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Abstract

A number of statistical methods (Mann-Kendall, Pettitt test, etc.) and climatic indices (Emberger, Euverte) were used to
highlight climate change in the Kébir Rhumel watershed, at seven geographically selected stations, by studying temperature
on a monthly scale. The time series used was from 1901 to 2021 (121 years). The results show a breakpoint in the series,
identified at 1980, for all the stations. Analysis of the monthly temperature values, before and after the breakpoint, shows an
increase of between 1.08 and 1.18 °C. The graphical representation of the climatic indices indicates that most of the stations
moved from the sub-humid stage (before the break) to the semi-arid stage (after the break). Euverte’s method displays that
the temperatures for 80% of the months are shifting towards a warmer, less humid climate.

1 Introduction

Climate is a key component of the Earth system and is made
up of several variables (temperature, rainfall). Analyzing
their long-term variations is important for studying climate
change, especially temperature (Panda and Sahu 2019). The
impact of climate change on its constituent elements, such as
temperature and precipitation, is an indisputable fact, studied
and proven by several authors (Dai 2011; Ahmed et al. 2018;
Di Cecco and Gouhier 2018; Sam et al. 2019). The problem
has been approached using a number of statistical methods
(Wu et al. 2012; Rauf et al. 2016) or by spatial distribution
(Wu et al. 2012) or simulative and predictive (Lubes-Niel
et al. 1998). Studies have also focused on the temperature
variation impact on water resources at watershed level
(Wang et al. 2014) on hydrological regimes (Moral 1964;
Giiclii 2018) on crops (Gilman et al. 2010) on its drought-
aggravating effect (Dai 2011; Wang et al. 2017; Ahmed et al.
2018; Sam et al. 2019; Derdous et al. 2021).
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African temperature statistical analysis series between
1979 and 2010 reveals significant upward trends across
Africa (Collins 2011). It also examines temperature changes
over time, detecting abrupt changes in the data series and
revealing statistically significant changes in the analysed
variable, such as increasing temperature values (Akinsanola
and Ogunjobi 2014) (Akinsanola and Ogunjobi 2014).

Several climate indices have been developed by scientists
and are available in the scientific literature. They are used for
different analyses of climate data, depending on the availabil-
ity of data and the objective of the study. These applications
and their interpretations provide a comprehensive summary of
temperature variability and these indices have been calculated
and mapped at different time scales (monthly, seasonal and
annual). These applications have made it possible to highlight
climate variability and study its dynamics in a highly informa-
tive spatiotemporal framework (Neira Mendez 2005; Asfaw
et al. 2018) (Neira Mendez 2005; Asfaw et al. 2018).

A precise climatic classification based on the aridity
index, using temperature values as the determining variable.
This assessment, together with the spatial distribution of
these indices in the region, is an effective tool for decision
support in the management of agriculture, water resources
and urban planning (Derdous et al. 2021).

The availability of climate data (long time series) and
the large number and good spatial distribution of climate
stations in the region under study make it possible to maxi-
mize the information and simplify the choice of methods
used. This option also makes it possible to detect seasonal
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and annual anomalies for the different variables at the level
of each station analyzed, as a function of time, in order to
study trends and predictions (Singh et al. 2008).

The aim of this work is to demonstrate the application
of statistical methods to the analysis of climate data series
and their ability to detect anomalies using statistical tests
chosen according to the purpose sought. These anomalies
are interpreted as an indication of climate change, i.e., an
increase in temperature, after a break in the series analyzed,
which is then quantified as a percentage.

Fig. 1 Geographical location
of the Kébir Rhumel water-
shed (WS 10) and location of
the sub-watershed (Sws) and
climatic stations
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2 Materials and methods
2.1 Area of study

The Kébir-Rhumel watershed (WS), with a surface area
of 8831 km? and a perimeter of 1151 km, is located in
northeast Algeria (Fig. 1). It is bounded to the north by the
Cotiers Constantinois Centre and West watershed (WS03),
to the south by the Hauts Plateaux Constantinois watershed
(WSO07), to the west by the Soummam watershed (WS15),
and to the east by the Seybouse watershed (WS14). It has a
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Table 1 Characteristics of

; ; 8 1902/2021 Code Stations selected Tmin (°C) Tmax (°C) SD(T) Tavg(°C) P avg (mm)

selected climate stations in WS

10, series 1901-2021 (Pavg, swsl 100110  Chebabta 13.53 16.24 068  14.69 495.75

,arl:v“g‘agfl :;‘;fltle;‘;i;ﬁ e sws2 100211 Tiberguent 13.89 16.65 069  15.02 508.88

average; SD, standard deviation) sws3 100303  Tadjnanet 13.52 14.23 0.67 15.38 496.44
sws4 100403  Ain Smara 13.50 16.26 0.71 14.62 572.39
sws5 100508  Guerrah 13.51 16.25 0.71 13.93 573.09
sSwWs6 100620  Grarem Gouga 15.04 17.71 0.69 16.18 651.29
sws7 100706  El Milia 15.03 17.72 0.68 15.49 652.00

coastline of around 07 km and is spread geographically over
six districts: Oum El Bouaghi, Skikda, Constantine, Mila,
Sétif, and Jijel (Oulhaci 2016; Aidat 2017).

The Kébir Rhumel consists of seven sub-watershed (sws):
these are Kebir Wadi (swsl), Endja Wadi (sws2), Rhumel
Wadi upstream (sws3), Rhumel Wadi downstream (sws4),
Boumezroug Wadi (sws5), Smendou Wadi (sws6), and
finally, Kébir Rhumel Wadi (sws7) (Fig. 1); they form a
highly branched and dense stream networks totalling around
8.000 km in length. Two dams are in operation in this basin:
Beni Haroun and Hammam Grouz (Abdeddaim 2018).

The Kébir Rhumel catchment is equipped with an obser-
vation network of 42 climate stations (all recording tem-
perature and precipitation) (Fig. 1) (Oulhaci 2016; Aidat
2017). To carry out this work, seven climate stations (Fig. 1)
were selected for their representative geographical loca-
tion, spread over the seven sub-catchments (Fig. 1). They
are presented with their characteristics in Table 1, namely

Chebabta, Tiberguent, Tadjnanet, Ain Smara, Guerrah,
Grarem Gouga and El Milia.

2.2 Data description

The data used in this work are those measured by the National
Water Resources Agency, supplemented by those from the
“https://power.larc.nasa.gov/data-access-viewer/” website.

The data collected are temperature values from 1901 to
2021, from which monthly and annual averages have been
derived. For the selected stations, the average annual max-
imum temperatures range from 14.23 °C in Tadjenant to
17.72 °C in El Milia, and the average minimum tempera-
tures are from 13.50 °C in Ain Smara to 15.04 °C in Grarem
Gouga (Table 1). For the same series of years 1901-2021,
the average annual temperature in the Kebir Rhumel var-
ies from 13.93 °C at the Guerrah station to 16.18 °C at the
Grarem Gouga station (Table 1).

Table 2 Summary table of the different tests applied to the seven selected stations

Series: 1902/2021 Chebabta  Tiberguent Tadjnanet Ain Smara Guerrah Grarem Gouga El Milia
Sub-watershed swsl sws2 sws3 swsd NVAR] SWs6 sws7
Station code 100110 100211 100303 100403 100508 100620 100706
Mann Kendall test Kendall rate Z<1.96 0.566 0.571 0.566 0.580 0.580 0.565 0.565
S§> 0 (Increase) 4107 4142 4107 4205 4205 4099 4099
Var (S) 166,858.33 202,660.94 166,858.33 244,148.63 244,148.63 192,957.39 192,957.39
p value (bilateral) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Alpha: o 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Slope of Sen (°C) 0.0150 0.0158 0.0152 0.0164 0.0164 0.0156 0.0156
Buishand test (Q) 42,810 43,913 42,809 44,146 44,146 43,686 43,686
Null hypothesis (p <o) Rejected Rejected Rejected Rejected Rejected Rejected Rejected
Hubert segmentation ~ Break Year (BP) 1980 1980 1980 1980 1980 1980 1980
Scheffé test 1% 1% 1% 1% 1% 1% 1%
Year start-end 1901-1980 1901-1980 1901-1980 1901-1980 1901-1980 1901-1980 1901-1980
19812021 1981-2021 1981-2021 1981-2021 1981-2021 1981-2021 1981-2021
Moy before BP 14.33 14.64 14.33 14.24 14.23 15.8 15.81
Moy after BP 15.39 15.76 15.39 15.39 15.38 16.91 16.91
Rate of increase (%) 7.40 7.65 7.40 8.09 8.08 7.03 6.96
°O) 1.09 1.15 1.14 1.18 1.13 1.14 1.08
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«Fig. 2 Graphical representation of the temporal variation in mean
inter annual temperature, the mean before and after the break in the
series, and the Pettitt U variable

2.3 Methodology

After site selection, inventory, station selection and tempera-
ture data collection, statistical tests are applied to time series
of mean temperature values, to highlight climate change
within a period from 1901 to 2021. The main tests used are
Hubert’s segmentation procedure, Sen’s slope, Pettitt’s test,
Mann-Kendall’s test, and Buishand’s test (Fig. 3).

The use of the free software “Khronostat” (http://www.hydro
sciences.org/index.php/2020/09/04/khronostat/) enabled these
tests to be applied to the time series (temperatures) of the Kebir
Rhumel watershed. This watershed is covered by around forty
climate stations, spread over seven sub-watersheds (Fig. 1), of
which we have selected seven geographically representative sta-
tions (Table 1), which are Chebabta, Tiberguent, Tadjnanet, Ain
Smara, Guerrah, Grarem Gouga, and El Milia. The temperature
series used are composed of 121 years of average monthly and
annual data calculated from daily values. The homogeneity test
was performed with XLSTAT (free version).

2.4 Homogeneity

Statistical analysis of meteorological data time series is one of the
tools used to identify trends in climatic variations. This analysis
usually involves applying and interpreting statistical tests based
on the homogeneity of the series (Lubes-Niel et al. 1998; Beaul-
ieu 2009). The tests used in this work are described briefly.

2.5 Mann-Kendall

Statistical analysis of time series of hydro meteorological
data is one of the tools used to identify climatic variations.
This analysis most often involves the implementation and
interpretation of statistical tests for series homogeneity
(Beaulieu 2009; Lubes-Niel et al. 1998). The tests used are
described briefly below.

2.5.1 Mann-Kendall

The most frequently used non-parametric test for identifying
trends in hydrological variables is the Mann—Kendall (MK) test
(Yadav et al. 2014). In this approach, the differences between
each sequential value are calculated to represent increasing
(+ 1), decreasing (— 1) and neutral (0) signs, sgn (...), which is
defined as Eq. (1) (Giiglii 2018; Yadav et al. 2014):

n—1 n
5= Zk=l Zj=k+1 Sgn(xj = %) 1)

It is clear that depending on the value of S, a monotonic
trend is identified in the time series, as S <0 (§> 0) decreas-
ing (increasing). The other statistical parameter for the MK
trend test is the standard Z value, given as follows:

S‘l/mfor3>0

Z= 0for S=0 2)
S+l/mf0}"s<0

In this expression, V(S) is the variance and in the case of equal
ranks, where m is the number of linked groups, and # is the num-
ber of observations in the ith group, it is given as Eq. (3):
nn—1DQ2n+5-Y" 1;(t,—1)(2;+5)

18

V() = 3

The trend is considered insignificant if Z is below
the confidence levels (a=5%), but significant if
Z>Z0/2= | +1.96 | . On the other hand, the hypothesis (H)
for significant trend, rejection is valid while acceptance is
considered for the case of no trend (Ahmad et al. 2015; Baig
et al. 2021; Braud 2011; Elmeddahi et al. 2016; Smadi and
Zghoul 2006; Xavier Junior et al. 2020).

2.6 Pettitt test

The Pettitt test (Smadi and Zghoul 2006; Braud 2011; Azzi
and Chihati 2017; Ble et al. 2021) consists of decomposing
the main series of N elements into two sub-series of size m
and n, at each time ¢ between 1 and N-1. The main series
shows a break at time t if the two sub-series have different
distributions. The absence of a break in the series of size n
constitutes the null hypothesis. If the H, null hypothesis is
rejected, an estimate of the date of the break is given at this
time, defining the maximum absolute value of the variable U.
The Pettitt variables (U) are defined by the following Eq. (4):

U= ) DGj
0<i<m @)
O0<j<n

where D(i,j) =s g n (xXi—Xj).

sgn(x)=1ifx>0.

sgn(x)=0if x=0.

sgn(x)=-1ifx<0.

The probability (Prob) that a k value will be exceeded
is defined and enables the significance of the break to be
assessed (Eq. (9)).

Prob (kn > k) ~ 2 exp /Prob (kn > k) =~ 2 exp (—61(2/113 + nz) 5)
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™
The Kebir Rhumel catchment area
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Inventory of stations and sub-basins
Selection of 7 stations (according to their geographical position)

-
Data collection: temperature from 1901 to 2021
Data analysis

-

Use of selected statistical tests:
Hubert's segmentation procedure,
Sen's slope,
Pettitt's test,
Mann Kendall's test
and Buishand's test.

™

Interpretation of results:
Determination of breakpoints.
Calculation and mapping of rate of increase

7

Conclusion:
Evidence of climate change.

Fig.3 Methodology flowchart

2.7 Sen’s slope

Always considered as a complement to the MK test, or for both,
the null hypothesis HO (absence of trend) is rejected when the
level of significance or the eigenvalue (p value) is greater than
5%. When HO is accepted, the slope of the trend (called Sen’s
slope) is estimated using Sen’s method, where the slope is the
median of all the slopes calculated between each pair of points.
The robustness of the test has been validated by several com-
parison tests (Giiglii 2018; Drouiche et al. 2019).

Fig.4 Spatial distribution L
of the increase in mean inter
annual temperature (in %), after
the break point (1980) in the
1901-2021 series, in the Kébir
Rhumel (WS 10)
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2.8 Hubert segmentation

This method has the advantage of being able to search for
multiple changes in the mean of a hydrometeorological
series and can be used to deduce the break date. The prin-
ciple is to divide the series into m segments (1> 1) so that
the average of the neighboring segment(s) is significant, m
being the rank of the initial series at the end of the Kth seg-
ment with i(j=0<i;<...<i <...<i, -1<i,<n. The seg-
mentation selected at the end of the procedure must be such
that for a given segmentation order m, the squared deviation
(Dm) is a minimum and the means of two contiguous seg-
ments are significantly different. This last constraint is sat-
isfied by applying the Scheffé test (significance level of the
Scheffé test: 1%), which is based on the concept of contrast
(Kouassi et al. 2010; Azzi and Chihati 2017).

3 Results and discussion

Statistical methods are frequently applied to time series
data to identify anomalies, which are interpreted as cli-
matic changes, or more commonly calls: series break.
Using this approach, on the series of temperature data
(1901-2021) from the seven stations selected in the Kébir
Rhumel watershed, we obtained the results presented in
Table 2 and the graphs in Figs. 3, 4, and 5.

The graphs in Fig. 2 show the variation in the inter-annual
mean temperature of the selected stations, where the Tad-
jenant station recording the lowest values with a minimum
of 13.52 °C and a maximum of 14.23 °C. While the El Milia
and Grarem Gouga stations have the highest values, with a
minimum of 15 °C and a maximum of 17.7 °C.
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We also note that for all seven stations, there is a break-
point, which divides the series into two remarkable periods
of consecutive years. The first from 1901 to 1980, with val-
ues below the average of the second period, that runs from
1981 to 2021. In general, the values are distributed around
the average in a more or less alternating way between the
minimum and maximum of each station individually.

Application of the Mann—Kendall test yielded values of
Kendall’s tau (Z) below the reference value, 1.96, with the
interpretation that there is presence of an increasing trend,
confirmed by the S value, which is greater than 0, for all the
stations tested (Ahmad et al. 2015). The Sen’s slope has values
greater than O (positive) for all the stations tested, indicating
an increasing trend (Ahmad et al. 2015). The Buishand test
compares p to o, where p <, indicating a rejected H, (Gliglii
2018; Drouiche et al. 2019), which confirms the presence of
a break year (point) for all tested stations.

Hubert’s test was used to obtain the averages and stand-
ard deviations before and after the break point (BP), which
enabled us to determine the rates of increase in tempera-
ture values at all the stations, as follows (Fig. 3): Chebabta
7.40%, Tiberguent 7.65%, Tadjenant 7.40%, Grarem Gouga
7.03%, El Milia 6.96%, Ain Smara 8.09%, and Guerrah
8.08%. The average for the whole watershed is 7.51%. The
Scheffé test, with a value of 1%, is considered to be a vali-
dation condition for the Hubert test.

Calculating the averages of the series before and after the
break point makes it possible to estimate the rate of increase,
in percentage terms, of the mean annual temperature. This

Fig. 5 Diagram of the L. 200 1
Emberger climatic index, o
before and after the BP for 180 -

the 1901-2021 series, for the
stations selected on the Kébir

Rhumel WS £e0 1

140 -

120

berguent befor BP ~
Tadjnanet befor BP

\ El Milia befor BP B e
in Smara befor BP \% /
hiebalita befor BP} Went after BP Semi-arid stage '
60 -/ Guerrah after BP

. . N, R
T

rate is spatially distributed on the map in Fig. 4 (kriging
interpolation), where it can be seen to be increasing from
north to south, from 7 to 8%. We also note that the lowest
values are close to the sea, and the highest are located to the
south of the Kebir Rumel watershed.

By calculating the rate of increase, it is possible to draw a
map of the spatial distribution of the increase in inter annual
mean temperature (in %), after the break point (1980) of the
1901-2021 series, in the Kébir Rhumel watershed (WS 10)
(Fig. 2). This map shows that the rate of increase decreases
from north (7%) to south (8%). It also varies, around 7% in
the center of the watershed. The closer you get to the sea,
the lower the rate of increase.

3.1 The L.Emberger climate index

Some authors (Daget 1977; Neira Mendez 2005) use the
climatic index of L. Emberger, to update the climatic vari-
ability of a certain region; this index is calculated by the
following formula:

Q,=(P; * 2000)/ (M*—m?), where P, is the mean inter
annual precipitation (in mm), M is the maximum monthly
temperature of the warmest month in the series (in degrees
Kelvin), m is the minimum monthly temperature of the cold-
est month in the series (in degrees Kelvin).

In our case, we calculated this index before and after
the break point (BP), for the entire temperature series of
the selected stations, and then represented it graphically
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Fig.6 Euverte method, before
and after BP for the 1901-2021

series, in the Kébir Rhumel WS 10
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Guerrah, Chebabta and Tadjnanet stations have moved from

the sub-humid stage (before the BP) to the semi-arid stage

(after the BP).

The Grarem Gouga and El Milia stations moved from the
temperate winter (before the BP) to the warm winter (after
the BP). These variations in the type of climate are mainly
influenced by the increase in temperature.
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3.2 Euverte method

This method is based on the P/T (precipitation/temperature)

ratio, which is calculated from the monthly values of P and

(P/T) ratio:

T, to define climatic regimes according to the result of the

If (P/T) < 1, severe dry climate; with 1 <(P/T) <2, dry
climate; with 2 < (P/T) <3, subhumid climate; and finally,



Highlighting climate change by applying statistical tests and climate indices to the temperature...

if (P/T)> 3, humid climate (Moral 1964; Euverte 1967,
Kawalek 1980; Tefaha and Kihal 2016).

The application of Euverte’s model to our series is shown
graphically in Fig. 6, where 10/12 months have changed
position, in the direction of a warmer climate (after BP).The
months of November, December, January, February, March,
and April show a trend from a humid climate (before BP) to
a subhumid climate (after BP). September went from a dry
climate (before the BP) to a sub-humid climate (after BP). The
month of October went from wet climate (before BP) to severe
drought climate (after BP). The month of June went from a
dry climate (before BP) to one with severe drought climate
(after BP). The month of July remained in the severe drought
climate domain. The month of August shows a trend from
severely drought climate (before BP) to dry climate (after BP).

4 Conclusion

This study analyzes the series of average monthly and annual
temperature values for the period from 1901 to 2021 at 42
stations spread over the seven sub-watershed of the Kebir
Rhumel, from which seven stations have been selected for
their geographical location, making them representative of
the watershed. Various statistical tests were applied to charac-
terize climatic variability and highlight anomalies, in the time
series, tested and interpreted in the climate change context.
The Mann—Kendall (MK) test (Z < 1.96, S >0) and the Pettitt
test identified a break year, 1980, for all the stations in the
Kébir Rhumel WS. The rate of temperature increase ranged
from 6.96% at the El Milia station to 8.09% at Ain Smara.
This rate is distributed spatially along a slight North—South
slope. According to L. Emberger’s climatic index, which
expresses climatic variation before and after the break year,
the position of 5/7 of the stations shifted from the sub-humid
to the semi-arid zone. Finally, using the graphical representa-
tion of the Euverte model, we can see the trend in monthly
values towards a warmer and less humid climate.
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