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Abstract. Some definitions describe heat waves as periods of excessive heat and
humidity, which generate the human heat stress due to overheating. For this reason, heat
waves can be deadly, and they rank among the world’s top 10 natural disasters. European
countries have already experienced some severe heat waves in the 21st century (in 2003,
2006, 2010 and 2011) and climate models predict an increase in the frequency and
intensity of mega heat waves in the years to come. That is why, case studies may be very
important in the reconstruction of climate models. This paperworks debates on the synoptic
conditions that generated the heat wave affecting Romania’s territory on 14-16 July 2011.
Moreover, it presents the distribution and evolution of air-temperatures which, in
combination with high humidity, contributed significantly to the discomfort people felt
during the heat wave. This was quantitatively assessed by the Temperature-Humidity Index
(THI) and UV Index, with corresponding values given below.

Introduction
The word canicula (meaning hot weather), which can be found in many
languages, comes from the Italian word canicula, naming the star Sirius or the
Dog’s star, from the Canis Major constellation, which is the brightest star in the
evening sky. It seems that the association between the star Sirius and hot weather
originates in the Middle Ages, when August was, as it still is nowadays, the hottest
month, when the Sirius star just rises up and sets down at the same time with the
Sun [1]. When hot weather, often associated with high air-humidity, persists for
more consecutive days and over more extended territories, it may turn into a heat
wave. There is no universal definition of heat waves yet, but according to the
World Meteorological Organization, it may be roughly defined as: a massive
invasion of hot air or the intense warming of air over vast territories [2]. However,
1

Prof. PhD., University of Bucharest, Romania, rinmozel@yahoo.com
Ph.D. Student, University of Bucharest, Romania, tablet.paula@unibuc.ro
3
Ph.D. Student, University of Bucharest, Romania, biagyydog@yahoo.com
2

182

Nicoleta Ionac, Paula Tăbleţ, Adrian-Cătălin Mihoc

the same WMO developed a more accurate definition of heat waves as being:
weather episodes in which, for at least five consecutive days, maximum airtemperatures exceed, by more than 50C, the climatological means of the maximum
values recorded between 1961 and 1990 [3].
This way, air-temperatures that are being perceived as normal by the
inhabitants of some countries with warmer climates, may as well be perceived as
extreme in other regions, generating the so-called heat waves.
Lately, hot weather and heat waves are more frequently defined in association
with other meteorological parameters that describe thermal human comfort or the
human body’s effective temperature which depends on air humidity.
For example, The US National Weather Service defines a heat wave as three
or more consecutive days of highs reaching at least 90 F (320C), while the weather
service's parent organization, the National Oceanic and Atmospheric
Administration (NOAA), also defines it as simply a prolonged period of excessive
heat and humidity [4]. In this respect, bioclimatic indices are used to quantitatively
assess the human body stress due to overheating. In the US, the Heat Index is used
to tell how hot it really feels when relative humidity is added to the air temperature.
Exposure to direct sunshine can also affect the heat index, increasing it by up to
15F, according to NOAA) [5].
In Romania, the highest air-temperature values are recorded from mid-June to
late August and hot weather is characterised by the persistence of high airtemperatures all day and night long and by low day-to-night air-temperature ranges
or amplitudes. Romania’s National Administration of Meteorology (ANM) defines
weather as being hot, when maximum air-temperatures exceed 35°C during the day
and maintain around 20°C at night [6].
1. Heat waves: latest impacts and trends
So while there is no universally agreed upon definition for what constitutes a
heat wave, there is no doubt that it can be deadly. A 'pre-designed' summary and
profile of disasters reported that heat waves are particular weather hazards ranking
among the world’s top 10 natural disasters. A summary of events from 1980 to
2008 shows that human and economic losses due to heat waves are quite consistent
(Table 1 and 2, Figure 1) [7].
As we can see, the heat wave in 2003 represented, for all Europe, a major
climatic event, with great negative effects on the ecosystems, population and
infrastructure in many of its countries. The most affected countries were Italy,
France, Spain, Germany and Portugal, where the extremely long heat wave (from
June to August), following a dry spring and continuing until late Sepetember, made
many victims. The first heat wave was felt in June, in Portugal, Spain, Italy and
southern France. The second, in mid July, extended over northern France, Germany
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and Great Britain. According to a World Health Organization (WHO) report, the
2003 heat wave caused over 70,000 deaths in more than 16 European countries [8].
Tab. 1 - Worldwide Heat Wave Effects, 1980-2008
No of events:
126
No of people killed:
89,889
Average people killed per year:
3,100
No of people affected:
4,614,411
Average people affected per year:
159,118
Ecomomic Damage (US$ X 1,000):
21,989,859
Ecomomic Damage per year (US$ X 1,000): 758,271

Fig. 1 - Total number of heat waves reported in the world, 1980-2008

The 2006 European heat wave was a period of exceptionally hot weather that
arrived at the end of June 2006 in certain European countries: the United Kingdom,
France, Belgium, Netherlands, Luxembourg, Italy, Poland, the Czech Republic,
Hungary, Germany and western part of Russia. In the Netherlands, Belgium,
Germany, Ireland, and the UK, July 2006 was the warmest month since official
measurements began [9].
In Belgium, July was the warmest month since records began in 1830, with
average maximum temperatures of 28.6°C (83.5°F) in Brussels. This was 1.8°C
(3.24°F) warmer than the previous record set in July 1994 and 7°C (12.60°F)
warmer than the 30-year meteorological average for Belgium. July 2006 was also
one of the sunniest months in Belgian history, with 316 hours of sunshine, or more
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than 140 hours more than normal. Before 1990, a heat wave occurred in Belgium
about once every 8 years, but during the last decade, the country averages one heat
wave per year. On 19 July 2006, temperatures throughout the entire country rose to
36°C (97°F), making it the hottest July day in almost 60 years.
In the Netherlands, where the monthly air-temperature average is 22.3°C
(72.1°F), temperatures went up to to 37.2°C (99.0°F) in July 2006. The highest
temperature was recorded on 19 July, when temperatures reached for most of the
country the mid- to upper 30's°C (mid- to upper 90s°F), especially in the southeast. The all time record for the month of July was broken [9]. A UN report
published on 30 January 2007 showed that the Netherlands ranked the fourth
among the countries with most deaths related to natural disasters, with a total loss
of more than 1,000 victims.
Tab. 2 - Worldwide Number of Affected and Killed People by Heat Waves, 1980-2008
Heat Wave
Australia
Australia
Australia
Australia
China P Rep
Japan
Peru
Romania
Cyprus
Japan
Turkey

Date Affected People
1993
3,000,500
1994
1,000,034
1995
500,100
1994
100,150
2002
3,500
2007
3,000
1983
2,700
2005
500
2000
400
2004
300
2000
300

Heat Wave
Italy
France
Spain
Germany
Portugal
India
France
United States
India
Belgium

Date Killed People
2003
20,089
2003
19,490
2003
15,090
2003
9,355
2003
2,696
1998
2,541
2006
1,388
1980
1,260
2003
1,210
2003
1,175

But the intense heat wave that centered on western Russia in 2010 was truly
a record breaker. It surpassed even 2003's scorcher in western and central Europe.
From late July until the second week in August 2010, record heat settled over 2
million square kilometers in Russia and Eastern Europe. In Moscow, the daytime
temperatures reached 38.2oCelsius, in Kiev, nights reached 25oC, and estimates put
the Russian death toll at more than 55,000 [10].
By studying different climate models, the researchers predict an increase in
mega heat waves similar to the ones in the 21st century (2003, 2006 and 2010) for
two regions within Europe. Researchers, led by David Barriopedro of the Instituto
Dom Luiz at the University of Lisbon in Portugal, compared the 2010 mega heat
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wave with the one that struck western Europe seven years earlier (2003), and found
that 2010's heat wave was not only more severe, but also covered a greater area.
Even taking into account the uncertainties in the reconstruction of climate models,
they found that 2010 and 2003 were, most likely, the warmest summers since 1500.
And together, both of these mega heat waves have secured a place in the 500-year
weather history of Europe, according to their analysis [10]. Barriopedro and his
colleagues used 11 climate models to examine the outcome of climate change and
all models projected an increase in the frequency of mega heat waves during the
21st century in parts of Europe. In particular, they found that mega heat waves of
magnitude similar to 2003 would increase by a factor of five to 10 for regions of
western and eastern Europe (the western European region included France and
parts of surrounding countries, and the eastern region included northwestern Russia
and parts of the Baltic nations).
3. Synoptic conditions
Heat waves are definitely a complex form of extreme climate event with
substantial impacts. In this respect, case studies cannot but be beneficial in assesing
future evolution trends of heat waves. And this paperworks analyzes the heat wave
episode that affected Romania, in July 2011. In fact, this was a preliminary opening
of a greater heat wave that extended later (end of September till October) over
other countries (as UK) [11].
The July 2011 Romania heat wave was mainly due to the fact that the
Icelandic Low, greatly extending from north-western Europe into scattered lowpressure nuclei all over central Europe, was blocked by the warmer high-pressure
ridge advancing from northern Africa, over eastern Europe, up to the northern parts
of Russia. This synoptic context favoured the transport of hot, north-African airmasses in the lower and intermediate levels of the troposphere, over eastern
Europe, Romania included.
In fact, Figure 2 shows the retrograde trajectory of the air-masses at three
different atmosphere levels (1,500 m; 3,000 m and 5,000 m), as it could be
reconstructed by means of NOAA Hysplit Model. The backward trajectory was
simulated for the 96 hours before 16th July 2011, UTC 12.00 hrs., with Bucharest
as reference point. This explains that, in fact, the massive advection of hot air from
northern Africa was initiated ever since the 14th July and continued for at least two
more days.
This air-masses circulation type also explains the extensive cloud system
developed over most of Central Europe, as we may notice on MSG satellite maps
(Figure 4a-c) for all the three consecutive days of reference. However, Romania has
clear skies, only a peripheral cloud nucleus affecting its territory on 16th July, inside
the Carpathian Arch. Under the circumstances, high air-temperatures, characteristic of
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tropical hot air extending from northern Africa over central Europe, are being
recorded in Romania ever since the 14th July 2011, especially in the Western Plain,
lying closer to the core advection. The highest air-temperatures reached 34oC and
36oC on 14 and 15 July, respectively (Figure 5a-c).

Fig. 2 - Backward trajectory of air masses, ending at Bucharest, 12.00 UTC, 16 th July 2011

This is also confirmed by the wind speed pattern (m/s) at 700 mb isobaric
surface (Figure 3 a-c), showing that, over the Romanian territory, the airstreams
were very slow, with speeds ranging from 6-4 m/s on 14th July (Fig. 3a), then they
almost came to a halt on 15th July (Fig. 3b) and rapidly increased their speed to 612 m/s, especially on the north-western parts of the country (fig. 3c), as they totally
changed into the opposite direction (from NE to SW into SW to NE).
In fact, Figure 2 shows the retrograde trajectory of the air-masses at three
different atmosphere levels (1,500 m; 3,000 m and 5,000 m), as it could be
reconstructed by means of NOAA Hysplit Model. The backward trajectory was
simulated for the 96 hours before 16th July 2011, UTC 12.00 hrs., with Bucharest
as reference point. This explains that, in fact, the massive advection of hot air from
northern Africa was initiated ever since the 14th July and continued for at least two
more days.

Heat waves: meteorological characteristics and meteorological influences

187

Fig. 3 - Airstream wind-speed at 700 mb level (a – 14 July; b – 15 July; c – 16 July 2011)

This air-masses circulation type also explains the extensive cloud system
developed over most of Central Europe, as we may notice on MSG satellite maps
(Figure 4a-c) for all the three consecutive days of reference. However, Romania has
clear skies, only a peripheral cloud nucleus affecting its territory on 16th July, inside
the Carpathian Arch. Under the circumstances, high air-temperatures, characteristic of
tropical hot air extending from northern Africa over central Europe, are being
recorded in Romania ever since the 14th July 2011, especially in the Western Plain,
lying closer to the core advection. The highest air-temperatures reached 34oC and
36oC on 14 and 15 July, respectively (Figure 5a-c).
The persistence of this circulation and the continuous air-temperature increase
during daytime, as the high values of potential energy show, were also responsible
not only for the extent of the hot air-mass over the Romanian Plain, but also for high
air-temperatures (34,4ºC and 35,4ºC) being recorded here the following days (15 and
16 July 2011).
A closer look at the spatial distribution of potential energy (gpdm) at the isobaric
level of 500 hPa (that is approximately 5,500 m), where the atmosphere’s leading
airstreams form, reveals that, in fact, on 14th July (12.00 UTC), Romania was under the
influence of a high-pressure system (1,015 hPa) extending from northern Russia to
northern Africa, which generated not only high potential energy values (increasing
from E-564 gpdm, to W-576 gpdm), but also high air-temperatures (between 16oC in
the E to 20oC in the W) at the 850 hPa level (that is approximately 1,500m) (Fig. 6a
and 7a – Source: www.wetter3.de ).
On the 15th July, the Siberian High advanced farther southwards, determining the
steep increase of both potential energy (584 gpdm) and air-temperatures (20-22oC)
especially in the western parts of the country (Fig. 6b and 7b). Finally, on 16th July, the
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Fig. 4 a-c. Cloud systems over Europe
a – 14 July; b – 15 July; c – 16 July

Fig. 5 a-c. Air temperatures at selected
weather stations in Romania

Icelandic Low pushed fresher air southwards, so that the hot, tropical air withdrew
more eastwards, meaning that, in Romania, air cooled off in the Western Plain but still
kept hot in the Romanian Plain, where air-temperatures still maintained high (Fig. 6c
and 7c).
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Fig. 6 – Distribution of geopotential
energy(gdm) at the 500 hPa level(14-16
july; up to bottom)
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Fig. 7 – Air temperature distribution at 850
hPa (14-16 july; up to bottom)
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4. Meteorological characteristics
As air-temperature is one of the basic elements of weather and climate, the
heat wave affecting Romania on 4-16 July 2011, can best be described in terms of
air-temperature values (Figure 8).

Fig. 8 - Air-temperature values in Romania on 16th July 2011(12.00 – 18.00 UTC)

Therefore, on the 16th July 2011, while the western parts of the country
recorded air-temperatures ranging from 20 to 24oC, the south-eastern parts
recorded highs surpassing 32oC in most areas along the Danube River and even 33
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C in Bucharest (Filaret), where the severity of the heat wave was greater because
of the urban heat island, resulting from the accumulation of a large amount of heat
within the inner city, as compared to the outer rural areas. The following hours, the
heat stress got greater as air-temperature values increased to 34 oC and 35oC at
16.00 hrs and kept stagnant until evening (18.00 hrs.). The highest air-temperature
values (36 oC) were recorded both on the southernmost peripheries of the country,
along the Danube’s left bank and in Bucharest capital city (as the ANM maps
presented in Fig. 8 show).
5. Biometeorological influences
High humidity contributes significantly to the discomfort people feel during a
heat wave. Hot, muggy days are uncomfortable because humans are warm-blooded
creatures who maintain a constant body temperature regardless of the temperature of
the environment. The human body prevents overheating by perspiring or sweating.
However, this process does little to cool the body unless the perspiration can
evaporate. It is the cooling created by the evaporation of perspiration that reduces
body temperature. Because high humidity retards evaporation, people are more
uncomfortable on hot and humid days than on hot and dry days.
Generally, temperature and humidity are the most important elements
influencing summertime human comfort. Several bioclimatic indices combine
these factors to establish the level or degree of comfort or discomfort. One index
widely used by Romania’s National Administration of Meteorology (ANM) is
called the Temperature-Humidity Index (eng. THI = ro. ITU), expressed in units,
which indicates how hot an average person feels on given various conditions of
temperature and relative humidity. To note that, as the relative humidity increases,
the heat stress increases as well.
To advise the public on the potential danger from heat stress, the THI is used to
determine the level of human discomfort, in order to categorize the impact that heat will
have on the well-being of individuals. It is, however, important to note that factors such
as the length of exposure to direct sunlight, the wind speed, and the general health of the
individual greatly affect the amount of stress a person will experience.
Romania’s legislation includes regulations concerning the specific ways of
identifying and reporting on biometeo-climatic risks, according to their character and
amplitude of manifestation in given geographical, seasonal and meteorological
conditions. This is being done on the basis of the Emergency Order nr. 99, issued by the
Romanian Government in 29 June 2000 (the methodological application norms of the
above-mentioned order being later established in the Government Decision nr. 580 in 6
July 2000), which identifies the hazardous weather conditions and establishes the
„measures to be taken in periods with extreme air-temperatures in order to protect the
working persons”; but this has a rather limited area of application since it refers only to
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the fact that specific authorities, as the National Administration of Meteorology, are
obliged to publicly report on dangerous weather events, such as cold or heat waves.

Fig. 9 - THI values in Romania on 16th July 2011 (12.00 – 18.00 UTC)

And since the 14-16 July 2011 heat wave episode was considered hazardous to
human health, actual THI values were reported to mass-media every hour, in order for
the population to adopt protective measures. For instance, if taking a closer look at the
spatial distribution of THI values on 16th July (Figure 9), we’ll notice that, at noon (12.00
hrs.) the upper critical value of 80 THI units was exceeded only towards the southern
border of the country, but later in the after-noon (16.00 hrs.), the heat stress became not
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only more opressive (with THI values exceeding 84 units), but also more extensive, large
areas from the central and eastern parts of the Romanian Plain being influenced by heat
stress due to overheating.

Fig. 10 - UVI values in Romania on 16th July 2011

On the previously-mentioned warm days, the sky was cloudless and bright,
therefore, sunshine was at its maximum. But too much sunshine (specifically too
much ultraviolet-UV radiation) can lead to serious health problems. For this
reason, the UV Index was issued to warn the public on the potential health risks of
exposure to sunlight. The UV Index is determined by taking into account the
predicted cloud cover and reflectivity of the surface, as well as the Sun angle and
atmospheric depth for each forecast location. The UVI values lie on a scale from 0
to 11 and higher, with larger values representing greater risk.
On the 16th July 2011, the UVI values in Romania ranged from below 8 in
the Western Plain, to 9 on most of the country’s territory and to values surpassing 9
units on the south-eastern regions (Figure 10). All these UVI values indicated very
high exposure of outdoor people, who were advised, by the authorities, to avoid the
Sun during noon hours, otherwise to take all precautions to cover up, use
sunscreens, hydrate intensely,wear sunglasses etc.
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