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Abstract The Eastern Mediterranean and the Middle East
(EMME) is suffering from abnormal cooling of weather con-
ditions and existence of an extreme weather phenomenon
known as ice storm Alexa. The present paper investigates
the weather conditions over Europe that causes this abnormal
weather over the EMME through December of 2013. Daily
data sets of several meteorological elements (temperature, pre-
cipitation, relative humidity, sea level pressure, and
geopotential height at level 500 hPa, etc.) over the northern
hemisphere, including Europe and EMME of December of
2013, have been used through the present work. In addition,
to that, a time cross section analysis of the daily operational
data for meteorological elements (mean surface temperature,
temperature and geopotential height at level 500 hPa, relative
humidity, precipitation rate, and sea surface pressure) was
done over the EMME for December 2013. The methodology
of anomaly and correlation coefficient techniques for the data
sets has been used. The results uncovered that the EMME has
abnormal and very cold weather conditions due to the infer-
ence of meridional blocking persisted over Europe and the
existence of the extremely negative geopotential height anom-
aly aloft over Eastern Europe throughout this month.
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Introduction

The 2013 Middle East cold snap refers to the winter storm that
hit the Middle East region in December 2013, affecting sev-
eral countries in Eastern Mediterranean and Middle East
(EMME). The storm caused mayhem to millions of poor and
displaced people across the region. December of year 2013 is
recognized as the coldest and extreme weather month of
2013/2014 winter season over the EMME region. It forced
people to displace across the region. December 2013 has a
mean surface air temperature of 7.79 °C for the EMME re-
gion. Meanwhile, surface air temperature is 8.27 °C for
December 2012 for that region. The normal value of EMME
surface air temperature is 8.36 °C through the period of 1981—
2010. EMME suffered from a cold wave, heavy rainfall, and
the existence of an extreme ice storm Alexa. The precise cri-
terion for a cold wave is determined by the rate at which the
temperature falls and the minimum to which it falls. This
minimum temperature is dependent on atmospheric circula-
tion and the geographical region (AMS, 2008). However, a
rare winter storm, Alexa, struck the Middle East beginning on
Monday, December 9, and lasted for 7 days. It produced heavy
snow in areas that typically never see the white matter, like
Cairo, Egypt. Jerusalem recorded an impressive 37-50 cm of
snow with roads still blocked on Saturday, December 14. It
was the most snow ever recorded in that region in the month of
December for the last 60 years. Behind the surge of wintry
precipitation, cold temperatures were widespread across the
Middle East during the week of December 9-15, 2013.
Snow and cold temperatures created difficult conditions, par-
ticularly across Syria, where refugees had to embrace the ex-
treme conditions outside. The storm affected parts of
Palestine, Jordan, Lebanon, Northern Syria, Iran, Turkey,
and Egypt while bringing torrential rains and serious flooding
in low-lying areas. Meanwhile, Cairo had a once-in-a-lifetime
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snowfall, the first recorded snowfall in that city in 100 years.
The Mediterranean climate is under the influence of both trop-
ical and midlatitude climate dynamics, being directly affected
by continental and maritime air masses with significant origin
differences (Barry and Chorley, 2003). In this region, most of
the precipitation occurs from October to March (Xoplaki,
2002). The peak of precipitation of the winter season occurs
between December and February, when the midlatitude cy-
clone belt has usually reached its southernmost position
(e.g., H. M. S. O 1962). The climate of the northern EMME
is mostly temperate with warm, dry summers, occasional
droughts, and mild, relatively wet winters (Bolle 2003;
Lionello et al. 2006). In the southern EMME, an arid, hot
desert climate prevails, where precipitation is low and vegeta-
tion scanty (Issar and Zohar 2007). The temperature and pre-
cipitation gradients across the region are remarkable. In some
areas, precipitation is among the highest in Europe, e.g., up to
2000 mm/year or more over the mountains of the Dinaric
Alps, the Caucasus, and the Zagros Mountains, while several
degrees latitude further south of this can be orders of magni-
tude less. The precipitation is most abundant in winter and
largely associated with the southward propagation of the polar
front jet, which directs cyclonic disturbances over the region
(Krichak et al. 2000; Lelieveld et al. 2012). Precipitation pat-
terns in the EMME depend not only upon the synoptic weath-
er conditions but also on the pronounced topography; for ex-
ample, the Taurus and Zagros Mountains through which the
Euphrates and Tigris rivers supply the much needed water
downstream (Barth and Steinkohl 2004; Evans 2009).
Gradients and contrasts are characteristic for the EMME, not
only in climatic conditions but also in social and economic
aspects, access to natural resources, as well as cultural and
religious traditions. This diversity is a regional attribute, but
can also be associated with political tensions. Since the region
is a primary climate change “hot spot”, there is atmospheric
blocking that can influence near-surface temperatures via the
circulation and radiative forcing Giorgi (2006). The relevance
of blocking for co-located (sub-)daily temperature extremes,
and the spatial variability of this relationship in the northern
hemisphere was investigated by Pfahl and Wernli (2012) and
Hafez (2012). Hafez and Almazroui (2015) found that there is
a significant relationship between global radiative forcing and
global annual climatic variability. The relationship between
occurrences of extreme temperature events in central Europe
and high pressure blocking situations during 2001-2011 was
studied by Porebska and Zdunek (2013). They found a coin-
cidence in the time between blocking situations and extreme
temperature events. Cold and heat waves were often associat-
ed with occurrences of high pressure blocking situations over
the Atlantic Ocean and Eastern Europe, respectively.
Furthermore, blocking highs lasting for more than 5 days co-
incided more frequently with extreme temperature events than
those that last shorter than 5 days. North Atlantic atmospheric
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blocking conditions explain part of the winter climate variabil-
ity in Europe, being associated with anomalous cold winter
temperatures (Sillmann et al. 2011). The EMME is likely to be
greatly affected by climate change associated with increases in
the frequency and intensity of droughts and hot weather con-
ditions. Since the region is diverse and extreme climatic con-
ditions are already common, the impacts will be dispropor-
tional (Lelieveld et al. 2012). Atmospheric blocking is an im-
portant source of low-frequency variability. A blocking detec-
tion and tracking method of ERA-40 data for the Atlantic-
European region is applied to assess linkages to extreme
events. The method is feature-oriented, identifies 500-hPa
geopotential height maxima, and connects them with a next-
neighborhood search in time. The analysis reveals a statisti-
cally significant decrease in number of blocking events over
the period of ERA 40.Winters with an increased number of
blocking events are associated with negative temperature
anomalies over central to eastern Europe and dryer conditions
(Buehler et al. 2011). Several seasonal and annual climate
extreme indices have been calculated and their trends (over
1958 to 2000) analyzed to identify possible changes in tem-
perature and precipitation-related climate extremes over the
eastern Mediterranean region (Kostopoulou and Jones
2005). Many researchers investigated and discussed the cli-
matological phenomenon, blocking high formation, persis-
tence, behavior, and the role played in unusual weather and
climate in the northern hemisphere (e.g., Rex 1950a, b, 1951,
Namias 1964; Dickson and Namis 1976; Dole and Gordon
1983; Lejenas 1989; Liu 1994; Lupo 1997; Cohen et al.
2001; Wiedenmann et al. 2002; Hussain et al. 2007; Schalge
et al. 2011; Lupo et al. 2012, Fujii et al. 2012; Cheung et al.
2012, 2013). However, there is a significant relationship be-
tween the 500-hPa geopotential height anomalies over Europe
and the abnormal weather in the eastern Mediterranean during
winter 2006 (Hafez, 2007). The teleconnection between the
global mean surface air temperature and precipitation over
Europe was discussed by Hafez (2008). In addition to that, it
is found that the anomaly of global annual geopotential
height was completely controlled by global warming
and NAO, SOI, and El Nino 3.4. However, the trend of
the global surface air temperature anomaly completely
coincides with the trend of the 500-hPa geopotential
height anomaly. This result uncovers the existence of
abnormal weather phenomena through the last decades
(Hafez and Almazroui 2014). There is a significant rela-
tionship between the global annual variability of weather
and climatic elements and GHGs, global warming and
climatic indices, NAO, SOI, El Nino 3.4, and SST
(Hafez and Almazroui 2015). The present work aims to
study the abnormal weather conditions over the EMME
region and its relationship to weather conditions and
geopotential height distribution at 500 hPa over Europe
through December 2013.
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Data and methodology
Data

The NCEP/NCAR Reanalysis project is using a state-of-
the-art analysis/forecast system to perform data assimila-
tion, within a resolution of 2.5 x2.5 degrees lat/lon grid,
using past data from 1948 to 2014. Daily data sets of sev-
eral meteorological elements (temperature, precipitation
rate, relative humidity, sea level pressure, and geopotential
height at level 500 hPa etc.) over the northern hemisphere,
including Europe and EMME of December 2013, have
been used. This data is provided by the NOAA/OAR/
ESRL PSD, Boulder, Colorado, USA and Kalnay et al.
(1996). In addition to that, a time cross section analysis
of the daily operational data for meteorological elements
(maximum, minimum, mean surface temperature,
geopotential height, relative humidity, precipitation, and
sea surface pressure) was done over EMME from
December 1 to 31, 2013. However, the NCEP data set
domain considered in the present work are extended to
30° N-70° N, 0° W-70° E for Europe and 20° N—50° N,
15° W-55° E for EMME, whereas each grid point in the
domain 16 x28 degrees lat/lon grids of meteorological
datasets for Europe and 12 x 16 degrees lat/lon grids of
meteorological data sets for EMME. Satellite images dur-
ing and after the Alexa ice storm have been obtained
through the internet from the EURSAT website.

Methodology
A. Anomaly methodology

The anomaly in the mean meteorological element, e.g., daily
surface air temperature, is A’ for each grid point in the do-
mains through the period of study. This anomaly is calculated
as the difference between the mean of daily surface air tem-
perature (A) and its climatic mean value (A) for each grid
point. The climatic mean value of the surface air temperature
has been taken through the period of 1981-2010. A linear
correlation coefficient technique by Spiegel (1961) has been
used. Statistical analysis of correlation coefficient using ¢ test
and the P test was obtained. The calculation of the ¢ value and
P values for the significance (both one-tailed (OTP) and two-
tailed probability (TTP) values) with a Pearson correlation
coefficient, given the correlation value 7, and the sample size
were used throughout the present work.

B. Blocking criteria
Blocking high episodes have great impact on the weather

and climate of several areas because they are depicted by
an abrupt change in the atmospheric flow, affecting the

normal synoptic systems (e.g., Sinclair 1996;
Wiedenmann et al. 2002; Renwinck 2005; and recently,
Hafez and Almazroui 2013). There are several definitions
of blocking high systems. The synoptic and numeric
criteria of the formation of blocking systems are defined
by Rex (1950a, b, 1951), Namias (1964), Dole (1986),
and Dole and Gordon (1983). More recently, blocking high
is defined using zonal index by Tibaldi and Molteni
(1990), Pelly and Hoskins (2003), Barriopedro et al.
(2006), Lupo et al. (2012), Fujii et al. (2012) and Cheung
et al. (2012). There are three different types of blocking
systems. First is Rex block which has high and low pres-
sure systems approximately existing in the same longitude
(diffluent block). Second is omega-shaped block (€2-
block).Third is the meridional block. For the first type of
blocking, the Rossby wave is breaking. For the second one,
Rossby wave has changes in its shape only as omega-
shaped. For the third type, there is only an amplification
of amplitude of Rossby wave. All characteristics of these
blocking types must persist for a long time more than the
synoptic scale time.

The definition of blocking using of zonal index has prob-
lems with omega-shaped block and particularly difficult with
meridional block. The blocking definition by zonal index
must be used for Rossby wave-breaking only. So, for the pur-
pose of the present study, the blocking system was defined
based on and according to Rex’s (1950a, b) and Dole’s
(1986) definitions using synoptic charts and anomaly of
geopotential height conditions at the 500-hPa level. These
criteria have basic conditions such as the westerly air current
aloft must split to two distinct branches. This splitting must be
northern latitude of 30° N. For numeric, quantitatively, the
anomalies in geopotential height values at 500 hPa level must
be more than +100 m for blocking high pressure systems for
several longitudes. Throughout the present study, these condi-
tions must persist more than or equal to 5 days. However,
through the course of the present work, the blocking criteria
have been a combination of Rex (1950a) and Dole (1986),
without the splitting of westerly air current condition.
Meanwhile, the minimum duration chosen is 5 days.

Results

Study of blocking criteria over Europe on December 2013
The studying and applying of the above blocking criteria over
Europe using the daily NCEP/NCAR 500-hPa geopotential
height data over the northern hemisphere through the period

of December 1 to 31, 2013 was done. The following is found:

1. All day, for the period from December 1 to 31, 2013, a
maximum positive anomaly of geopotential height at
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500 hPa existed over Europe. The linear trend of it is a
constant trend around +240 gpm. The maximum positive
anomaly of geopotential height is above +200 gpm from
December 9 to 31 (see Fig. 1).

Through the month of December, the minimum negative
anomaly of geopotential height has been less than or equal
to —100 gpm, except on December 20 where it was equal
zero. The linear trend of minimizing negative anomaly
sharply increases during the study period as it can be seen
clearly from Fig. 1.

From the analysis of the daily maximum positive and
minimum negative anomalies of geopotential height, it
becomes clear that a blocking high episode existed over
Europe during December 9—19 and persists for a duration
of 11 days.

Analysis of daily 5-day mean anomaly of geopotential
height at level 500 hPa for December 2013 was done. It
was found that for most of the period of study, the
geopotential height reached extreme anomaly values over
Europe. The positive and negative anomaly values
reached +300 m.

The Rossby wave oscillates and extends northward and
southward to extreme extension of amplitude. The type of
blocking system over Europe is a meridional type block.
The meridional block is a blocking system characterized
by an amplification of Rossby wave amplitude to extreme
limits rather than the synoptic scale limits. The meridional
block becomes clear of persistence over Europe with the
extreme southward extension of the cut-off low pressure
system over the EMME through December12-15, 2013
(see Fig. 2). Through this period, there is a main high

pressure system, persisting over Western Europe, while
the low pressure system persisted over Eastern Europe
with a cut-off low over the EMME. This dipole pressure
system over Europe invades the EMME by very cold air
from the north and central Europe.

The variability of weather conditions over the EMME
through December 2013

The NCEP/NCAR daily data sets of several meteorological
elements (temperature, precipitation rate, relative humidity,
sea level pressure, and geopotential height at level 500 hPa
etc.) over EMME have been analyzed for December 1-31,
2013. The results revealed the following:

1. The positive anomaly of geopotential height at 500 hPa
level over the EMME decreases with time through the
first half of December 2013. Meanwhile, it increases rap-
idly through the next half of it. The trend of this positive
anomaly is a constant trend (+60 m). The negative anom-
aly of geopotential height over EMME decreased sharply
through the first half of this month, mainly from day 8 to
day 15. For most of the second half of December, it in-
creased. The trend is approximately constant (—100 m), as
shown in Fig. 3a.

2. The positive precipitation rate anomaly reached +30 mm/
day through the first half of December 2013. Furthermore,
it is a normal value for most of the second half, with a
negative trend. For negative precipitation rate anomaly, it
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Fig. 2 a—f Distribution of 5 days—daily mean geopotential height composite anomaly over the northern hemisphere including Europe through the
month of December 2013

is zero for the first half and less than zero for the second
half with a negative trend, as can be clearly seen from
Fig. 3b.

From the maximum positive surface air temperature
anomaly analysis over the EMME, it becomes clear that
the temperature was warm and was more than its normal
value from December 1 to 8; afterward, it becomes a
normal value until December 24 and increases again af-
terward until the end of the month. The linear trend is a
negative trend. Meanwhile, it is found that minimum neg-
ative temperature remains normal from December 1 to 7.
From December 8 to 27, there is a dramatic drop in sur-
face temperature. It reached —12 °C below the normal on
December 12. The linear trend is a negative trend, as
illustrated in Fig. 3c.

Analysis of the maximum positive relative humidity
over the EMME shows that for most of the first half
of December, it was above its normal values and

reached +40 % more than its normal value.
Meanwhile, through the next half, it is approximately
anormal value. The linear trend is a negative trend. For
minimum negative relative humidity, it is clear that
relative humidity is less than its normal value except
from December 9 to 15, and it has been at its normal
values. The linear trend is slightly a positive trend (see
Fig. 3d).

Mean sea level pressure maximum anomaly is positive for
most days of December and reached +18 hPa on
December 25. Its linear trend is a positive trend.
Minimum negative anomaly of mean sea level pressure
has values less than its normal value for the first half of
this month, whereas it has a normal value from December
15 to 26. It becomes clear that from December 10 to 15,
pressure is sharply decreased. It reached —15 hPa on
December 11 and 12. The linear trend is a positive trend,
as it is clear on Fig. 3e.
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anomalies of meteorological elements and its linear trend over EMME
in December of 2013. a Geopotential height at 500 hPa level, b daily

6. Air temperature anomaly at the 500 hPa level analysis
leads to find that the maximum positive temperature
anomaly is more than its normal value from December 1
to 7, and it is normal from 8 to 20, after that, it is more than
its normal values in general. The linear trend is nearly a

C

onstant trend. The minimum negative anomaly of
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temperature is a negative value in general through this
month. The negative values reached an extreme value
(=12°C) on December 12, 2013. However, the period
from December 7 to 19 has a continual band of extreme
negative temperatures (very cold period). The linear trend
is a negative trend as it is clear from Fig. 3f.
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Time-longitude cross section analysis of meteorological
elements over the EMME on December 2013

Daily operational data for several meteorological elements
over the EMME for December 2013 has been used. Through
this section, analysis of time-longitude cross section of mete-
orological elements (geopotential height at 500 hPa level, pre-
cipitation rate, air temperature, relative humidity, sea level
pressure) has been done. The results revealed the following:

1. Analysis of the geopotential height anomaly at 500 hPa
over the EMME clearly showed that for the days from
December 6 to 15, a wide band of negative anomaly ex-
ists. It reached —200 m on December 12. Meanwhile, the
positive anomaly existed mainly from December 19 to 30
over this region and reached +180 m on December 22.

2. The precipitation rate over the EMME is more than its
normal values mainly from December 5 to 15, 2013 over
EMME.

3. Analysis of surface air temperature anomaly for EMME
shows that surface cooling existed in December 9-18.
The temperature is less than its normal values. However,
on December 12, the surface air temperature is less than
its normal value by 10 °C over most of the EMME.

4. Relative humidity over EMME becomes more than its
normal values through December 6-15, while it becomes
less than its normal on two periods (December 1-5 and
December 18-31).

5. Sea level pressure of EMME was less than its normal
values mainly from December 1 to 15. From December
16 to 27, the sea level pressure was more than its normal
values.

6. Upper air temperature recorded significant cooling over
EMME through days from December 7 to 15 and ob-
served 10 °C less than its normal value on December 12.
The temperature was above its normal through the second
half of this month.

Severe ice storm Alexa over the EMME
Extreme weather conditions over the EMMFE

The EMME region suffered from abnormal cooling for most
of the period of December 2013. The storm, named Alexa,
brought snow, rain, and cold parts to Turkey, Syria, Lebanon,
Jordan, Palestine, and Egypt. The EMME was hit with its
heaviest snow storm in 60 years, exacerbating the humanitar-
ian crisis in Syria and forcing Palestine to allow emergency
aid into Gaza. On December 11, the Gaza Strip was lashed by
torrential rain. The northern part of Gaza has been declared a
disaster area by United Nations officials. Thousands of homes
have been inundated or left without power, and the thousands

of evacuees have been moved to emergency shelters and
schools until the floodwaters receded. A winter storm,
Alexa, has caused days of snow and heavy rain in the
Middle East since December 12, and in Gaza, the storm re-
sulted in flooding that forced the evacuation of over 5000
people. Snow in Nablus and Hebron ranged from 60
tol45 cm, and in Bethlehem, it ranged from 20 to55 cm.
Snow storms in the Middle East are not frequent but are not
uncommon either. However, this one was unusually early in
the winter and more intense than normal. The storm paralyzed
parts of Palestine with 30 to 50 cm of snow, knocking out
power for roughly 15,000 households. Amman and Jordan
received about 45 cm of snow, and Lebanon and Syria also
were unusually cold and snowy. This storm extended from
Turkey to Egypt, with parts of Cairo reportedly experiencing
their first recorded snowfall for a century. Several centimeters
of snow fell in the Sinai Peninsula, usually an arid desert
region, while authorities were forced to close the port in the
coastal city of Alexandria (which saw relatively light snow-
fall) after a third consecutive day of bad weather and high
winds. In Lebanon’s Bekaa Valley (where there are an esti-
mated 1 million Syrian refugees crowded into 250 camps),
relief agencies handed out warm clothing, blankets, bedding,
and heating equipment in refugee camps as snow fell relent-
lessly for the second day running. After a day of lesser snow, a
heavy snowstorm on December 13, 2013 deposited 40-70 cm
of snow in Jerusalem and 100 cm in the Kefar Etzionarea. In
Cyprus, by December 14, the storm had covered the island’s
Troodos mountain range with snow. Four hundred men lost
electricity, and several villages, including Armenohori,
Farmakas, Kampi, and Sina Oros, completely lost power for
extended periods of time. Egypt’s capital, Cairo, witnessed
extremely rare snowfall. The Kingdom of Saudi Arabia has
recorded extreme cold temperatures and fall of snow over the
northwestern part. In general, the EMME region suffered from
extreme abnormal weather conditions with cooling (Fig. 4,
satellite images shows areas where snow was falling on the
ground on December 12, 2013). One swath covers Jerusalem
and its surroundings. Patches in the West Bank, Jordan,
Lebanon, Syria, and Egypt’s Sinai Peninsula are also
blanketed in white. There is just a sprinkling of clouds over
the sunlit scene.

Impact of blocking over Europe on Alexa storm

Applying the abovementioned blocking criteria that were
based on Rex (1950a) and Dole (1986) and taking in consid-
eration that the minimum duration is 5 days over Europe in
December 2013, it is found that there is only one blocking
high episode that existed through the period of 9-19 of that
month. This block is a meridional block shape. Through this
period, a main high pressure system persisted over Western
Europe, while the low pressure system persisted over Eastern
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Fig. 4 Satellite images a during
the ice storm Alexa and b after
storm Alexa for the region of
EMME. (Meteosat-10 Channels/
Products, Natural Color RGB,
EUMETSAT)

Europe with a cut-off low over EMME. This dipole pressure
system invades the EMME by very cold air from the north and
central Europe. Extreme upper air cooling existed over the
EMME. The temperature anomaly reached —12 °C. Ice forma-
tion, rainfall, and extremely cold air over the EMME existed
exactly on the period of blocking high persistence over
Europe, whereas ice storm Alexa is accompanied to the
EMME cut-off low of blocking over Europe as it is noticed
from Fig. 5. Figure 5 shows the geopotential anomaly at a
level of 500 hPa for December 9-15. It is completely clear
that the dipole of pressure system over Europe and cut-off low
pressure persisted over the EMME. 1t is also noticed that the
meridional block has oscillated and shifts southward day by
day to push down the low pressure to persist over the EMME
and leads to the development of the Alexa storm.

@ Springer

Study of the relationship between geopotential height
anomaly over Europe and abnormal weather
over the EMME on December 2013

To ensure the role played by geopotential height anomaly
and the blocking system over Europe on the abnormal
weather conditions over the EMME through the days of
December 2013, correlation coefficient techniques have
been used. The correlation coefficient matrix between
maximum positive and minimum negative geopotential
height anomalies over Europe and several meteorological
elements over the EMME has been studied and analyzed.
T test and F-test of these correlation values were done.
The correlation coefficient values between the
abovementioned elements are tabulated in Table 1. The
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Fig. 5 Daily composite geopotential height at level 500 hPa anomaly during an Alexa storm over the northern hemisphere, including Europe through
December 9-15, 2013

significant correlations obtained have been statistically an- 2. There are notable negative correlations (—0.68 and —0.69)

alyzed and tabulated in Table 2. The results revealed the between the precipitation rates and the distribution of pos-

following: itive and negative mean sea level pressure values over the
EMME.

1. The highest positive correlation coefficient value is +0.75, 3. There is a positive correlation of (+0.66) between the
and it has been found between the maximum positive and minimum negative surface temperature anomaly and min-
minimum negative of geopotential height over the imum negative temperature at a level of 500 hPa over the
EMME. EMME.

@ Springer
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Table 1  Correlation coefficient matrix for geopotential height anomaly over Europe and several meteorological elements over EMME through the
month of December 2013

CORR. COEF. B C D E F G H I J K L M N O

B 1.00 0.01 —0.04 004 -0.09 -026 —028 0.31 025 —-030 -024 -023 0.05 0.03
C 0.01 1.00 -0.13 048 -025 028 —0.32 0.04 0.07 017  —-0.01 —0.15 0.00 —0.02
D —0.04 -0.13 1.00 0.50 0.36 0.26 0.59 030 -0.68 —0.69 -001 022 —035 -051
E 0.04 048 0.50 1.00 0.33 0.25 0.59 044 —034 055 002 -0.01 -025 -028
F —0.09 -025 0.36 0.33 1.00 075 —-0.04 -045 -024 049 0.52 0.53 0.35 0.29
G —0.26 -028 0.26 0.25 0.75 1.00 016 —-043 —-034 -024 0.41 0.66 023 0.20
H -028 —0.32 0.44 059 —0.04 0.16 1.00 045 -049 -028 -024 —0.09 -050 —0.43
I 0.31 0.04 0.30 044 045 043 0.45 1.00 —-0.14 -024 -050 —053 -055 —0.62
J 0.25 007 -0.68 -034 -024 —-034 -049 —0.14 1.00 034 —0.07 0.06 0.53 0.54
K —-0.30 017 -0.69 -055 —-049 -024 -028 —0.24 0.34 1.00 0.06 0.10 0.12 0.30
L -024 -0.01 -0.01 0.02 0.52 041 -024 -050 -0.07 0.06 1.00 0.50 0.49 0.42
M -023 -0.15 -022 —0.01 0.53 066 —0.09 -0.53 0.06 0.10 0.50 1.00 0.54 0.67
N 0.05 000 -035 -025 0.35 023 -0.50 -0.55 0.53 0.12 0.49 0.54 1.00 0.69
o 0.03 -0.02 -051 -0.28 0.29 020 —-043 —0.62 0.54 0.30 0.42 0.67 0.69 1.00

B maximum positive geopotential height at 500 hPa anomaly over Europe, C minimum negative geopotential height at 500 hPa anomaly over Europe, D
maximum positive precipitation rate anomaly over EMME, E minimum negative precipitation rate anomaly over EMME, F maximum positive surface
temperature anomaly over EMME, G minimum negative surface temperature anomaly over EMME, H maximum positive relative humidity at surface
anomaly over EMME, / minimum negative relative humidity at surface anomaly over EMME, J maximum positive mean sea level pressure anomaly
over EMME, K minimum negative mean sea level pressure anomaly over EMME, L maximum positive temperature at 500 hPa anomaly over EMME, M
minimum negative temperature at 500 hPa anomaly over EMME, N maximum positive geopotential height at 500 hPa anomaly over EMME, O
minimum negative geopotential height at 500 hPa anomaly over EMME

4. Ttis obvious that the minimum negative temperature atthe  conditions over the EMME during December 2013. This

500 hPa level over the EMME region correlated positive- ~ month has an abnormal cooling weather and existence of the
ly with the geopotential height distribution at 500 hPa  abnormal extreme weather phenomena, Alexa storm. The re-
over the EMME. sults of the present work revealed that December 2013 is a
5. The relative humidity negatively correlated with the min-  unique month with very cold and severe weather over the
imum negative geopotential height over the EMME. EMME. The meteorological elements (e.g., air temperature,

precipitation, pressure, geopotential height, relative humidity,
etc.) recorded extreme values throughout most of this month.

Discussion and conclusion Through the period of the Alexa storm, ice covered most of
the northern part of EMME. It is noticed that during this
The present work aims to study the geopotential height distri- ~ month, Europe has an extremely positive geopotential height

bution over Europe that leads to the extreme cold weather  aloft mainly over western and central Europe. While, eastern
Europe has a remarkable negative anomaly of geopotential
height. In addition, blocking high episode persisted over
Europe and extended southward with cut-off low over the
EMME. Applying the abovementioned criterion of blocking

Table2  T'test and F-test of the high correlation coefficient values of the
meteorological elements

Meteorological ~ Correlation ¢ value  F value high over Europe through December 2013, it becomes clear
elements coefficient that a blocking high episode existed over Europe during

oTP TP December 9—19 and persists for duration of 11 days. It is
D Cort With ] —0.68 49943 0.00001288 0.00025770  found that the type of this block is a meridional block. This
D Cor With K —0.69 ~51336  0.00000875 0.00017500  type of blocking is associated with extreme temperature con-
G Comr WithM  +0.66 47396 0.00002678 0.0000535¢  ditions and invaded the EMME by strong cold air from the
G Cor WithF 4075 61062 000000060 0.00000119  north of Europe. Through the persistence days of this block,
O Cort With M +0.67 48602 0.00001870  0.00003740 the severe ice storm Alexa existed over the EMME. The ice
O Corr With N 10.69 51336 0.00000875  0.00001750 storm. Alexa is as§ociated with the EMME cut-off low of
O Com WithI  —0.62 42554 000009958 000019917 blocking that persisted aloft over Europe. From the present

study, it is clear that the dipole of pressure systems over

@ Springer
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Europe and cut-off low pressure persisted over the EMME.
Also, the meridional block is oscillated and shifts southward
from day to day to push down to south the low pressure over
EMME and leads to development of Alexa storm. This storm
caused several disasters over several countries in the eastern
Mediterranean region. However, thousands of homes have
been inundated or left without power, and the thousands of
evacuees have been moved to emergency shelters and schools
until the flood waters receded.

The time-longitude cross section analysis of meteorologi-
cal elements over EMME through the month of December
2013 uncover that EMME has the following weather condi-
tion characteristics:

1. All day, from December 1 to 31, 2013, maximum posi-
tive anomaly of geopotential height at 500 hPa existed
over Europe.

2. The minimum negative anomaly of geopotential height
has been less or equal to —100 gpm, except on December
20 where it was equal zero.

3. The positive anomaly of geopotential height at 500 hPa
level over the EMME decreases with time for most of the
first half of December 2013, while it increases rapidly
through the next half of it. The negative anomaly of
geopotential height over the EMME has decreased
sharply through the first half of this month mainly from
December 8 to 15. For most of the second half of
December, it increased.

4. Over the EMME, a precipitation rate anomaly is
more than zero and reached +30 mm/day through
the first half of December 2013. Furthermore, it is
a normal value for almost the second half with a
negative trend.

5. From maximum positive surface air temperature
analysis over the EMME, it becomes clear that the
temperature was warm and more than its normal val-
ue from December 1 to 8, after that it becomes nor-
mal values until December 24, and increase after that
until the end of the month. It is noticed that from
December 8 to 27, there is a dramatic drop in tem-
perature where it reached—12 °C below the normal
on December 12.

6. Mean sea level pressure maximum anomaly is positive
for most days of December 2013 and reached +18 hPa
on December 25. It becomes clear that from December
10 to 15, it is sharply decreasing to reach —15 hPa on the
11th and 12th of this month.

7. Analysis of air temperature at 500 hPa level leads to find
that the maximum positive temperature anomaly is more
than its normal value from December 1 to 7, it is normal
from December 8 to 20, and after that it is more than its
normal values in general. The minimum negative anom-
aly of temperature is a negative value in general

throughout this month. These negative values reached
extreme negative values (=12 °C) on December 12,
2013. However, the period from December 7 to 19 has
a continual band of extreme negative temperatures (very
cold period) with a negative trend.

8. For geopotential height at 500 hPa over the EMME, it is
clear that from December 6 to 15, there is a wide band of
negative anomaly. It reached —200 m on December 12.
Meanwhile, the positive anomaly existed mainly from
December 19 to 30 over this region and reached
+180 m on December 22.

9. The precipitation rate over the EMME was more than its
normal values mainly from December 5 to 15, 2013.

10. Analysis of surface air temperature shows that there is a
cooling trend that existed through December 9—18. The
temperature is less than its normal by 10°C on
December 12 over most of the EMME.

11. Upper air temperature recorded strong cooling over the
EMME throughout December 7 to 15. It is observed to
be 10 °C less than its normal value on December 12.

Finally, statistical study to obtain the relationship be-
tween geopotential height anomaly over Europe and abnor-
mal weather over the EMME on December 2013 was done.
The significant correlation between geopotential height
anomaly over Europe and abnormal weather over the
EMME was detected. The highest positive correlation co-
efficient value of +0.75 was found between the maximum
positive and minimum negative values of geopotential
height over the EMME region. In addition to that, there
are notable negative correlations (—0.68 and —0.69) be-
tween the precipitation rates and the distribution of posi-
tive and negative mean sea level pressure values over the
EMME. It is becoming clear that there is a positive corre-
lation (+0.66) between the minimum negative surface tem-
perature anomaly and minimum negative temperature at a
level of 500 hPa over EMME. It is found that the minimum
negative temperature at the 500 hPa level over EMME
correlated positively with the geopotential height distribu-
tion. One can conclude that the blocking high system that
persist over Europe and the abnormal distribution of
geopotential height over Europe have played a great role
in the existence of severe cold weather conditions and the
development of the ice storm Alexa over the EMME on
December 2013. The present result shows teleconnection
between geopotential height anomaly over Europe and ex-
treme abnormal weather over EMME during December
2013 and encourages future studies of the relationship be-
tween the blocking high over Europe and existence of ex-
treme weather events over EMME. Moreover, predictabil-
ity of meridional blocking persistence over Europe will
lead to forecasting of the extreme abnormal weather over
EMME.
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