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THE RISING TEMPERATURE TREND AND ELONGATION  

OF THE WARM PERIOD IN SUMMER  

IN THE ALGERIAN SOUTH-WEST, 1951–2010 

Abstract. Several studies indicate that the hot season is lengthening at the expense of the intermediate seasons, and extreme 

events are becoming more intense and spread out over time. What is the situation in a climate described as very hot? This work 

aims to examine the evolution of minimum and maximum temperatures in the hot period from June to September during 1951–

2010 in the Bechar region, which is classified among the hottest in the world and located in the south-west of Algeria. This 

study will also focus on the extending of the warm period (the period between the first and the last recording of an extremely 

hot day). The results showed an evolution of maximum and minimum temperatures, leading to an upward trend in the mid-

1990s. There was an average increase of 1°C at the maximum and 0.9°C at the minimum. The warm period experienced a sig-

nificant expansion attributed to both the earliest and the latest extremely hot day events. 
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Introduction 

Climate change has had and will continue to have 

an impact on temperature and precipitation (Dri-

ouech et al. 2020; Boudiaf et al. 2020). As global 

mean temperature rises, climate-related impacts 

and risks are increasing rapidly (Hoegh-Guldberg 

et al. 2019). One prominent example is that global 

warming has caused a significant change in tem-

perature amplitudes and a shift in seasons, which 

have been detected in both temperature and pheno-

logical indicators (Allstadt et al. 2015; Christidis et 

al. 2007; Schwartz et al. 2006). The changes in the 

phase of the four seasons include their lengths ex-

panding and contracting and their onsets drifting. 

At low latitudes (0–30°N), the air temperature var-

ies so little throughout the year that the differences 

in temperature among the four seasons are not no-

ticeable (Santer et al. 2018). Tropical seasons are 

generally divided into wet and dry seasons accord-

ing to precipitation. Consequently, based on tem-

perature, the division of the year into four seasons 

at low latitudes, where the summer is very long and 

very hot, is not appropriate. 
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Over the past 60 years, summer has already 

lengthened by 17 days on average across the world, 

but under the business-as-usual scenario, winter is 

projected to last less than 2 months by 2100 (Wang 

et al. 2021). The seasonal changes can magnify the 

strain on human life and ecosystems (water re-

sources, bioresources, animals and plants), repre-

senting an increased threat to life on the planet. 

Therefore, it is of interest to understand how the 

phase and temperature of the seasons change.  

Arid regions present a great sensitivity to cli-

mate. They are exposed to extreme phenomena, 

particularly extremely hot days, which are becom-

ing increasingly intense and extended in time and 

space (Russo et al. 2016; Oueslati et al. 2017; 

Barbier et al. 2018; Batté et al. 2018).  

This study explores the changes and trends in 

warm-season temperatures and the modifications 

represented by the expansion in warm-season 

length resulting from drift in its onset and end. The 

warm period is defined as the time interval (num-

ber of days) between the first and last extremely 

hot day over south-west Algeria; this constitutes 

a case study on the Bechar region covering the pe-

riod 1951–2010. 
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Data and methods 

Study area  

The Wilaya (division) of Bechar is located in the 

south-western region of Algeria and covers an 

area of 161.4 km2. It is about 500 km long from 

north to south and about 400 km wide from east 

to west (Fig. 1). It is characterised by a Saharan-

type climate – dry and hot in summer and rela-

tively cold, with rare precipitation in winter (Ou-

badi et al. 2020). 

 

 

Fig 1. The study area: the Wilaya of Bechar 

Methods 

The temperature data used come from the Béchar 

Meteorological station, which depends on the Na-

tional Meteorological Office (ONM 2010); these 

are daily data (Tmax and Tmin) that are homoge-

neous and uninterrupted for the period 1951–2010. 

The statistical analysis was carried out first on the 

average monthly maximum and minimum temper-

atures during the four hottest months (June, July, 

August and September). 

To study the extension of the warm period, we 

rely on the dates of extremely hot days recorded 

from 1951 to 2010. We filter the data to get two 

series, one representing the date of the first ex-

tremely hot day for each year (60 dates), and the 

second representing the date of the last extremely 

hot day for each year (60 dates) from 1951 to 2010. 

Next, we apply the Mann-Kendall test to each se-

ries separately. 

The nonparametric Mann-Kendall test, based 

on the correlation between the ranks and order, was 

used to detect any possible trend in chronological 

series (Mann 1945; Paturel et al. 1996). For each 

element Xi or, what amounts to the same thing, for 

each element yi, the number ni of elements yi pre-

ceding it (i>j) is calculated such that yi>yj (Mann 

1945; Kendall 1975; Some’e et al. 2012). 

The test statistic t is then given by equation: 

 𝑡 = ∑ 𝑛𝑖
𝑛
𝑖=1  (1) 

 In the series of temperatures at Bechar 

from 1951 to 2010, the original values have been 

replaced by the rank yi  (order number), which are 

given to them when they are in nondecreasing or-

der. 

 In the series of the date of the first ex-

tremely hot day for each year at Bechar from 1951 

to 2010, the original values have been replaced by 

the rank yi  (order) which is given to the date of the 

first extremely hot day of the year i. Then, they are 

ordered from the latest to the earliest (from the day 

of September to the day of June). 

 In the series of the date of the last ex-

tremely hot day for each year at Bechar from 1951 

to 2010, the original values have been replaced by 

the rank yi (order), which is given to the date of the 

last extremely hot day of the year i. Then, they are 

ordered from the earliest to the latest (from a day 

in June to a day in September). 

The statistic average and variance of the test 

are calculated by: 

 𝐸(𝑡) =
𝑛(𝑛−1)

4
 (2) 

 𝑉𝑎𝑟(𝑡) =
𝑛(𝑛−1)(2𝑛+5)

72
 (3) 

The reduced test statistics are provided by: 

 u(t) = 
[𝑡−𝐸(𝑡)]

√𝑉𝑎𝑟(𝑡)
 (4) 

In particular, if probability α1 is determined 

using a standard normal distribution table such 

that: 

  𝛼1 = 𝑃(|𝑢| > |𝑢(𝑡)|) (5) 

the null hypothesis is accepted or rejected at level 

α0, depending on whether we have α1>α0 or α1<α0. 

When the values of u(t) are significant, an increas-

ing or decreasing trend can be observed depending 

on whether u(t)>0 or  u(t)<0 (Sneyers 1975). 

As has been stated above, the statistic of the 

second trend test lends itself better to calculation 

when, in the case of a significant trend, we wish to 

locate the start of the phenomenon by means of 

a sequential analysis. 

This comes immediately from the fact that the 

value of t for the series formed of the first i terms 

is none other than the sum, 
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 t = 𝑛1 + 𝑛2 + ⋯ 𝑛𝑖 (6) 

that is, the sum (1) stopped at the ith term. The 

corresponding value of u(ti) is obtained by putting 

n=i in the equation (2) and (3). We may therefore 

assume that, if the trend is real, its effect is only 

very recent and it is advisable to await later ob-

servations to obtain conformation from them. 

Note that this principle can be usefully extended 

to the backward series. In this case, we calculate 

the number n’i of yj terms for each yi term, such 

that yi > yj with i < j , which gives a check on the 

first calculation, since we have: 

 𝑛𝑖 + 𝑛𝑖
′ =  𝑦𝑖−1 (7) 

If we then put: 

𝑖′ = (𝑛 + 1) − 1     and     𝑛𝑖
′ = 𝑢(𝑡𝑖′) 

which in particular leads to: 

 𝑢𝑖′  = 𝑢𝑛 (8) 

In the absence of any trend in the series, the 

graphical representation of ui and ui in terms of i 

generally gives curves that overlap several times, 

whereas in the case of a significant trend, the in-

tersection of these curves enables the start of the 

phenomenon to be located approximately (Meddi 

et al. 2005). 

We used the threshold approach derived from 

summer to determine the temperature threshold. 

This method spatially localises the temperature 

threshold for heatwaves. It assigns an upper tail 

threshold (75th, 80th, 85th, 90th, 95th percentiles) of 

the PDF constructed from long-term daily sum-

mer temperatures (warm season) in each grid 

(Basagaña et al. 2011; Mazdiyasni et al. 2017; 

Raei et al. 2018). This approach is conceptual to 

the PDF-derived threshold but only uses summer 

(warm season) data and does not consider tempo-

rally localized thresholds (Karl et al. 1999; 

Fischer et al. 2009). 

We have chosen to define a day as extremely 

hot if the sum of its minimum (Tmin) and maxi-

mum (Tmax) temperatures is above the 90th per-

centile (Fig. 2). 

 

 

 

Fig. 2. Illustration of extremely hot summer days in 2010 where (Tmax + Tmin)  

is greater than the 90th quantile (red line) calculated over June to September from 1951 to 2010 

the big blue (red) point represents the first extremely hot day (the last extremely hot day);  

the warm period length is the distance between the two points 

 

Results 

Detection of the rupture  

in the temperature series 

The application of the Mann-Kendall test at a sig-

nificance level of 5% identified a break in the 

temperature series. Identifying these ruptures 

makes it possible to calculate the increase in the 

maximum and minimum temperature by the dif-

ference between the two periods, after and before 

the rupture. We detected the existence of a signif-

icant upward break in the temperature series (u(t) 

exceeds the absolute value of the critical value at 

the 0.05 level, which is 1.96) (Table 1). These 
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breaks occurred around 1994 for the series of 

maximum temperatures and 1993 for the series of 

minimum temperatures, causing an increase fol-

lowing the jumps of 1°C in the maxima and 0.9°C 

in the minima recorded between the periods after 

and before breaks (Figs. 3, 4). 

On the other hand, the linear regression be-

tween temperature and time used to quantitatively 

describe the possibility of a linear decreasing or 

increasing trend in the time series confirms that 

the temperatures at the Bechar station have under-

gone an average increase of 0.02°C/year. 
 

Table 1 

Mann-Kendall test, temperature evolution, break point years in the study period 1951–2010 

T U(t) 
Significance 

level 
Break point year 

Average be-

fore break 

(°C) 

Average after 

break (°C) 

Change 

(°C) 

Tmax 3 1.96 1994 37.1 38.1 1.0 

Tmin 3.5 1.96 1993 24.3 25.2 0.9 

The onset of the extremely hot days period 

The extremely hot days occurrence date was rec-

orded during the reporting period. When applying 

the Mann-Kendall test at a significance level of 

5%, we noticed a clear positive tendency (Table 2) 

towards an early appearance of extremely hot 

days (Fig. 5). At the beginning of the series (be-

fore the break around 1999) the occurrence of the 

first extremely hot days was around the 4th of July. 

However, this happened earlier in the second pe-

riod (after the break). It was around the 16th of 

June, which means an average of 18 days earlier 

than in the first period. 

The linear regression between the onset of 

extremely hot summer days and the time (year) 

shows that the beginning of the extremely hot 

days moves towards the beginning of summer at 

an average of 0.4 days/year. 

 

Table 2 

Mann-Kendall test, trend in extremely hot days, break years at the year scale for the study period 1951–2010 

 U(t) 
Significance 

level 

Year of 

break point 

Average date 

before break 

Average date 

after break 

Drift 

(days) 

Onset of warm 

period 
4.7 1.96 1999 04-Jul 16-June 18 

End of warm pe-

riod 
7.2 1.96 1981 08-Aug 22-Aug 14 

The end of the extremely hot days period 

The Mann-Kendall test confirms that the break 

point in the series of the last extremely hot day 

occurred in the year 1981. This positive trend is 

significant at the 0.05 significance level (Table 

2). The average end of the warm period during 

the first period (before the break) was the 8th of 

August. It moved to the 22nd of August during the 

second period (after the break). It is thus two 

weeks later. The linear regression between the 

extremely hot days end date and the time (year) 

shows an average delay of 0.4 days/year (Fig. 6). 

After 1981, the warm period lengthened by 

an average of 14 days (due to the drift in the end 

of extremely hot days) to reach 49 days in 

length until 1999, when a new drift in the begin-

ning of extremely hot days began. After 1999, 

the length of the extremely hot days period 

reached 67 days on average (Fig. 7). 
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Fig 3. The mean annual maximum temperature (Tmax) trend averaged over June to September  

of the Bechar station (1951–2010)  

(a) – graphic of the series u(t) and the backward series u′(t) of the Mann-Kendall statistic test  

with significant trends for the study period; (b) – the evolution of the maximum temperatures with time 

 

 

Fig. 4. The mean annual minimum temperature (Tmin) trend averaged over June to September  

of the Bechar station (1951–2010) 

(a) – graphic of the series u(t) and the backward series u′(t) of the Mann-Kendall statistic test  

with significant trends for the study period; (b) – the evolution of the minimum temperature with time 
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Fig. 5. The temporal trend for the onset of the warm period at Bechar station (1951–2010)  

(a) – graphic of the series u(t) and the backward series u′(t) of the Mann-Kendall statistic test  

with significant trends for the study period; (b) – the date of the first extremely hot day in the year 

 

 

 

Fig. 6. The temporal trend for the end of the warm period at Bechar station (1951–2010)  

(a) – graphic of the series u(t) and the backward series u′(t) of the Mann-Kendall statistic test  

with significant trends for the study period; (b) – the date of the first extremely hot day in the year 
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Fig. 7. Illustration of the elongation of the warm period during (1951–2010) 

the yellow curve the dates of the first extremely hot days, the blue curve represents the dates of the last extremely hot days – 

for each year of the study period; the green line represents the average date of the first extremely hot days occurrence before 

and after the drift of the onset, the red line represents the average date of the last extremely hot days occurrence before and 

after the drift of the end  

 

Discussion 

The temperature increase calculated regarding the 

identified rupture is 1°C in maximum temperature 

and 0.9°C in minimum temperature. The results 

are in line with various studies. The experts of the 

Berkeley Earth Organization (Rohde et al. 2013) 

showed a clear increasing tendency in the average 

temperature of Bechar station during the period 

1951–2010. Experts from the National Meteoro-

logical Office (NOM 2004) drew the same conclu-

sions. They noticed an increase in temperature dur-

ing all the seasons ranging from 0.8 to 1°C. 

Almazroui et al. (2020) confirmed that, under the 

intense forcing SSP5-8.5 scenario, the most signif-

icant rise in mean annual temperature (5.6°C) is 

projected over the Sahara by the end of the twenty-

first century. 

The temperature variation in summer is con-

sistent with extreme heat events that have occurred 

more frequently in summers (Sheridan, Lee 2018). 

The expansion in the warm period calculated re-

garding the identified breaks is 18 days attributed 

to the earlier appearance of the first extremely hot 

day and 14 days attributed to delay of the last ex-

tremely hot day. These results agree with the con-

clusions of previous works. Since the 1950s, in the 

extended summer season, from May to September 

in the northern hemisphere, the high heat se-

quences have become longer and more frequent, in 

line with global warming (Faci et al. 2016, 2018; 

Perkins-Kirkpatrick et al. 2020; Driouech et al. 

2020). These results confirm that our climate is 

warming nationally and at the regional level. 

Conclusions 

The analysis of the temperature data of the meteor-

ological station of Bechar permitted us to detect 

significant changes that occurred in this region, 

which is typically known as very hot, and where 

the tendency towards extreme warming is clear. 
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The breaks in the annual summer temperature rec-

ords caused an average increase of 1°C in the max-

imum temperature after 1994 and 0.9°C in the min-

imum temperature after 1993. 

To study the possibility of warm period exten-

sion, we took into account the daily maximum and 

minimum temperatures data of the warm season 

(June to September) during the period 1951–2010; 

we applied the Mann-Kendall test on the dates of 

the extremely hot days. The analysis revealed sig-

nificant changes in both the onset and the end of 

the warm period. These changes are attributed to 

the early onset of the first extremely hot days and 

the delayed end of the last extremely hot days. 

A significant shift was found in both the early on-

set of the first extremely hot days and the late oc-

currence of the last extremely hot days of about 

two weeks during the study period. The progres-

sive and retrograde test of Mann-Kendall shows 

that the break points appeared in, respectively, 

1999 and 1984 for the onset and the end of the ex-

tremely hot days. These trends caused an expan-

sion of more than 30 days in the length of the warm 

period. 
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