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Using Heat Wave Norm in the Region of  wave norm (HWN), which allows quantifying and qualifying the magnitude
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https://doi.org/10.4236/acs.2020.103015 of daily maximum and minimum temperatures by adding them, integrated

of the summer heat wave events in the Bechar region located northwest of the
Algerian Sahara over the period 1951-2010. The index, based on the analysis

two dimensions at the same time: the duration and the excess heat. The re-
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sults show an increase in the intensity and frequency of extreme events. More
specifically, from the 1980s, it is possible to observe the propagation of ex-
treme and very extreme and super extreme heat waves in recent decades with

Copyright © 2020 by author(s) and maximum presence during the period 1990-2010. In general, it can be said
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1. Introduction

Among extreme natural phenomena, heat waves constitute a worrying threat for
the entire Mediterranean basin with more intensity in arid regions (South

Shore). If, naturally, arid regions experience heat waves of all time, they become
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increasingly intense and spread over time and space. The adverse effects of these
phenomena affect both natural resources: water, soil, vegetation, infrastructure
and socio-economic activities and health [1] [2] [3]. These effects can be: 1) im-
mediate or short-term, such as fires, lack of irrigation water or even potable wa-
ter, crop losses or low yields, shortage of fodder for animals, loss of life; 2) or in-
direct or long-term, such as damage to infrastructure, change of vocation of ter-
ritory, impacts on soils, forests and socio-economic activities (unemployment,
rural exodus, decrease in investments, poverty...).

The trigger for international awareness took place after the unfortunate events
of 2003, where in France alone, there were 15,000 deaths in 20 days [4]. The
same year, a heat wave impacted Algeria in particular the Saharan region causing
in Adrar 40 deaths; this heat wave was marked by its amplitude reaching 47°C
and its duration spanned from June 21 to July 21 [5].

Heat waves are generally defined as extended periods of extreme heat; there is
no consistent definition for the temperature threshold and the number of days
used to define heat waves [6]. However, the temperature thresholds and the du-
ration of the heat waves determine the dangerousness of the phenomenon [1]
[7].

The indices measuring the extremes of hot temperature from the ETCCDI are
used in numerous studies [8]-[16]. Other authors, without going through the
ETCCDI indices, defined indices, for example, the Excess Heat Factor (EHF) de-
fined by Nairn and Fawcett [17], the Heat Wave Magnitude Index daily (HWMId)
proposed by Russo et al [18], the Standardized Heat Index (SHI) developed by
Raei et al [19] and the heat index (HI) [20] defined by the National Weather Ser-
vice/National Oceanic and Atmospheric Administration (NWS/NOAA). In this
contribution, we propose a new non-parametric measure which combines dura-
tion and excessive heat in order to be able to define and classify heat waves. This
index is called the Heat Wave Norm (HWN), and it is distinguished from other

indexes by the fact that it gives the same weight to the two ingredients.

2. Data and Methodology

HWN is a new measure of the extent of heat waves, incorporating two dimen-
sions. The first dimension is the duration of the heat wave. The second dimen-
sion is a measure of the excess heat during the heat wave period relative to a
temperature threshold. In a plane related to the orthonormal reference (O; i I)
(Figure 1), we consider the points HW, (HWDI; EH;) where HWDI, is the index
of the duration of the normalized heat wave, the normalization is done by the
minimum duration of a heat wave which is 3 days and EH; is the centered excess
reduced heat after summing on each of the days of the heat wave. HWN; is the

distance between the origin and the point HW, and calculated with the following

HWN, = /HWDI? + EH? (1)

formula:
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1 HWDI, 5

Figure 1. Ilustration of the HWN calculation method by applying the Pythagorean
Theorem “Equation (1)” where HW, (HWDI; EH)) is a point in an orthonormal coordi-
nate system and HWN,, (red line) is the distance between HW ; and the origin.

In our study we took into account both the maximum and the minimum of
the day, not taking them individually but taking their sum which is fairly repre-
sentative of the daily average temperature, since in summer, its evolution is close
to a sinusoid [21].

We have chosen that a day is hot if the sum of the minimum (T,;,) and max-
imum (T,,,) temperatures exceeds the considered threshold, which is taken so
that about 10% of the values are greater than it (Figure 2). The heat wave will be
considered when three or more consecutive days exceed the previously men-
tioned temperature threshold.

We analyzed a series of minimum temperature (T,,;,) and maximum temper-
ature (T,,,,) data for the hottest four months of the year (June, July, August and
September), from 1951 to 2010. The choice from this period comes to the results
of various studies on climate and global warming, for example, the work of [22]
which clearly shows a break in stationarity towards the end of the 1970s.

To analyze the hot days, we used meteorological data from the National Office
of Meteorology of Algeria [23]. The Bechar station (Latitude 31°38N and Longi-
tude 02°15W) is an arid region located in southwest Algeria (Figure 3).

3. Results and Discussion

We have classified heat waves according to the categories below:

Moderate < 2 < Severe < 4 < Extreme < 6 < Very extreme < 8 < Super ex-
treme.

The heat wave was counted for the two separate periods (1951-1980) and
(1981-2010) (Table 1). The number of moderate heat waves decreased from 41
cases for the first period to 32 cases for the second period, a decrease of more
than 21%, on the other hand, for the number of severe type heat waves is in-
creased by 280%. Heat waves during the first period (1951-1980) were limited to
the moderate type (HWN < 2) and severe (HWN < 4) with much of the mod-
erate type (98%). It also appears that the appearance of severe heat waves mul-
tiplied by approximately 4 times during the second period (1981-2010) but the
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Figure 2. Illustration of the heat wave detection method for the summer season of 2010
where (T, + T,.) exceeds its 90 the quantile (the red line) calculated on 1951-2010. The
green dots (yellow, black) represent the consecutive days constituting the heat waves.

Figure 3. Location of the study area, the Bechar region, located in
the southwest of Algeria.

Table 1. Number and categories of heat waves affected the region of Bechar during

1951-2010.
Period 1951-1980 1981-2010 Total

Moderate 41 32 73

Severe 5 19 24

Class Extreme 0 3 3

Very extreme 0 2 2

Super extreme 0 1 1
Total 46 57 103

most characteristic of this last period is the appearance of the extreme type
(HWI < 6), very extreme (HWN < 8) and super extreme (HWN = 8).

The number of heat waves has increased by more than 23% in the past 30
years with an increasing trend from the mid-1990s.

The highest number of heat waves was recorded in 1999, 2001, 2005 and 2010
this last year was exceptional (Figure 4).

The heat sequences have become longer and more frequent during the last
two decades of the study period in phase with global warming.
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Figure 4. Categories of heat waves impacted the Bechar region during the periods
1951-2010. Moderate < 2 < Severe < 4 < Extreme < 6 < Very extreme < 8 < Super ex-
treme.

4. Conclusions

In this work, we have developed a new climate index (HWN) that considers both
the duration and the excessive heat of heat waves, allowing us to quantify and
qualify the magnitude of heat waves.

The analysis of the minimum and maximum temperature data series from the
Bechar meteorological station located in the Algerian Sahara over the period
1951-2010 clearly shows that from the beginning of the 1980s, the amplitude and
the number of heat waves increased. This increase accelerated in the mid-90s.
The results also show the appearance of extreme, very extreme and super ex-
treme heat waves during the last decade, which gives a strong indication of the
increase in the probability of occurrence of serious events in the years to come.
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