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Abstract Precipitation is one of the most signifi-
cant components for the basin’s hydrological cycle.
Numerous features of a basin’s water circulation may
be affected by the chronological, geographical, and
seasonal fluctuation of precipitation. It could be an
important factor that influences hydrometeorologi-
cal phenomena including floods and droughts. In this
research, the innovative trend risk analysis (ITRA),
innovative trend pivot analysis (ITPAM), and trend
polygon star (TPS) methodologies of visualizing pre-
cipitation data are used to detect precipitation changes
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at six stations in Algeria’s Wadi Ouahrane basin from
1972 to 2018. ITRA graphs show the direction of
the precipitation trend (increasing—decreasing) and
the trend risk class. Disparities in the polygons gen-
erated by the arithmetic mean and standard devia-
tion ITPAM graphs demonstrate variations in pre-
cipitation seasonally and in the seasonal precipitation
trends (increasing or decreasing) between sites. The
TPS maps depict monthly variations in precipita-
tion and highlight the autumn and spring transitions
between the dry and wet seasons.
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Introduction

Precipitation is the basic input parameter to the water
balance of a hydrologic basin. The temporal and spa-
tial variability as well as the seasonality of precipita-
tion can affect water circulation over the basin and,
in consequence, be a significant factor that deter-
mines hydrometeorological phenomena like drought
and floods. Thus, precipitation has a strong impact
on humans, society, infrastructure, and the ecosys-
tem (Collins et al., 2013). Climate change projec-
tions also showed that precipitation variability can
increase and can lead to the more frequent occur-
rence of drought and water scarcity, mainly in the
region where the agriculture sector plays an impor-
tant role in water demand. Research has indicated
that excessive rainfall has indeed intensified due to
human-caused warming in the twentieth century
(Zhang et al., 2013) and a further increase is visible
and projected throughout the twenty-first century
(Toreti et al., 2013; Pendergrass & Hartmann, 2014,
Asadieh & Krakaur, 2015). The variability of precip-
itation can be determined by atmospheric circulation
(Mtyniski et al., 2018) on the relevant scale such as
monsoons, the jet stream, or tropical and extratropi-
cal cyclone tracks, and orographic barriers (Nishant
& Sherwood, 2021). In the case of the Mediterranean
region, North Atlantic Oscillation (NAO) telecon-
nection patterns (Kingston et al., 2015; Littmann,
2000) and sea surface temperature (SST) anomalies
(Hu & Wang, 2021; Zhang & Wu, 2021) can influ-
ence strong variability of precipitation.

In this paper, we focused on analyzing changes in
precipitation on the Wadi Ouahrane basin in Alge-
ria. In this region, knowledge about trends and vari-
ability of precipitations is very important because
of the intensity of agriculture and restricted supply
of water. Door (2011) claimed that Algeria’s renew-
able fresh water reserves are quite limited and there-
fore can be projected at 19 billion m> per year. The
water resources are equivalent to 450 m> per capita
per year that’s somewhat less than the 500 m® per
capita per year specified as the scarcity threshold
signaling an impending water shortage (Achite et al.,
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2021a). Within this context, several works analyzed
the variability of precipitation and its link with the
atmospheric circulation in Algeria. An analysis of
rainfall and hydrometric regimes was performed on
the Cheliff (west Algeria) and Medjerda (east Alge-
ria) basins over the period 1968-2013 evidencing a
strong correlation between the NAO and the precipi-
tation (Khedimallah et al., 2020). As regards North-
ern Algeria, Taibi et al. (2017) linked the changes in
annual precipitation, identified since the 1970s, with
the El Nifio Southern Oscillation (ENSO) which, as
pointed out by Zeroual et al. (2017), resulted posi-
tively correlated with rainfall in this area. At the same
time, in western Algeria, the temporal variability of
the annual precipitation has been identified as influ-
enced by the ENSO (Meddi et al., 2010) and the NAO
(Tramblay et al., 2013). Moreover, the NAO and the
ENSO have been identified as responsible for the sig-
nificant changes of rainfall variability detected in the
Northeastern Algeria (Turki et al., 2016) and northern
central Algeria (Zerouali et al., 2018).

One of the essential topics in the analyses of hydro-
meteorological phenomena is detecting direction
changes. Such changes can be examined to show the
role of natural and anthropogenic factors. The detected
trend of precipitation has a huge role in water avail-
ability in the basin and can help examine drought on
a temporal and spatial scale. Several parametric and
non-parametric methods have been proposed and
described in literature for trend analysis (Praveen
et al., 2020), and new methodologies such as continu-
ous wavelet method have been proposed in order to
identify the interannual modes controlling the rainfall
variability (Turki et al., 2016). Anyway, in general,
trend analysis relies on non-parametric tests, includ-
ing the Mann—Kendall or Sen’s slope assessments,
which are more acceptable than parametric ones for
non-normally distributed data (Ali & Abubaker, 2019;
Croitoru & Toma, 2010; Onyutha, 2016; Zhao et al.,
2019). These tests have some limitations, linked with
the null hypothesis (H,) (Blain, 2013), which assumes
no serial correlation of data (Wang et al., 2020; Yue
& Wang, 2004). According to Serinaldi et al. (2018),
even while empirical trend estimation using basic
statistical tests is always numerically possible, it has
inadequate non-stationary information sources with-
out requiring a priori further knowledge about the
underlying stochastic process. Qualitative methods
have been developed to visualize changes that may not
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be seen using standard statistics, which can then be
quantified and studied further. These methods include
innovative test analysis (ITA) (Sen, 2012), innovative
polygon trend analysis (IPTA), and innovative trian-
gular trend analysis (ITTA) (Almazroui & Sen, 2020;
Ceribasi & Ceyhunlu, 2021; Ceribasi et al., 2021a).

Achite et al. (2021b) investigated IPTA technique
to identify precipitation patterns at seven locations
in the Wadi Sly basin, Algeria, during a fifty-year
period (1968-2018). The inquiry found that the IPTA
method, the Mann—Kendall test, and Sen’s estimator
yielded results that were in satisfactory correlation.
Moreover, the IPTA is easy to perform and has a low
computational cost in comparison to other methods.
The innovative trend pivot analysis method (ITPAM)
is a new variation on this concept, where it is pos-
sible to visualize not only seasonally specific trend
direction but also the strength of trend expressed as
a risk degree (Ceribasi et al., 2021a, b). Finally, the
trend polygon star (TPS) method can show seasonal
transitions of analyzed hydrometeorological phe-
nomena during the study period, unlike classical
non-parametric and parametric tests. One of the main
limitations of classical trend analysis is the lack of
information about the transition of hydroclimatic var-
iables between months, and thus, using tests does not
detect these phenomena (Harka et al., 2021; Kisi &
Ay, 2014). The new approaches can address this gap
and may be useful in preliminary studies, supporting
results from and motivating classical statistical tests.
Therefore, this research study aims to apply ITRA,
ITPAM, and TPS to detect trends and transitions of
mean monthly precipitation on the Wadi Ouahrane
basin of northern Algeria. The novelty of this study
is using ITRA, ITPAM, and TPS to capture season-
ally specific temporal behavior of precipitation in this
region of semiarid northwest Africa, where so far, the
analysis has not been performed.

Materials and methods
Study area

The studied region is the Wadi Ouahrane basin in
northern Algeria, which lies between 36°00'N and
36°24'N and between 01°00'E and 01°3E. The 270
km? region is a portion of the Wadi Cheliff basin (see
Fig. 1). The map of the research area is derived from

a digital elevation model with a horizontal resolu-
tion of 12.5 ms. The map depicts a maximum altitude
of 991 m and a minimum altitude of 165 m. Wadi
Ouahrane is a minor tributary of the Wadi Cheliff.
This basin is managed by six precipitation-measur-
ing stations. The Wadi Ouahrane basin is bounded
by the Wadi Fodda basin to the east, the Wadi Ras
basin to the west, the Wadi Allala basin to the north,
and the Wadi Sly basin to the south. It has a Medi-
terranean climate with an average interannual pre-
cipitation of 333 mm from 1972 to 2018. The mean
yearly temperature is 18 °C. The precipitation series
database utilized in this study contains monthly infor-
mation obtained at six sites between 1972 and 2018
(Fig. 1 and Table 1). These precipitation data were
taken from the Algerian National Water Resources
Agency (NWRA) and the National Meteorological
Organization (NMO).

Data collection and statistical analysis

Table 2 displays monthly and annual precipitation
statistics for the Wadi Ouahrane basin. According to
these statistics, winter is the wettest season for all sta-
tions, with over 50% of the yearly precipitation falling
during this season.

Innovative trend risk analysis method

The ITA method was first introduced by Sen (2012).
This method presented by Sen has become one of
the most common methods used in the analysis of
hydrometeorological data in recent years. The trend
between the values of the data is determined by this
method. In addition, the distinguishing feature of
the innovative trend method from other trend tests is
that it can analyze data sets that are short (Sen, 2012,
2013). In this study, a different approach is presented
by adding risk classes to the ITA method for the first
time. With this approach, ITRA divides the data into
two equal series. The divided series are ordered from
smallest to largest, and the data are arranged on the
Cartesian system as in Fig. 2. In addition, the ITRA
graph is divided into 5 equal parts, and the risk class
of the data is determined.

When the ITRA graph given in Fig. 2 is exam-
ined, it is seen that there is a decreasing trend at the
5th, 4th, 3rd, and 2nd risk levels, respectively, in the
0-30, 30-60, 60-90, and 90-120 mm precipitation
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Table 1 Chara'cterist.ics of Stations ID Name Geographical coordinates Elevation
the meteorological rainfall
stations Longitude Latitude
(G (G (m)

S1 012,201 Larbat Ouled Fares 01°09'18” 36°16"20” 116

S2 012,224 Bouzghaia 01°1427” 36°20'15” 217

S3 012,205 Benairia 01°22"28” 36°21'04” 320

S4 012,221 Medjaja 01°20'53” 36°16'39” 487

S5 012,209 Chettia 01°15'53” 36°12'56" 108

S6 NMO Airport, Chlef 01°1928” 36°13'31” 158

range. On the other hand, it is concluded that there
is an increasing trend at the 1st risk level in the pre-
cipitation range of 120-150 mm.

Innovative trend pivot analysis method

ITPAM is a trend visualization method based on the
earlier IPTA method. The analysis of any data set is
evaluated based on two different graphics generated
by this method that show mean seasonal behavior
across two halves of a data set. Examples of these
two graphs for hypothetical monthly data are shown
in Fig. 3 (Ceribasi et al., 2021a).

The graph on the left side of Fig. 3 shows the
analysis result of a monthly data set by “risk
ranges.” As can be seen in Fig. 3, the range of
the data values (and thus the x- and y-axes of the
ITPAM graph) is divided into five equal parts. Risk
ranges are formed with this division and range from
Ist degree to 5th degree. The risk range of any
month can be seen with this graph for the first and
second half of the time series, and the magnitude
of the change between the two halves can be read-
ily discerned. The graph on the right side of Fig. 3
is recolored to distinguish ascending from descend-
ing trends for each month of the year. Moreover,
this increasing or decreasing trend information is
displayed in five different regions, designated as
“high degree (HD),” “low degree (LD),” “very high
degree (VHD),” “medium degree (MD),” and “very
low degree (VLD).” If any data point lies on the 1:1
(45°) line, it is evaluated as “no trend (NT).” Alter-
native partitioning is also possible to classify trend
regions in more detail.

Trend polygon star concept method

This is a trend analysis method developed by Sen
(2021). This method analyzes the distance in the
space of the hydrological variable, such as precipita-
tion amount, between any 2 consecutive months of the
year. The coordinate axis is divided into four regions,
where the distance between any 2 months is within
these four regions, and evaluation is made on these
regions. The analysis result produced for a hypotheti-
cal monthly data set by this method is given in Fig. 4.
As seen in Fig. 4, the coordinate axis is divided
into four regions. Arrows formed in these four regions
are drawn from the origin point. For monthly studies,
the transition between any two months is reflected
in the length of this arrow line. The longer the size
of the arrow line, the greater the transition between
any 2 months is. The values on the vertical and hori-
zontal axes of arrows, showing the transition between
any 2 months, show a change in the first half of the
data set compared to the second half (Ceribasi et al.,
2021b). When the hypothetical analysis result shown
in Fig. 4 is examined, arrows showing the transition
between months J-J, A-S, S—O, and O-N are in region
I. Therefore, both data halves show an increasing
trend between these respective months. Arrows show-
ing the transition between M-A and M-J months are in
region II. Therefore, the first dataset shows a decreas-
ing trend, while the second dataset shows an increas-
ing trend. Arrows showing the transition between J-F
and D-J months are in region III. Therefore, both data
sets of these months show a decreasing trend. Arrows
showing the transition between A-M, J-A, and N-D
months are in region IV. Therefore, the first dataset
shows an increasing trend, while the second dataset

@ Springer
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Table 2 (continued)

An

Measures S

Stations

222.60

0.00
40.70

0.00
14.00
1.98

0.00
65.00

0.00
97.80

0.10
158.20

0.40
131.00

46.61

0.00
146.10

0.00
106.00

0.10
152.40

0.00
172.30

0.50

132.00

0.00
74.30

Min (mm)

S6

620.60

Max (mm)

407.53

4.34

9.43

30.57

44.22

60.65

46.44

50.85

54.99
35.25
64.09
13.49

38.55
33.08
85.82

18.91

Mean (mm)

102.39

8.71
200.78

3.39
171.58

13.29
140.88

27.53

38.30
86.62
10.85

30.09
64.55

44.35

25.08
54.01

36.26

71.31
12.48

18.51
97.91

SD (mm)
CV

25.12

90.08

73.12

100.00

0.48 1.06

2.31

7.50

14.88 11.44

11.40

9.46

4.64

C (%)

Bold entries show the maximum value of C

SD standard deviation, C (%), monthly contribution, in percentage, to the total annual precipitation

shows a decreasing trend. These latter regions, II and
IV, highlight possible changes in the seasonal cycle
over the time spanned by the plotted data.

Results

Monthly average precipitation data of six stations
(Larbat Ouled Fares, Bouzghaia, Benairia, Medjaja,
Chettia, and Airport, Chlef) of Wadi Ouahrane basin
are analyzed by three methods (i.e., ITRA, ITPAM,
and TPS). The monthly average precipitation data
analyzed by the ITRA method is given in Fig. 5.
When the ITRA graphs given in Fig. 5 are exam-
ined, there is no trend in the 0-30 mm precipita-
tion range at Larbat Ouled Fares station; there is
an increasing trend at the 4th risk level in the
30-70 mm precipitation range; it is concluded that
there is a decreasing trend at the 3rd, 2nd, and 1st
risk levels, respectively, in the precipitation range
of 70-100 mm, 100-145 mm, and 145-180 mm. At
Bouzghia station, there is a decreasing trend at the
5th risk level in the 0—45 mm precipitation range;
it was concluded that there is an increasing trend at
the 4th, 3rd, 2nd, and 1st risk levels, respectively, in
the precipitation range of 45-105 mm, 105-170 mm,
170225 mm, and 225-270 mm. At Benairia sta-
tion, there is an increasing trend at the Sth and 4th
risk levels in the 0-70 mm and 70-150 mm precipi-
tation range and a decreasing trend at the 3rd and
2nd risk levels in the 150-200 mm and 200-225 mm
precipitation range; it is concluded that there is an
increasing trend at the 2nd and 1st risk levels, respec-
tively, in the precipitation range of 225-300 mm and
300-350 mm. At Medjaja station, there is no trend
in the 040 mm precipitation range, an increasing
trend in the 4th risk level in the 40-75 mm precipi-
tation range, and an increasing trend in the 3rd risk
level in the 75-105 mm precipitation range; it was
concluded that there is a decreasing trend at 3rd and
2nd risk levels, respectively, in the precipitation range
of 105-125 mm and 125-170 mm and an increasing
trend at the Ist risk level in the precipitation range of
170-200 mm. At Chettia station, there is no trend in
the 0-30 mm precipitation range; there is an increas-
ing trend at the 4th and 3rd risk levels, respectively, in
the 30—75 mm and 75-105 mm precipitation range; it
is concluded that there is a decreasing trend at the 3rd
risk level in the 100-125 mm precipitation range and

@ Springer
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Fig. 2 Hypothetical ITRA for monthly data

an increasing trend at the 2nd and st risk levels in the
125-175 mm precipitation range. At Airport Chlef
station, there is no trend in the 0-30 mm precipitation
range; there is an increasing trend in the 4th, 3rd, 2nd,
and 1st risk levels, respectively, in the 30-75 mm,
75-105 mm, 105-145 mm, and 145-160 mm precipi-
tation range; it is concluded that there is a decreasing
trend at the 1st risk level in the 160-175 mm precipi-
tation range.

The analysis procedure performed for monthly
average precipitation data is selected and applied to
both the arithmetic mean and interannual standard
deviation of monthly precipitation. Figure 6 displays
the findings of ITPAM’s arithmetic mean analysis.
The analytical results for each site presented in Fig. 6
are assessed individually, and a summary assessment
for each station is provided in Table 3.

Examining the arithmetic mean findings of
ITPAM for each station listed in Table 3 produces the
following conclusions. Differences in the precipita-
tion seasonal cycle and its trend between stations are
evident as different polygon shapes. Increasing or
decreasing trends are seen as the deviation from the

@ Springer

1:1 (45°) line for most months and stations. While
October is a medium-degree decreasing trend region,
April is in a medium-degree increasing trend region.
Meanwhile, November is in a high-degree increasing
trend region, and no trend is seen in July. For all sta-
tions, June, July, and August are in the 5th risk range
because precipitation is low. In contrast, November is
in the 1st risk range for all stations because precipi-
tation is relatively high and increasing between the
two halves of the time series. For Larbat Ouled Fares
station, while April is in a medium-degree increasing
trend region, the risk range is 2nd degree. In particu-
lar, January, February, November, and December fall
within the 1st degree of risk. February at Bouzghaia
station is in a decreasing trend region of medium
degree, although the risk range is 2nd degree. Mean-
while, November falls inside the first degree of risk.
While March is in a somewhat dropping trend region
for the Benairia station, the threat level is 2nd degree.
In addition, November falls inside the 1st degree of
risk. For the stations of Medjaja and Chettia, since
March is in a region with a medium-degree declin-
ing trend, the risk range is 2nd degree. Moreover,
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Table 3 General evaluation of arithmetic mean analysis results of ITPAM for each station

. Months
Stations Septemt October November Decemb January February  March April May June July August
Larbat Ouled Fares
Trend (Region-Range) IxLD DT-MD IT-HD DT-HD IT-HD DT-HD DT-HD  IT-MD IT-MD NT NT IT#LD
Symbolic Trend Type > - -
Risk Range 4" DRR 3 DRR 1 DRR 1 DRR I*DRR _1*DRR 2“DRR 2"DRR 3“DRR 5"DRR 5"DRR 5"DRR
Bouzghaia
Trend (Region-Range) NT prmp TP IT-MD  IT-MD DT-MD DT-MD  IT-MD NT DT NT DT
Symbolic Trend Type 1 - i - G
Risk Range S"DRR _ 3“DRR _ I*DRR _ 2¥DRR 3“DRR 2“DRR 3“DRR 3“DRR 4"DRR 5"DRR 5"DRR _5"“DRR
Benairia
Trend (Region-Range) NT prvp THD  IT-HD - IT-HD  DT-HD  pp v rovp IT'ALD DT- NT NT
Symbolic Trend Type - ' ' 1 1 » ‘ - —
Risk Range 4" DRR 3 DRR 1* DRR 2Y“DRR 2"DRR 2“DRR 2"DRR 3“DRR 4"DRR 5"DRR 5"DRR 5"DRR
Medjaja
Trend (Region-Range) IxLD DT-MD IT-HD IT-HD IT-HD DT-HD DT-MD IT-MD IT-MD NT NT NT
Symbolic Trend Type - - -
Risk Range 4"DRR  3“DRR _ I*DRR _ 2™DRR 2“DRR I*DRR 2¥DRR 3YDRR 3“DRR 5“DRR 5“DRR _5"DRR
Chettia
Trend (Region-Range) Di—LD DT-MD IT-HD DT-HD IT-HD DT-VHD DT-MD  IT-MD IT-MD NT NT IT#LD
Symbolic Trend Type ’ A » > > - -
Risk Range 4" DRR 3“DRR 18 DRR 2" DRR 2" DRR I*DRR 2“DRR 2“DRR 3“DRR 5"DRR S5"DRR 5"DRR
Airport, Chlef
Trend (Region-Range) NT DT-MD IT-HD IT-HD IT-MD IT-VHD NT IT-MD IT-MD NT NT NT
Symbolic Trend Type - A - - - -
Risk Range 4"DRR 2" DRR 1 DRR 2¥DRR 2"DRR I*DRR 2"DRR 2"DRR 3“DRR 5"DRR 5"DRR 5" DRR

February and November fall inside the 1st degree of
danger. For Airport, Chlef station, while April is in a
region with a moderately growing trend, and October
is in a region with a moderately dropping trend, the
danger range is 2nd degree. In addition, February and
November fall within the first degree of risk.

The ITPAM standard deviation analysis find-
ings can be seen in Fig. 5. When Table 4’s ITPAM
standard deviation analysis results for each station

are reviewed, the following information is acquired.
Again, differences in the seasonal cycle of precipita-
tion standard deviation and its trend between stations
are evident as different polygon shapes. Increasing
or decreasing trends are seen as the deviation from
the 1:1 (45°) line. In general, February is a medium-
degree decreasing trend region in contrast to May that
is in a medium-degree increasing trend region. Mean-
while, no trend is seen in November for all stations.

Table 4 The general evaluation of standard deviation analysis results of each station

Stations Months
Septemt October November December January February March April May June July August
Larbat Ouled Fares
Trend (Region-Class) D'lg/[D I"lxD NT NT DT-MD DT-MD IT-MD DT-HD IT-MD DT-HD IT-MD IT-HD
Symbolic Trend Type — —
Risk Class 3“DRC 4" DRC 5" DRC 5" DRC 39YDRC_ 2"DRC 2¥DRC I¥DRC 2"“DRC 1¥DRC 2“DRC 2" DRC
Bouzghaia
Trend (Region-Class) IT-MD NT NT IVLD I'IKD DT-MD  IT-MD IT-HD IT-MD  DT-HD DT-MD  IT-MD
Symbolic Trend Type > — — > > > > >
Risk Class 34 DRC 5"DRC 5" DRC S"DRC  4"DRC__2"DRC __1*DRC 2"DRC 3“DRC I¥DRC 39“DRC 2" DRC
Benairia
Trend (Region-Class) IT-MD Dt NT mmvep  PTEP pryp  ITHD DT immp  PTHD provip b
D ‘ VHD
Symbolic Trend Type > \Q - v ‘ 1
Risk Class 2" DRC 5" DRC 5" DRC 5" DRC 4% DRC 3“DRC I¥DRC 1"DRC 2“DRC 1"*DRC 2"DRC 2"DRC
Medjaja
Trend (Region-Class) IT-MD IT-VLD NT IT-VLD IT-LD DT-MD  IT-MD DT-HD IT-MD DT- IT-MD NT
A VHD
Symbolic Trend Type > V - V ' -
Risk Class 3 DRC 5"DRC 5" DRC S"DRC  4"DRC __2"DRC 2"DRC 2"DRC 2"DRC I¥DRC 3“DRC 2" DRC
Chettia
Trend (Region-Class) IT-MD I"IK,D NT IV/LD DT-MD DT-MD IT-MD DT-MD IT-MD DT-HD IT-MD IT-HD
Symbolic Trend Type -
Risk Class 2" DRC 4% DRC 5" DRC 5" DRC 39YDRC 2"DRC 2¥DRC 39“DRC 2™“DRC 1¥DRC 3“DRC 2" DRC
Airport, Chlef
Trend (Region-Class) mmp TP NT NT pr-Mp  DT-Mp  NT  THP ypyp o DT ypyp  ITHD
4 VHD
Symbolic Trend Type > - - i 1 > 1
Risk Class 2"DRC  4"DRC _ 5"DRC S"DRC  39DRC 2"DRC 2"DRC I¥DRC 3“DRC I¥DRC 2"DRC 1*DRC
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Fig. 7 Standard deviation analysis results of ITPAM for each station
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Fig. 8 Trend polygon star graphics of arithmetic mean analysis results for each station
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June is in the 1st risk range as well as November
and December are in the 5th risk range for all sta-
tions. For Larbat Ouled Fares station, while Febru-
ary, March, May, and July are in medium-degree
increasing trend region, the risk range is 2nd degree.
Moreover, April and June are in the Ist degree risk
range. For Bouzghaia station, while February and
August are in a medium-degree decreasing trend
region, the risk range is 2nd degree. While March is
in a medium-degree increasing trend region, the risk
range is 1st degree. It is seen that there is a signifi-
cant change between the two data sets for this month.
Moreover, June is in the 1st degree risk range. For
Benairia station, while May, August, and September
are in a medium-degree decreasing trend region, the
risk range is 2nd degree. Moreover, March, April,
and June are in the 1st degree risk range. For Med-
jaja station, while February, March, and May are in
a medium-degree decreasing trend region, the risk
range is 2nd degree. Besides, June is in the 1st degree
risk range. For Chettia station, while February,
March, and May are in a medium-degree decreasing
trend region, the risk range is 2nd degree. Addition-
ally, June is in the 1st degree risk range. For Airport,
Chlef station, while February and July are in medium-
degree decreasing trend region, the risk range is 2nd
degree. Furthermore, April, June, and August are in
the 1st degree risk range.

The TPS method applied to monthly average pre-
cipitation data is also applied separately for both
arithmetic mean and standard deviation. Arithmetic
mean analysis results of TPS are given in Fig. 7.

When trend polygon star concept method arith-
metic mean analysis results of six stations shown
in Fig. 7 are examined, the following conclusions
are reached. Arrows showing the transition between
months J-J, A-S, S—O, and O-N of Larbat Ouled
Fares station are in region I. Therefore, both data sets
of these months show an increasing trend. Moreover,
arrows showing the transition between J-F and D-J
months are in region III. Therefore, both data sets
of these months show a seasonal decrease trend. On
the other hand, the longest arrow showing transition
between the months is between S—O months, mark-
ing the transition between the dry and the wet season.
Arrows showing the transition between months A-M,
J-J, A-S, S-O, and O-N of Bouzghaia station are in
region I, while arrows showing the transition between
J-F, F-M, N-D, and D-J months are in region III.

While arrows in region I show an increasing trend for
both data sets, arrows in region III show a decreas-
ing trend. On the other hand, the longest arrow show-
ing transition between the months is between F-M,
marking the end of the wet season. It is seen that
Benairia and Medjaja stations give similar results to
the Bouzghaia station. On the other hand, the longest
arrow is between F-M months. Arrows showing the
transition between months J-J, A-S, S—O, and O-N of
Chettia station are in region I. Therefore, both data
sets of these months show an increasing trend. How-
ever, arrows showing the transition between J-F, F-M,
M-J, N-D, and D-J months are in region III. There-
fore, both data sets of these months show a decreasing
trend. On the other hand, the longest arrow is between
F-M and S—-O months. It is seen that Airport, Chlef
station gives similar results to the Chettia station.
On the other hand, the longest arrow showing tran-
sition between the months in this station is between
J-F, F-M, and S-O months. The March—April and
May-June arrows are mostly in region II, highlighting
that there may be a substantial change in precipitation
distribution over the study period during the end of
the rainy season in spring and early summer.

When TPS is applied to interannual standard devi-
ation, for the six stations, the results are as shown in
Fig. 8. Arrows showing the transition between months
A-S, S-0O, and O-N of Larbat Ouled Fares station are
in region 1. Therefore, both data sets of these months
show an increasing trend. However, arrows show-
ing the transition between J-F and D-J months are in
region III. Therefore, both data sets of these months
show a decreasing trend. On the other hand, the long-
est arrow showing transition between the months is
between S—O and D-J months. Arrows showing the
transition between months A-M, J-J, A-S, S-O, and
O-N of Bouzghaia station are in region 1. Arrows
showing the transition between J-F, M-J, J-A, and
N-D months are in region III. While arrows in the
region I show an increasing trend for both data sets,
arrows in region III show a decreasing trend. On
the other hand, the longest arrow showing transition
between the months is between J-F and F-M months.
Moreover, the arrow showing transition between F-M
months is in region IV. Therefore, the first dataset
shows an increasing trend, while the second dataset
shows a decreasing trend. It is seen that Benairia sta-
tion gives similar results with Bouzghaia station. On
the other hand, the longest arrow is between F-M and
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S—O months. Arrows showing the transition between
months J-J, A-S, S-0, and O-N of Medjaja station are
in region 1. Therefore, both data sets of these months
show an increasing trend. However, arrows showing
the transition between J-F, M-J, J-A, N-D, and D-J
months are in region III. Therefore, both data sets of
these months show a decreasing trend. On the other
hand, the longest arrow showing transition between
the months is between S—O months. It is seen that
Chettia station gives similar results with Medjaja sta-
tion. Only the arrow showing transition between F-M
months is in region I'V. On the other hand, the longest
arrow is between J-F and S—O months. Arrows show-
ing the transition between months A-M, J-J, A-S,
S—-0, and O-N in Airport, Chlef station are in region
I. There are no arrows in region II. Arrows showing
the transition between months J-F, M-J, J-A, N-D,
and D-J are in region III. Arrows in the region I show
an increasing trend, while arrows in region III show
a decreasing trend. The longest arrow is between
M-J. As with the mean precipitation, large changes in
standard deviation between halves of the study period
are seen especially for the end of the rainy season in
the spring, suggesting possible hydrologic intensifica-
tion and elevated interannual variability particularly
in this season over recent decades.

A tabular summary of TPS for six stations is pro-
vided in Table 5. The bold values show the maximum
transition between two months. For example, when
results for Benairia station are examined, it shows
that maximum horizontal is between March and April
for arithmetic average and between January and Feb-
ruary for standard deviation, reflecting the end of the
rainy season. The maximum vertical shows that it is
between October and November for both the arith-
metic mean and the standard deviation reflecting the
beginning of the rainy season Fig. 9.

Discussion

The results of IPTAM methods are very helpful in
water resource management mainly in regard to agri-
cultural sector, as they supplement standard hydrocli-
matic analyses in highlighting the seasonality of pre-
cipitation trends. In fact, past studies on rainfall trend
performed in Algeria evidenced a significant decrease
in the annual amount since the 1970s. For example,
Khedimallah et al. (2020) applied the Mann—Kendal

and Pettitt tests and detected significant downward
trends for rainfall in the Cheliff and in the Medjerda
basins in the period 1968-2013, while Taibi et al.
(2017) using the Mann—Kendall test and the Theil
Sen estimator showed that a severe drought affected
the western, western highland, and Cheliff regions
since the mid-1970s. Conversely, in this study, the
application of the IPTAM method evidenced increas-
ing trends of precipitation in autumn and winter sea-
sons, like in Larbat, Bouzghaia, Benairia, Medjaja,
and Chettia stations, which can promote increased
water storage in soil useful in vegetation season. The
spring precipitation has generally lower mean precipi-
tation and interannual standard deviation but showed
some consistent changes in seasonality between
halves of the study period that should be examined
more closely for statistical significance and physical
driving mechanisms. These results are quite similar
to the ones presented by Achite and Caloiero (2021)
that using two non-parametric tests evidenced a posi-
tive trend in autumn in the Wadi Sly basin, or by Abu
Hammad et al. (2022), which evidenced an increase
in winter precipitation in the Eastern Mediterranean.
This monthly behavior can be explained by local
enforcement in the intensity of cyclogenesis events in
the Mediterranean region. Extreme decreasing trend
in summer precipitation (June, July, and August)
can accelerate drought and water scarcity not only
for agriculture but also for people (Tolba & Najib,
2009). Changes of temperature and precipitation in
this region can be affected by the South Asian sum-
mer monsoon (SASM) through the monsoon—desert
teleconnection (Kim et al., 2019).

Serinaldi et al. (2020) performed a series of
numerical experiments to show the limitations of
ITA and related methods. In particular, they evi-
denced that the ITA method has high type 1 error
rates in critical trend value. In order to overcome
such a problem, recently several improvements on
the ITA methods have been proposed. For example,
Alashan (2020) suggested the ITA_R to determine
critical trend values as to whether they are significant
according to a certain statistical significance level. In
order to enhance the visual aspect of the ITA method,
Alashan (2018) proposed the innovative trend analy-
sis change boxes (ITA-CB) approach. The double-
ITA (D-ITA) and triple-ITA (T-ITA) procedures
were suggested for the trend stability assessment by
comparing partial trend components during different
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«Fig. 9 Trend polygon star concepts method graphics of stand-
ard deviation analysis results for each station

sub-periods of a given record series (Giiglii, 2018;
Zerouali et al., 2022). Finally, with the aim to iden-
tify partial trends and to determine the stability and/
or periodicity of these trends in a given time series,
Giiglii et al. (2020) developed the innovative triangu-
lar trend analysis (ITTA). In this context, we caution
that the ITRA, ITPAM, and TPS methods should be
used only as a qualitative tool to support other meth-
ods when detecting the trend of hydrometeorological
data. Some aspects of the ITRA, ITPAM, and TPS
methods could be modified to improve their useful-
ness for visualizing precipitation trends in semiarid
Mediterranean regions. For example, a measure of
statistical significance of trends could be added to
the plots, perhaps based on tests that take serial cor-
relation into account. The number and levels of “risk
zones” could be also customized based on local
hydrologic knowledge as opposed to being set in an
automated way from the range in the data.

Conclusions

In this study, precipitation data of the Wadi Ouah-
rane basin of Algeria were analyzed using the ITRA,
ITPAM, and TPS methods. The following main
results were obtained:

1. ITRA graphs show the direction of the precipita-
tion trend (increasing—decreasing) and the trend
risk class.

2. Disparities in the polygons generated by the
arithmetic mean and standard deviation ITPAM
graphs demonstrate variations in precipita-
tion seasonally and in the seasonal precipitation
trends (increasing or decreasing) between sites.

3. The TPS maps depict monthly variations in pre-
cipitation and highlight the autumn and spring
transitions between the dry and wet seasons.

4. In the analysis results of the ITRA method, less
trend is seen in low and medium precipitation
regimes, and it has been observed that there are
imbalances in high precipitation regimes.

5. The application of the IPTAM method evidenced
an increasing trend of precipitation in autumn
and winter.

6. The spring precipitation has generally lower
mean precipitation and interannual standard devi-
ation but showed some consistent changes in sea-
sonality between halves of the study period.

In order to better appreciate the results of this study,
important final remarks must be made concerning the
strength and the weaknesses of this research. In fact,
although the application of the ITRA, ITPAM, and
TPS allows us to overcome one of the main limitations
of classical trend analysis, i.e., the lack of information
about the transition of hydroclimatic variables between
months, we suggest to use these methods only as a
qualitative tool to support other methods when detect-
ing the trend of hydrometeorological data due to the
lack of a measure of statistical significance of trends.
Anyway, the results of this study are particularly rel-
evant because the evaluated changes in rainfall could
impact on agriculture production, affecting the soil,
hydrology, and plant health of agricultural systems,
and thus, it is important to try to extend in the future
these analyses to other northern Algerian basins.
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