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Abstract: Precipitation is a crucial component of the water cycle, and its unpredictability may
dramatically influence agriculture, ecosystems, and water resource management. On the other
hand, climate variability has caused water scarcity in many countries in recent years. Therefore, it is
extremely important to analyze future changes of precipitation data in countries facing climate change.
In this study, the Innovative Polygon Trend Analysis (IPTA) method was applied for precipitation
trend detection at seven stations located in the Wadi Sly basin, in Algeria, during a 50-year period
(1968–2018). In particular, the IPTA method was applied separately for both arithmetic mean and
standard deviation. Additionally, results from the IPTA method were compared to the results of trend
analysis based on the Mann–Kendall test and the Sen’s slope estimator. For the different stations,
the first results showed that there is no regular polygon in the IPTA graphics, thus indicating that
precipitation data varies by years. As an example, IPTA result plots of both the arithmetic mean
and standard deviation data for the Saadia station consist of many polygons. This result means
that the monthly total precipitation data is not constant and the data is unstable. In any case, the
application of the IPTA method showed different trend behaviors, with a precipitation increase
in some stations and decrease in others. This increasing and decreasing variability emerges from
climate change. IPTA results point to a greater focus on flood risk management in severe seasons and
drought risk management in transitional seasons across the Wadi Sly basin. When comparing the
results of trend analysis from the IPTA method and the rest of the analyzed tests, good agreement
was shown between all methods. This shows that the IPTA method can be used for preliminary
analysis trends of monthly precipitation.

Keywords: precipitation; innovative polygon trend analysis; arithmetic mean; standard deviation;
Wadi Sly; Algeria

1. Introduction

Precipitation can be considered among the major variables that are frequently used to
trace the extent and magnitude of climate variability [1]. In fact, Gautam et al. [2] and Chen
et al. [3] showed that hanging patterns of precipitation are among the chief consequences
attributed to climate variability.
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In particular, precipitation seasonality and variability are important factors to under-
stand in hydrological processes in a catchment; they are paramount for many sectors of
the economy, like agricultural [4], and they have serious environmental implications that
can greatly influence the food security and ecological sustainability of the different regions
on the world [5]. The influence of precipitation on the environment can be altered by land
cover, especially by forest. Juez et al. [6] showed that forest can influence hydrological
dynamics and delay catchments response on high precipitation. Moreover, overland flow
can occur rarely because of the strong infiltration rate [7]; a strong influence reduces evapo-
transpiration, and thus, increases low flow [8] as well as reduces nutrient and sediment
load [9]. An increase of forest area in catchments can also protect against the effect of
climate change on water resources.

Within this context, long-term data with different time resolutions are used to evaluate
precipitation variability [10–13] that is linked with synoptic conditions and large-scale
circulation [14,15], e.g., phase pace of NAO (North Atlantic Oscillation) teleconnection
patterns [16,17] and sea surface temperature (SST) anomalies [18,19]. In particular, the
Mediterranean region is affected by high precipitation variability, at both a temporal and
spatial scale, due to its geographical position between two strongly contrasting masses of
water: the Atlantic Ocean and the Mediterranean Sea [20]. An Additional feature deter-
mining high variability of precipitation in this region is the presence of various mountain
ranges distributed along the coastal areas from east to west [21]. For example, in the Macta
basin (Algeria), Elouissi et al. [22] observed decreasing trends of monthly precipitations
in the northern part, close to the Mediterranean Sea coastal area, and increasing ones in
the southern part. Based on the Coupled Model Intercomparison Project phase 6 (CMIP6),
Bogcaci et al. [23] identified increasing precipitation projection in winter and spring over
the east of the Black Sea Region and north-east of Anatolia, with a consequent increase in
flood risk. El-Geizry [24] detected high seasonal variations of precipitation in the southern
Levantine Basin, Egypt.

To detect temporal changes of hydroclimatological phenomena, trend analyses are
the most common methods used. These analyses can help monitor global changes in
different environmental components. Moreover, they are very important especially in
semiarid regions where high risk of water scarcity occurrs; thus, the knowledge about
the hydro-meteorology phenomena behavior can be used in water resources manage-
ment and planning. Generally, trend analysis is based on non-parametric tests, such as
the Mann–Kendall test or Sen’s slope methods, which are more appropriate than para-
metric ones to deal with non-normally distributed data [25,26]. These tests have some
limitations, linked with the null hypothesis (H0) [27], which assumes serial correlation of
data [28,29]. Serinaldi et al. [30] showed that even if the empirical estimation of trends
based on commonly statistical tests is always feasible from a numerical point of view, it
has poor information sources of non-stationarity without assuming a priori additional
information on the underlying stochastic process.

With the aim to overcome such a problem, the Innovative Trend Analysis (ITA) was
proposed [31] and applied in several studies on precipitation variability worldwide. For
example, Caloiero et al. [32], Caloiero [33], Gedefaw et al. [34], Haktanir and Citakoglu [35],
and Malik et al. [36] applied this methodology on monthly, seasonal, and annual precipita-
tion series of India, Ethiopia, Italy, New Zealand, and Turkey, respectively. Due to the large
use of the ITA, recently, some updates of this method have been proposed, such as the
Innovative Triangular Trend Analysis (ITTA) and the Innovative Polygon Trend Analysis
(IPTA) [37–39]. In particular, the IPTA [40] is an approach that helps to identify the trend in
a given series and also trend transitions between successive sections of two equal segments
from the original hydro-meteorological time series leading to trend polygon. Therefore,
it constitutes a productive basis for finer interpretations with linguistic and numerical
interpretations and inferences from a given time series.

The purpose of this study is to investigate trends of monthly total precipitation data
of seven selected precipitation monitoring stations in the Wadi Sly basin in north Algeria
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for the period 1968–2018. With this aim, the Innovative Polygon Trend Analysis (IPTA)
technique was applied [40]. Moreover, results from the IPTA method were compared with
results of trend analysis based on commonly known methods like the Mann–Kendall test
(MK) and the Sen’s estimator (SS).

2. Materials and Methods
2.1. Study Area

The Wadi Sly basin is located in the northwest of Algeria and has an area of 1225 km2.
It is a basin characterized by a typically semi-arid Mediterranean climate, with warm
summers and cold winters. The database used in this study consists of seven high-quality
and complete monthly precipitation series ranging from 1968–2018, with an average density
of one station per 175 km2 (Figure 1).
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Figure 1. Localization of the selected rain gauges on DEM.

2.2. Data Analysis

The National Agency of Water Resources (ANRH) contributed data for this study
from seven precipitation stations across Wadi Sly basin (Figure 1 and Table 1), each having
long-term monthly precipitation records from 1968 to 2018.

Table 1. Precipitation Stations Characteristics.

Stations ID Name Longitude (◦) Latitude (◦) Elevation (m) Period of Observation

S1 012304 Souk El Had 1.55 35.75 550 1968/69–2017/18
S2 012306 Bordj Bounaama 1.62 35.85 1050 1968/69–2017/18
S3 012307 Ain Lellou 1.54 35.93 900 1968/69–2017/18
S4 012308 Ouled Ben A.E.K. 1.27 36.03 160 1968/69–2017/18
S5 012309 Oued Sly 1.20 36.09 95 1968/69–2017/18
S6 012316 SAADIA 1.34 35.90 1000 1968/69–2017/18
S7 012318 Sidi Yagoub Bge 1.32 35.97 202 1968/69–2017/18

However, the duration of these stations’ records varies, and some have missing records;
as a result, only observation stations with data series covering 70% or more of the whole
period were chosen for our study in order to improve data quality. The data was subject to
quality control and data gap filling using linear regression.
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The descriptive statistics of monthly and annual precipitation in the Wadi Sly basin
are shown in Table 2. According to these statistics, winter can be identified as the rainiest
season for all the stations, with more than 40% of the total annual precipitation falling in
this season.

Table 2. Descriptive statistics of monthly and annual precipitation (mm) in the Wadi Sly basin (1968–2018).

Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Year

S1

Min 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 153.00
Max 78.60 221.70 184.70 258.00 253.60 175.90 209.30 102.40 71.10 33.00 28.50 31.30 819.50

Mean 15.57 32.48 45.22 56.27 66.44 53.94 46.50 34.60 20.39 3.80 1.34 2.40 378.95
SD 16.90 37.58 39.18 50.95 53.13 45.26 39.66 26.12 22.84 8.00 4.75 6.48 155.73

C (%) 4.11 8.57 11.93 14.85 17.53 14.23 12.27 9.13 5.38 1.00 0.35 0.63 100.00

S2

Min 0.00 0.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 172.07
Max 75.00 170.90 153.70 189.80 247.60 251.70 216.00 176.59 155.74 81.20 16.10 48.00 763.40

Mean 16.80 38.82 55.34 60.97 65.67 60.50 59.98 56.37 25.80 7.68 0.83 2.43 451.21
SD 17.54 42.33 40.77 41.72 52.91 59.25 47.01 53.45 37.86 17.14 2.59 7.88 148.17

C (%) 3.72 8.60 12.26 13.51 14.55 13.41 13.29 12.49 5.72 1.70 0.18 0.54 100.00

S3

Min 0.00 0.00 0.00 0.00 0.59 4.00 6.10 0.00 0.00 0.00 0.00 0.00 212.31
Max 62.40 150.58 193.60 138.70 191.30 133.90 158.60 154.00 197.30 58.60 17.40 31.80 687.49

Mean 17.23 35.83 55.77 53.83 77.64 57.52 62.44 42.43 25.58 4.89 0.84 2.46 436.47
SD 16.61 32.87 46.92 28.36 53.02 36.59 35.16 35.40 41.87 10.20 2.74 6.82 122.71

C (%) 3.95 8.21 12.78 12.33 17.79 13.18 14.31 9.72 5.86 1.12 0.19 0.56 100.00

S4

Min 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 177.60
Max 68.40 219.35 116.10 102.00 166.30 140.60 122.59 165.40 105.05 39.54 13.20 52.80 612.40

Mean 15.37 31.10 44.96 43.73 45.89 48.16 47.60 39.91 25.52 6.37 1.00 3.24 352.87
SD 16.02 40.67 28.17 26.93 32.17 36.43 32.68 36.71 25.82 9.48 2.57 10.11 100.74

C (%) 4.35 8.81 12.74 12.39 13.00 13.65 13.49 11.31 7.23 1.81 0.28 0.92 100.00

S5

Min 0.00 0.00 0.00 1.48 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 129.60
Max 37.90 123.00 94.70 112.00 151.30 118.00 110.40 125.90 146.80 24.55 16.55 23.00 466.01

Mean 9.33 24.73 39.84 39.55 42.86 43.94 39.91 26.65 20.51 4.90 1.39 1.84 295.46
SD 9.81 23.96 23.30 27.83 30.35 34.28 30.32 26.10 28.68 7.38 3.50 4.31 81.08

C (%) 3.16 8.37 13.48 13.39 14.51 14.87 13.51 9.02 6.94 1.66 0.47 0.62 100.00

S6

Min 0.00 0.00 0.65 0.00 0.00 7.65 0.00 0.00 0.00 0.00 0.00 0.00 173.74
Max 117.00 308.45 211.53 231.30 181.40 170.70 214.30 197.90 96.00 43.10 34.24 27.90 881.27

Mean 23.33 44.60 66.47 75.18 68.44 72.81 69.59 42.07 21.64 7.03 2.56 2.29 496.03
SD 26.54 54.42 55.58 51.13 51.83 46.77 48.95 49.04 27.95 11.46 6.38 5.87 157.77

C (%) 0.05 0.09 0.13 0.15 0.14 0.15 0.14 0.08 0.04 0.01 0.01 0.00 1.00

S7

Min 0.00 0.10 0.00 0.00 1.80 0.00 0.00 0.00 0.00 0.00 0.00 0.00 136.05
Max 68.70 165.20 127.60 105.50 167.70 95.38 107.40 134.80 75.30 31.70 14.70 19.10 543.13

Mean 12.98 24.17 40.48 35.60 43.19 40.45 39.62 39.01 21.88 5.58 1.19 2.40 306.56
SD 14.53 29.16 29.20 26.13 29.19 28.74 27.41 36.73 18.96 8.65 2.81 4.18 91.85

C (%) 4.23 7.88 13.21 11.61 14.09 13.19 12.92 12.72 7.14 1.82 0.39 0.78 100.00

SD = Standard deviation; C (%) = Contribution, in percentage, to the total annual precipitation.

2.3. Innovative Polygon Trend Analysis Method

The IPTA was first proposed by Sen et al. [40]. For monthly precipitation records,
given a series x1, . . . , xn of n years, the following monthly matrix was constructed:

x1,1, x1,2, .
x2,1, x1,2, .

. . .

. . x1,12

. . x1,12

. . .
xi,1, xi,2, .

. . .
xn,1, xn,2, .

. . xi,12

. . .

. . xn,12

 (1)
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Then, the matrix was divided in two halves, the upper part (the first) for i = 1, . . . , n/2
and the lower part (the second) for i = n/2 + 1, . . . , n, respectively, and the next 12 sets of
parameters (e.g., arithmetic mean, standard deviation, skewness coefficient, maximum,
minimum, etc.) providing detailed information about the monthly precipitation variations,
were calculated for each subseries. Results of this analysis are represented in a Cartesian
system in which the first series is placed on the X-axis and the second series is placed on
the Y-axis (Figure 2).
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Figure 2. Hypothetical Innovative Polygon Trend Analysis template for monthly records.

As a consequence, the transition from 1 month’s precipitation to the next is visible.
Given the monthly precipitation distribution in the Cartesian system, homogeneity precipi-
tation (single polygon) or non-homogeneity structure (multiple polygons) can be identified.
Detailed information about the IPTA method can be found in Sen et al. [40].

2.4. The Mann-Kendal Test

The Mann–Kendall method is a non-parametric test for detecting trends in climatolog-
ical and hydrological time series.

The Mann–Kendall test statistic S is calculated with the following equation [41,42]:

S =
n−1

∑
k=1

n

∑
j=k+1

sgn
(

Pj − Pk
)

(2)

where n is the number of data. P is the precipitation values at times i and j (j > i), and sgn is
the sign function given as:

sgn
(

Pj − Pk
)
=


+1 i f

(
Pj − Pk

)
> 0

0 i f
(

Pj − Pk
)
= 0

−1 i f
(

Pj − Pk
)
< 0

(3)

The variance of S is computed by

Var(S) =
[n(n− 1)(2n + 5)]−∑m

i=1 ti(ti − 1)(2ti + 5)
18

(4)
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where ti is the number of ties of extent i, and m is the number of tied rank groups. For n
larger than 10, the standard normal Z test statistic is computed as the Mann–Kendall test
statistic as follows:

Z =


S−1√
Var(S)

i f S > 0

0 i f S = 0
S−1√

Var(S)
i f S < 0

(5)

2.5. The Sen’s Estimator

If a linear trend is observed in a time series, then the Sen’s slope estimator can be
used [43]. The slope estimates of N pairs of precipitation pairs are computed based on
equation:

Qi =
Pj− Pi

j− i
for i = 1.2, . . . , N (6)

where Pj and Pi are the precipitation values at time j and i (j > i), respectively. The median
of these N values of Qi is the Sen’s estimator of slope. The Sen’s estimator is calculated by:

Qmed =
1
2

(
Q N

2
+ Q N+2

2

)
if N is even (7)

Qmed =
(

Q N+1
2

)
if N is odd (8)

3. Results and Discussion
3.1. IPTA Method

In this study, precipitation data from seven rain gauges in the Wadi Sly basin are
analyzed using IPTA method. Figure 3 shows, for each station, the results of the IPTA
method applied to the arithmetic mean data. Except for Bordj Bou Naama station, the
IPTA charts of the other stations do not show a regular polygon. This is due to the fact
that the arithmetic average of the monthly total precipitation data is not constant and the
data does not change systematically. However, the fact that there is only one polygon at
Bordj Bou Naama station, although not a regular one, indicates that the arithmetic mean
of the monthly total precipitation data is generally stable. When the IPTA graph of this
station is examined in detail on a monthly basis, it is seen that the months without a trend
are October, December, June, July, and August. While an increasing trend is observed in
September, November, and January, decreasing trends are observed in the remaining 4
months. This complex precipitation pattern can be explained considering the orographic
factor and the geographic position of the basin in the Mediterranean, which is exposed
to mid-latitude weather in winter and chronically challenged by subtropical dryness in
summer. The seasonal trend behavior in precipitation at the Wadi Sly basin confirms the
one detected by Achite and Caloiero [44] that evidenced a marked negative trend in spring
and a less clear negative trend in winter. As described by Dettinger and Cayan [45] and by
Polade et al. [46], precipitation in this region is characterized by typically infrequent frontal
storms confined to the cold season. Precipitation changes over the Wadi Sly basin are
similar to the ones in the Mediterranean region that can be explained by dynamical factors
associated with changes in storm tracks and weather regimes, along with thermodynamic
factors associated with increased water vapor content in a warmer atmosphere [47]. Meddi
et al. [48] showed that in Algeria the temporal variability of the annual precipitation in
the west of the country is influenced by ENSO, while Tramblay et al. [49] evidenced that
precipitation in North Africa is mainly affected by the NAO.

General evaluation of arithmetic mean analysis results for each station in Figure 3 are
given in Table 3.



Sustainability 2021, 13, 12674 7 of 17
Sustainability 2021, 13, x FOR PEER REVIEW 7 of 17 
 

 
Figure 3. Innovative Polygon Trend Analysis Method graphics of arithmetic mean analysis results for each station: (a) 
Souk El Had, (b) Bordj Bou Naama, (c) Ain Lellou, (d) Ouled Ben A.E.K., (e) Oued Sly, (f) Saadia, and (g) Sidi Yakoub Bge. 

Table 3. General evaluation of arithmetic mean analysis results for each station. 

Stations Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. 
Souk El Had             

Bordj Bou Naama             
Ain Lellou             

Ouled Ben A.E.K.             
Oued Sly             

Saadia             
Sidi Yakoub Bge             

: Decreasing Trend. : Increasing Trend. : No Trend. 

Figure 3. Innovative Polygon Trend Analysis Method graphics of arithmetic mean analysis results for each station: (a) Souk
El Had, (b) Bordj Bou Naama, (c) Ain Lellou, (d) Ouled Ben A.E.K., (e) Oued Sly, (f) Saadia, and (g) Sidi Yakoub Bge.

Results generally evidenced four different behaviors of arithmetic mean of monthly
precipitation in the Wady Sly basin: increasing precipitation trend in September and
November; decreasing trend in March; mixed trend in October, December, January, Febru-
ary, April, May, and June; and no trend in July and August. The presented results are
supported by Driouech et al. [50] who focused on observed evolutions and climate pro-
jections in Tunisia and Morocco. These Authors showed a trend towards drier conditions
in the north-western part (Morocco) with a decrease in annual mean precipitation due
to winter and spring negative trends similar to the ones detected in the Wady Sly basin
(decreasing precipitation trend in winter and spring months). Figure 4 shows the results of
the IPTA method applied to the standard deviation data of each station.
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As in Figure 3, IPTA graphs of other stations except for Bordj Bou Naama station
in Figure 4 do not show a regular polygon. This is due to the fact that the standard
deviation of the monthly total precipitation data is not constant and the data does not
change systematically. However, the fact that there is only one polygon at Bordj Bou Naama
station, although not a regular one, indicates that the standard deviation of the monthly
total precipitation data is generally stable. When the IPTA graph of this station is examined
in detail on a monthly basis, it is seen that the months without a trend are October, March,
and April. While an increasing trend is observed in November, December, January, May,
and August, decreasing trends are observed in the remaining 4 months. In addition, in
the autumn–winter period (October–January), the standard deviation trend of the mean
monthly precipitation is less than in spring and summer months. In fact, during summer,
precipitation is scarce but during summer, precipitation has high intensities, thus standard
deviation of monthly precipitation is higher than in the rest of the year. In this season, the
Azores anticyclone moves north but when the anticyclone retreats south, it lets in the ocean
disturbances affecting North Africa [51].

A synthesis of the results showed in Figure 4 is given in Table 4.

Table 4. General evaluation of standard deviation analysis results for each station.

Stations Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug.
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Generally, increasing trends of standard deviations have been observed in January and
August in five stations. An interesting behavior as observed in February with a decreasing
trend of standard deviation monthly precipitations in all the stations. The more stable
conditions were observed in April, where the majority of the stations did not evidence
trends. As a result, the analysis of standard deviation trends of monthly precipitation
evolution showed significant variability typical of the Mediterranean climate [52].

Statistical values of the arithmetic mean (AM) and the standard deviation (SD) for the
seven stations are given in Tables 5 and 6, respectively. Results indicate transition between
months. The maximum values are considered as an abrupt transition between 2 months.

Detailed results of the statistical values of the arithmetic mean (Table 5) for the Souk
El Had station evidenced that the maximum trend length is 31.95 mm in the transition
November–December, while a maximum trend slope of 21.17 was identified in February–
March. For the Bordj Bou Naama station, the maximum trend length and slope are
respectively 43.25 mm (April–May) and 3.32 (October–November). A maximum trend
length of 34.78 mm and a maximum trend slope of 3.00 were detected in the Ain Lellou
Mf station for the transitions December–January and October–November, respectively.
As regards the Ouled Ben A.E.K. station, the maximum trend length was identified in
September–October (30.35 mm), while the maximum trend slope was in October–November
(−24.42). For the Oued Sly station, the maximum trend length is 22.10 mm (May–Jun.),
and maximum trend slope is calculated as −40.54 (Jan.–Feb.). In the Saadia station, in
March–April, a maximum trend length of 44.61 mm and a maximum trend slope of −25.76
in December–January were evaluated. Finally, in October–November, a maximum trend
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length of 24.49 mm and maximum trend slope of 2.11 were identified in the Sidi Yakoub
Bge station.

Table 5. Statistical values of arithmetic mean for each station.

Sep.–
Oct.

Oct.–
Nov.

Nov.–
Dec.

Dec.–
Jan.

Jan.–
Feb.

Feb.–
Mar.

Mar.–
Apr.

Apr.–
May

May–
Jun.

Jun.–
Jul.

Jul.–
Aug.

Aug.–
Sep.

S1
Length (mm) 26.44 23.01 31.95 17.49 17.81 14.22 17.76 22.3 23.46 3.61 1.55 19.25

Slope 0.36 8.76 −0.28 5.49 0.78 21.17 0.5 0.35 0.94 0.58 1.6 1.72

S2
Length (mm) 32.22 26.52 13.98 15.9 20.17 4.95 5.14 43.25 27.13 9.7 2.26 21.68

Slope 0.58 3.32 −0.18 −2.71 −2.27 −1.36 0.77 1.05 0.48 0.87 0.91 2.18

S3
Length (mm) 27.05 31.55 11.7 34.78 29.52 13.49 30.21 24.39 29.48 5.83 2.34 21.59

Slope 0.61 3 −1.64 0.59 0.57 −0.25 0.46 1.56 0.78 0.68 1.48 1.71

S4
Length (mm) 30.35 28.93 11.7 6.44 3.79 12.72 17.16 20.39 27.09 7.79 3.18 19.37

Slope 0.04 −24.42 −1.35 −3.32 0.23 −1.13 −0.1 1.12 0.94 1.58 0.86 3.22

S5
Length (mm) 21.78 21.54 6.21 9.04 2.2 15.49 20.42 8.99 22.1 5.18 0.71 10.64

Slope 0.98 1.29 −1.14 −4.08 −40.54 −2.31 0.4 1.72 0.92 0.54 0.31 1.19

S6
Length (mm) 34.82 34.95 17.13 14.03 10.06 12.38 44.61 29.54 20.68 6.44 0.49 32.06

Slope 0.26 3.22 0.02 −25.76 −8.05 −2.31 0.28 1.54 0.91 1.48 8.25 2.34

S7
Length (mm) 16.77 24.49 14.08 10.98 4.28 4.38 6.93 24.36 23.04 6.24 1.72 15.75

Slope 0.48 2.11 −3.57 1.55 0.36 −1.77 −0.78 1.24 1 0.85 0.98 1.98

Table 6. Statistical values of standard deviation for each station.

Sep.–
Oct.

Oct.–
Nov.

Nov.–
Dec.

Dec.–
Jan.

Jan.–
Feb.

Feb.–
Mar.

Mar.–
Apr.

Apr.–
May.

May–
Jun.

Jun.–
Jul.

Jul.–
Aug.

Aug.–
Sep.

S1
Length (mm) 35.36 18.79 28.57 28.56 12.43 10.24 20.15 3.35 21.22 6.51 3.78 14.13

Slope 0.04 −2.01 −0.54 −2.72 2.27 1.04 0.29 0.51 1.15 0.24 0.23 1.27

S2
Length (mm) 38.28 5.47 2.77 18.79 32.63 17.99 18.58 25.61 29.39 21.08 7.62 12.51

Slope 0.59 −0.12 1.78 −59.02 −0.50 0.71 −5.94 2.60 0.52 0.87 1.41 1.51

S3
Length (mm) 24.79 20.11 25.16 35.18 23.24 3.72 7.91 15.48 45.38 10.62 6.37 13.31

Slope 0.49 1.93 0.98 0.72 0.74 0.21 −1.28 −0.14 0.94 0.63 2.02 1.08

S4
Length (mm) 41.41 31.88 4.35 7.92 10.69 7.75 14.01 18.20 24.14 10.44 10.83 8.64

Slope 0.02 −0.43 −1.33 2.23 −0.20 0.25 −3.00 7.56 0.72 2.62 0.84 9.53

S5
Length (mm) 20.24 6.71 6.44 5.04 8.19 6.23 5.58 4.70 30.57 5.39 1.90 8.03

Slope 0.71 −0.79 0.93 −11.14 0.01 0.83 2.37 −0.01 0.72 0.87 −0.28 1.05

S6
Length (mm) 53.28 23.71 6.38 8.01 7.45 1.82 6.86 31.43 24.63 7.46 2.34 27.72

Slope 0.03 −1.64 0.24 −1.08 0.18 0.24 −1.56 1.77 0.48 0.79 −1.38 2.24

S7
Length (mm) 24.07 13.97 5.22 8.05 5.29 2.24 14.22 25.40 14.74 8.41 2.04 14.20

Slope 0.19 −1.15 16.40 −4.38 −1.09 0.64 2.28 1.14 1.34 1.20 0.93 1.07

As regards the standard deviation (Table 6), in the Souk El Had station a maximum
trend length of 35.36 mm and a maximum trend slope of−2.72 were detected in September–
October and December–January, respectively. Results for the Bordj Bou Naama station
evidenced that the maximum trend length is 38.28 mm in September–October, while the
maximum trend slope is −59.02 in December–January. As regards the Ain Lellou Mf
station, the maximum trend length was identified in May–June. (45.38 mm), while the
maximum trend slope is in July–August (2.02). A maximum trend length of 41.41 mm
and a maximum trend slope of 9.53 were detected in the Ouled Ben A.E.K. station for
the transitions September–October and August–September, respectively. In the Oued Sly
station, the maximum trend length and slope were identified in May–June (30.57 mm) and
December–January (−11.14), respectively. In the Saadia station, in September–October,
a maximum trend length of 53.28 mm and a maximum trend slope of 2.24 in August–
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September were evaluated. Finally, in the Sidi Yakoub Bge station, a maximum trend
length of 25.40 mm in April–May and a maximum trend slope of 16.40 in November–
December were detected.

3.2. Comparison between the IPTA Method Results and Other Tests Results

The MK and Theil-Sen incline estimator tests were applied at monthly and annual
time scales to each station. The MK test statistics (α = 0.05) show increasing (Z > 0) and
decreasing (Z < 0) trends. Table 7 presents the results of trend analysis for monthly and
annual sums of precipitation based on the following methods: Mann–Kendall test (MK)
and Sen’s slope estimator.

Table 7. Results of MK and Sen’s slope (SS) methods on monthly and annual scales at the study area.

Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Year

S1
MK 1.263 0.351 1.506 −2.125 * −1.104 −0.427 −1.623 −2.484 * −0.895 −0.402 0.050 0.928 −1.606
SS 0.156 0.054 0.467 −0.907 −0.495 −0.211 −0.557 −0.650 −0.041 0.000 0.000 0.000 −2.565

S2
MK 2.158 * 0.552 1.280 −0.309 1.205 0.443 −0.017 −1.882 + −0.770 −0.694 0.443 −0.059 0.368
SS 0.197 0.098 0.466 −0.140 0.544 0.188 −0.025 −0.683 0.000 0.000 0.000 0.000 0.629

S3
MK 0.995 −0.017 2.091 * 0.393 0.284 0.167 −1.054 −1.246 −0.795 −1.113 −0.945 −0.243 −0.167
SS 0.105 −0.005 0.827 0.090 0.122 0.074 −0.347 −0.358 0.000 0.000 0.000 0.000 −0.245

S4
MK 1.305 −0.309 0.363 −1.288 0.000 0.301 −1.188 −1.121 −0.418 −0.485 −1.113 −1.690 + −0.452
SS 0.145 −0.047 0.384 −0.360 0.000 0.095 −0.420 −0.283 −0.059 0.000 0.000 0.000 −0.531

S5
MK 0.243 0.460 0.602 −1.179 0.151 0.560 −0.803 −0.711 −0.903 −1.062 −0.159 −0.326 −0.368
SS 0.012 0.064 0.158 −0.387 0.039 0.160 −0.245 −0.150 −0.075 0.000 0.000 0.000 −0.353

S6
MK 1.322 0.402 1.690 + −0.728 −0.619 −0.652 −0.770 1.113 1.489 2.233 * 2.183 * 2.359 * −0.435
SS 0.140 0.090 0.681 −0.430 −0.284 −0.265 −0.340 0.128 0.051 0.026 0.000 0.000 −1.064

S7
MK 1.263 0.703 1.874 + −1.330 −0.728 0.142 −0.075 −1.096 −0.703 −1.380 −4.065 *** −2.166 * −0.084
SS 0.122 0.109 0.504 −0.380 −0.141 0.037 −0.018 −0.262 −0.135 −0.005 0.005 −0.029 −0.124

+: significance level 0.1; *: significance level 0.05; significance level 0.01; ***: significance level 0.001.

Figure 5 shows, as an example, the sums of monthly (September, December, and
March) and annual precipitation in the Oued Sly station, where no statistically signif-
icant trends were detected. A figure with all the months (Figure A1) can be found in
Appendix A. This variability is well shown by modeling the precipitation by a moving
average (MA) of a period of 3 years. This figure shows that trends of monthly sum of
precipitation are well reflected by IPTA method (Figure 3 and Table 3), with similar trend
signs. Considering the monthly sums of precipitation, a high variability is visible; con-
versely, in the case of annual sums, seasonality of precipitation is noticeable. The statistical
significance trend of monthly precipitation was detected only with the MK test, while the
trend magnitude was evaluated with the Sen’s slope method. Only in the S5 station, the
MK method did not detect any statistically significantly trends of monthly precipitation. In
two stations, S6 and S7, located in the middle of the Wadi basin, a statistically significant
trend was detected in 4 and 3 months, respectively. In the remaining stations, statistically
significant trends were identified mainly in 2 months, in November and August, when the
statistically significant trends were detected three times. Moreover, increasing trends were
visible more often than decreasing trends. In fact, from the comparison of the results of
Table 7, an increasing trend of monthly precipitations in almost all stations in September
and November is evident, while in December, March, April, and May, a decreasing trend
of precipitation is shown.

As regards the Sen’s slope estimator, this method identified a further lack of trends
than other methods. In the case of the annual sum of precipitation, in all stations decreasing
and statistical insignificantly trends of precipitation were detected. The only exception is
station S2, where an increasing non-significant trend was identified. A similar comparison
of the IPTA method with commonly used MK test showed Alifujiang et al. [53], where they
did not detect significant differences between both methods. Moreover, they concluded that
the IPTA method allows more detailed interpretations about trend analysis, like benefits
for identifying hidden variation trends of precipitation in comparison to commonly used
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methods. Also, Saplıoğlu and Kilit [54] detected a strong correlation between results
from the IPTA method in the MK test and examined discharged data in the Western
Mediterranean Basin.
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From the comparison of the results obtained with the IPTA method (Tables 3 and 4)
with the ones obtained with commonly used methods for trend detection (Table 7), a good
agreement emerges. In fact, as Rathnayake [55] showed, results of the trend analyses for
time series data with different resolutions performed with the Innovative Trend Analysis
technique can give similar results to the ones obtained with the classical statistical trend
analysis techniques. The author concluded that the Innovative Method is easy to perform
and has low computational cost in comparison to other methods. Therefore, the technique
can be widely used to identify the trends. Indeed, as mentioned earlier, the IPTA method
is very simple to use from a practical point of view and has no flaws when compared to
commonly used statistical tests. The method can indicate transition between analyzed
months that can lead to deep analysis behavior of analyzed data. However, this technique
does not provide any numerical value of the trend. Based on Şan et al. [56], it can be
concluded that the IPTA method is more sensitive in detecting trends in comparison to
the Mann–Kendall (MK) test. The disadvantages according to IPTA are that MK does
not show a trend slope and that MK shows a holistic trend. The IPTA method has some
advantages in comparison to other commonly used tests. In fact, the method is less
sensitive to the influence of outlier values on final results. For example, Zittis [57] studied
trends of monthly precipitation and showed that the Kruskal–Wallis test is sensitive to
an outlier value. Also, the assessment of trends using commonly known methods in the
characteristics of precipitation is complicated by the quality of the observations and by the
intrinsic noisiness of the records [58]. Moreover, null hypothesis significance tests have a
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logically flawed rationale coming from ill posed and theoretically unfounded hybridization
of Fisher significance tests and Neyman–Pearson hypothesis tests. They do not allow
conclusions about the truth or falsehood of any hypothesis, and do not apply to exploratory
non-randomized studies [30]. In addition, statistical significance does not imply physical
significance because the former depends on the sample size, and almost every test assigns
statistical significance to physically negligible differences for very large samples. On the
other hands, Serinaldi et al. [59], based on numerical experiments, detected many flaws
of ITA methods (the IPTA is a modified version of the ITA method) like: (1) “ . . . ITA
diagrams are equivalent to well-known two-sample quantile-quantile (q–q) plots; (2) when
applied to finite-size samples, ITA diagrams do not enable the type of trend analysis that it
is supposed to do; (3) the expression of ITA confidence intervals quantifying the uncertainty
of ITA diagrams is mathematically incorrect; and (4) the formulation of the formal tests
is also incorrect and their correct version is equivalent to a standard parametric test for
the difference between two means. Overall, we show that ITA methodology is affected by
sample size, distribution shape, and serial correlation as any parametric technique devised
for trend analysis”. Despite many advantages, the IPTA method has similar flaws like ITA
methods. Due to this reason, the IPTA method should be used only as a qualitative tool to
support other methods when detecting the trend of hydrometeorological data.

4. Conclusions

In this study, the Innovative Polygon Trend Analysis Method was applied to total
monthly precipitation data of seven stations in the Wadi Sly Basin in a 50-year period
(1969–2018). As a result of the study, IPTA graphics were created for each station. In
addition, trend lengths and trend slopes of monthly total precipitation data of each station
were calculated. Additionally, results from the IPTA method were compared to two
non-parametric tests: Mann–Kendall and Sen’s slope estimator. After these analyses, the
following evaluations were made:

• Size of trend lengths and trend slopes show the variability between months. For
example, for Bordj Bou Naama Station, maximum trend lengths for arithmetic mean
and standard deviation are 43.25 mm and 38.28 mm, respectively, while values of 3.32
and −59.02 are obtained for the maximum trend slopes, respectively. These values
show that the transition between 2 months is severe.

• Results from the IPTA method have good agreement with commonly used non-
parametric tests for each month.

• The IPTA method can be used to quantitively analyze and detect trends and can
support results from other commonly used methods. The results from Man–Kendall
test and Sen’s estimator are quite similar. The directions of the trend are the same in
most cases in both methods.
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31. Şen, Z. Innovative Trend Analysis Methodology. J. Hydrol. Eng. 2012, 17, 1042–1046. [CrossRef]
32. Caloiero, T.; Coscarelli, R.; Ferrari, E. Application of the Innovative Trend Analysis Method for the Trend Analysis of Rainfall

Anomalies in Southern Italy. Water Resour. Manag. 2018, 32, 4971–4983. [CrossRef]
33. Caloiero, T. Evaluation of rainfall trends in the South Island of New Zealand through the innovative trend analysis (ITA). Theor.

Appl. Climatol. 2020, 139, 493–504. [CrossRef]
34. Gedefaw, M.; Yan, D.; Wang, H.; Qin, T.; Girma, A.; Abiyu, A.; Batsuren, D. Innovative Trend Analysis of Annual and Seasonal

Rainfall Variability in Amhara Regional State, Ethiopia. Atmosphere 2018, 9, 326. [CrossRef]
35. Haktanir, T.; Citakoglu, H. Trend, independence, stationarity, and homogeneity tests on maximum rainfall series of standard

durations recorded in Turkey. J. Hydrol. Eng. 2014, 19, 501–509. [CrossRef]
36. Malik, A.; Kumar, A.; Guhathakurta, P.; Kisi, O. Spatial-temporal trend analysis of seasonal and annual rainfall (1966–2015) using

innovative trend analysis method with significance test. Arab. J. Geosci. 2019, 12, 328. [CrossRef]
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54. Saplıoğlu, K.; Kilit, M.; Yavuz, B.K. Trend analysis of streams in the Western Mediterranean Basin of Turkey. Fresenius Environ.
Bull. 2014, 23, 313–324.

55. Rathnayake, U. Comparison of Statistical Methods to Graphical Methods in Rainfall Trend Analysis: Case Studies from Tropical
Catchments. Adv. Meteorol. 2019, 2019, 8603586. [CrossRef]
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