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Abstract
Many scientists investigate climate changes and try to predict changes up to several years or decades and the
best predictions considerate hindsight analyses and can be assessed on them. Good results are taken for changes on
annual mean air temperatures or rainfall meanwhile not enough studies were done about the past and present events
of extreme weather. In order to improve the future prediction, a better understanding of extreme weather is needed.
It can be done by studying recent events and compare them with similar past events. Generally, extreme weather
includes severe or weather at the extremes of their historical distribution. The most used extreme weather definition is
based on extreme weather events distribution where extreme events occur at 5% or less of the time. During the last
decades, extreme weather often faced Albania and many countries. A less known of extreme weather is the heat wave
phenomena and analyses of it were done in this study over two important Albanian cities. As a first step, periods of heat
waves were distinguished from the daily temperature records and then analyses of atmospheric patterns associated
were done to point out the shapes of air circulation which bring hot and moist air toward Albania. Then, analyses and
comparison of atmospheric patterns were done for the days when air temperatures exceed historical records and the
results will be used as an attempt for extreme temperature prediction in the short range forecasting
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Introduction
As part of Mediterranean area, Albania has a typical Mediterranean
climate with soft and wet winters and hot and dry summers. The annual
mean of rainfall over Albanian territory stays around 1480 mm/year
but the rainfall space distribution shows a high variability from one
area to another. The areas with the annual rainfall minimum are
located at the southeast of Albania while the abundant rainfall areas
during are located on the Albanian Alps, where the annual mean of
rainfall reaches up to 3000mm. The precipitations are mainly present
during the cold period of October-March (about 70%) with the richest
rainfall month of November. In terms of air temperature, annual mean
air temperatures range from 7°C in mountain areas up to 15°C in the
coast. The annual mean of maximum and minimum temperatures
ranges from 11.3°C and -0.1°C in the mountain areas up to 21.8°C
and 14.6°C in the coastal and lowland areas. After this normal climate
picture, stays the picture of extreme weather events that deviate from
the above climatic features. This study is focused on the analysis of
daily maximum temperatures during the hot season, which very often
have exceeded their normal values compared with daily maximum
temperatures of the normal climatic period (1961-1990). Detailed
analyses were done for the episodes of several consecutive days where
the daily maximum temperature has exceeded with some degrees
from the normal maximum temperature. In other words, episodes
with high temperatures are studied as a consequence of "heat waves"
phenomenon. The aim of this study is to obtain some statistical results
about the “heat wave” episodes over Albania and the atmospheric
patterns associated to these episodes in order to attempt for the extreme
high air temperature prediction.

Material and Methodology
The data used consist on daily maximum air temperatures during
the period of 1982-2012 observed for Shkodra and Tirana locations.
Also, the monthly mean maximum temperatures for the period of
normal climate (1961-1990) are used to estimate the anomaly of daily
maximum temperatures observed for the period under the study
in order to select the days affected by the “heat wave” phenomenon.
The “heat wave” phenomenon is a less known form of severe
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weather because it is not visible as other forms are like hurricanes,
tornadoes, and thunderstorms [1]. The precise criterion for a “heat
wave” is determined by the number of consecutive days with high air
temperatures, by the rate at which the temperature rises but both of
criteria depend on the geographical region and time of year [2]. But
there is no universal definition of a “heat wave” because of the variation
within temperature values is different geographic locations. In some
areas, a heat wave can be an extended period of days with higher than
normal temperatures or also a shorter period but with abnormally
high temperatures. In the Netherlands, Belgium and Luxembourg a
“heat wave” is defined as a period of at least 5 consecutive days with
maximum temperatures over than 25°C (recorded in De Bilt town)
provided that on at least 3 days within this period, the maximum
temperature in De Bilt exceeds 30°C [3]. In Denmark, a “heat wave”
is defined as a period of at least 3 consecutive days with average
maximum temperature across more than fifty percent of the country,
exceeds 28°C while in Sweden, a heat wave is defined as at least 5 days
in a row with a daily high exceeding 25°C. In the US, definitions also
vary by region to another but however, a “heat wave” is usually defined
as a period of at least two or more days of excessively hot weather [4].
In this study, the criterion used for the “heat wave” phenomenon is the
one recommended by World Meteorological Organization that says
“the phenomenon happens when the daily maximum temperature of
more than five consecutive days exceeds by 5°C the average maximum
temperature of the normal climate period”. After the “heat wave”
affected days are selected, analyses of the air mass circulation are done
in order to found details and indices of the phenomena. The air mass
analyses are based on the shape of geopotential fields of 500 hPa level
because this field shows the origin of air masses flowing toward an
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area. Many studies are done by different authors who relate the shape
of atmospheric patterns of 500 hPa fields with the thermal picture
[5,6] examined circulation patterns associated with “heat waves”
in Kuwait, changes in regional circulation, specifically related to the
northward displacement of the Subtropical Jet Stream and a build up
of a ridge of high pressure at the 500 hPa levels, and were determined
to be key factors. In addition, study of the temperature series of the
Czech Republic from [7], determined that “heat waves” that peaked
in the 1940s to early 1950s and early 1990s, were strongly linked to
particular synoptic regimes, specifically with a ridge over Europe in
the summer season. To point out the shape of atmospheric patterns of
each “heat wave” episode, the averaged geopotential fields of 500 hPa
level are analysed for each episode. The 500 hPa field are plotted from
NCEP/NCAR re-analyses archive, for the domain between 30N-60N
and 15W-35E in order to considerate a major part of the western
Mediterranean air circulation, as it is responsible for at least 70% of
meteorological activity over Albania [8]. The NCEP/NCAR re-analyses
are available four times in 24 hours whereas the averaged field of each
episode depends on the duration of the heat wave days. Averaged fields
are good representatives of each single day air circulation because of
some known atmospheric patterns that maintain their shape for many
consecutive days [9]. The atmospheric patterns are then classified on
southern and south-western origin depending on the orientation of
their symmetrical axis regarding to the Albanian territory location.

Results and Discussions
During the period 1982-2012, sixty-one “heat wave” episodes
were identified in both Shkodra and Tirana cities that imply a roughly
average of 2 episodes per year and 569 days under the “heat wave”
conditions during this period (Table 1).
As it can be seen from Table 1 the “heat wave” phenomenon occurs
mainly in June and August and consequently, the highest number of
“heat wave” days belongs to these months.
For each “heat wave” episode, there are more than five consecutive
days with a daily maximum temperature that exceeds by more than
5°C the average maximum temperature of the normal climate period
and many of the episodes, counter from 10 up to 15 or 16 days under
the “heat wave” conditions. Analyses of the phenomenon distribution
during the thirty-one years period show that the second half-period
(after the 1996) is the richest period of “heat wave” phenomenon with
74% of the total cases. A fact that shows the phenomenon became
more frequent during the two last decades over the Albanian territory
(Figure 1).
If we analyse details of the phenomenon distribution for Tirana
and Shkodra locations, during the study period, it is a clear the same
trend for both of cities, besides the fact that Shkodra in total counters
more episodes (37 episodes) than Tirana city (24 episodes).
To define the relationship between the air circulation patterns
which bring hot and moist air and the “heat wave” phenomenon over
Albania, the averaged geopotential fields of 500 hPa level are analysed
for each episode taking into account the duration of the heat wave days.
After the analyses, result two types of atmospheric patterns associated
with the sixty-one “heat wave” episodes observed over Albania (Figure
2).
The “heat wave” episodes over Albania, observed for the period
of 1982-2012 are driven by the presence of ridges of high pressure at
the 500 hPa levels, a specific shape of air circulation that brings stable
conditions over the located area. A southern origin air circulation and
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a south-western were found to be linked to the “heat wave” episodes
observed (Table 2).
Following the Table 2, during the days of “heat wave” over Tirana,
the most part of episodes are driven by a south-western shape of the
air circulation (67% of the total episodes). It means that the impact
of a south-western pattern on daily maximum air temperatures for
Tirana is clearly bigger than the impact of a southern pattern because
the air masses trajectory over ground surfaces is larger than over sea
surfaces. Air masses flowing over sea surfaces take water vapour that
may increase the air humidity and consequently may decrease the air
temperatures. Meanwhile for Shkodra, the type of atmospheric patterns
associated to the “heat wave” episodes play more or less the same role.
A fact that can be explained by the Shkodra position more in the north
that leaves the city in many cases on the periphery of the “heat wave”,
especially “heat wave” driven by south-western atmospheric patterns.
Looking for a relation of atmospheric pattern type and the number of
days under the “heat wave” conditions, results that majority of days
with extreme high air temperatures belongs to the south-western type
of air circulation for both Tirana and Shkodra (Table 3).
Going deeper into the analyses of atmospheric patterns associated
with the “heat wave” phenomenon results that extreme values of air
temperatures for both Tirana and Shkodra location (respectively on
24 July of 2007, 41.6°C and on 7 August 2012, 42.4°C) are observed
when there is a presence of a south-western air circulation pattern
(Figure 1). The above extreme high temperatures became the historical
records for both of the cities because they exceeded the former record
of 41.5°C (on 18 July of 1973 recorded for Tirana and on 3 August of
1981 recorded for Shkodra).
Comparing the difference between the daily maximum temperature
during the phenomenon and the respective average maximum
temperature of the normal climate period, results that Tirana city
registered on 25 June of 2007, a daily maximum air temperature of
39.9°C that is 12.6°C over the average maximum temperature of the
normal climate period. Meanwhile Shkodra city registered on 7 August
No. of HW events/month

No. of HW days/month

Month

Tirana

Shkodra

Tirana

May

5

6

53

Shkodra
49

June

10

12

93

126

July

3

6

25

52

August

6

13

42

129

Total

24

37

213

356

Table 1: Phenomenon of “heat wave” over Albania, during period of 1982 – 2012.
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Figure 1: The sixty-one “heat wave” episodes recorded over Albania, during
1982 – 2012.
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high, more than twice of the difference needed to consider the episode
as a “heat wave” phenomenon. As a consequence, the south-western
air circulation can be considered as an atmospheric pattern that brings
extreme high air temperatures over Tirana and Shkodra.
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During a thirty-one years period, sixty-one “heat wave” episodes
were identified in both Shkodra and Tirana cities, around 2 episodes
per year that counter 569 days under the “heat wave” conditions.
The “heat wave” distribution shows that “heat wave” phenomenon
became more frequent during the last two decades, with 74% of the
total episodes, recorded after the year 1996. The “heat wave” episodes
over Albania are driven by a southern and a south-western shape of
the air circulation. The most part of the “heat wave” episodes and the
highest number of days under the “heat wave” conditions over Tirana
and Shkodra are associated with a south-western type of atmospheric
pattern. Extremely high air temperatures, exceeding the historical
records for both Tirana and Shkodra are reached when there is a “heat
wave” driven by a south-western air circulation pattern. The presence of
a south-western air circulation shape can be related to the extreme high
air temperatures and may be used as a tool to improve the forecasting
of extremely high air temperatures.
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Figure 2: Types of atmospheric patterns associated with the “heat wave”
episodes over Albania.
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Table 2: Types of atmospheric patterns associated with the sixty-one “heat wave”
episodes.

Tirana (213 days)

28%

72%
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Shkodra (356 days)

43%

57%

Unique features:

Tirana & Shkodra (569 days)

37%

63%

•
•
•

Type of Air Circulation

Southern Type

South-western Type

Table 3: Number of days under “heat wave” condition in relation to the type of air
circulation.

of 2012, a daily maximum air temperature of 42.4°C that is 12.4°C over
the average maximum temperature of the normal climate period. The
difference on maximum air temperatures for both cities is clearly very
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