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Abstract
An extreme warming hit Europe in summer of the year 2015. The present paper investigates the relationship between the North Atlantic Oscillation Index
(NAO), Southern Oscillation Index (SOI) and El-Nino 3.4 and heat waves that
persist over the western and central Europe in the summer of 2015. The
NCEP/NCAR Reanalysis daily dataset of the mean surface air temperature for
the domains of the western and central Europe for summer months (June, July and August) of the year, 2015 has used. In addition, the time cross-section
analysis of the daily gridded operational data for the mean surface air temperature over the western and central Europe from 1 June to 31 August 2015 has
done. Moreover, daily datasets of the NAO, SOI, and El-Nino 3.4 for that period have used. The time series, time cross section, anomaly and correlation
coefficient techniques are used to analyze the data sets. The results revealed
that the cases of heat waves that existed over the western and central Europe
through the summer season of the year 2015 were controlled distinctly by the
negative phase of the NAO and positive phase of ENSO.
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1. Introduction
Heat waves have been the most prominent hazard over Europe. Europe has
deadly heat events. Tragic 2003 heat wave has 70,000 fatalities. Recently, the
western and central Europe are hit by successive heat waves during the summer
of 2015. Almost all of European countries are affected by heat waves. However,
the western and central Europe are in the control of a record-breaking heat
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wave. In Spain, Madrid set a new record of temperature 39.9˚C on 6 July. It also
has recorded high temperature 39.7˚C on 29 June. German heat records were on
4-5 July 2015. Berlin has a temperature of 37.9˚C and Frankfurt soars to 39˚C
[1]. In France, several monthly temperature records have broken during the July
of summer 2015 [2]. However, the European heat wave has spread to Belgium
and the Netherlands, as well as Germany. As unusual, Dusseldorf’s temperature
was of 36.1˚C and it was almost 22˚C above its normal value. Recently there are
several studies in the scientific literature of heat waves and its impacts on several
sectors and fields in distinct regions over the globe. [3] (2010) reviewed the European summer heat wave of 2003; they found that anomalous Mediterranean
Sea surface temperature (SSTs) had contributed to the heat wave of 2003. For
heat wave over Russia in 2010, [4] studied the seasonal predictability of a heat
wave. They found that the atmospheric blocking over Europe led to the development of a Russian heat wave. [5] found that the Euro-Mediterranean region
had an increase in extreme temperature events. Moreover, “Mega-heatwaves”
such as the 2003 and 2010 events broke the 500-year temperature records over
50% in Europe [6]. However, there are several scientific kinds of literature challenge of the abnormal extreme weather conditions, e.g. [7] [8]. The North Atlantic Oscillation (NAO) is one of the most prominent teleconnection patterns [9].
NAO uses differences in sea level pressure (SLP) at two stations Gibraltar and
Iceland [10]. Both positive and negative phases of the NAO are associated with
basin-wide changes in the synoptic weather conditions over the North Atlantic
[11]. [11] [12] found that the NAO was accompanied by changes in the system
of wester winds across the North Atlantic onto Europe. In addition to that, land
surface anomalies preceding the 2010 Russian heat wave were a link to the variation of the NAO [13]. [14] found that summer heat waves over the western Europe 1880-2003, had related to large-scale forcing. The Southern Oscillation Index (SOI) is coupled with El-Nino, which is called ENSO phenomena. ENSO
occurrences global climate changes that linked to various climatic anomalies.
However, El-Nino can have severe consequences for the weather and living conditions on earth, [15] and more recently [16]. There is a several study illustrate
that ENSO has a significant influence on the heat waves and climate variability
in many parts of the globe, (e.g., [7] [17] and [18] [19] [20]). A heat wave is a
prolonged period of excessively hot weather. There is no universal exact definition of a heat wave. The term, heat wave, is relative to the usual weather in the
area. This term applied in the both of routine weather variations and in extraordinary spells of heat, which may occur only once a century. In fact, the frequency
and disasters of the heat waves become significant issue through the last decades.
Therefore, the teleconnection between the climatic indices, NAO, SOI and ElNino, and the existence of heat waves over Europe is very important to discuss.
The present work aims to study the relationship between heat waves that existed
over the western and central Europe and the NAO, SOI and El-Nino 3.4 during
the summer season of the year 2015.
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2. Data and Methodology
2.1. Data
The daily data set of NCEP-NCAR reanalysis of the surface air temperature over
the western and central Europe of a summer season (1 June-31 August) of the
year of 2015 is used. This data supported from the NOAA/OAR/ESRL PSD,
Boulder, Colorado, USA and [21]. The daily data set for gridded operational
surface air temperature have global grid points of (144 × 73). This data of the
surface temperature have a resolution of (2.5˚ × 2.5˚) degree lat/lon. The operational data of the temperature analyzed according to [22]. However, the NCEP
data set domain considered in the present work extended to 30˚N - 70˚N, 15˚W
- 45˚E for Europe with a grid mesh of (9 × 25) lat/lon. grids. Whereas the domain for the western Europe is 30˚N - 70˚N, 15˚W - 5˚E and the domain of the
central Europe is 30˚N - 70˚N, 5˚E - 25˚E, see Figure 1. The grid mesh for each
one of western and central Europe is (9 × 17) lat./lon. mesh. However, the period of study of the present work is only one season (92 days). The daily data of
the NAO, SOI and El Nino 3.4 for the period of summer 2015 are used. The data
obtained from the website through the internet of the Climate Prediction Centre
at https://www.esrl.noaa.gov/psd/cgi-bin/data/composites/printpage.pl.

2.2. Methodology
Through the present work, Anomaly methodology has been used to analysis the
surface air temperature over Europe. The climatic normal values of the surface

Figure 1. Map of the examined area. The western Europe domain of [30˚N - 70˚N, 15˚W
- 5˚E], the central Europe domain of [30˚N - 70˚N, 5˚E - 25 ˚E] and the whole domain of
Europe of [30˚N - 70˚N, 15˚W - 45˚E]. [Source according to:
http://www.nationsonline.org/oneworld/map/central-europe-map.htm and
http://www.mapsofworld.com/europe/country-groupings/western-europe-map.html].
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air temperature taken through the period (1981-2010). The 1981-2010 climate
normal is National Centers for Environmental Information (NCEI’s) latest threedecade averages of climatological variables, including temperature and precipitation [23]. In addition, the Hovmöller diagram (Latitude × Time), time cross-section technique, and a linear correlation coefficient technique by [24] had been
used. For the purpose of the present study, we consider that the heat wave defined
according to the daily anomaly to the composite mean of the surface air temperature and successive persistence days of this anomaly. Heat wave exists if the daily
composite mean of the surface air temperature anomaly becomes more than or
equal +3˚C and persist for five successive days or more over the area of study.
Whereas, the comfort apparent temperatures ranged from +14˚C in central Europe to +25˚C in southern Spain, and it significantly higher than annual mean apparent temperatures between +3.5˚C and +12.5˚C [25]. However, the present data
and methodology are chosen according to the main features of the heat waves.

3. Results
3.1. The Variability of Daily Mean Surface Air Temperature over
the Western Europe during Summer Season of the Year 2015
The NCEP/NCAR reanalysis daily data of surface air temperature anomaly in
the Western Europe through the period from 1 June to 31 August of the summer
season of 2015 had been used. This data analyzed by time series analysis. In addition to that, the daily operational data of surface air temperature (station data)
of the domain of the Western Europe through that period have been used in the
present study. The latitude, time cross section method has used through this
analysis. The results revealed that:
1) Figure 2 shows that almost all of Europe have a positive temperature anomaly

Figure 2. The distribution of the daily Surface Air temperature composite anomaly over
Europe for the period from 1 June to 31 August of summer season of the year 2015.
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through the days of the summer season of the year 2015.
2) It is found that the mean surface air temperature anomaly over the Western
Europe varies from day to day. The lowest anomaly of mean surface air temperature is −7˚C in the days of 14, 15 and 16 June and on 15 and 16 August.
The highest mean surface air temperature anomaly is +11˚C on 5 July and
+10˚C on 3 and 4 July of summer 2015. Moreover, almost days in July of
2015 has an extreme positive temperature anomaly, see Figure 3.
3) Analysis of the Hovmöller diagram (Latitude × Time) over the western Europe for the operational daily surface air temperature anomaly shows that
almost of positive anomalies of the surface air temperature exist over the
western Europe are located in the southern parts of western Europe (from
30˚N to 45˚N) through the summer season of the year 2015. All of the Western Europe has positive mean daily surface air temperature for latitudes from
30˚N to 70˚N, see Figure 4.
According to the heat wave definition in Section (2), there are four distinct
cases of a heat wave that exist over the Western Europe through the months of
summer of the year 2015. These four cases of heat waves had total hot days of 52
days of the summer days of 92 days. Table 1 shows the date, time and duration
12
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Figure 3. The Time series for the daily surface air temperature anomaly over the Western
Europe through the months of June, July and August of the summer season of the year
2015.
Table 1. Heat wave cases that existed over the western Europe through a summer season
of the year of 2015 through the period (1 June-31 August) [Calculated according to the
defination of the heat wave].
Heat wave cases over western
Europe

Date Time

Duration Days

Case (1)

4 June-8 June

5 days

Case (2)

25 June-24 July

30 days

Case (3)

2 August-12 August

11 days

Case (4)

26 August-31 August

6 days
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Figure 4. The Hovmöller diagram (Latitude × Time) showing the NCEP operational daily
mean surface air temperature anomaly over the Western Europe 15˚W to 5˚E, for the period of summer 2015.

of each case of a heat wave that exists over the Western Europe during summer
season (1 June-31 August) of the year of 2015.

3.2. The Variability of Daily Mean Surface Air Temperature over
the Central Europe during Summer Season of the Year 2015
The NCEP/NCAR reanalysis daily anomaly of the surface air temperature in the
central Europe through the period from 1 June to 31 August of the summer season of 2015 is used. This data analyzed by time series analysis. In addition, the
gridded daily operational data of the surface air temperature collected from station data of the domain of the central Europe through that period used. The latitude, the time cross section method used through this analysis. The results revealed that:
1) Through the period of the first half of June month of the year 2015, mean of
the surface air temperature has a positive anomaly over the central Europe.
In contradicting to that, the mean of the surface air temperature has a negative anomaly over the central Europe through the period of next half of June
2015, as illustrated in Figure 5.
2) All the period from 1 July to the first half of August in the year 2015, the
temperature anomaly has a positive value. Except that, the two days on 27
July and on 1 August of the year 2015, it has negative temperature anomaly.
As it is clear in Figure 5.
3) Analysis of the Hovmöller diagram (Latitude × Time) over the central Europe
36
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for the daily surface air temperature anomalies shows that almost of positive
anomalies of temperature over central Europe is located around near of latitude 45˚N and north of it. However, near the southern and the northern
boarding of the central Europe, there exist of the negative anomaly of mean
surface air temperature through the study period. As shown in Figure 6.
4) There four distinct heat wave cases exist over central Europe through the period of the summer of the year 2015. These four cases of heat wave had total
hot days of 67 days for the summer days of 92 days. The date, time and its
duration of these heat waves have tabulated in Table 2.
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Figure 5. Time series for the daily surface air temperature anomaly over the central Europe through months of June, July and August of summer season of the year 2015.

Figure 6. The Hovmöller diagram (Latitude × Time) showing the NCEP operational daily
surface air temperature anomalies average over the central Europe 5˚E to 25˚E, for the
period of summer of the year 2015.
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Table 2. Heat wave cases that existed over the central Europe through the summer season
of the year 2015 through the period (1 June-31 August) [Calculated according to the
defination of the heat wave].
Heat wave cases over central Europe

Date Time

Duration Days

Case (1)

1 June-16 June

16 days

Case (2)

29 June-26 July

28 days

Case (3)

2 August-16 August

15 days

Case (4)

24 August-31 August

8 days

3.3. Study the Relationship between the Heat Waves over
Western and Central Europe and the NAO, SOI, and El-Nino
3.4 through Summer 2015
Here we use the daily data of the anomaly of mean surface air temperature over
western and central Europe and daily data of climatic indices NAO, SOI and
El-Nino 3.4 through summer of the year 2015 to uncover the relationship between them. The time series analysis and correlation coefficient techniques have
used in the present study to reach this goal. Analysis of these daily data sets revealed that:
1) The summer months, June, July and August of the year 2015 has a positive
anomaly of the mean surface air temperature over western and central Europe. Through that period, NAO and SOI records negative values for all these
three months. In contradicting to that, El-Nino 3.4 records an extreme positive anomaly values through the months of summer 2015, see Table 3.
2) Analysis of the daily mean surface air temperature over western and central
Europe through this summer season illustrates that almost days of the heat
waves have accompanied with negative phases of the NAO and SOI, as
shown in Figure 7 and Figure 8 without a significant difference between the
western and central Europe.
3) Positive anomaly values for the daily El Nino 3.4 overcentral Pacific Ocean
[(170˚W - 120˚W) and (5˚N - 5˚S)] has been recorded through all days of the
summer of the year 2015. So that, the day of heat waves over western and
central Europe has accompanied by a positive phase of El Nino 3.4, as it is
clear in Figure 9.
4) The correlation coefficient analysis between the heat waves over western and
central Europe and NAO revealed that the NAO has a significant correlation
with relatively short duration heat waves cases with duration 5, 6, 8, 15 days.
As illustrated in Table 4 and Table 5.
5) SOI has an only significant correlation with a heat wave that persisted for the
15-day case over central Europe. As shown in Table 5.
6) El-Nino 3.4 has a significant correlation with heat wave cases over western
and central Europe that persists 5, 6, 8 and 11 days. As it is clear from Table
4 and Table 5.
7) In the longest heat wave case over central Europe, 28 days, persistence, SOI
has a high correlation coefficient rather than NAO and El Nino 3.4.As illustrated in Table 5.
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Figure 7. The time series of the surface air temperature anomaly and climatic index NAO
for the period of summer 2015. (a) For the Western Europe; (b) For the central Europe.
Table 3. The maximum anomaly of the monthly surface air temperature over the western
and central Europe and the climatic indices NAO, SOI, and El-Nino 3.4 monthly values
through the summer season of the year 2015.

Summer Months

Maximum anomaly in surface air
temperature (˚C)

NAO

SOI

EL-NINO 3.4

Anomaly of
EL-NINO 3.4

+1.53

−0.07

−1.70

28.96˚C

+1.32˚C

+5.30

+6.70

−3.18

−2.40

28.78

+1.60

+1.96

+4.33

−0.76

−3.40

28.75

+2.07

Over western
Europe

Over central
Europe

JUNE 2015

+1.81

JULY 2015
AUGUST 2015
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Figure 8. The time series of surface air temperature anomaly and climatic index SOI for
the period of summer 2015. (a) For the western Europe; (b) For the central Europe.
Table 4. The correlation coefficient matrix between the anomaly of surface air temperature and the climatic indices NAO, SOI, and El Nino 3.4 during the heat waves cases
that existed over the western Europe in summer 2015.
Anomaly in surface air temperature over Western Europe in the
duration time of heat waves over western Europe

Correlation
Coefficient
Climatic indices

Case (1)

Case (2)

Case (3)

Case (4)

NAO

−0.85053*

0.250064

0.369849

0.786557*

SOI

−0.44131

0.110302

0.266473

0.452762

EL–NINO 3.4

−0.54957**

0.286092

0.549594

−0.973401*

(*) With significant level 97%. (**) With significant level 95%.
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Figure 9. The time series of surface air temperature anomaly and El-Nino 3.4 for the period of summer 2015. (a) For the western Europe; (b) For the central Europe.
Table 5. The correlation coefficient matrix between anomaly of the surface air temperature and the climatic indices NAO, SOI, and El Nino 3.4 during the heat waves cases
that existed over the central Europe in summer 2015.
Anomaly in surface air temperature over central
Europe in the duration time of heat waves over central Europe

Correlation
Coefficient
Climatic indices

Case (1)

Case (2)

Case (3)

Case (4)

NAO

−0.42869

−0.0405

0.702005**

0.802216**

SOI

0.21756

0.40849

0.623633*

0.202728

EL-NINO 3.4

−0.26534

−0.00645

0.320737

−0.85319**

(*) With significant level 97%. (**) With significant level 95%.

4. Discussion and Conclusion
The relationship between heat waves that exist over two distinct domains, the
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western and central Europe and the climatic indices NAO, SOI and El Nino 3.4
during the summer season of the year 2015 has studied. The NCEP/NCAR reanalysis daily data of mean surface air temperature for these two distinct domains
over Europe through the period of (1 June-31 August) of the summer season of the
year 2015 has been analyzed to set out the cases of heat waves and temperature variability over the western and central Europe. In addition, another set of data,
the daily gridded operational data set of the mean surface air temperature over
the western and central Europe during that period is used. These datasets are
analyzed using of time series, anomaly technique, and correlation coefficient
technique. The correlation coefficient technique has been used to study the relationship between heat waves that exist over the western and central Europe and
the climatic indices NAO, SOI and El-Nino 3.4 during the summer of the year
2015. The results uncover that July of 2015 has a unique, maximum anomaly of
the mean surface air temperature. It is (+5.3˚C and +6.7˚C) over the western and
central Europe, respectively. Moreover, it is clear that through months (June,
July, and August) of summer 2015, the NAO and SOI have negative phases. The
lowest value of NAO (−3.18) has occurred in the month of July. The lowest value
of SOI (−3.40) has occurred in the month of August of summer 2015. El-Nino
3.4 recorded an extreme increase in SST in the central of the Pacific Ocean
through the study period. The highest recorded anomaly in El-Nino 3.4 (+2.07
˚C) has existed in August month of the year of 2015. The contradicting between
SOI and El-Nino 3.4 phases during summer 2015 shows that year of 2015 is an
ENSO year. For the purpose of the present study, the heat wave is defined as the
case that has the daily composite mean of surface air temperature; anomaly becomes more than or equal to +3˚C and persists for 5 successive days or more
over the area of study. In the western Europe, there exist four heat wave cases
starting from 4 June to 31 August 2015. The first case started on 4 June and dissipated on 8 June with 5 days of duration. The second case is the longest persistence case that persists for 30 days from 25 June to 24 July of 2015. The third and
fourth one existed on August month with durations 11 and 6 days. The total
number of days of heat waves over the western Europe is 52 days of 92 days of
the summer season of 2015. In the central Europe, four heat wave cases existed
during the summer of the year 2015. The first case started on the first day of
June and persisted until the day on 16 June with persistence of 16 days. The
second case is the longest persistent case over the central Europe that persists for
28 days from 29 June to 26 July of the year 2015. The third and fourth one existed on August month with durations of 15 and 8 days. The total number of
days of heat waves over the central Europe is 67 days of 92 days of that summer
season. Analysis of the Hovmöller diagram (Latitude × Time) anomaly of the
NECP operational data of the mean daily surface air temperature over the western Europe (15˚W to 5˚E), for the period of summer 2015 shows that the heat
waves existed mainly over the southern part of western Europe between latitudes
30˚N and 45˚N. Meanwhile, it was located at the mid-latitude and to the north
of 45˚N for cases of heat wave that existed over the central Europe through the
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period of study. The time series analysis of the mean daily surface air temperature over the western and central Europe revealed that almost the days of heat
waves over the western and central Europe, the NAO and SOI had the negative
phase through the study period. The NAO values in the first wave of June 2015
are oscillates between positive and negative values and it has a small value.
Meanwhile, at the last half of August, it has completely negative values and its
value reaches to −1.7. The SOI almost has a negative phase except for the first
half period of June 2015; it is oscillating between positive and negative values.
El-Nino 3.4 has a positive anomaly value in all the periods of summer 2015 with
a small anomaly in the first half of June 2015. The correlation coefficient study
(with 93 numbers of degrees of freedom) between the mean daily surface air
temperature over the western and central Europe and the climatic indices revealed that almost the days of heat waves had correlated to the NAO negative
phase and ENSO positive phase through that summer season. The correlation
coefficient analysis between the heat waves over the western and central Europe
and NAO revealed that the NAO had a significant correlation with a relatively
short duration in heat wave period with durations of 5, 6, 8, 15 days. It noticed
that SOI only had a significant correlation with a heat wave that persisted for the
15-day case over central Europe. El-Nino 3.4 has a significant correlation with
heat wave cases over the western and central Europe that persist 5, 6, 8 and 11
days. For the two longest period heat waves that persist for 28 and 30 days, it has
found that the SOI has a high correlation coefficient rather than NAO and
El-Nino 3.4 over central Europe. The results of the present study illustrated that
the western and central Europe in the summer of the year 2015 lied under the
control and influence of the northern and southern atmospheric interaction. The
combination of the positive phase of ENSO and the negative phase of the NAO
together leads to develop high stability-weather conditions and supply of the
heat over Europe in the summer of the season of the year 2015. The present results encourage extending future studies that concern the heat waves existing
over Europe. The role played by climatic indices and climatic variability on the
occurrence and strength of the heat waves become more useful to study it and to
forecast heat waves. Therefore, one can conclude that negative phase of the NAO
and positive phase of ENSO well connected and controlled heat waves over the
western and central Europe during the summer season of the year 2015.
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