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Abstract: Heat waves are considered one of the most noteworthy extreme events all over the world
due to their crucial impacts on both society and the environment. For the present article, a relatively
new heat wave index, which was primarily introduced for the study of extreme warming conditions
over Australia (Excess Heat Factor (EHF, hereafter)), was applied over Greece (eastern
Mediterranean) for a 55-year period in order to examine its applicability to a region with different
climatic characteristics (compared to Australia) and its ability to define previous exceptional heat
waves. The computation of the EHF index for the period 1958-2012 demonstrated that, during the
warm period of the year (June, July, August, and September (JJAS)), Greece experiences
approximately 20 days per year with positive anomalous conditions (EHF > 0) with positive
statistically significant trends for all stations under study. Moreover, an average of 128 spells with
a duration of 3 to 10 consecutive days with positive EHF values were found during the examined
55-year period. As the duration of the spell was extended, their frequency lessened. Finally, it was
found that the EHF index not only detected, identified, and described efficiently the characteristics
of the heat waves, but it also provided additional useful information regarding the impact of these
abnormal warming conditions on the human ability to adapt to them.
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1. Introduction

Heat waves have been a phenomenon of great worldwide interest due to their substantial
societal and environmental impacts. These impacts intensify the necessity of measuring, studying,
and even predicting these extreme hot conditions especially in the impacted communities and the
affected regions [1] because remarkably warmer weather can have a direct negative effect on health,
especially for the vulnerable elderly population [2-5]. There is also a global demonstration that
extreme temperatures are highly correlated with human mortality [6-8], making heat waves one of
the natural hazards with the greatest percentage of casualties [3,9]. Langlois et al. [10] mention that
even though people tend to adapt and acclimatize themselves to temperature changes, if this change
is sudden and abrupt, it can then cause certain heat-related diseases or even death.

Nevertheless, there is no single and standard definition of the physical nature of a heat wave
and their overall description remains quite broad [11]. Heat waves are usually described as periods
of exceptionally hot weather. However, the intensity of this temperature rise as well as the duration
of the extreme warm consecutive days and the time of year that they occur are important aspects
necessary to categorize a hot event as a heat wave. In general, a heat wave is an acute period of
extreme warmth during the summer months, whereas the respective hot periods during winter are
referred to as warm spells [12].

In order to define suitable metrics for waves, scientists have instituted either absolute or relative
approaches [13]. Even though experts differ in the selection of thresholds and duration, the first

Climate 2019, 7, 9; d0i:10.3390/cli7010009 www.mdpi.com/journal/climate



Climate 2019, 7, 9 2 of 15

approach is based on the meteorological/climatological values of certain parameters, such as daily
mean temperature, maximum and minimum temperatures, temperature indices, duration, and
relative humidity, whereas the relative approach also incorporates human acclimatization to weather
and uses more human-related bioclimatic indices (e.g., [14-17]). Thus, the diverse definitions of a heat
wave mainly depend on the scope that is being studied. If the climatological-statistical characteristics
of these extreme hot events are of primary interest to the researcher, then straightforward metrics are
being used. On the other hand, if the study is more human-centered, then the impact of the heat wave
on people’s health is the main drive and different approaches are used [11,18]. It should also be
mentioned that due to the fact that most of the heat wave indices are developed for a specific use and
a specific target group or sector, they are most of the time not flexible and cannot be applied to
different regions or for different purposes [1].

Moreover, since temperature is increasing on a global scale, the interest concerning heat waves
is also increasing as they are expected to become more frequent, more intense, and of longer duration
[19,20]. Especially with respect to the Mediterranean region, which will probably experience a much
larger number of heat waves in the future, particularly during the summer months (e.g., [21-25]), the
need to define these extreme events efficiently becomes more and more urgent, due to their severe
impacts on several aspects of human lives [26-28]. In Greece, which is the center of interest in the
present study, heat waves have been analyzed by several researchers using different approaches,
methodologies, and metrics either from a statistical or a more bioclimatological point of view (e.g.,
[24,29-33]).

However, in this study, an attempt was made to carry out an in-depth analysis of Greece’s heat
waves with a relatively new index, developed primarily for assessing heat waves in Australia [34]
but which had recently been applied to the Czech Republic [35] and the Balkan Peninsula (Romania),
where Greece is also located [3]. This index, defined as the excess heat factor (EHF) and described in
detail in the next paragraph, is actually a set of indices, whose major advantage is that it combines
both the statistical and the human-impact aspects of the heat wave. Moreover, with respect to
temperature, not only maximum but also minimum temperatures were used for their definition.
Adding Tmin on a heat wave index is not only climatologically tempting [1], but high minimum
temperature values intensify the heat wave conditions, also increasing the degree of heat stress
[34,36]. In addition, Karl and Knight [37] underlined that no relief from high minimum temperatures,
for more than three consecutive days, could have crucial impacts on human health. Finally, another
advantage of the excess heat factor index is that it takes into consideration not only the temperature
conditions of the specific day but also of the previous two ones, which can intensify or reduce the
heat wave’s magnitude [1].

In the next section of this study, the methodology for the EHF index computation is analyzed as
well as the data that are being used. Moreover, the statistical characteristics and results of the index
are presented for the stations under study as well as the assessment of the EHF’s ability to define and
describe two representative heat waves (July 1987 and July 2007) that occurred in Greece during the
past few years. Finally, the conclusions derived from the study as well as a literature discussion of
them can be found in the last station of this research article.

2. Materials and Methods

The identification and determination of heat waves over the study area (Greece) was achieved
using the computation of the excess heat factor (EHF) index, which provides a measure of the
environmental temperature load [10] and the intensity of a potential heat wave [12]. The EHF is the
product of the multiplication of two other excess heat indices (EHIs), namely, EHIaca and EHIsig.

EHF = EHIsig x max{1, EHIacd] (1)
EHI:ca is defined as:
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where the first term of Equation (2) is the average daily Tmean for a three-day period and the second
term is the average daily Tmean of the preceding thirty days. As proposed by Nairn et al. [34], this is
an acclimatization index and its positive (negative) values are related to hot (cold) weather
conditions. It determines a period of heat that is warmer than the recent past [10], and it should be
highlighted that this index is not influenced by the potential general warming trend [34]. This index
describes an important factor of the influence of heat to the population because, even though humans
tend to acclimatize themselves to their environmental local climate according to the temperature
variations throughout the year, they may be unprepared to an abrupt temperature rise above that of
the recent past [12]. Thus, positive EHla«i values indicate a lack of acclimatization to the warmer
temperatures which may result in negative health impacts.

The second term of the EHF equation is the significance index (EHIsig) defined by the following
equation:

|- 7es ©

which is calculated by the difference of the average daily Tmean for a three-day period minus the
95th percentile of the daily Tmean. The percentile is computed for a reference period of 30 years
(1971-2000) using the daily values of the mean temperatures for all days throughout the year. A heat
wave occurs when EHlIsig is positive, while the comparison with the 95th percentile measures the
statistical significance of the heat event [30]. The authors also underline the fact that, since Tos is
computed for a fixed climatological period, the EHLig (contrary to the EHI.c) is expected to become
more extreme under a general warming trend.

Therefore, the excess heat factor expresses the long-term temperature anomalies amplified by
the short-term ones [10], and the days with positive EHF values indicate heat wave conditions, while
the higher the values of the index, the more intense is the heat wave. However, according to Perking
and Alexander [1], a heat wave episode will be defined when at least three consecutive days present
EHF values above zero.

Finally, daily Tmean in all the above indices should be computed by averaging the Tmin and
Tmax daily values since the diurnal temperature variation is highly associated with the ability of the
biological systems to recover from high heat load. Hence, for this study, the daily Tmin and Tmax
time series, derived from 14 meteorological stations, were used for a 55-year period starting from
1958 to 2012, for the computation of the Tmean values. Except for the data for the Thessaloniki station
which were available from the meteorological station of the Aristotle University of Thessaloniki
(AUTh), the remaining station data were provided by the Hellenic National Meteorological Service
(HNMS). These data were proven to be homogenous according to the Alexandersson test [38] and
had no gaps. The geographical distribution of the station locations is presented in Figure 1.

It is worth mentioning at this point that although abnormally warm conditions may occur even
during the winter months, it was decided in this case to compute the EHF index for the hottest period
of the year, that is, June, July, August, and September (the JJAS period) since summer heat waves
tend to be more intense with severe impacts for humans during these months. Finally, adopting the
definition used by Perkins and Alexander [1] who mentioned that a heat wave occurs when the
abnormally hot conditions (EHF > 0) persist for more than three consecutive days, the duration of
spells longer than 3 days was calculated for the 14 stations under study during the 55-year time
period.
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Figure 1. Geographical distribution of the stations under study. For each station, the altitude where it
is located can be found on the right of the map. For each station, the average Tmin, Tmax, and Tmean
values for the period 1958-2012 are provided. The sign of the trend of these time series is found in the
brackets (). The asterisk indicates the statistical significance of the trends at the 95% level of
significance.

3. Results

3.1. Statistical Analysis and Aspects of the EHF Index

Primarily required for the definition of the EHIsi; index, the 95th percentile of the Tmean was
computed for a standard period of 30 years from 1971 to 2000. It was found that the Tos values varied
from 24.8 °C to 28.7 °C. The lowest percentile values were observed over Kozani, a station in the west
continental part of Greece, followed by Alexandroupoli (25.4 °C) in the north. Kozani is a typical
continental station, of quite high altitude (400 m), and that is the main reason for the low Tmean 95th
percentile values found. On the other hand, the second minimum of Alexandroupoli can be explained
by the fact that this station is found in the northeastern part of Greece, and even though it is a coastal
station, it presents an intense continental influence especially during winter, which explains the low
95th percentiles. The highest values were found in Elliniko in central Greece (28.5 °C) and the
maximum was found in Samos, an island station over the southeastern Aegean Sea (28.7 °C) (Figure
2).

95th Tmean percentile (period 1971-2000)

oC

Elliniko
Heraklio
Kerkira
Kozani
Larissa
Mitilini
Naxos
Rodos
Samos
Skiros
Souda

Alexandroupoli
Thessaloniki

Figure 2. The 95th Tmean percentiles for the stations under study for the period 1971-2000.

As mentioned in the previous section, the analysis focused on the hot period of the year (JJAS)
for the years from 1958 to 2012. The average number of days in the hot period of the year in Greece
when the EHF index presented positive values varied from 17.9 (Larissa) to 23.9 (Kozani). This
indicates that for approximately 20 days per year the stations under study experienced heat wave
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conditions (Table 1). In addition, although Kozani was the station with the lowest Tos percentile value,
generally characterized by a relatively colder climate in comparison to the rest of the stations, it
showed the highest average positive EHF days.

Moreover, the results regarding the year with the maximum number of days with EHF > 0
indicated that, for all of the stations, they occurred at the end of the examined time period, most of
them being in 2012. It seems that during that year, Greece was characterized, in summer, by very
intense warm conditions that lasted up to 80 days (Kalamata). However, the absolute maximum was
observed in Naxos (89 days) two years earlier (2010). These abnormally hot days tended to become
more frequent throughout the examined period, since positive trends were found in all the stations
ranging from +3.4 days/decade in Rodos to +11.4 days/decade in Naxos (Table 1). The smaller trend
in Rodos could be attributed to the geographical position of the station, in the northwest part of the
island, which is highly influenced by the Etesian winds during the summer. The maximum in Naxos
could also be related to the location of the station, which is more “protected” from the Etesian winds.
Regardless of the trend values, it is worth mentioning that after the application of Kendall’s tau test
at a significance level of 95%, all of them were found statistically significant. This comes as a robust
indication that the days of abnormally increased temperatures do significantly increase during the
examined period and it is not just a random rise (Table 2). This finding encouraged the application
of another statistical analysis, based on the application of the Mann—Kendall t test method [39], in
order to identify breakpoints on the EHF time series. The results from this test are presented in Figure
3. It can be clearly seen from the normal curve in all stations that the time series of the positive EHF
days present a statistically significant positive trend that exceeds the statistical significance level
(95%) during the last years of the examined period. In addition, according to the criteria of this test
[39], in all stations under study, an abrupt change (breakpoint) of the specific parameter is observed
(a clear ”X” shape between the normal and the retrograde curve). The actual year of the breakpoint
is not the same in every station but it can be placed from the mid-90s until the first years of the 21st
century. More specifically, the earliest breakpoint is in Samos (1993) and the latest one is in the
Thessaloniki station (2002) (Figure 3).

Table 1. Average, maximum and trends of the days with positive EHF values for June, July, August,
and September (JJAS) for the period 1958-2012. All the trends were found statistically significant at
the 95% level according to Kendall’s tau test.

Average Positive EHF Days Max. Positive EHF Days Trend Positive EHF Days

Alexandroupoli 23.0 72 (2012) +0.76
Elliniko 21.7 76 (2011) +0.41
Heraklio 18.5 51 (2010) +0.41

Kalamata 22.8 80 (2012) +0.65
Kerkira 21.5 71 (2012) +0.56
Kozani 23.9 77 (2008) +0.79
Larissa 17.9 56 (2012) +0.44
Mitilini 21.0 63 (2007) +0.63
Naxos 22.8 89 (2010) +1.14
Rodos 19.4 50 (2012) +0.34
Samos 21.0 67 (2012) +0.89
Skiros 19.5 52 (2007) +0.41
Souda 17.9 49 (2012) +0.45

Thessaloniki 21.9 63 (2012) +0.58
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Apart from the examination of the number of days with positive EHF values, the study of the
spells of positive EHF is also included (Table 2). These heat wave spells were classified in four classes
(Ist class: 3 to 10 days, 2nd class: 11 to 20 days, 3rd class: 21 to 30 days, and 4th class: >30 days). In
addition, the maximum spell duration was computed in order to provide a magnitude of the most
extreme heat waves in terms of duration.

Table 2. Number of heat wave spells (consecutive days with EHF values > 0.0) during the study period
1958-2012 for the 14 stations under study.

3-10 Days 11-20 Days 21-30 Days >30 Days  Maximum Spell Duration
Alexandroupoli 106 26 5 4 45 days (2012)
Elliniko 127 26 2 1 37 days (2011)
Heraklio 119 21 1 0 30 days (2010)
Kalamata 146 20 2 2 57 days (2012)
Kerkira 105 23 3 5 58 days (2012)
Kozani 140 23 5 1 32 days (2008)
Larissa 117 15 3 0 28 days (2012)
Mitilini 116 20 7 1 32 days (2011)
Naxos 106 19 2 7 57 days (2010)
Rodos 130 20 0 1 33 days (2012)
Samos 124 19 5 1 39 days (2012)
Skiros 134 18 2 0 25 days (2010)
Souda 132 15 0 0 18 days (1999)
Thessaloniki 116 22 5 1 38 days (2012)

As expected, the most frequent spells are the ones belonging to the first class, with an average
number of 122.7 spells during the years of study. The most heat waves with 3 to 10 days duration
were found for the Kalamata station (146 spells) followed by the Kozani station (140 spells). These
“shorter” heat waves were less frequent for two stations in the north of Greece, namely,
Alexandroupoli and Kerkira with 106 and 105 spells, respectively. As the duration of the heat waves
becomes longer, their frequency decreases. For the second heat wave class, the highest number of
spells was found in Alexandroupoli and Elliniko (26 spells) and the lowest one was found in Larissa
and Souda (15 spells), whereas for the third class the frequency of the heat waves did not exceed 7
(heat waves with a duration from 21 to 30 days) which was recorded at the Mitilini station over the
eastern Aegean Sea. Regarding heat waves with a duration longer than 30 days, none were observed
in the Heraklio, Larissa, Skiros, and Souda stations during the 55-year time period. On the other hand,
seven (7) such heat waves were found for the Naxos station in the central Aegean Sea and five (5)
were found in Kerkira in the Ionian Sea. Finally, calculating the maximum heat wave in each station
during the examined period, it should be noted that during the year 2012, Kerkira and Kozani
experienced 58 and 57 consecutive days, respectively, of abnormal hot conditions with positive EHF
values. The maximum for this parameter (the duration of the maximum spell) is found in general
over continental stations, over the western parts of the country, where the Etesian winds lack
influence, during the summer months. Conversely, the minimum is observed for island stations
where the sea probably plays an important role in cooling (temperature drop), especially during the
night. It should also be highlighted that for most of the stations, this extremely long heat wave was
detected during the last three years of the study period (2010, 2011, and 2012), especially the last year.
This is in agreement with the general finding that 2012 is considered, on a planetary scale, as one of
the warmest years all over the world according to the World Meteorological Organization (WMO).



Climate 2019, 7, 9 7 of 15

Alexandroupoli Postive BF 3= gr p (1998) | Ellinko Positive BHF days Br.P. (1857) Herakiio Posiive EHF days Br. P. (2000 . Kalareta Positive EHF days Br. P. (2001)

Kerkira Positive EHF days Br. P. (15954) Kozani Positive EHF days

. 153 TR AT s, § T TG ChiEE il il

MNaxos Positive EHF days Br.P. {1997) Rodos Postive EHF days
: o | 8

. Souda Positive EHF days Br.P. (1535) Thessaloniki Positive EHF days Br.P. (2002)

Figure 3. Mann—Kendall t test results on the statistically significant trends, at the 95% level, of the EHF positive days. In the upper right corner of each diagram, the
year of the breakpoint (abrupt climatic change) is indicated in the brackets.
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3.2. Examination of the EHF Index in “Capturing” Two Characteristic Heat Waves in Greece

3.2.1. The Heat Wave of the Year 1987

Listed as one of the major natural disasters by Berz [40], the heat wave of the summer of 1987 in
Greece resulted in over a thousand deaths all over the country due to heat strokes, heat exhaustion,
and heart-related conditions [16,30]. As a result, the heat wave of 1987 has been the subject of several
studies, all agreeing that even though higher absolute Tmax values had been recorded before, the
duration of these very intense and severe hot conditions was the main characteristic of this specific
heat wave [29]. Using two physiological discomfort indices, Giles et al. [41] confirmed that this heat
wave was continuous. For nine consecutive days, from 19 to 27 July [29], Tmax values exceeded 40
°C for most areas of Greece [41]; minimum temperatures were also relatively high and the days of
the heat waves were characterized by a rather small diurnal range [29]. Matzarakis and Mayer [30]
also mention that the thermal indices used in their study showed a very high thermal stress on people.
Especially in the case of Athens, each afternoon was considered as “extremely hot” [31] and the heat
wave was found to be more intense in northern Greece, especially in Thessaloniki [31,41].

Because of the above characteristics of the heat wave of 1987, this study now attempted to
investigate if the EHF index was efficient enough to detect the heat wave, to identify it, and to provide
a thorough analysis of this extremely hot summer in Greece. For this purpose, the acclimatization
and the significance indices (EHIaca and EHIsig) as well as the EHF index were computed during the
month of July 1987 for the 14 stations under study in comparison with the daily Tmean of that month
and the Tmean95 of the reference period 1971-2000 (Figure 4). For all the stations, a gradual increase
of the Tmean daily values was observed, rising above the Tmean95 value from 17 to 18 July. The peak
of these daily values was found during days 25 to 27 of the month, and they dropped again below
the 95th percentile at the end of the month (from 29 to 30 July 1987). If the study of the heat wave was
based only on the daily mean temperatures that exceeded the Tmean95, then the duration of the heat
wave would be defined from days 18 to 30 of the month. However, using the EHF index, additional
and more detailed information was provided.

More specifically, EHlaca began to have positive values much sooner, on 12-13 July, meaning
that the averaged three-day temperature was higher than the recent past, according to the index
definition. This indicated that there was now a lack of human acclimatization to the upcoming
warmer conditions, which could result in an adverse impact on their everyday life and health [12].
Thus, even though the “actual” heat wave had not started, this rising index (EHIa«1) indicated that
humans were not able to physically adapt to this warming, which could be used as a useful alert for
heat wave policy management measures. The second computed index (EHlsig) turned positive for
several days (in general on 20 July). This was the starting point of the heat wave, since by definition,
the EHIsig values should be positive in order to consider the temperature conditions abnormally hot,
higher than the 95th percentile Tmean. Both the indices dropped below zero (yellow line in Figure 4)
at the end of July, either on day 29 or 30 of the month. In most of the stations, these were the same
days that the daily Tmean also fell below the 95th percentile value. Overall, the examination of the
combined EHF index showed that the heat wave of July 1987 started on day 20 of the month (in most
of the stations under study) ending on day 30 when the EHF values were again negative. An
interesting finding of the application of this index was that the peak of the heat wave was not placed
on the same day that the actual daily mean temperature values reached their maximum, but one or
two days later. In addition, it is worth mentioning that during this specific heat wave, not only were
the temperatures exceptionally high (indicated by the EHlIsig) but, due to the rapid temperature
increase, people did not have the chance to acclimatize themselves to these new “much hotter”
conditions (positive EHlac), resulting in harmful effects on their health. Moreover, the previous
studies’ finding that the heat wave was more intense in northern Greece was also detected from the
index application that showed higher values for the stations in the northern parts of the country. It is
obvious that the definition and the description of this heat wave using the EHF match the previous
findings, making it a suitable index for the study of heat waves.
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Figure 4. Day-to -day representation of the heat wave of July 1987 in Greece. The daily Tmean values as well as the Tmean95 percentile (reference period 1971-2000)
are plotted in reference to the left y-axis (°C) and the three indices in reference to the right y-axis (°C). The yellow line represents zero and refers to the right y-axis.
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3.2.2. The Heat Wave of the Year 2007

Occurring twenty years after the previous heat wave, the extreme hot conditions experienced
during the summer of 2007 have been the subject of several climatological studies. Greece has
experienced record-breaking temperatures in most of its regions [33] and the most extreme maximum
temperatures appeared during the last days of each of the summer months [24], mainly between days
21 and 29. Theoharatos et al. [42] mentioned that especially in July, the daily Tmax values repeatedly
exceeded 40 °C, while the regions where the population experienced discomfort (high discomfort
index (DI) values) were Thessalia, Sterea Ellada, and western Pelloponisos. The impacts of this heat
wave were substantial with an increase in forest fires, changes in the hydrological balance, and large
losses in the agricultural and energy sectors [24,43]. Similarly to the previous paragraph, the three
examined indices were computed on a daily basis during July 2007 in order to evaluate their ability
to capture and describe the extreme temperatures in Greece during that year (Figure 5).

In most of the stations used in this study, the extreme hot conditions seemed to have started
from days 15 to 17 of the month when the daily Tmean exceeded the 95th percentile. However, in
most of the stations, the days approximately from 7 to 10 July also surpassed the Tmean95. According
to the actual index values, the onset of the heat wave was determined one or two days later from the
dates of the Tmean > 95th percentile, 16-18 July, and continued until the end of the month. This was
the starting point where the EHIsi; was positive, a necessary condition for the determination of a heat
wave. Regarding the acclimatization index, it started to present positive values on the same dates as
the EHIsig. Yet, in some stations (Souda, Skiros, Naxos, Mitilini, Alexandroupoli, Heraklio, Kalamata),
it went negative sooner than the actual ending of the heat wave. This means, according to Nairn and
Fawecett [12] that in some cases of longer heat waves, there may be some human adaptation to the
extreme hot conditions, decreasing their impact on human health. For example, in the case of Skiros,
EHILca dropped below zero on 28 July, whereas the end of the heat wave occurred two days later.
This characteristic of the heat wave, due to its duration, was not observed in the previous heat wave
case (July 1987).

Finally, one of the main issues observed in the computation of the EHF index was its magnitude
which differed substantially from one station to the other. This means that even though all of Greece
experienced heat wave conditions, its intensity varied considerably (Figure 5). The maximum index
values were found for the stations of Kozani, Kerkira, Larissa, and Samos and the lowest ones were
found in Rodos. On the other hand, the findings from all stations were in agreement that the peak
(the highest EHF value) was found either on day 25 or 26 of the month and that the heat wave then
started to wane.
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Figure 5. Same description as in Figure 4 but for the heat wave of July 2007 in Greece.
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4. Discussion and Conclusions

The statistical characteristics of the combined heat wave index (excess heat factor (EHF)), as well
as its ability to identify and describe efficiently previously recorded heat waves over Greece, was the
main objective of the present study. Daily maximum and minimum temperature time series from 14
stations distributed over the geographical Greek region were employed for a 55-year period (1958-
2018). This index introduced relatively recently [34] had, to the author’s knowledge, never been used
before in Greece. Although it was primarily proposed for the monitoring of heat waves in Australia
[10,12, 34], it was also used during 2018 for heat wave detection in another Balkan country, Romania
[3].

Apart from the fact that it is the first time that the EHF index is being used over the center of
interest, the main reasons for its selection are the following;:

e It incorporates not only Tmax but also Tmin values which is an important parameter
that should be taken under consideration especially if the heat wave study is more
human-centered. Temperature rise is undoubtedly related to human health; however,
the overnight high temperature impedes the night discharge and results in excess heat
stress and an enhancement of the heat wave conditions [1, 44-46].

e It measures daily temperature values for a three-day period (average) rather than the
single temperature of one day, making it more sensitive to temperature changes as it
considers also previous day conditions. [1].

o The first term of the EHF (EHIsig) provides a measure of the statistical significance of the
heating as it is compared with a fixed percentile value (95th percentile of a defined
period which, in this case, was chosen to be 1971-2000).

e The second term (EHIa«1) compares the examined warm conditions with the recent past
(previous 30 days) providing an indication of the people’s acclimatization ability to this
unusual heat. Conversely to the EHIsiz, EHIaca does not change under a general climate-
change warming [12].

e Overall, the application of the EHF can provide information both about the statistical
characteristics of a heat wave but also about its effect on humans.

The computation of the EHF index for the period 1958-2012 demonstrated that, during the warm
period of the year (JJAS), Greece experienced approximately 20 days per year with positive
anomalous conditions (EHF > 0) with no discrepancies worth mentioning among the stations. In
addition, these days tended to become more frequent (with positive statistically significant trends for
all stations under study), agreeing with the general consideration of an increase in extreme hot events
in the future over the Mediterranean [20]. The years that had the largest number of days with positive
EHF values were the last ones of the time period used (2007 to 2012). Up to 89 days in Naxos, for
2010, were observed, where it seemed that most days of the summer season were characterized as
abnormally hot.

However, since, according to Perkins and Alexander [1] a heat wave is defined when at least
three or more consecutive days have positive anomalies, the spells of these days were also computed
according to the index values. The selected stations presented an average of 128 spells with a duration
of 3 to 10 days during the examined 55-year period. As the duration of the spell was extended, their
frequency lessened. Four stations, mainly island ones, did not present any heat waves longer than 30
consecutive days, whereas others such as Kozani and Kerkira which are located at the northwestern
part of Greece experienced an intense heat wave in 2012 lasting 58 and 57 days, respectively.

Apart from the significant insight into the heat wave statistical characteristics obtained from the
EHF, an attempt was made in the study to assess its ability to record previous heat waves since the
index was primarily introduced for another area with very different climatic characteristics from
Greece. After its application to the daily temperature data for July 1987 (one of the most intense heat
waves recorded in Greece), it was found that the index identified very efficiently both the duration
and the intensity of the heat wave. In addition, the acclimatization index showed that the heating
conditions were quite rapid, not allowing people to adapt to them a few days earlier than the defined
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start of the heat wave. The index was also able to capture the fact that the heat wave was more intense
in the northern parts of the country where the EHF values were higher. Conversely, regarding the
second heat wave case of July 2007, the computation of the EHF index made it clear that the heating
conditions had a different intensity level over Greece since its values differed substantially among
the stations. Moreover, the lack of human acclimatization started in this case on the same dates as the
beginning of the main heat wave event (a few days of positive value index were also observed during
the first days of July). However, the EHl.«l turned negative, for several stations, before the end of the
heat wave, meaning that people started to adapt to these extreme conditions due to the longer
duration of this specific heat wave.

Overall, the main conclusion of this study is that the EHF index applies not only to the detection
and analysis of heat waves in Greece, but it also provides information about the conditions that may
or may not have an impact on human health and well-being. Future work includes plans to examine
other years which, according to the EHF, seemed to have been extremely hot with extended heat
waves such as in the year 2012.
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