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Abstract

According to the (GEC2021), global warming could have a very serious impact on many sectors
such as health, the environment and the economy. Scientists are highlighting the changes in
intensity and frequency observed in the past, and attempting to predict the future. This is not
climate change, but rather the risk of a worsening of its intensity. To this end, this article aims to
identify temperature maxima in northeastern Algeria. To do this, we applied the Generalized
Pareto Distribution (GPD) to data from the chosen weather station over a period of more than
thirty years, in order to understand the behavior of maxima. Our study showed that whatever the
return period, the monthly mean remains around 31°C.

Keywords: General Pareto distribution, extreme temperatures, global warming, northeastern
Algeria, POT.
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1. Introduction

Algeria is a region severely affected by climate change, with temperatures rising faster than the
global average and rainfall becoming increasingly erratic. These changes will have a significant
impact not only on the region's ecosystems, but also on agriculture and human health. Climate
projections indicate that average temperatures in the region will rise by 1.5 to 2.5°C by the end
of the century (GEC 2021), increasing the frequency and intensity of extreme weather events

such as droughts, heat waves, floods and storms.

These changes have had significant impacts, including limited water availability in many regions.
Prolonged drought can affect agriculture, drinking water supplies and energy production. In
addition, rising temperatures and changes in rainfall patterns can encourage the spread of diseases
such as malaria, and the spread of certain agricultural pests. Faced with these challenges, it is
imperative to develop strategies for adapting to climate change. The aim is to provide political
authorities and populations with the most accurate and objective information possible, enabling
them to implement mitigation strategies in the face of climatic events and adaptation strategies of

populations and economies in the face of climate change.

To do this, we applied the Generalized Pareto Distribution (GPD) to data from selected weather

stations to understand the behavior of maxima and make predictions over a 100-year period.
2-Methodology

Research on the theme of climate, disasters and risks in Algeria is initially marked by the study of
water-related phenomena: precipitation and its spatio-temporal evolution Medjerab.A. (2007),
Habibi.B.(2013), Other types of climatic hazards (those related to temperature, storm
phenomena) have received less attention from researchers. Research on these hazards is relatively
new and their number is still low, noted that the few studies conducted so far are often limited
to a single type of hazard and that few studies address To this end, we study monthly maximum
temperatures by applying the generalized Pareto distribution (GPD) (Cheratia 2021) to data
from the Patna region. The temperature data used in this article represent the average monthly
temperatures recorded over many years (1988 to 2015) at the Batna meteorological station in
northern Algeria. The aim is to understand changes in maximum temperatures and build suitable
predictive models that can help meteorologists and authorities understand these specific events
and thus prevent climate risks. The packages zyp (Bronaugh and Werner, 2013), evd
(Stephenson, 2002), extRemes (Gilleland and Katz, 2011), (Stephenson, 2014), (R core Team,

2015) were used for data analysis. A 100-year prediction was therefore made.
2-Presentation of the study area

2-1 Geographical location
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Batna, the capital of the Aures region, is located in eastern Algeria, 430 kilometers from Algiers.
Geographically located in the eastern part of the country, the wilaya of Batna lies between 4° and
7° longitude and 35° and 36° north latitude. It covers an area of 12,038.76 km2. The territory of
the wilaya of Batna is almost entirely formed by the confluence of the Tellian and Saharan
Atlases; this is the main physical feature of the wilaya that determines its climate and human
living conditions.
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Figure 1 : General information on Batna's climate

Batna's bioclimatic regime is semi-arid. Based on the variance that characterizes its relief, climatic
analysis reveals three distinct rainfall zones. The first is the humid zone, with annual rainfall of
900 to 1,200 mm and mountains and peaks of over 1,800 meters. Annual rainfall in the medium
zone ranges from 400 to 800 mm and corresponds to the northern slopes of the massif. The arid
zone, with annual rainfall of 200 to 400 mm, lies to the west and south of the massif and
includes the entire Beni Imloul forest. In the shade, temperatures can reach 45°C in summer,

while in winter, temperatures can reach 45°C (Castro-Camilo, 2021).
3-Modeling using the Generalized Pareto Distribution (GPD)

The first step is to determine an optimal threshold for this distribution, the Generalized Pareto
Distribution GPD (Resnick 1987) presents the parameter estimation method for the statistical
analysis of extreme temperature values. The temperature information used in this article is based
on average monthly temperatures observed at the Batna weather station in northern Algeria over

many years (from 1988 to 2015).
3.1 Choice of threshold

To analyze extreme maximum temperatures using the POT method, we first determine a

threshold value, then adjust the GPD to higher temperature values, thanks to the work of J.
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Pickands (1975), AC Davison (2003) and R.L. Smith (1989), GNEDENKO BV (1943) and

others.

This technique is new and uses the Balkema-de Haan-Pickands theorem (1974), Makarov, M.
(2006), to model distribution tails. It determines a threshold above which the model can be used.
It is sensitive to independence assumptions and data perturbations. A threshold method is used
to select a sample of independent peaks (Figure 1). It is assumed that peak values above a given
threshold u are distributed according to a generalized Pareto distribution (GPD), and that the
process by which peaks appear is poissonian.

P(X =k) = e-ﬂi—f (1)

Where A is a positive constant called the law parameter

The GPD distribution is written for a certain threshold u. The values obtained by the parameters
provide information on the tail weights of the parent distribution. In other words, the higher the
tail index, the thicker the tails of the distribution under consideration. Consequently, a tail index
greater than 0 means that the probability of an extreme event occurring is greater than would be

predicted by the normal distribution.

The Mean Excess ME Plot is defined as follows:
{(u: en(u)):Xn:n <u< Xl:n} (2)

Where Xy., et Xi, are respectively the maximum and minimum of the sample and is defined

by :

op(u) = T _ Lyn (g )+ 3)

n i
P I{ZI-HL} Ny

Represents the sum of excesses above the threshold u divided by the number of data that exceed

is the empirical estimator of the Mean Excesss ME function :
e(u) = E[X —ulx >u] (4)

For GPD, the ME , is as follows:

_ o+iu
e(u) = 22 5)

Where 6 * So, if the ME-plot seems to have a linear behavior above a certain value of u, it means

that the excesses above this threshold follow a GPD
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Figure2: Average monthly maximum temperature exceedance curve at Batna weather station

Interpreting the plot of the mean excess function is not very straightforward, and selection bias
may be a problem. This means that considering only values above a threshold can bias the
estimates. By using different threshold ranges, we can better manage this bias by adjusting the
distribution of different parts of the tail. By fitting GPD to different threshold ranges, we can
explore and identify the optimal threshold that provides the most accurate estimate for our case,

and better understand the distribution of extreme values in our data.

To refine the appropriateness of our choice, we will use the method of plotting scale and shape
parameters against different thresholds, also known as "stable scale and shape parameters” to

determine the thresholds required when fitting the data to a multi-row GPD distribution.

A different threshold is set each time. This allows us to control and localize the stability of the
parameters (shape and scale). The method is implemented using the Extremes package of the R
statistical analysis system software (Gilleland et al., 2004). This package contains objective tools
for determining thresholds simply by examining the stability of the shape and scale parameters €

and 0, we obtained the following results (figure2).
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The idea is to find the threshold interval where the graph of the stability points of the two
parameters is approximately linear and stable, on these graphs it appears that the two parameters

of scale and shape remain relatively constant beyond a threshold of 25C°.
3.2. Descriptive data analysis

The range of temperature values above the chosen threshold is shown in Figure 3, and its

statistical properties are shown in Table 1. Shows that the station's mean temperature is

27.52°C. We can see that 50% of the data fall between 25.06°C
and 26.85°C.

What's more, the skewness is less than zero and the kurtosis is different from 3, so the hypothesis

of normality of the monthly maximum temperature series is rejected.

N N, Mean | 3"¥Qu | Max | 15°Qu | Min | Kurtosis | Skewness

36 34 27.52 | 28.14 | 30.88 |26.85 |25.06 | 0.74 0.70

Tablel. Descriptive statistics.
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Figure 3: Maximum monthly temperature above 25°C at Batna station.

From the graph, it appears that the series of maxima is not affected by a trend; the series appears

stationary.
4-Parameter estimation and model validation

Once the excess values have been identified, the GPD parameters can be estimated from these
data. Parameters include a shape parameter, which characterizes the shape of the distribution of

extreme values, and a scale parameter, which measures the deviation of the extreme values from
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the selected threshold. Parameters were estimated using ML maximum likelihood. Let's assume

that our sample of excesses is identically distributed with the GPD given by :

GPD,(x) =1-[1 —@F E#0 (6)

The density function g of is then for

- GPD,(x) = g(x) @)
g0 = (145 ®)
The likelihood is given by ~ L(& u,0,X) = [IL, 9(X}) )

The log likelihood is given by :

I¢,0,X)=InL(¢,0,X)

(10)
1(&,0;X) = —N, an—(é—Fl)ZT“ln(l +§XL-) (11)
Deriving this function in
22D —0 (12)
2EED _ g (13)

We obtain a system with two equations and two unknowns, the solution being the Maximum

Likelihood estimators 3

And for =0, we have

) (14)
gl(x) = ;l exp (— ;
M
[(0,0:X)=~=N,Ino - . Z.\,
=] (15)
. . oy, = TN.': -":l-:-“‘lu "
We then obtain the estimator $ itml (16)

which is simply the empirical average of the excesses

Tob Regul Sci.™ 2023;9(2): 2145 - 2156 2151



Abderrahmane Ziari et al.
Study and Statistical Modeling of Extreme Temperatures in Northeastern Algeria

Scale and shape parameter estimates, associated 95% confidence intervals and covariance
pe p

matrices are presented in Table2.

Scale Shape
Estimates 3.88 -0.64
Std.err 0.74 0.14
CI (2.42,5.34) (-0.91 ,-0.36)

Estimated parameters covariance matrix

Scale 0.55 -0.10

Shape 0.019

Table 2. ML estimates, confidence intervals (CI) and covariance matrices for shape and scale

parameters of the GPD model fitted for maximum monthly temperature

Table2 shows that the shape parameter is negative (meaning that the GP distribution is of the
Pareto II Resnick (1987) type). Its value is close to zero, meaning that the exponential
distribution is excluded. Confidence intervals to support this conclusion. The QQ plot technique
was used to validate the selected models. It can be seen that the QQ plot (figure 5) for the station
is almost linear. Shows that the GPD type II model with a threshold 0f25° C is suitable for the

maximum monthly temperature at the Batna weather station.
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Figure 4: Estimated distribution.

4-1 Validation of the selected model
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Figure 5: QQ plot for Batna station

The purpose of the two graphs is to examine Henry's straight line and the deviations of the
observations. We note that all the points represented are aligned, forming a linear-shaped cloud,

so the annual temperature maxima for the Batna station are well fitted by GPD.
4.2 Estimated GPD return

Table 3 shows the return rates estimated using the ML method for different monthly maximum
temperature return periods with 95% profile probability confidence intervals (CI). The return
level of is the upper quantile of the distribution. These correspond to values that are expected to

be exceeded every "n" years on average, where "n" is the inverse of the probability of exceedance.

For example, a yield level of 100 years means that you can expect to exceed this value on average
once every 100 years. This will help assess and manage the risks associated with rising

temperatures.

So we can expect to exceed 30.96°C every 2 years.
Similarly :

31.03°C every 20 years

31.045°C every 50 years

31.049°C every 100 years

4-3 Return levels

Return period Estimated return level (in °C)
2-years 30.96

20-years 31.03

50-years 31.045
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100-years 31.049

Table 3. Monthly maximum temperature return levels and 95% CI (°C) using GPD.
Conclusion

In this study, monthly maximum temperatures at the Batna weather station from 1988 to 2018
were modeled using the generalized Pareto distribution (GPD) to control and predict maximum

temperature behavior.

Using maximum likelihood (ML) to estimate the parameters, we find that the Pareto II type

(confined tail) with a threshold of 25°C is more suitable for the Batna weather station.

Return rates are estimated for several return periods, with temperatures stabilizing at around

31°C after a 2-year period.

For example, the model suggests that it will take around 100 years for average monthly

temperatures to stabilize at a value of 3.049 °C.

This indicates that whatever the time of return, the average monthly temperature is likely to
exceed 31°C, confirming the dryness and persistence of drought conditions in the region, in
relation to global warming, which will increase water stress and therefore the vulnerability of a

region where the issue of water is problematic.
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