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Analysis of Air Temperature Trends as a Climate
Change Indicator for Alexandria (Egypt)

By Tarek M. El-Geziry”

This work provides the results of the analyzed long-term trends for three air
temperature categories, namely: average (Tayg), maximum (Tpmax) and minimum
(Tmin) on monthly, annual and seasonal bases for Alexandria. The aim was to
examine possible climate changes in this famous City based on the results
obtained from the analyzed trends. The study was based on examining (1)
linear regression approaches, (2) trend magnitudes, (3) Mann-Kendall trend
test and (4) extreme air temperature events. The air temperature data from
Alexandria International Airport station were used over a period of 65 years
(1957-2021). For all analyzed time series, the results showed statistically
significant positive trends. The exception was for the monthly mean T, during
January, February and December (negative trends), and March (No trend).
The H1 hypothesis prevails for the three temperature categories, on different
basis. Over the period of investigation, both the annual mean T, and Ty, rose
at a rate of +0.02 °C/yr, while annual mean Tmax rose at a rate of + 0.008°C/
yr. In winter, the annual mean T4 and Ty had increasing trends at a rate of
+0.02 °C/yr. The winter T,,s had a feeble increasing trend (almost constant), at
a rate of only +0.0003 °C/yr. In summer, the three air temperature categories
increased at a rate of +0.02 °C/yr, each. Extreme air temperature times were
specified in this study on all bases for the three temperature categories. The
findings of this study are thought to be a reliable indicator of the presence of
climate change in Alexandria.

Keywords: Alexandria, air temperature, climate change, trend analysis,
extremes

Introduction

The term ‘climate change’ refers to the alteration in the conditions of the
climate brought on by long-lasting changes to one of its characteristics, generally
lasting decades or longer (Masson et al. 2021).

Latitude, altitude, the tilt of the Earth's axis, temperature differences between
land and sea, and topography all have a significant impact on the Earth's climate
(Thapa et al. 2021). A growing body of scientific evidence suggests that the
atmosphere of the earth has altered over time, signaling that the globe is warming
(Masson et al. 2021; Thapa et al. 2021). Various anthropogenic activities that
generate pollutants are mostly to blame for this change, with natural causes
playing a smaller role (Jonathan and Raju 2017). Many indicators of climate
change are evident around the world. This comprises but not limited to higher air
temperatures, more drier areas, wilder weather with significant changes in rainfall

*Professor and Head of Laboratory of Physical Oceanography, Division of Marine Environment,
National Institute of Oceanography and Fisheries (NIOF), Egypt.

https://doi.org/10.30958/ajs.9-4-2 doi=10.30958/ajs.9-4-2



https://doi.org/10.30958/ajs.9-4-2

Vol. 9, No. 4 El-Geziry: Analysis of Air Temperature Trends as a Climate Change...

patterns, increased ocean acidity, warmer seas, and quicker rates of sea-level rise
(El-Geziry 2021; Tonbol et al. 2018).

The most visible evidence of climate change is the significant rapid increase
in air temperature observed in recent decades around the world (Arghius et al.
2020).

According to the Intergovernmental Panel on Climate Change 5™ Assessment
Report (IPCC 2013), global surface temperature data calculated using linear trend
showed a 0.85 °C warming from 1880 to 2012. However, the spatiotemporal
distribution of the increase in global air temperature is not uniform on Earth. The
rise in air temperature varies by region, with the northern hemisphere experiencing
a greater increase in air temperature (Bacevi¢ et al. 2020). Rising air temperatures
may have various effects on various aspects of human life, particularly on human
settlements, agricultural products, energy consumption, environmental and social
processes and so on (Bonacci et al. 2021; Piticar and Ristoiu 2014). Temperature
variations are significant for understanding the overall climatic structure (Atilgan
et al. 2017) as well as determining the best planning adaptation techniques in a
given area (Marin et al. 2014).

Several studies have looked at the temporal variability of temperature at
various temporal and regional scales over the previous few decades, confirming a
significant warming in the Middle East and North Africa (Eid et al. 2019; El
Kenawy et al. 2015; 2009; Fontaine et al. 2013; Paeth et al. 2009). The air
temperature trends and data from eight meteorological stations in the eastern
Mediterranean basin were analyzed by Hasanean (2001), who found strong
positive trends in Malta and Tripoli, and negative trends in Amman. Turkes et al.
(2002) examined mean, maximum, and minimum air temperature data in Turkey
from 1929 to 1999. Their findings revealed patterns of variations in the long-term
trends with time and locations, transition points, and crucial warming and cooling
cycles. Maiyza et al. (2011) examined the changing behaviour of the mean monthly
air temperature anomalies within the Levantine Basin and revealed a general
decrease of 0.01 °C/yr from 1958 to 1990. They also came to the conclusion that
the 70-year cycle has been one of the most important contributors to climate
change in the southeast Mediterranean region after examining variations in air
temperature, hydrography, and the phenomena of River Nile droughts. The
Southern Levantine Basin's mean annual and monthly air temperature fluctuations
and trends between 2007 and 2016 were examined by Tonbol et al. (2018). The
hottest year in the area, according to their research, was 2010, while the coldest
was 2011. Additionally, a general trend of rising mean monthly air temperature
anomaly was revealed. Ibrahim et al. (2021) concluded that the frequency trend of
marine heatwaves (MHW) in the eastern Mediterranean has increased by 1.2
events/decade between 1982 and 2020.

Egypt is regarded as one of the most susceptible countries to the long-term
effects of climate change, which are exacerbated by an increase in the frequency
and severity of extreme weather events. Egypt's water shortage is anticipated to
worsen due to global warming, which will also spread to the semi-arid area and
increase the strength and frequency of maritime storms (El-Geziry 2021).
According to Zaki and Swelam (2017), Egypt has experienced regional changes in
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floods, droughts, and wildfires, as well as more intense and prolonged heat waves
and less frequent and intense cold waves. A succession of heat waves have
devastated the entirety of Egypt, with the heat waves of 2010 and 2015 killing
over a hundred people who were exposed to extremely high temperatures that
persisted for days, not just during the day but also at night (Mostafa et al. 2019).
According to the results of Eid et al. (2019), seasonal and annual values of
temperature exhibited a significant trend of increase over Egypt through the period
1960-2016.

Alexandria of Egypt is an ancient and important historical metropolis and
cosmopolitan city on the Mediterranean coast. The City extends between latitudes
30.70°-31.34° N and longitudes 29.40°-30.10° E (Figure 1), and hosts 40% of
Egypt’s industrial activities (Abdel-Shafy et al. 2010; Abou-Mahmoud 2021). The
coastline of Alexandria extends for about 75 km from Al-Hammam (west) to Abu
Qir (east) (Abou-Mahmoud 2021). The City, which is one of the UNESCO world
heritage sites, faces the risks from climate change, seen in so many phenomena:
sea-level rise associated with flooding and erosion, increased air temperature,
altered rainfall patterns, etc.

Figure 1. Map of Alexandria
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According to Hendy (2018) and Said et al. (2012a), Alexandria has only two
seasons: a hot summer from April to September and a mild winter from October to
March. The differences between seasons are primarily due to variations in daytime
temperature and wind patterns. The average annual air temperature ranges from
14.0 °C in winter to 30.0 °C in summer (Hendy 2018; Mohamed and Beltagy
2009). Said et al. (2012b) determined an increasing rate of about 0.6 °C/decade in
the mean annual air temperature in Alexandria over the period from 1979 to 2011.
The City had three heatwaves in 1999, with temperatures exceeding historical
averages on five days in April (> 26-30 °C), seven occasions in August (> 30 °C),
and five occasions in November (>26 °C) (Said et al. 2012a). Tonbol et al. (2018),
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on the other hand, examined the air temperature behavior at Alexandria from 2007
to 2016 and found that Alexandria had a severe cold wave in winter 2010, when
the observed air temperature dropped from 22.2 to 8.8 °C, over a 5-day period
from December 11 to 15, 2010. El-Geziry (2021) calculated a mean annual air
temperature of 20.8 °C for Alexandria over the period 1980-2019 and concluded a
general trend of increase of 0.04 °C/yr (0.4 °C/decade) over the same period. He
also showed that this rate varied from cold to warm seasons, being 0.08 °C/yr and
0.06 °Clyr, respectively.

The examination of extended records of meteorological data yields useful
information, which aids in achieving a quantitative understanding of these two
interrelated goals (Mohamed and Beltagy 2009). The study of temperature
fluctuations is an indicator of climate change in the important city of Alexandria,
with the goal of assisting decision-makers, interested in human services and
development, in presenting projects that limit the problems with it. Therefore, the
primary goal of this research is to investigate temperature variability, detect
significant trends, and assess its increase over the last 65 years (1957-2021).

Data and Methods of Analysis

This study used data for average (Tavg), maximum (Tmax) and minimum (Tmin)
air temperatures, on a monthly, annual and seasonal basis, recorded at the
Alexandria International Airport Meteorological Station No. 62318 (31.22° N;
29.94° E) at 2 m below the mean sea level. The data covered 65 years of records
from January 1957 to December 2021, with 0% missing data. The data was
downloaded from the website: https://en.tutiempo.net/climate/ws-623180.html.

The obtained data sets were subjected to four types of analysis, as follows:

1. Linear Regression

Linear regression is a parametric criterion for determining the relationship
between two or more dependent and independent variables that are linked by a
causal relationship. With a 95% confidence interval, this test determines whether a
linear relationship and trend exist between variables (Atilgan et al. 2017; Singh et
al. 2015). Equation 1 depicts the linear regression equation:

Y=a+bX Q)

Where Y is the dependent variable (here is the air temperature), a is the slope
coefficient, b is the interception and X is the independent variable (here is the
time).

The linear regression test's significance is determined using a 95% confidence
interval and a Student t-test (significance levels such as 5%, 1%) (Atilgan et al.
2017; Sneyers 1990).
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2. Trend Magnitude

The slope size determines the value of the air temperature trend. There are
three scenarios to consider: The trend is positive if the slope size is greater than
zero; no trend if the slope size is equal to zero; and negative if the slope size is less
than zero. The trend magnitude is calculated using the trend equation (Bacevi¢ et
al. 2020; Gavrilov et al. 2015).

Ay = y(1957) — y(2021) (2)

Where Ay is the trend magnitude in degrees Celsius, y (1957) is the air
temperature's value at the start of the period, and y (2021) is the air temperature's
value at the conclusion of the period. There are three different options when it
comes to trend magnitude: a) the trend is negative when Ay is greater than zero; b)
when Ay is less than zero, the trend is positive; and ¢) when Ay is equal to zero, no
trend exists.

3. Mann-Kendall Test

The Mann-Kendall (MK) test is a non-parametric test used to identify trends
in time series data. It is one of the best methods for analysis that determines
statistical significance through hypothesis testing. The MK trend test is used in
long-term temporal data to detect statistically significant decreasing or increasing
trends. This test is based on two hypotheses: the null (Ho) hypothesis, which
assumes that there is no trend (the data are independent and randomly ordered),
and the alternate (H;) hypothesis, which elucidates significant rising or declining
trends in data. The non-parametric MK test yields more accurate and reliable
results than parametric tests (Kale 2017). The statistic formulas of MK test are
given in the following Equations:

S= Y Yhoiiisgn (g — x;) 3)

Where the time series x; is fromi=1, 2, ..., n-1, xcisfromk=i+1, .., nand n
here is the number of months/years.

+1 if (xp—x;)>0

sgn(x, — x;) = {0 if (e —x;) =0 4)
=1 if (x—x) <0
Var (S) = % [n(h— 1)(@2n+5) = TI_, t, (t, — D)(2t, + 5)] (5)

Where t, is the number of ties for the p™ value, and q is the number of tied values.
Z. is given as
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S-1
{ JVar (S) 5§>0

Z, = io $=0 (6)
S+1
JVar (S) §<0

Where Z; is the test statistic.

On the basis of a 5% significance threshold, if p-value is < o= 0.05, the H;
hypothesis is accepted, indicating a trend in the data. If p-value is > o= 0.05, the
absence of a trend in the data is shown, and Hy is accepted (Arghius et al. 2020;
Atilgan et al. 2017; Bacevic et al. 2020; Kale 2017; Shadmani et al. 2012; Singh et
al. 2015; Subarna 2017).

4. Extreme Air Temperature

According to (EIBessa et al. 2021; Sridhar and Bhole 2015), an extreme air
temperature event is defined as the event (record) calculated as Mean+2*SD,
where SD is the standard deviation.

Results
Linear Regressions

The monthly mean air temperatures for the three recorded parameters (Tay,
Tmax and Twin) are shown in Figure 2. The mean annual Tag was 20.6 °C, while
that of Tmax and Tmin was 25.2 °C and 16.2 °C, respectively. January was the
month of lowest monthly means with values of 14.0 °C, 18.5 °C, 9.3 °C for Tay,
Tmax and T, respectively. On the other hand, August was the month with the
highest monthly means with values of 27.1 °C, 30.8 °C, 23.6 °C for Tayg, Tmax and
Tmin, respectively. Figure 3 depicts the trends of the monthly mean air
temperatures (Tavg, Tmax and Tmin) for Alexandria over the period 1957-2021, using
the parametric linear regression approach. As shown, the monthly T.,y had a
general trend of increase for all months, with different rates over the period of
interest. The lowest rate occurred in April (+0.009 °C/yr), while the highest
occurred in September (+0.029 °C/yr). The monthly Tax behavior varied over the
period of investigation with three different trends: decreasing trend occurred in
three successive months (December-February) with the lowest trend of -
0.004°Clyr in February and December and a maximum of -0.002 °C/yr in January.
March was a month of almost no change in the trend of T« Over the period of
interest, with a trend as low as -0.0003 °C/yr. The positive trends of the monthly
Tmax €xtended from April to November, with the lowest rate of +0.005 °C/yr in
April and November, and the highest of +0.024 °C/yr in September. The monthly
Tmin followed the same trend of increase detected for the monthly Tayg, but with
different rates over the period of interest. The lowest rate was in January
(+0.004°Clyr), while the highest was in October (+0.0036 °C/yr).
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Figure 2. Monthly Mean Air Temperatures over Alexandria during the Period
1957-2021
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Figure 3. Linear Regression Trends of the Monthly Mean Air Temperatures over
Alexandria during the Period 1957-2021
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annual variability showed an increasing trend with a rate of +0.008 °C/yr over the
period 1957-2021. Lastly, the annual T, ranged between 14.9 °C in 1983 and
18.0 °C in 2018, with an overall mean of 16.2 °C, over the study period. The
annual T,y trend of variation revealed an increasing trend over the period 1957-
2021 with a rate of +0.02 °C/yr. The mean annual variations of the three air
temperatures over Alexandria are depicted in Figure 4.

Figure 4. Annual Mean Air Temperatures and Their Trends over Alexandria
during the Period 1957-2021
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Alexandria exhibits two seasons over the year: a mild winter from October to
March and a hot summer from April to September. The three examined air
temperatures fluctuate and vary from one season to the second. In winter, the
annual mean Tay fluctuated over the period 1957-2021 between 15.8 °C in 1988
and 18.8 °C in 2014, with an overall mean of 17.1 °C. The trend of annual mean
winter T,y fluctuations reflected an increasing trend with a rate of 0.02 °C/yr. The
annual mean winter Tnax ranged between 19.9 °C in 1992 and 23.7 °C in 2010,
with a winter mean of 21.8 °C, over the investigated period. The winter Ty« had a
feeble increasing trend (almost constant) over the period 1957-2021, with a rate of
+0.0003 °Cl/yr. Lastly, the annual mean winter T, varied between 10.7 °C in
1983 and 14.0 °C in 2018, with an overall average of 12.3 °C, over the period of
interest. The increasing trend of the annual mean Ty, in winter occurred with a
rate of +0.02 °Clyr.

In summer, the annual mean T, Varied between 22.9 °C in 1987 and 25.8 °C
in 2018, with an overall mean of 24.1 °C, over the period 1957-2021. The warm
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Tavg Showed an increasing trend with a rate of +0.02 °C/yr. The hot annual mean
Tmax fluctuated between 26.8 °C in 1992 and 30.3 °C in 2016, with a mean of 28.5
°C, over the study period. The warm T« had an increasing trend of +0.02 °Clyr.
Lastly, the annual mean Ty, in summer varied between 18.6 °C in 1987 and 22.0
°C in 2018, with a mean of 20.0 °C, over the study period. The annual mean Tpin
in summer showed an increasing trend with a rate of +0.02 °C/yr.

The seasonal fluctuations in the three air temperature parameters and their
trends of variation are shown in Figure 5.

Figure 5. Seasonal Mean Air Temperatures over Alexandria in Winter (left) and
Summer (right) and the Their Trends during the Study Period
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Trend Magnitudes

Using Equation (2), the monthly mean trend magnitudes for the three air
temperatures in this study were calculated. The results are shown in Table 1. The
calculated magnitudes are consistent with the concluded trends of monthly mean
variations. This can be detected from the positive magnitudes for the Tmax in
January, February and December, the zero value for T in March and the
negative magnitudes for the 12 months for Tayg and Tmin. From these magnitudes,
one can conclude the larger alterations in the behavior of change for the T, than
for both Tay and Tiax. Table 2 shows the annual mean trend magnitudes of the
three examined air temperatures over Alexandria during the period 1957-2021.
The obtained negative magnitudes confirm the positive trends of variations
concluded for the three air temperature parameters over Alexandria during the
study period. Table 3 shows the seasonal mean trend magnitudes of the three
examined air temperatures over Alexandria during the period 1957-2021. The
seasonal mean Ty had the same magnitude of -1.4 °C in both winter and summer,
reflecting the positive increasing behavior over the study period. The mean Tmax
did not change during winter, having 0.0 °C magnitude. The negative magnitudes
of the seasonal mean T, during both winter and summer revealed its seasonal
positive trend of increase.
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Table 1. Monthly Mean Trend Magnitudes of the Different Air Temperatures over
Alexandria during the Period 1957-2021

Tavq Tmax Tmin

Trend Equation ATy Trend Equation AT pay Trend Equation ATpin

Jan | y=0.0253x+13.188 | -1.6 | y=-0.0021x + 18.546 0.1 y =0.004x +9.1427 -0.2

Feb | y=0.017x +13.893 -1.1 | y=-0.0042x + 19.267 0.2 y =0.0085x +9.1736 | -0.6

Mar | y=0.0138x+15.701 | -0.9 | y=-0.0003x +21.195 0.0 y=0.0146x + 10.812 | -0.9

Apr | y=0.0094x + 18511 | -0.6 y =0.0058x + 24.113 -0.3 y =0.0124x + 13.45 -0.8

May | y=0.0208x +21.058 | -1.3 y =0.022x + 26.158 -14 y =0.032x + 15.933 -2.0

Jun | y=0.0153x +24.223 | -0.9 y =0.0101x + 28.807 -0.7 | y=0.0309x+19.701 | -1.9

Jul y=0.0232x +25.764 | -15 | y=0.0227x +29.494 -15 | y=0.0345x+21.953 | -2.2

Aug | y=00268x+26214 | -17 | y=00197x+30.155 | -13 | y=00347x+22.442 | -2.3

Sep | y=0.0297x+24.923 | -1.9 y =0.0242x + 29.144 -16 | y=0.0343x +20.658 | -2.2

Oct | y=0.0264x+22.361 | -1.6 y =0.0062x + 27.622 -04 | y=0.0362x+17.231 | -2.3

Nov | y=0.0213x + 18.681 | -1.3 y = 0.0055x + 23.852 -04 | y=0.0171x+14.098 | -1.0

Dec | y=0.0226x +14.849 | -1.4 | y=-0.0035x +20.422 0.3 y =0.0155x + 10.247 | -1.0

Source: Author.

Table 2. Annual Mean Trend Magnitudes of the Different Air Temperatures over
Alexandria during the Period 1957-2021

Trend Equation AT (°C)
Annual Mean T, y =0.021x + 19.947 -1.4
Annual Mean T . y = 0.0088x + 24.898 -0.6
Annual Mean T i, y =0.0229x + 15.404 -15

Source: Author.

Table 3. Seasonal Sean Trend Magnitudes of the Different Air Temperatures over
Alexandria during the Period 1957-2021

Tavq Tmax Tmin

Trend Equation | AT.q | Trend Equation | ATy | Trend Equation | AT i,
Winter | Y=00211x+ | -14 | y=00003x+ | 00 | y=0016x+ | -1.0
16.445 21.817 11.784
Summer y= 0.0209x + 14 y= 0.0174x + 11 y= 0.0298x + 19
23.449 27.979 19.023

Source: Author.
Mann-Kendall Non-Parametric Test

The results of the MK test for the monthly mean trend identification at a
significance level of 0.05 are given in Table 4. As shown, Ty and Tmin Showed an
increasing trend over the entire period of investigation. However, Tmax showed a
mixture of increasing, decreasing and null trends. These results confirm those
obtained using the linear regression approach and the calculated trend magnitudes.
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Table 4. The MK Test Results for Air Temperatures on a Monthly Mean Basis

Tavg Tmax Tmin
S Z Trend S Z Trend S Z Trend
Jan 308 2.52 + 171 -2.52 - 296 | 2.42 +
Feb 314 2.56 + 174 -2.56 - 301 | 245 +
Mar | 303 2.48 + 131 1.93 No 291 | 2.38 +
Apr | 266 2.0 + 168 2.48 + 255 | 1.97 +
May | 338 2.76 + 187 2.76 + 325 | 2.65 +
Jun 238 2.0 + 132 1.98 + 228 | 1.98 +
Jul 307 2.52 + 151 2.22 + 295 | 2.42 +
Aug | 327 2.67 + 181 2.67 + 314 | 2.56 +
Sep 303 2.48 + 168 2.48 + 291 | 2.38 +
Oct 309 2.52 + 171 2.52 + 182 | 1.98 +
Nov | 190 1.98 + 165 2.43 + 297 | 2.09 +
Dec | 287 212 + 159 -2.34 - 276 | 2.03 +

Source: Author.

The MK test was applied to examine the annual mean trends of air
temperatures over the period of investigation. Significant trends were increasing
for the three examined parameters (Table 5). As shown, trends are statistically
significant at 99% significant level for both Tag and Tmin, While this drops to a
significant level of 95% for Tma.

Table 5. The MK Test Results for Air Temperatures on an Annual Mean Basis

Tavg Tmax Tmin

S Z Trend S Z Trend S Z | Trend

Annual Mean | 938 53 + 361 | 2.03 + 905 | 5.11 +

Source: Author.

The results of the MK test for the two seasons, mild winter and warm
summer, affecting Alexandria are shown in Table 6. The significant level of both
Tavg and Trmin Was 99%, while that of Tyax Was 95%.

Table 6. The MK Test Results for Air Temperatures on a Seasonal Mean Basis

Tavq Tmax Tmin
S Z Trend S Z Trend S Z | Trend
Winter 260 | 3.82 + 101 | 1.46 No 251 | 3.68 +
Summer 363 | 5.34 + 140 | 2.04 + 350 | 5.14 +

Source: Author.
Extreme Air Temperatures

The statistics of the monthly mean air temperature to examine the monthly
extreme values are shown in Table 7. The entire set of mean monthly Ty showed
extreme mean high air temperature (mean+2*SD) except for October. Also,
monthly mean T, associated with extreme low air temperature (mean-2*SD)
appeared all over the monthly set except for January, July, September and
October. The extreme high monthly mean T.x appeared for the entire monthly set
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but for January and the extreme low monthly mean Tn.x existed for the entire
monthly set but for the three successive months: June, July and August. On the
other hand, the extreme high monthly mean T, occurred in the entire monthly set
but in March, and the extreme low monthly mean T, did not appear in February,
May and September.

Table 7. Statistics of the Monthly Mean Tay, Tmax @nd Tmin in Alexandria during
the Period 1957-2021

Jan | Feb | Mar | Apr | May | Jun Jul | Aug | Sep | Oct | Nov | Dec
Mean Monthly Tag (°C) 140 | 145 | 162 | 188 | 21.7 | 247 | 265 | 271 | 259 | 232 | 194 | 156
SD (°C) 11 1.0 1.0 0.8 0.9 0.8 0.8 0.8 0.8 11 12 11
Extreme High Tayg (°C) 162 | 165 | 182 | 205 | 235 | 263 | 28.1 | 28.6 | 275 | 253 | 21.7 | 17.7
Extreme Low Tayq (°C) 118 | 124 | 142 | 172 | 199 | 232 | 249 | 256 | 243 | 211 | 171 | 135
Mean Monthly T (°C) 185 | 191 | 212 | 243 | 269 | 291 | 30.2 | 30.8 | 29.9 | 27.8 | 240 | 20.3
SD (°C) 12 | 15 | 15 | 12 | 13 | 12 | 09 | 09 | 10 | 10 | 12 | 12
Extreme High T (°C) 208 | 221 | 241 | 26.7 | 294 | 315 | 320 | 327 | 319 | 299 | 265 | 226
Extreme LOW Tiax (°C) 16.1 | 162 | 183 | 219 | 244 | 268 | 285 | 289 | 28.0 | 25.7 | 216 | 180
Mean Monthly Tpi, (°C) 9.3 95 | 113 | 139 | 170 | 20.7 | 231 | 236 | 218 | 184 | 147 | 108
SD (°C) 09 |09 | 11|09 | 11|09 | 09| 09| 09| 12| 14| 11
Extreme High Trin (°C) 111 | 113 | 135 | 157 | 191 | 226 | 249 | 254 | 23.7 | 208 | 174 | 13.0
Extreme LOW T (°C) 75 | 76 | 91 | 121 | 149 | 188 | 21.3 | 21.8 | 199 | 16.0 | 119 | 85

Source: Author.

The extreme annual mean temperature is calculated as 20.6+2*0.6. Only 2
years, 2018 (22.1 °C) and 2021 (21.9 °C), out of 65 recorded extreme high annual
mean Tayg in Alexandria from 1957 to 2021. No extremely low annual mean Tayg
was recorded over the entire period of investigation. On the other, the extreme
annual mean Tmax IS derived as 25.2+2*0.7. 2018 (26.6 °C) was the only year to
record extremely high annual mean Tmax, and 1992 (23.4 °C) was the only year to
record extremely low annual mean Tmax. The extreme high annual mean T, was
recorded in 3 years: 2016 (17.7 °C), 2018 (18.0 °C) and 2021 (17.6 °C), with no
extreme low annual mean T, detected over the whole period of interest. This
Tmin Xtremes were derived as 16.2+2*0.7.

The extreme seasonal mean air temperatures in the two seasons affecting
Alexandria are associated with associated the equations 17.1+2*0.7 (winter) and
24.1+2*0.6 (summer) for Tayg, 21.8+2*0.7 (winter) and 28.6+2*0.8 (summer) for
Tmax, and 12.3+2*0.8 (winter) and 20.0+£2*0.8 (summer) for Tnin. Results revealed
no extreme low T4 winter temperatures during the study period. However, 3
years had extremely high T, 2010 (18.6 °C), 2014 (18.8 °C) and 2015 (18.6 °C).
Two extremely hot T.,y summer years were detected: 2018 (25.8 °C) and
2021(25.5 °C), and one extremely low of 22.8 °C (1987). The winter high extreme
Tmax Was detected in 3 years: 1960 (23.4 °C), 1962 (23.4 °C) and 2010 (23.7 °C),
while the summer had only one extreme cold year with 19.9 °C in 1992. 2015 and
2021 were he two years of the extremely high Tn, in Alexandria over the period
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1957-2021, of 13.8 °C and 14.0 °C, respectively. Only 1983, with as low as 10.7
°C record, was detected as extremely low summer T, over the period of interest.

Discussion

It is critical to investigate the effects of climate change and to consider the
outcomes of various climate change projects. Temperature variation is one of the
most essential and crucial metrics of global climate change. Most climate models
predict a rise in temperature by the end of the twenty-first century (Garcia-Ruiz et
al. 2011). It has been reported that rising temperatures may be linked to global
warming (Chen and Xu 2005).

It is worth mentioning that this study is the first to examine the long-term
behavior of Tnax and Ty air temperatures in Alexandria in details. Therefore,
there is no base study to compare the present findings of these two parameters.
However, many previous studies have examined the variations in T, and the
present findings will be thoroughly compared and discussed considering results
from these previous research.

In this study, the monthly pattern of air temperature change in Alexandria
was demonstrated, with January having the lowest monthly means of 14.0 °C
(Tavg), 18.5 °C (Tmax) and 9.3 °C (Tmin) and August having the highest of 27.1 °C
(Tavg), 30.8 °C (Tmax) and 23.6 °C (Tmin). For Tayg, these findings are consistent
with the findings of Hamed (1983) who declared January (13.7 °C) and August
(26.1 °C) as months of highest and lowest monthly means over the period 1951-
1980. Also, Mohamed and Beltagy (2009) showed the lowest monthly mean of
14.1 °C in January and the highest of 26.5 °C in August over the period 1958-
2008. Results of Eid et al. (2019) revealed that January is the month with the
lowest monthly mean (13.0 °C) and August of the highest (26.9 °C) over the
period 1960-2016.

On a mean annual basis, this study revealed annual mean values of 20.6 °C,
25.2 °C, and 16.2 °C for Tayg, Tmax and Tmin, respectively. This is in agreement
with the results of Said et al. (2012a, b) who calculated an annual mean T, of
20.6 °C, over the period 1974-2006. However, this is higher than the annual
means of 20.3 °C (Mohamed and Beltagy 2009) over the period 1958-2008, and of
20.3 °C (Hendy 2018) over the period 1974-2006. This is, meanwhile, lower than
the annual mean of 20.8 °C calculated by Shaltout et al. (2013). This difference in
the calculated annual mean may be attributed to the different time spans of
calculations or to the variant data sources.

The current study of long-term trends in air temperature variations reported
that Alexandria experienced an annual increasing rate of +0.02 °C for its annual
mean Tayg. This is consistent with the rate calculated by Mostafa et al. (2019) for
Alexandria (+0.02 °C/yr) during the period 1960-2010. However, this rate is lower
than the +0.06 °C/yr by Said et al. (2012a, b) for the period 1979-2011, the +0.04
°Clyr calculated by ElBessa et al. (2021) from 1979 to 2018 and by El-Geziry
(2021) over the period 1980-2019. This is also lower than the +0.056 °C/yr rate
calculated by Tonbol et al. (2018) for the period 2007-2016 in the Southern
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Levantine. Meanwhile, the current pace is higher than Hendy (2018)'s estimate of
+0.01 °Clyr for Alexandria from 1979 to 2016.

The results of this study revealed that the year 2018 as the year of maxima for
the three examined air temperature categories. This is consistent with the results of
El-Geziry (2021). Mohamed and Beltagy (2009) declared 2002 as the year of
maximum annual mean over the period 1958-2008, and Hendy (2018) declared
1974 for the period 1974-2016.

The significance of increasing trends in the present study is in a very good
agreement with those of Eid et al. (2019) who declared that the annual and
seasonal air temperatures in Alexandria have significant increasing trends with
95% confidence.

Seasonal variations of both cold and warm T, affecting Alexandria revealed
an increasing trend of +0.02 °C/yr, each. This is lower than the rates calculated by
El-Geziry (2021) over the period 1980-2019, of +0.08 °C/yr (cold) and +0.06
°Clyr (warm). This difference may be attributed to the different data periods.

From an extreme perspective, results revealed no extreme low Tag OVer the
period of interest. 2018 and 2021 were the years of extremely high T, Eid et al.
(2019) declared 3 years of extremely low T,q in Alexandria: 1967, 1983 and
1989, over the period 1960-2016. They also showed 3 years of extremely high
Tavg: 2010, 2014 and 2016. On a seasonal basis, no low winter extreme event
occurred in this study, and three years were recorded as extremely high: 2010,
2014 and 2015. 2010 and 2018 were the two years of extremely high winter Tayg
(EIBessa et al. 2021) over the period 1979-2018. They recorded 1983 and 1992 as
the years of extremely low winter Tayg. Summer extremely high Ty years were
2018 and 2021 (present study) and 2010 and 2015 (ElBessa et al. 2021). The
extremely low summer T,q Year, on the other hand, was in 1987 in the two
studies.

Conclusion

Temperature data from 1957 to 2021 were used in this study to determine
temperature variability and trends in Alexandria. Based on the analysis of the
(Tavg), (Tmax), and (Tmin) data series, it is possible to conclude that the temperature
of the area reflected general higher temperature variability, on different bases:
monthly, annual and seasonal. A significant increase in air temperature was seen
in all-time series when the trend equation, trend magnitude, and MK trend test
were applied to the three considered air temperature categories in Alexandria.
Hypothesis H; is highly common, and there is a minute chance that it will be
rejected. Monitoring and analyzing the climate extremes in Alexandria should be
the focus of future research. It should also be noted that the trend analysis was
carried out using the parameters from the available station in the city territory. The
presence of microclimate differences in Alexandria is influenced by a number of
elements, including the degree of urbanization, topography hypsometry,
hydrographic objects, and flora. Extreme climate events (aridity, drought - an
unfavorable situation in agriculture), human health repercussions, and the decrease
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or even extinction of terrestrial and marine ecosystems are just a few of the socio-
economic impacts of climate change. For these reasons, this study highly
recommends additional automatic weather stations to cover the large surface area
of the City in order to monitor the required parameters for excessive analysis,
which by the end, may guide the decision-makers to the actions needed to perform
convenient mitigation and adaptation plans.
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