.9 °C), recorded by (Luksch‘s table) and the 

bottoms of SST curves were observed during March 2012 as 21.28 °C (Table 2), which 

were lower than the average value of SST (21.40 °C) which detected by (Luksch‘s table).  

Also, as shown in figure (3); the trend line of the SST curves increases according to 

the following equation: 

Tw = 0.0001 t + 25.022 

Where: Tw is   SST and t is the time. 

This equation exhibits that the average value of SST tends to increase with a rate of 

0.036 °C annually, this trend is lower than these occurred in 1994 with rate (0.7 °C), 

(Raitsos, 2011), while in the present study (from 2010 to 2019) mean SST is higher than 

those in the Lucksh‘s table. 

3- The relation between AT and SST 

In general, the essential similarity in the physical processes which determine AT 

and SST can result in a high degree of correlation between them, allowing at least some 

inferences on the one to be drawn from the other, (Webb, 1974). 

Based on the scheme of the relationship between SST distribution and 

corresponding values of AT (Fig .5) annually from 2010 to 2019. In general, increases in 

AT are mirrored well on SST than are equivalent decreases. This is due to increasing 

temperature increase is associated with an increase in thermal stability among the upper 

layer of water in a stratified sea. This separates the upper layer of water from the lower 

layer to a certain extent, essentially reducing the thickness of the mixed layer and causing 

it to react more sensitively to fluctuations in the net heat flux through the sea surface. In 
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contrast, a decrease in SST is associated with a decrease in thermal stability among the 

upper layer of water in a stratified sea, and consequently with an increase in turbulent 

mixing and a deepening of the mixed layer, reducing the sensitivity of its response to 

fluctuations in the net heat flux. 

 

Table 2.The average of SST during the period 2010-2019 and those recorded in Luksch‘s 

table. 

year 

 month 
Jan. Feb Mar. Ap. May Jun. Jul. Au. Sep. Oct. Nov. Dec. 

2010 23.82 23.33 23.04 23.20 24.81 26.46 27.48 29.06 27.83 28.09 27.24 25.24 

2011 23.43 22.57 22.27 22.61 23.85 25.14 26.94 27.51 27.59 26.72 24.59 22.98 

2012 22.36 21.44 21.28 22.75 24.63 26.65 28.68 28.93 27.86 27.56 26.31 24.40 

2013 23.50 21.95 22.46 22.93 25.38 26.95 27.23 28.61 27.61 26.35 25.79 23.83 

2014 22.60 22.24 22.21 23.42 25.14 26.28 27.99 28.98 27.70 26.55 25.16 24.19 

2015 22.67 22.09 22.09 22.70 24.58 25.88 27.68 28.87 28.27 28.00 26.08 23.65 

2016 22.20 21.89 22.60 24.01 25.30 27.14 28.66 28.46 27.43 26.95 25.99 23.87 

2017 22.18 21.41 21.72 22.65 24.63 26.15 28.43 27.83 26.99 26.08 25.18 24.11 

2018 22.93 22.10 22.71 22.91 26.05 27.51 28.55 28.83 27.14 27.12 25.99 23.95 

2019 22.31 21.95 21.45 22.14 24.76 27.38 28.43 29.27 * 26.75 26.18 24.33 

Luksch‘ 

table 
22.10 21.40 22.10 22.90 24.20 25.30 26.60 27.90 26.90 27.00 25.10 23.50 

 

 
Fig. 4.The annual variation of SST during the period 2010-2019 and the corresponding data in Luksch‘s 

table . 

 

The SST corresponds to AT throughout each year can be divided into two parts: 

The first part (worm part): ATs rise to their highest levels during the year lasts for 

about 8 months, usually starts from March and ends in October. This period is repeated in 

most years, while it was shorten for 6 months as happened in 2011. This result agrees 

with past statements calculated from table of Luksch.  
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Average differences of AT is higher than SST in the worm part, whereas it varies 

from -7.54°C and -1.57°C (Tab. 3). The worth noting that; the difference between the At 

values and their equivalents in SST during 10 years (2010-2019) is considered high 

compared to the Luksch‘s table which ranges from -2.2 to -0.8 °C.  

The second part (cold part): It is noticeable that; the cold part fluctuates between 4 and 

6 months during the period from 2010 to 2019, while it occupies 6 months in table of 

Luksch. In recent data; SST values were higher than AT ones in the cold part. The 

differences average between both AT and SST values ranges between 2.61°C and -0.60 

°C, therefore, this difference in temperature is considered high.  

 

Table 3. Average differences between AT and SST during the period 2010- 2019 and 

corresponding to data recorded in Luksch‘s table. 

year 

 month 
J F M A M J J A S O N D 

2010 4.89 2.88 0.72 -2.45 -4.21 -6.18 -5.37 -5.39 -3.75 -0.58 2.60 6.13 

2011 6.12 3.37 1.63 -1.57 -4.19 -5.72 -5.83 -5.02 -2.30 0.36 4.54 5.63 

2012 7.48 4.16 2.44 -2.36 -5.05 -6.29 -5.43 -4.51 -3.12 -3.41 5.76 5.00 

2013 4.78 1.26 -0.95 -3.07 -6.22 -5.61 -5.78 -4.59 -2.91 0.69 2.00 6.10 

2014 4.01 1.88 -0.82 -4.81 -4.58 -6.51 -5.99 -4.80 -2.89 -0.39 2.34 4.03 

2015 5.44 2.93 -0.95 -2.35 -5.36 -5.64 -5.98 -5.60 -4.99 -0.77 6.48 5.13 

2016 5.48 1.36 -0.64 -3.66 -4.73 -7.54 -5.63 -5.07 -3.66 -0.31 3.01 6.13 

2017 5.70 4.38 0.88 -2.62 -4.34 -5.49 -5.08 -6.11 -3.81 -0.47 3.15 4.27 

2018 5.04  * -1.26 -3.26 -5.64 -5.32 -5.36 -4.52 -4.23 -0.88 2.64 5.23 

2019 5.45 3.05 -0.37 *  -5.78 -5.45 -5.93 -4.57 *  -2.16 1.15 4.72 

Luksch‘ table 2.3 1.2 0.1 -0.8 -1.2 -1.9 -1.6 -1.3 -1.1 0.6 0.3 1.4 

* Not detect 

 

The simplest model for the relationship between AT and SST is a purely linear 

relationship according to the following equation: 

Tw=ao+a1 Χ Ta+ ε 

Where:  

Tw is SST, Ta is air temperature,  a0 and a1 are the regression coefficients, ε is an error 

term.  

This equation has been used in many studies linking between two AT and SST, 

where Johnson (1971) used it to describe the average monthly SST recorded in six 

streams in New Zealand and also used by Song et al. (1973) to describe temperatures in 

the Minnesota streams (China), in addition to, this equation has been mentioned in many 

papers such as (Erickson and Stefan, 2000). To make a comparison between the SST 
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and its analogues in the AT, a scatter plot has been plotted (Fig. 6) which exhibits that AT 

and SST is closely related annually in the period 2010 - 2019, and presence a linear 

relationship between AT and SST governed by the equation: 

Tw = a0 +a1 Χ Ta 

Where: Tw is Sea surface temperature, Ta is air temperature, a0 & a1 are the regression 

coefficients 

 

CONCLUSION 

 

Rising temperatures around the world resulting due to climate change have led to 

global warming. Whereas, global warming is the long-term warming of the Earth's 

climate system observed since the pre-industrial period due to human activities. Such 

studies require information on weather fluctuations over longer time scales. Sea surface 

Temperature (SST) is influenced by many weather and oceanographic factors; in 

additional some studies have indicated that SST tracks air temperatures (AT) in their 

changes.  

The change in AT and SST were similar and they change at the same frequency, 

and the difference between them lies in the maximum values of the temperatures that 

range between 32.77 and 34.68 °C in the air temperature and between 27.59 and 29.27 °C 

in the water temperature, also in the lower values varies between 14.88 and 18.93 °C in 

the air temperature and range between 21.28 and 23.04 °C in the water temperature. By 

comparing these results with that was recorded by Luksch (1898) since more than one 

hundred years ago, it is found that the monthly data recorded in the old years are less than 

the newly recorded ones.  

The difference in modern data of AT may reach about 4.57 °C (during summer 

season from April to October), this indicates an increase in temperature than it used to be, 

and this reinforces the tendency of the AT to increase about 0.109 °C. Also, SST behaves 

in the same way as the AT, as well as it rose higher than those temperature recorded by 

Luksch (1898) since more than one hundred years ago with difference degree fluctuate 

between 1.28 °C  and 2.65 °C. 
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Fig. 5.Comparison between annual AT data (dark lines) with composite SST data (pale lines) during period 

2010 – 2019 . 
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