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Abstract An extreme heat wave hit Egypt in summer
2015. Abnormal hot weather conditions existed over
Egypt for the entire summer season. The present paper
investigates the relationship between the intertropical
convergence zone (ITCZ) over Africa and a scorching
heat wave that existed over Egypt in summer 2015. The
National Centers for Environmental Prediction/National
Center for Atmospheric Research (NCEP/NCAR) reanal-
ysis data of mean surface air temperature for the do-
main of Egypt for the summer season from 1948 to
2015 were used in this study. In addition, data of the
daily maximum and daily minimum temperature used
for the summer season of the year 2015 were also used.
Time cross-section analysis of the daily operational data
of geopotential height at level 500 hPa over Egypt from
1 June to 31 August 2015 was done. Moreover, the
African ITCZ, both the western and the eastern ITCZ,
data for summer of 2015 were used for the said period.
The time series, time cross-section, anomaly, and corre-
lation coefficient techniques were used to analyze the
datasets. The results revealed that a new climate change
record of heat wave over Egypt existed in summer
2015. Moreover, there is an outstanding significant pos-
itive correlation between the abrupt shift of African
ITCZ position and heat wave occurrence over Egypt in
summer 2015. In particular, the southerly movement of
the eastern African ITCZ controls the weather over
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Egypt and led to the extreme heat wave in summer
2015.
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Introduction

The Middle East, including Egypt, was hit by a heat
wave in late July of summer 2015. Egyptian summers
are usually hot, but temperatures in the summer season
of 2015 soared to an extreme high record of tempera-
ture (46 °C) in the south of the country due to which
there was an unusual hot weather in that region. The
heat wave maximized in mid-August over Egypt and the
temperature reached a staggering value. The weather
remained hot in the north of Egypt and was very hot
in many parts of the country especially in Upper Egypt.
The Egyptian Meteorological Authority and health min-
istry advised older people and children to avoid expo-
sure to direct sunlight. According to the Egyptian
Ministry of Health, at least 100 people died during the
summer and most of them were elderly (Bloomberg
2015). Similarly, Central and Eastern Europe were in
the grips of a record-breaking heat wave, with countries
such as Germany, Czech Republic, and Poland with
record-breaking temperature for summer 2015,
Recently, there have been several studies in scientific
literatures of heat waves and its impacts on several sec-
tors and fields in distinct regions over the globe (e.g.,
Onol and Fredrick 2009; Garc’ia-Herrera et al. 2010;
Kuglitsch et al. 2010; Stefanon et al. 2012; Unal et al.
2012; Lelieveld et al. 2012; Lelieveld et al. 2013; Lupo
et al. 2014; Katsafados et al. 2014; Fontana et al. 2015;
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Tanarhte et al. 2015; Keggenhoff et al. 2015a, b and
Zittis et al. 2015). In summer 2015, the United
Kingdom, France, Belgium, Netherlands, Luxembourg,
Italy, Poland, Czech Republic, Hungary, Germany, and
western parts of Russia were affected by a heat wave. Other
boundary forcing also contributed to the 2003 European heat
wave, including anomalous sea surface temperatures (SSTs)
(Feudale and Shukla 2011). The 2003 European heat wave led
to the hottest summer on record in Europe since 1540. This
heat wave led to health crises in several European countries
and, combined with drought, created a crop shortfall in parts
of southern Europe. More than 70,000 people died in Europe
(Robine et al. 2008). Stott et al. (Stott et al. 2004a, b)
highlighted in a study the human contributions to the
European heat wave of 2003. The 2006 European heat wave
was a period of exceptionally hot weather that arrived at the
end of June 2006 in certain European countries. Several re-
cords were broken. In Netherlands, Belgium, Germany,
Ireland, and the United Kingdom, July 2006 was the warmest
month since official measurements began. Moreover, to that,
“mega heatwaves” such as the 2003 and 2010 events likely
broke the 500-year-long seasonal temperature records over
approximately 50 % of Europe (Barriopedro et al. 2011).
Dole et al. (2011) studied the 2010 northern hemisphere sum-
mer. They found that the intense 2010 Russian heat wave was
mainly due to natural internal atmospheric variability.
Barriopedro et al. (Barriopedro et al. 2011) showed that the
hot summer of 2010 redrew the temperature record map of
Europe. Recently, Europe suffered two widespread heat waves
which existed during the summer seasons of years 2010 and
2015. Hafez (2012b) found that the heat wave over Eastern
Europe during the summer of the year 2010 was controlled
by blocking systems over the northern atmosphere and climatic
indices in the North Atlantic Oscillation Index (NAO) and
Sothern Oscillation Index (SOI). However, a heat wave is a
prolonged period of excessively hot weather. The term heat
wave was applied both to routine weather variations and to
extraordinary spells of heat, which may occur only once a
century. Frich et al. (Frich et al. 2002) explained that a heat
wave occurs when the daily maximum temperature of more
than five consecutive days exceeds the average maximum tem-
perature by 5 °C, the normal period being in 1961-1990. This
definition is difficult to apply in tropical regions, and therefore,
a more flexible indicator of heat waves was proposed (Trewin
2009; Zhang et al. 2011). However, severe heat waves have
caused catastrophic crop failures, thousands of deaths from
hyperthermia, and widespread power outages due to increased
usage of air conditioning (Meehl et al. 2004). There are several
scientific kinds of literature that challenge the abnormal ex-
treme weather conditions (e.g., Hafez 2007, 2012b; Rosting
and Kristjansson 2008). Identification, migration, oscillation,
and influence of the intertropical convergence zone (ITCZ) in
the atmospheric distinct abnormal weather conditions have
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been studied. The climate simulations, using models with dif-
ferent levels of complexity, indicated that the north-south
position of the ITCZ responds to changes in interhemispheric
temperature contrast. Several scientific literatures support this
(e.g., Bates 1970; Pike 1971; Citeau et al. 1988b; Gadgil and
Guruprasad 1990; Waliser 1992; Waliser and Somerville 1994;
Hess et al. 1993; Philander et al. 1996; Kraus 1997; Sultan and
Janicot 2000; Hafez 2012a, 2003; Broccoli et al. 2006;
Raymond et al. 2006). The ITCZ is one of the most recogniz-
able aspects of the global circulation that influences the atmo-
spheric weather and causes extreme abnormal weather condi-
tions. The ITCZ forms a zonally elongated band of cloud at
low latitudes near the equator, where the northeasterly and
southeasterly trade winds converge. The ITCZ characteristics
and its weather and climate impacts has been studied (e.g.,
Maloney and Shaman 2008; Nicholson 2009; Suzuki 2011;
Gaetani et al. 2011; Gaetani and Fontaine 2013; Scott 2013;
Nicholson 2013; Doherty et al. 2014; Schneider et al. 2014 and
Baumberg et al. 2015). Black et al. (2004) studied the heat
wave over Europe which existed in the summer season of
2003. They found that over the east Atlantic, during May, the
Azores anticyclone and west African ITCZ were both
displaced to the north, while the extratropical storm track was
concentrated further south than normal. Recently, Keggenhoff
et al. (2015a, b) have studied the heat waves over Georgia in
the summer season. They found an evidence of a large anticy-
clonic blocking pattern over the southern Ural Mountains,
which attracts warm air masses from the southwest, enhances
subsidence and surface heating, shifts the African ITCZ
northward, and causes a northward shift of the subtropical
jet. For Egypt, there is a lack of meteorological stations
mainly in central and Upper Egypt. El Afandi (2014) evaluated
the National Centers for Environmental Prediction (NCEP)
reanalysis data of meteorological parameters (minimum tem-
perature, maximum temperature, and mean surface tempera-
ture etc.) with ground meteorological measurements of 23 me-
teorological stations over Egypt. He found that it is acceptable
to use the NCEP dataset in case of lack of measured meteoro-
logical parameters for most weather stations. The details of the
23 meteorological stations is available in El Afandi (2014).
However, Fig. 1 shows the map of the available meteorological
stations over Egypt (Mortensen et al. 2006). The goal of the
present work is to uncover the relationship between African
ITCZ position and existence of the Egyptian heat wave in
summer 2015.

Data and methodology
Data

The National Centers for Environmental Prediction/National
Center for Atmospheric Research (NCEP/NCAR) reanalysis
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Fig. 1 Map of the study area of location [21° N-32° N, 24° E-37° E] including the available meteorological stations (Source: Mortensen et al. 2006)

project is using a state-of-the-art analysis/forecast system to
perform data assimilation, within the resolution of
2.5° x 2.5° lat/long grid, using past data from 1948 to
2015. The local ingestion process took only the 0Z, 6Z,
127, and 18Z forecasted values, and thus only those were
used to make the daily time series and monthly means
here. By using this data, climate/weather statistics and dy-
namic processes were examined. For the present study, the
NCEP/NCAR reanalysis monthly data of surface air tem-
perature and geopotential height at 500 hPa for Egypt
through the period of 1948-2015 for the summer season
and its months (June, July, and August) were used. In
addition, a composite daily data of surface air temperature,
maximum temperature, minimum temperature, geopotential
height at 500 hPa, etc., over Egypt for the summer season
of 2015 through the period from 1 June to 31 August is
used. The data is a 2.5° x 2.5° degree lat/long gridded
resolution. The range used for this data is 22.5 to 32.5°
latitude and 25 to 37.5° longitude north. It is a 5 % 6 grid

mesh of meteorological elements for the area of study. Data
was provided by the NOAA/OAR/ESRL PSD, Boulder,
Colorado, USA and Kalnay et al. 1996. Another type of
data used in the present study was the daily operational
data for geopotential height at 500 hPa. The time cross-
section analysis of the daily operational data of geopotential
height at 500 hPa over Egypt from 1 June to 31 August
2015 was done. However, NCEP data set domain consid-
ered in the present work are extended to 21° N-32° N, 24°
E-37° E for Egypt (see Fig. 1). Moreover, the African
ITCZ, western, and eastern ITCZ data for the summer sea-
son of 2015 was used. The western African ITCZ’s (10°
W-10° E) mean position data for the summer months June,
July, and August 2015 were used. Moreover, to that, the
eastern African ITCZ [20° E-35° E] mean position data for
that period are used. The movement of the African ITCZ
over Africa was monitored by plotting the daily location of
the surface 15 °C dew point temperature at 1200 UTC for
every 5° of longitude (Ilesanmi 1971). Over Africa, a mean
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position for each 10-day period was calculated for the area
from 15° W longitude to 35° E longitude. However,
African climatic mean position of ITCZ data was taken
for the period of 1979-2001. This ITCZ dataset was ob-
tained from the Climate Prediction Centre (http://www.cpc.
ncep.noaa.gov/products/monitoring_data/).

Methodology
A. Anomaly methodology

The anomaly method is used to analyze the meteorological
elements in the present study. The anomaly in the mean me-
teorological element, e.g., daily surface air temperature, is (A")
for each grid point in the domain of Egypt. This anomaly is
calculated as the difference between the mean of daily surface
air temperature (A) and its climatic mean value (A) for each
grid point. The climatic mean value of the surface air temper-
ature is taken through the periods of 1981-2010.

B. In addition, the time series analysis and the linear
correlation method according to Pearson correlation
method, Kendall and Stuart (1973) are used. However,
the term correlation coefficient (r) is a measure of the
linear correlation between two variables. When a change
in the value of one item involves a change in another
item, the values of the two items cannot combine in every
random way. If the relationship between the two items is
strictly proportionate, then the correlation is said to be
perfect. If the proportion is direct, r is +1; if the propor-
tion is inversed, r is —1. If there is no correlation, r is 0.
The trends for all indices were calculated using a simple
least-squares linear regression. Statistical significance
was determined using the Kendall-tau test. A trend was
deemed “statistically significant” if it has at least 90 %
significance.

C. Definition of a heat wave

For the purpose of the present study, a heat wave was de-
fined according to the daily composite anomaly of mean sur-
face air temperature and successive persistence days of this
anomaly. A heat wave occurred when the daily composite
mean of surface air temperature anomaly becomes more than
or equal to +3 °C and persist for five successive days or more
over the area of study (Ballester et al. 2011).

D. Climate change indicators

To determine the new record of climate change that exists in
the summer season over Egypt in the year of 2015, we used the
climate change indicators, the percentile-based temperature in-
dices. The temperature percentile-based indices are the lower
deciles (90th decile) of daily minimum and maximum
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temperatures. These are calculated each day through episodes
of heat wave over Egypt in the period of 30 July 2015 to 23
August 2015.The two indices are the occurrence of warm nights
(TN90p) and the occurrence of warm days (TX90p) (Zhang et
al. 2005). On the other hand, TN90p is the percentage of days
when TN >90th percentile for the base period (1981-2010).

Results

The variability of mean surface air temperature
over Egypt during summer season of periods 1948-2015

The NCEP/NCAR reanalysis monthly data of surface air tem-
perature for Egypt through the period (1948-2015) for the
summer season and its months (June, July, and August) were
used. These data were analyzed by the time series method.
The results revealed the following:

1. For the summer season through the period of 19482015,
the mean surface air temperature over Egypt varied from
year to year. The lowest mean surface temperature is
27.2 °C for the year of 1964.The highest mean surface air
temperature is 29.9 °C for the 2 years, that is, 2010 and
2012. The climatological mean surface air temperature of
the summer season through this period is 28.9 °C. Mean
surface air temperature of summer 2015 is 29.5 °C. The
trend of the summer season temperature through this period
is a positive linear trend with slope (+0.014 °C year ') as
shown in Fig. 2a. Analysis of decadal trend of surface air
temperature in summer season shows that there is a positive
trend of slope (+0.015 °C decade ).

2. For the month of June of the period of 1948-2015, the
mean surface air temperature over Egypt varied dramati-
cally from year to year. The lowest value is 26.3 °C in
1963. Meanwhile, the highest value is 29.6 °C for the year
of 1995. The climatological mean surface air temperature
is 28.3 °C. The year of 2015 has a mean surface air tem-
perature of 27.4 °C. The trend of the mean surface air
temperature is a positive trend of slope (+0.008 °C year ')
as can clearly be seen from Fig. 2b. Analysis of decadal
trend of surface air temperature in June shows that there is
a positive trend of slope (+0.098 °C decade ).

3. For the month of July of the period from 1948 to
2015, the mean surface air temperature over Egypt
varied through it from year to year with a positive
linear trend of slope (+0.016 °C year '). The lowest
value is 27.4 °C in 1964. Moreover, the highest
value is 30.9 °C for the year 2002. The climatolog-
ical mean of surface air temperature is 29.2 °C. The
year 2015 had a mean surface air temperature of
29.4 °C as illustrated in Fig. 2c. Analysis of decadal
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Fig.2 The variability of mean surface air temperature and its linear trend over Egypt for a summer season, b June, ¢ July, and d August months through
the period of 1948-2015. The source of this data is the reanalysis NCEP/NCAR data

trend of surface air temperature in the month of July
shows that there is a positive trend of slope
(+0.017 °C decade™).

4. For the month of August (1948-2015), the mean
surface air temperature over Egypt varied sharply
from year to year with a clear positive linear trend
with slope (+0.017 °C year '). The lowest value of
mean temperature is 27.3 °C for 1975. Meanwhile,
the highest value is 31.6 °C for the year 2015. The
climatological mean surface air temperature is
29.2 °C, as can be clearly seen from Fig. 2d.
Analysis of decadal trend of surface air temperature
in the month of August shows that there is a posi-
tive trend of slope (+0.183 °C decade '). However,
the certainty of significance of these trends is more
than 90 %.

5. Table 1 shows the mean surface air temperature, cli-
matological mean values, and anomalies of temper-
ature over Egypt through the summer season for the
period of 1948-2015. It is found that the monthly

mean surface air temperature over Egypt has a neg-
ative anomaly of —0.8 °C, less than its normal value
(28.3 °C) through June of 2015. Meanwhile, the two
months of July and August for the year 2015 have a
positive temperature anomaly of +0.2 and +2.3 °C,
respectively. In addition, the summer season of 2015
has a positive anomaly of more than +0.5 °C.

Table 1 The climatic mean of temperature, mean surface air
temperature and anomaly of temperature over Egypt for summer
months and summer season of the year 2015 through the period from 1
June2015 to 31 August 2015).

Month/ Average of surface Climatic mean of Temperature
summer air temperature surface air anomaly
season (°C)in 2015 temperature (°C)
(°C) (1981-2010)

June 27.46 28.30 —0.84
July 29.48 29.29 +0.19
August 31.64 29.28 +2.36
Summer 29.53 28.96 +0.57

season
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The variability of mean geopotential height at 500 hpa
over Egypt during the summer season of period
of 1948-2015

The NCEP/NCAR reanalysis monthly data of geopotential
height at 500 hPa for Egypt through the period of 1948—
2015 for the summer season and its months (June, July, and
August) are used. This data was analyzed by the time series
method. The results revealed the following:

1. For the summer season through the period of 1948-
2015, the mean geopotential height over Egypt var-
ied from year to year and tended to increase. The
lowest mean geopotential height is 5844 m for the
year of 1964.The highest mean geopotential height
is 5898 m for the year of 2010. The climatological
geopotential height of the summer season through
this period is 5882 m. The year of 2015 has a mean
geopotential height of 5893 m. The trend of summer
geopotential height through this period is a positive
linear trend with slope (+0.527 m year ') as shown
in Fig. 3a. Analysis of decadal trend of geopotential
height in the summer season shows that there is a
positive trend of slope (+5.33m decade ).
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For the month of June (1948-2015), the mean
geopotential height over Egypt varied from year to year.
The lowest value is 5824 m in 1964. Meanwhile, the
highest value is 5889 for the year of 1995. The climato-
logical mean geopotential height is 5873 m. The year of
2015 has a mean geopotential height of 5874 m. The
trend of the mean geopotential height is a positive trend
of slope (+0.421 m year ') as can be clearly seen from
Fig. 3b. Analysis of decadal trend of geopotential height
in June shows that there is a positive trend of slope (+4.33
m decade ).

For the month of July (1948-2015), the mean geopotential
height over Egypt varied through it from year to year with a
positive linear trend of slope (+0.528 m year ). The lowest
value is 5840 m in 1959. Moreover, the highest value is
5900 m for the year 2010. The climatological mean of
geopotential height is 5883 m. The year 2015 had a mean
geopotential height of 5890 m as illustrated in Fig. 3c.
Analysis of decadal trend of geopotential height in July
shows that there is a positive trend of slope (+5.39 m
decade ™).

For the month of August (1948-2015), the mean
geopotential height over Egypt varied sharply from year
to year with a clear positive linear trend with slope
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Fig.3 The variability of mean geopotential height (m) at level 500 hPa and its linear trend over Egypt for a summer season, b June, ¢ July and d August
months through the period of 1948-2015. The source of this data is the reanalysis NCEP/NCAR data
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(+0.631 m year ). The lowest value of mean geopotential
height is 5851 m for 1971. Meanwhile, the highest value is
5916 m for the year 2015, as can be clearly seen from
Fig. 3d. The climatological mean geopotential height is
5891 m. Analysis of decadal trend of geopotential height
in August shows that there is a positive trend of slope
(+6.26 m decade ). However, the certainty of significance
of these trends is more than 90 %.

The variability of daily mean surface air temperature
over Egypt during the summer season of 2015

The daily NCEP/NCAR data of the gridded 2.5° x 2.5°
lat./long. of mean surface air temperature of the domain
of Egypt through the period from 1 June to 31 August
2015 has been used in the present study. The distribu-
tion of daily mean surface air temperature over Egypt
through that period was analyzed. Time cross-section
and anomaly methods processed this data set. The re-
sults revealed the following:

1-  Over Egypt, for the month of June of 2015, daily mean
surface air temperature is less than its normal values.
There are non-successive 6 days that have a temperature
above its normal values. There are only 2 days that has the
positive temperature anomaly reached +5 °C, as can be
clearly seen in Fig. 4.

2-  Through the first 10 days of July 2015, the temperature is less
than its normal values over Egypt. After that (from 15 to 31
July), the temperature becomes more than its normal values
with positive anomaly reaching +3.5 °C, as shown in Fig. 4.

3-  For the month of August (from 1 to 24 August), the mean
surface air temperature recorded an extreme positive
anomaly which reached its maximum value of +7 °C on
10 August, as illustrated in Fig. 4.

4- Since 24 August, the temperature becomes around its
normal value.

5- On 10 August, a maximum mean surface air temperature
(46 °C) through summer of 2015 with about +7 °C more
than its normal value was recorded, as can be seen
in Fig. 4.

6- According to the definition of a heat wave applied, it
becomes clear that a heat wave with 25 days of duration
existed over Egypt through the period from 30 July to 23
August 2015.

Study of the upper air stability condition over Egypt
in summer 2015

Here, we are using the operational data of geopotential height
parameter at 500 hPa to indicate the stability condition over
Egypt on the summer months for the year 2015. Analysis of
time latitudinal and longitudinal cross-section analysis of the
daily mean geopotential height anomaly shows the following:

1. From the latitudinal cross-section analysis of
geopotential height parameter at 500 hPa, it is clear
that in June 2015, all of Egypt has a positive
geopotential height from 6 to 10 June, after that,
it becomes negative anomaly through all this month.
From 1 to 11 July, the anomalies became positive.
The anomaly becomes less than its normal value

Fig. 4 The daily variation of
mean surface air temperature (°C)
over Egypt through the months
June, July, and August of summer
2015. The source of this daily
data is the repressing of the
stations data over Egypt (gridded
2.5° latitude and longitude of
operational data)
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through the period of 12 July to 21 July. The period
of 22-26 July has a positive anomaly. After that, it
is less than its normal value until the end of July.
For August, the positive anomaly recorded extreme
values reached its maximum value (+50 m) through
the period from 8 to 12 August, as can be clearly
seen in Fig. Sa.

2. From the longitudinal cross-section analysis of geopotential
height parameter at 500 hPa, it is noticed that in June 2015,
Egypt has a negative geopotential height for June. From 1 to
12 July and from 18 to 26 July, there is a positive anomaly
sign. For the month of August, the anomaly becomes pos-
itive from 1 to 26. The positive anomaly is very high and
reaches its maximum value (+60 m) through the period of
8-12 August, as shown in Fig. 5b.

3. In fact, the positive anomaly of geopotential height over
Egypt causes the high pressure system stability conditions
over the earth’s surface and creates increasing of accumu-
lated surface air temperature due to the lower temperature
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Fig. 5 The time cross-section analysis of daily mean of geopotential
height anomaly (m) at level 500 hPa over Egypt through the summer
months of 2015 (1 June 2015-31 August 2015). a For time-latitudinal
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Study of the variability of African ITCZ position
in summer 2015

The movement of the ITCZ over Africa monitored by plotting
the daily location of the surface 15 °C dew point temperature
at 1200 UTC for every 5° longitude, (Ilesanmi 1971). Over the
western and eastern parts of Africa, a mean position for each
10-day period was calculated for the area from 15° W longi-
tude to 35° E longitude. The western Africa ITCZ position
extended from 10° W to 10° E. Moreover, to that, the eastern
Africa ITCZ includes longitudes from 20° E to 35° E. In the
present study, the changes of African ITCZ variability through
the period from 1 June 2015 to 31 August 2015 were analyzed
using the time series and anomaly methodologies. The result
shows the following:

1. The location of the western African ITCZ has shifted to the
northward direction rather than the normal position with a
positive anomaly value for the period of study except on
11-20 June where it has a little shift southward of its normal
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cross-section and b for time—longitudinal section. The source of this data
is the gridded 2.5° latitude and longitude of the observed operational
meteorological stations data
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Fig. 6 The decadal variation of 25
the western and eastern African
ITCZ latitudinal position anomaly
through the summer season of
2015 (1 June 2015-31 August
2015). The source of this data is
the climate prediction center

051+ - — -
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position. The outstanding northward shift of western Africa
ITCZ location existed through two intervals. The first one is
on 1-10 July and the second one in 1-10 August for 2015,
as can be clearly seen in Fig. 6 and Table 2.

2. In contrast, the eastern African ITCZ position becomes
less than or equal to its normal value. It becomes more
than its normal value through the interval (1-10) July with
an anomaly value of —1.5° latitude. There existed two
additional minima of —1.0° latitude negative anomaly to
the south through two intervals: 11-20 June and 11-20
August during the summer of 2015, as illustrated in Fig. 6
and Table 2.

3. Analysis of the decade longitudinal distribution of the
African ITCZ (15° W=35° E) position through the summer
months for the year 2015 show that the position of Afiica

DECADAL PERIOD

ITCZ varies dramatically from west of Aftica to the east of
Affica. It is moved north in the west and moved to the south
in the east like a wave. The peak values are located over
Greenwich and bottom values located at 25° E for all decad-
al of African ITCZ datasets as can be clearly seen in Fig. 7.

The relationship between African ITCZ and extreme
heating over Egypt in summer 2015

Through this section, the longitudinal position of the African
ITCZ and anomalies in mean air surface temperature over
Egypt through months of summer 2015 was analyzed. These
datasets have been correlated with each other to obtain the
relationship between the African ITCZ variability and

Table2 The 10-day average, climatic mean and anomaly of the western and eastern African ITCZ latitudinal position during summer months of 2015

through the period from 1 June 2015 to 31 August 2015

Time Period Average of ITCZ position

Climatic mean of ITCZ position

Anomalies in ITCZ position

West Africa East Africa West Africa East Africa West Africa East Africa

1-10 June 15.9 13.1 14.2 13.3 1.7 -0.2

11-20 June 15.8 13 159 14 0.1 -1

21-30 June 16.5 14.1 16.1 14.1 0.4 0

1-10 July 19.2 14 17 15.5 22 -1.5

11-20 July 18.7 15.2 17.8 16.1 0.9 -0.9
21-31 July 20.3 16.6 19.2 16.6 1.1 0

1-10 August 21.4 17.5 19.5 17.4 1.9 0.1

11-20 August 20.2 16.3 19.7 17.3 0.5 -1

21-31 August 19.9 16.1 19.6 16.3 0.3 -0.2
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Fig. 7 The distribution of 24
latitudinal variation of ITCZ
position over Africa each 10 days 24—

through the summer months of
2015 through the period from 1
June 2015 to 31 August 2015.
The source of this data is the
climate prediction center
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abnormal heating “heat wave” that existed over Egypt
through the summer of 2015. The decadal position of the
African ITCZ and anomaly in temperature over Egypt tabu-
lated and analyzed by time series analysis and correlation
coefficient technique. The results revealed that it is clear that
the heat waves existed over Egypt occurred for the period
starting from 11-20 July and remains until 21-31 August,
intervals that have a positive temperature anomaly. The peak
of the extreme heat wave over Egypt existed through the pe-
riod from 1 August to 20 August with anomaly of mean sur-
face air temperature of more than 5 °C. The correlation be-
tween the longitudinal position of the African ITCZ (15° W—
35° W) and mean surface temperature anomaly over Egypt is
positive correlation for all longitudes. The magnitude of cor-
relation coefficient increases from the West African region to
east African region and reach its maximum value (+ 0.87) for
the longitudinal position of ITCZ at 25° E. The maximum
correlation coefficient between the West African ITCZ and
temperature anomaly over Egypt is +0.78 at 10° W. The cor-
relation coefficient between the eastern African ITCZ and
anomaly of mean surface air temperature over Egypt is more
than +0.82 for the study period. Table 3 and Fig. 8 show
clearly the outstanding significant relationship between the
longitudinal variability of African ITCZ position and temper-
ature anomaly over Egypt through the summer of 2015.

Study of the characteristics and weather condition
through the period of a heat wave (30 July-23 August
2015) over Egypt

Study of the climate change indicators TX90p and TN90p

The NCEP/NCAR daily data of maximum temperature
(Tmax) and minimum temperature (Tyy) over Egypt through

@ Springer
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the period from 30 July 2015 to 23 August 2015 has been
analyzed. The results show the following:

1. The climate normal through the period of 1981-2010 for
Tymax i 36 °C and for Ty is 27 °C.

2. The climate normal through the summer of the year 2015
for Typax is 38 °C and for Ty is 29 °C.

3. The climate normal through the period 30 July 2015 to 23
August 2015 for Tyax is 41 °C and for Ty is 32 °C

4. The days of extreme high temperature during the day
(TX90) is 11.25 days for the heat wave duration (30
July-23 August 2015).

5. The days of extreme high temperature at night (TN90) is
11 days for the heat wave duration (30 July—23 August
2015).

6. The probability of days of extreme high temperature dur-
ing the day (TX90p) is 45 %.

7. The probability of days of extreme high temperature at

night (TN90p) is 44 %.

These results provide that the heat wave which existed over
Egypt during 30 July to 23 August of summer 2015 is a new
climate change heat wave record over Egypt.

Synoptic situation over Europe, Africa, and Middle East
through the period of heat wave (30 July—23 August 2015)

The daily NCEP/NCAR data of the meteorological pa-
rameters (surface air temperature, sea level pressure,
surface wind vector, 500 hPa temperature, 500 hpa
geopotential height, and 500 hpa level wind vector) of
the domain including Europe, Africa, and Middle East
including Egypt [0-70 N] latitude and [15 W - 70 E]
through the period 30 July to 23 August of the year of
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Table3  The correlation coefficient between the decadal longitudinal position of African ITCZ from 15° W to 35° E and mean surface air temperature
anomaly over Egypt during summer months of the year 2015

The period (decade) ~ Longitudinal position of African ITCZ (degree) Mean surface air

Temperature
15w 10W SW 0 SE 10E 15E 20E 25E 30E 35E anomaly over

Egypt (°C)

01-10 June 14.6 14.2 153 16.7 17.0 152 153 14 12.4 12.7 13.4 —0.70

11-20 June 15.9 15.7 16.4 16.6 16.6 13.6 13.9 133 11.8 12.6 14.4 —0.90

21-30 June 16.0 15.6 17.1 18.7 17.5 15.6 15.8 14.8 12.8 13.9 15.1 —2.55

1-10 July 17.0 18.0 20.0 203 19.4 183 17.0 153 13.2 133 14.4 -1.90

11-20 July 15.5 16.6 18.6 202 19.5 18.0 16.9 15.9 15.1 14.8 15.2 0.82

21-31 July 17.6 19.0 200 224 20.8 19.6 19.2 184 16.1 15.7 16.4 2.68

1-10 August 189 205 219 225 202 206 19.7 184 16.6 16.8 17.5 5.35

11-20 August 18.6 19.6 21,6 213 19.5 19.8 19.2 18.0 16.1 15.6 17.3 5.15

21-31 August 18.9 19.7 21.0 212 18.8 183 17.7 16.3 15.7 16.2 17.3 1.65

Correlation coefficient 0.73 0.78 0.75 080  0.71 0.77 0.83 0.86 0.87 0.82 0.83

Certainty % 96 99.1 98 99.3 98 99.4 99.6 99.8 999 99.1 99.6

Corr. significance 0.0119  0.0061 0.0095 0.0146 0.0263 0.0066 0.0027 0.0015 0.0009 0.0029 0.0025

(p value) one-tail
Corr. significance 0.0238 0.0123 0.019  0.0291 0.0526 0.0132 0.0053 0.0029 0.0019 0.0059 0.0051

(p value) two-tail

The confidence level of these correlations is more than 95 %. T test and p values for significant correlations were calculated using Pearson correlation

method

2015 has been used. Analysis of anomaly of these pa-

rameters revealed the following:

During the period from 30 July to 23 August 2015, the
mean surface air temperature over Central Europe and
Middle East have a positive anomaly values that reached
+4 °C more than its normal values. Meanwhile, at upper air
at 500 hPa level, Egypt and Middle East have a negative

temperature anomaly that reached —2.5 °C. Europe has an
upper air positive anomaly in temperature that reached
+2.5 °C more than its normal values, as shown in Fig. 9.

Analysis of mean sea level pressure shows that there are no
changes in mean sea level pressure over the northern Africa.
Europe has high-pressure system with a positive pressure
anomaly that reached +7 hPa. Al level of 500 hPa, there
exist a huge positive anomaly in geopotential height over

Fig.8 The correlation coefficient e 0.9
between the decadal mean <
latitudinal position of the African o
ITCZ and the surface air T 0857
temperature anomaly over Egypt 3
through the summer of 2015 ;’ e
through the period from 1 Ee 087
June 2015 to 31 August 2015. = w
The correlation coefficients Zo
calculated by Pearson correlation S ¢ 0751
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Fig. 9 The daily composite mean of air temperature anomaly (K) over the domain [Equator—70 N] latitude and [15 W-70 E] longitude through the
period of heat wave (30 July to 23 August of the year 2015). a For surface air temperature and (b) for air temperature at 500 hPa level
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500mb Gecopotential

Europe which reached +80 m above the normal value and
extended southward to cover the north of Africa and the
Middle East as illustrated in Fig. 10.

Analysis of wind field anomaly of the surface vector wind
revealed the oscillation of ITCZ like a wave over the North
Africa. There is an extreme northward extension of west
African ITCZ and southward extension of east African
ITCZ mainly over Egypt. Europe has a strong westerly air
current reaching a speed of +6 m/s above its normal speed
as shown in Fig. 11a, b. shows that the upper westerly air

7ON

current is very huge and the wind speed reached +11 m/s
more than its normal value over western Europe during that
period. This westerly air current aloft extended to southeast-
ward to reach the eastern Mediterranean region.

Discussion and conclusion

The relationship between African ITCZ and heat wave over
Egypt in summer 2015 was studied in the present study. The
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Fig. 10 The daily composite mean of sea level pressure (hPa) anomaly (Fig. 10a) and the daily composite mean of geopotential height (m) (Fig. 10b) for
the domain [Equator—70 N] latitude and [15 W-70 E] longitude through the period of heat wave (30 July to 23 August 2015)
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Fig. 11 The daily composite mean of wind vector anomaly (m/s) over the domain [Equator—70 N] latitude and [15 W-70 E] longitude through the
period of heat wave (30 July to 23 August of the year 2015). a For surface wind vector and (b) for 500 hPa level wind vector

NCEP/NCAR reanalysis daily and monthly data of mean sur-  season for the period of 1948-2015 were analyzed to set out
face air temperature for the domain of Egypt in summer  the main feature and temperature variability. In addition, the
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daily operational datasets of geopotential height at 500 hPa
over Egypt for the period from 1 June to 31 August of 2015
were used and analyzed. Similarly, the decade data of the
African ITCZ from 1-10 June to 21-31 August 2015 has been
analyzed using the time series and anomaly techniques. The
correlation coefficient technique was used to study the rela-
tionship between the African ITCZ position and the existence
of heat wave over Egypt through the summer of 2015. The
results show that maximum summer air temperatures recorded
were in June 1995 and July 2002. August 2015 mean surface
air temperature over Egypt recorded a unique extreme high
record for all the study periods (1948-2015). The extreme
mean surface air temperature reached +2.3 °C more than its
normal value. In addition, the heat wave over Egypt started
from 30 July to 23 of August 2015 according to the applied
definition of a heat wave. The 10 August has the maximum
record of temperature (46 °C) through that summer season.
Over Egypt, a massive heat wave persisted for 25 days (see
Fig. 4). Moreover, the results revealed that there is an out-
standing relationship between the longitudinal positions of
African ITCZ and temperature anomaly over Egypt particu-
larly in the eastern part of Africa for the summer of 2015. On
the other hand, through the summer season of 2015, the
African ITCZ shifts to the north of its normal position over
the western part of Africa, while it shifts to the south of its
normal position over the eastern part of Africa. The shift of
African ITCZ persisted almost for the time of a heat wave over
Egypt. This persistence affects the weather regime and mech-
anism of south and north trade winds over North Africa. The
subtropical high pressure shifts to the southward direction and
persists over Egypt. The geopotential height at a 500-hPa
anomaly becomes positive for the period of a heat wave over
Egypt for the summer season. This condition is a stability
condition over Egypt and leads to the persistence of a positive
anomaly of surface temperature over Egypt on the summer
season of the year 2015. As mentioned above, based on the
results of Black et al.’s (2004) studies, it is clear that the north-
ward shifts of the west African ITCZ and stability condition of
the high pressure system over the east Atlantic played a great
role in the heat wave of summer 2003. Also, recent findings of
Keggenhoff et al. (2015a, b) showed that an evidence of a
large anticyclonic blocking pattern over the southern Ural
Mountains enhances subsidence and surface heating and shifts
the African ITCZ northwards that cause the heat waves over
Georgia in the summer season. The present study is the case of
an extreme heat wave over Egypt during summer 2015. It has
never recorded extreme heat wave over Egypt like it before for
more than 6 decades. There are no similar cases in Egypt
recorded. Summer of 2015 has a mean surface air temperature
that is 29.5 °C with increasing of +0.5 °C more than its normal
value over Egypt. However, the normal value of Egypt surface
air temperature for the summer season is 28.9 °C for the period
of 1981-2010. Study of climate change indicates TX90p and

TN90p records that a new climatic change heat wave existed
over Egypt through the period from 30 July to 23 August of
the year 2015. It is observed that from synoptic situation anal-
ysis of surface air temperature, mean sea level pressure, sur-
face wind vector, and upper air parameters at 500 hPa level of
air temperature, geopotential height, and wind field during this
heat wave, there are surface and upper air weather stability
conditions over Egypt. The stability conditions of high pres-
sure system in the upper atmosphere over Egypt create lower
inversion of temperature near the surface and cause the heat
accumulation over Egypt. Analysis of wind field anomaly of
the surface vector wind reveals the oscillation of ITCZ like a
wave over the North Africa. There is an extreme northward
extension of west Africa ITCZ and southward extension of
east Africa ITCZ mainly over Egypt. This shift of ITCZ over
North Africa leads to the huge westerly air current over
Europe to extend to southeastward to reach to the eastern
Mediterranean region. This teleconnection study between
African ITCZ and extreme heat wave existing over Egypt
during summer 2015 encourage future studies about the rela-
tionship between the shifts of the ITCZ and existence of heat
waves over Egypt. Moreover, the predictability of African
ITCZ oscillations will lead to forecasting of the extreme heat
waves over Egypt. It is concluded that the extreme shifts of the
longitudinal position of African ITCZ cause changes in the
eastern Mediterranean weather regime and cause the extreme
weather conditions over Egypt and generate a massive heat
wave over Egypt in summer 2015.
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