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ABSTRACT

In this article, a trend study, in two watersheds Coastal-Oran and Macta (North-West of Algeria), is carried out
using monthly and seasonal rainfall during the period 1975-2015 at 38 stations. Mann-Kendall (MK) and
Innovative Trend Analysis (ITA) methods are applied comparatively. The aim of this study is to verify if the
trend detection ability is the same in both methods. Monthly rainfall analysis by the MK test shows that 82% of
the stations have no significant trends. In contrast, the ITA method detects positive (negative) trends in 56%
(33%) of stations in the low rainfall component, 53% (40%) in the average and 41% (58%) in the high rainfall.
On a seasonal scale, the MK test still not aware of trends in 75% of the studied stations, while the ITA shows
that 63% (31%) of stations with increasing (decreasing) trends. Studying the rainfall trend, using the ITA and
Mann-Kendall methods, in the same area can help to understand past variations and therefore extrapolate the
results to other areas with the same climate. This is a crucial step in managing climate-related issues. In addition,
the ITA detects hidden sub-trends in the low, medium and high components that the MK test does not, which
shows the superiority of the ITA method over MK method.
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1 INTRODUCTION

Climate change is a reality that has effects all over the world. Different climatologists have reported that climate
change can cause variation in temperature and precipitations [1]. The climate change impacts have already been
noticed with different intensities around the world [2,3] concerning atmosphere temperature [4,5], rainfall
regimes [6,7], water availability, and the intensification of climate extremes [8,9]. Algeria is one of the semi-arid
countries and is affected to a higher degree by phenomena of climate change.

Rainfall is one of the variables commonly used to characterize climate variability. The rainfall time series studies
help to highlight the trend of the climatic parameters and the fluctuations in rainfall, which are essential to
explain the climate change phenomenon in the world [10,11].

In Algeria, numerous studies were carried out over a period of seven decades (1936-2009) with detection of a
decrease in rainfall since the 1970s, and especially, the decade (1980-1990) [12]. The regions with observable
trends are located mainly in the North-West of Algeria: The Macta watershed [7,13] and Tafna [14,15].

In the Northwest Algeria region mean variability in total and extreme rainfall since the 1970s [6-9,16] was
identified which was also the case of groundwater quality [17].

Over the past decades, many methods were developed [18] and used to assess the trend possibilities in
precipitation records [19,20] to highlight the temporal and spatial evolution of the rainfall regime.
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The MK method is a non-parametric test [21] and is widely applied to quantify the significance of trend [22,23].
[24] proposed a new technique called Innovative Trend Analysis (ITA), which is easy to use. In addition, it has
the advantage of graphically evaluation of the possible trend components in the low, medium and high values
[24,25]. [21] examined trends by the ITA and MK methods in the South Island of New Zealand. The results
show that for some regions no trend is detected by the MK test, on the contrary trends are obtained through the
application of the ITA. The latter provided details on trends in low, medium and high values of annual and
seasonal precipitation data. In addition, [26] analyzed the trends of liquid flows in the Yangtze River of China by
the MK and ITA tests during the period 1980 to 2015. They highlighted the advantage of the ITA, which detects
sub-trends in the temporal flows series. In the same perspective, ITA detected 138 significant trends of which 89
time series did not show significant trends using the linear regression method and the MK test [27]. ITA is
considered the best trend detection method, because it performs better compared to MK, Modified MK, and
Trend Free Pre-whitening MK tests [28].

This present work aims to determine the monthly and seasonal trends in rainfall in the two watersheds, namely
Cotier-Oranais and Macta, in the North-West of Algeria by using records of 41 years (1975-2015). The novelty
of this study is the comparison between the MK test and the ITA method, which to our knowledge has not been
studied in the region.

2 STUDY AREA AND DATA

The study area is located in the North-West of Algeria between latitudes 34.31°N and 36.01°N and longitudes —
1.43° and 0.57°. This area has two watersheds Cotier-Oranais et Macta (Fig. 1).

The Macta watershed has a drainage area of 14,380 km?. In the North, it is bounded by Beni-Chougranne,
Tessala moutains and the Mohamadia plain. In the South, it is limited by the Saida mountains and those of Daya
(1356 m) to the Southwest by the Tlemcen mountains [29,30]. This basin is drained by two main rivers Oued
Mekerra and Oued EI-Hammam. The Macta basin is characterized by a relatively cold and rainy winter and a hot
and dry summer [31,17]. Annual precipitation decreases from North to South and varies on average from 500
mm to 300 mm [6,30]. Years with higher precipitation rates occur three to four times more often than the year
specified as dry ones. [32].

The Cétier-Oran watershed covers an area of approximately 5,831 km?, which is limited to the North by the
Mediterranean Sea and to the South by the Macta basin. The topography is less rugged and represented mainly
by the plain of Oran, where the altitude does not exceed 100 m. The average annual rainfall is between 300 and
400 mm. The spatial variability, from one year to another and from one station to another is quite moderate
(from 10% to 36%) [29].
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Figure 1. Study area
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Monthly rainfall data are gained from the National Agency of Hydraulic Resources (NAHR) at 55 rainfall
stations. Stations with more than 10% gaps are excluded [6,9]. The filling of the gaps is achieved by Hydrolab
[33] using principal component analysis (PCA). Finally, 38 stations are selected for the period of 41 years
(1975-2015) (Table 1).

Table 1. Selected rainfall stations

N° Code Station Name Longitude Latitude Z

01 110203 EL HACAIBA -0.7556 34.7020 950
02 110304 SARNO Bge -0.5741 35.1804 425
03 110305 SIDI BEL ABBES -0.6586 35.1915 485
04 110314 AIN TRID -0.6757 35.2858 530
05 110402 CHEURFAS BGE -0.2516 35.4044 230
06 110501 MERINE -0.4518 34.7813 970
07 111102 MEFTAH SIDI BOUBEKEUR 0.0560 35.0310 530
08 111112 HAMMAM RABI 0.1863 34.9319 710
09 111204 AIN TIFRIT 0.4019 34.9178 970
10 111401 MAOUSSA 0.2482 35.3783 494
11 111402 FROHA 0.1300 35.3032 467
12 111405 MATEMORE 0.2150 35.3298 482
13 111413 TIZI 0.0761 35.3201 453
14 111418 NESMOTH MF 0.3818 35.2516 930
15 111424 GHRIS 0.1665 35.2463 498
16 111429 MASCARA 0.1464 35.3929 600
17 111502 SAHOUET OUIZERT -0.0795 35.2078 361
18 111503 BOU HANIFIA BGE -0.0698 35.2920 306
19 111508 SFISSEF -0.2260 35.2318 545
20 111509 HACINE -0.0045 35.4599 145
21 111511 MOHAMMADIA GRHA 0.1042 35.5904 50
22 111516 TROIS RIVIERES -0.0859 35.2185 315
23 111604 OGGAZ -0.2554 35.5649 73
24 111605 BOU HENNI -0.0865 35.5653 26
25 111606 FORNAKA -0.0568 35.7744 78
26 111607 SAMOURIA 0.1153 35.6222 48
27 111611 FERME BLANCHE (S. ABDELMOUMEN) 0.0131 35.6574 20
28 111612 BLED TAOURIA 0.2307 35.8357 118
29 111616 MARAIS DE SIRAT 0.1764 35.7507 30
30 40202 AGHLAL -1.0662 35.2018 488
31 40205 AIN TEMOUCHENT -1.1106 35.2807 231
32 40301 BOUSFER 0.8095 35.7018 50
33 40311 BOUTLELISN -0.8994 35.6238 100
34 40415 H. BOUHADJAR -0.9644 35.3791 150
35 40502 ORANPEP -0.6571 35.6940 104
36 40602 KHEIREDDINE 0.1674 35.9804 218
37 40611 DCULTIVEES 0.1964 35.8683 102
38 40612 MOSTAGANEM 0.1108 35.9125 105
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3 METHODOLOGY

The main idea of the trend analysis is to identify whether the observed data of a hydro-meteorological time series
show a particular trend. Different parametric and non-parametric methods are used by several researchers to
detect possible trends. Parametric methods are considered more effective, but they have many restrictive
assumptions such as data normality. On the other hand, non-parametric methods are often used for their
simplicity. Mann-Kendall (MK) test [18,34] and Innovative Trend Analysis (ITA) are among the non-parametric
tests best appreciated by researchers [35-38].

3.1 Mann-Kendall (MK) trend detection test

The MK method is a statistical test for evaluating time series trend. It assesses whether X (observed values) over
time tend to increase or decrease [39]. It is most commonly used to identify trends in hydrology, due to its
insensitivity to outliers and freeness from the normality probability distribution function (PDF) condition [40]
The rank-based MK test is used to determine whether the correlation between the study variable and time is
significant or not. Let (X1, ..., Xn) be a sample of independent values relating to a random variable X whose
stationarity should be evaluated. [18] proposed a monotonic trend test, which is based on t (tau), a rank
correlation coefficient defined by [41]. The Kendall test tries to reject the null hypothesis (Ho: ho monotonic
trend) and accept the alternative hypothesis (H1: presence of a monotonic trend).

The test begins by calculating the number of concordant pairs (P = number of (X, y) where y increases as X
increases) and discordant (M = number of (x, y) where y decreases as x increases). Kendall's statistics (S) is the
difference between P and M (Eq. 1 and 2).

n-1 n
S=Z. Z sgn (Y, — Yi)
k=1 j=k+1

@)

where Yj and Y are the sequential values of the data and n is the sample size.
The sgn denotes the sign function, which takes the values 1, 0 or -1 as shown below:
if(Y; — Yi) < 0; then — 1
sgn(Xj — Xk) { if(Y; — Yx) = 0; then 0 2)
if(Y; — Yi) > 0; then 1

Note that we have C? possible comparisons (Eq. 3).

n! n(n-1)

2 _ —
Ca = 21(n-2)! 2 )

If all of the y’s increase as the X’s increase, the value of S will be equal to n (n-1)/ 2, and so the t will be equal
to +1. The opposite situation will give a T equal to -1. The Kendall correlation coefficient (t) is calculated using
Equation 4:

N
T=a 4)
To test the significance of t, for n < 10, Kendall quantiles table offers critical values or critical probabilities.
When n is greater than 10, an approximation of the test statistic to the normal distribution is possible. The
standard error is calculated as:

1 (2 5
Se=1 % (5)
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The t normalization is done according to Equation 6:

[ (6)

Se 2n+5

The null hypothesis rejected at the significance level o if | Z | >Zc, where Z¢is the value of the standard normal
distribution according to the type of test (one or two tailed test).

3.2 ITA method

The ITA concept was initially suggested by Sen [24] for the identification of partial trend components in low,
medium and high values [42,43]. The basic principle is simple, just divide the data series into two equal parts
and then draw a scatter plot where the ordered values of the first (second) part are on the x-axis (y-axis). A 1:1
(45°) line divides the plot area into two equal triangles. The upper (lower) triangle represents an upward
(downward) trend (Fig. 2). The slope of the trend (S) is calculated as follows:

S — 2(m1-m2) (7)

n

where n is the sample size, m1 and m2 are the means of the two parts.
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Figure 2. Innovative Tendance Analyse (ITA) template

4 RESULTS AND DISCUSSION

All calculations were performed within the R environment [44].

4.1 MK Test results

For MK method Z normal statistical value calculation is achieved for seasonal and monthly precipitation records.
A two tailed test at 5% significance level is performed and all the Z superior (inferior) values have critical limit
of 1.64 (-1.64), which are considered for increasing (decreasing) trends.

GeoScience Engineering Vol. 69 (2023), No. 2
geoscience.cz pp. 186-233, ISSN 1802-5420
DOI 10.35180/gse-2023-0099



191

4.1.1 Monthly trends

The MK test application on the monthly rainfall of the Cétier-Oranais and Macta watersheds (Table 2) shows
that the majority (375 “82%”) of the months indicate a dominance of a non-trend for most stations except
November, where the station with an increasing trend (21 “55%) exceeds other frequencies. Similar results are
mentioned by several authors [20].

Table 2. Monthly trend frequencies (MK method)

Trend

+ - 0

January 9 0 29
February 2 1 35
March 0 4 34
April 1 2 35
May 0 3 35
June 1 5 32
July 1 6 31
August 5 2 31
September 14 0 24
October 3 0 35
November 21 0 17
December 1 0 37
Total 58 23 375

(+): Significant Increasing trend. (-): Significant Decreasing trend. (0): No Significant trend.

The pattern results are presented in Table 2, and they are transferrable into a histogram form (Fig. 3). This figure
shows that the months of January, September and November have significant increasing trends, 9 (24%), 14
(37%) and 21 (55%), respectively.
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Figure 3. Monthly frequency percent (MK method). Cétier-Oranais and Macta wtersheds;
+: Significant increasing trend. -: Significant decreasing trend. 0: No trend
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4.1.2 Seasonal trends

The aforementioned results are obtained for seasonal rainfall detection. A non-significant trend prevails over the
majority (114 “75%”) of the stations (Table 3).

Table 3. Seasonal trend frequencies (MK method)

Trend
+ - 0
Winter 2 3 33
Spring 0 2 36
Summer 16 0 22
Autumn 15 0 23
Total 33 5 114

Figure 4 reflects summer and autumn season trends identifying relatively high increasing tendencies 42% and
39%, respectively.
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Figure 4. Seasonal frequency percent (MK method).
+: Significant increasing trend. -: Significant decreasing trend. 0: No trend

4.2 ITA test results

In order to compare the results between the MK test and the ITA method the same data and scales are used.

4.2.1 Monthly trends

The results of ITA method applications to assess monthly rainfall data are shown in the following figures,
namely Figures Al to A12 in the Appendix 1. Results are summarized by Table 4.
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Table 4. Monthly trend frequencies (ITA method)

Trend

Low Medium High
+ - 0 + - 0 + - 0
January 24 12 2 33 3 2 23 14 1
February 24 12 2 12 24 2 5 32 1
March 3 30 5 5 32 1 1 37 0
April 21 11 6 30 8 0 35 3 0
May 20 9 9 13 22 3 11 26 1
June 2 31 5 3 30 5 8 29 1
July 7 25 6 6 27 5 10 28 0
August 31 5 2 30 5 3 32 6 0
September 30 7 1 31 6 1 21 17 0
October 27 4 7 20 15 3 8 30 0
November 38 0 0 32 1 5 23 13 2
December 29 5 4 26 9 3 9 29 0
Total 256 151 49 | 241 182 33 | 186 264 6

193

Figure 5 presents the monthly trend percentages for the three components as low, medium and high. The
increasing trend in the low rainfall component (Fig. 5a), prevails over the majority of months except March, June
and July, which show decreasing tendencies in 30 “79%”, 31 “82%” and 25 “66%" stations, respectively. The

total of frequencies implies that the increasing (decreasing) trends are 256 “56%” (151 “33%”) (see Table 4).

As for the medium component (Fig. 5b), an increase in the negative trend frequencies appears in the months of
February (24 “63%”), March (32 “84%”) and May (22 “58%"). One can note that the number of stations with an
increasing (decreasing) trend shows decreased (increased) trends as 241 “53%” (182 “40%”).

The high component in Fig. 5c, has reverse situation, where it is clear that the decreasing trend is reigning except
for the months of January (37%), April (8%), August (16%) and November (34%). Thus, the frequency of
decreasing trends shows considerable increasing tendency (264 “58%).
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Figure 5. Monthly frequency percents (ITA method). (a) Low. (b) Medium. (c) High

The two methods’ comparison as in Table 5 indicates that ITA has hidden increasing (decreasing) trends in the
low (high) component, which show the ability of the ITA method to detect partial trends, which is not possible
by the MK. The same findings are mentioned by [45] in India, [46] in Turkey, [47] in southern Italy, [37] in
China and [27] in China. Furthermore, by using MK test, [48] determined inconsistency concerning rainfall trend

definite patterns.
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Table 5. Monthly trend comparison by MK et ITA methods

MK ITA

Low Medium High

+ - 0 + - 0 + - 0 + - 0

January 24% 0% 76% 63% 32% 5% | 87% 8% 5% |61% 37% 3%

February 5% 3% 92% 63% 32% 5% | 32% 63% 5% | 13% 84% 3%

March 0% 11% 89% 8% 79% 13% | 13% 84% 3% | 3%  97% 0%
April 3% 5% 92% 55% 29% 16% | 79% 21% 0% | 92% 8% 0%
May 0% 8% 92% 53% 24% 24% | 34% 58% 8% | 29% 68% 3%
June 3% 13% 84% 5% 82% 13% | 8% 79% 13% | 21% 76% 3%
July 3% 16% 82% 18% 66% 16% | 16% 71% 13% | 26% 74% 0%
August 13% 5% 82% 82% 13% 5% | 79% 13% 8% | 84% 16% 0%

September 37% 0% 63% 79% 18% 3% | 82% 16% 3% | 55% 45% 0%

October 8% 0% 92% 71% 11% 18% | 53% 39% 8% | 21% 79% 0%

November 55% 0% 45% | 100% 0% 0% |84% 3% 13% | 61% 34% 5%

December 3% 0% 97% 76% 13% 11% | 68% 24% 8% | 24% 76% 0%

The neutral trends detected by the MK method are partially split between positive and negative trends by the
ITA method in Table 6. For January, the ITA uncovered 46% (25%) of the positive (negative) trends. Regarding
other months, it is obvious that February shows 31% (57%), March 8% (76%), April 73% (14%), May 39%
(42%), June 9% (66%), July 18% (54%), August 68% (9%), September 35% (26%), October 40% (43%),
November 26% (12%) and December 54% (38%).

Table 6. Monthly demasked trends by ITA method

MK ITA Demasked trends
+ - 0 + - 0 + -

January 24% 0% 76% 70% 24% 6% 46% 25%
February 5% 3% 92% 37% 59% 4% 31% 57%
March 0% 11% 89% 5% 89% 5% 8% 76%
April 3% 5% 92% 61% 31% 9% 73% 14%
May 0% 8% 92% 31% 55% 14% 39% 42%
June 3% 13% 84% 8% 83% 9% 9% 66%
July 3% 16% 82% 18% 80% 3% 18% 54%
August 13% 5% 82% 78% 15% 7% 68% 9%
September 37% 0% 63% 69% 27% 4% 35% 26%
October 8% 0% 92% 41% 43% 16% 40% 43%
November 55% 0% 45% 80% 13% 7% 26% 12%
December 3% 0% 97% 54% 39% 6% 54% 38%

4.2.2 Seasonal trends

Figures A13 to A16 in the Appendix 1 show the ITA application results on the monthly rainfall for 38 stations.
Table 7 represents the seasonal trend frequencies for the low, medium and high components.
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Table 7. Seasonal trend frequencies (ITA method)
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Trend
Low Medium High

+ - 0 + - 0 + - 0

Winter 5 33 0 |24 11 3 8 28 2
Spring 24 10 4 |26 11 1 |19 18 1

Summer 30 4 4 |30 5 3 123 13 2
Autumn 37 0 1 |34 4 0 |18 19 1
Total 96 47 9 (114 31 7 |68 78 6

Reflecting Table 7 values, Figure 6 shows seasonal trend percentages for the aforementioned three components.
For the low component (Fig. 6a), the increasing trend dominates the seasons of autumn (37 “97%"), summer (30
“79%”) and spring (24 “63%”). On the other hand, in winter the rainy season is marked by a decrease (33
“87%”). From a global point of view, the increasing trends of this component are dominant with a frequency of
96 (63%) followed by the decreasing trend (47 “31%”). In the medium component (Fig. 6b), the winter season
(24 “63%”) joins the other seasons with a dominance of a positive trend with a total frequency of 114 (75%).
The shift from the medium component to the high component is accompanied by a slight reversal tendency
towards the decreasing trend of the seasons of autumn (50%), spring (47%) and summer (34%). This reversals
more productive information for the winter (28 “74%”), cumulating a total of 78 (51%). On the other hand, the
MK test, for the same season, detected only 3 stations (8%). The same is observed for the other seasons, where
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the MK test failed to detect any trends.
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Figure 6. Seasonal frequency percents (ITA method). (a) Low. (b) Medium. (c) High

The comparison of the results by the two methods (Table 8) makes obvious that several trends are not detected
by the MK test, while they are identifiable by the ITA. Dividing the rainfall into three components revealed
increasing trends in the low and medium categories and decreasing tendency in the high component. [38] used
three methods (MK, Linear Regression and ITA) to study seasonal rainfall trends in Shaanxi Province, China.
They mentioned that the ITA provides many benefits, such as graphical visualization and sub-trends
observations. The study of spatial and temporal variations in precipitation in the Umiam and Umtru watersheds
in Meghalaya, India by [49] used a series from 1901 to 2018 and on a seasonal timescale; the ITA is more
sensitive to hidden variations than the MK test. The same remarks are mentioned by [28].

Table 8. Seasonal trend comparison by Mk et ITA methods

MK ITA
Low  Medium  High Low Medium High
+ - 0 + - 0 + - 0 + - 0

Winter 5% 8% 87% [ 13% 87% 0% |63% 29% 8% |21% 74% 5%
Spring 0% 5% 95% | 63% 26% 11% | 68% 29% 3% | 50% 47% 3%

Summer 42% 0% 58% | 79% 11% 11% | 79% 13% 8% | 61% 34% 5%
Autumn 39% 0% 61% [ 97% 0% 3% |89% 11% 0% | 47% 50% 3%
Total 22% 3% 75% [ 63% 31% 6% | 75% 20% 5% | 45% 51% 4%

Table 9 shows hidden seasonal trends detected by ITA. For winter, the 87% of neutral trends are revealed by the
ITA as 27% (55%) of positive (negative) trends. Thus, for spring 61% (29%), summer 31% (19%), and fall 39%
(20%).

Table 9. Seasonal demasked trends by ITA method

MK ITA Demasked trends
+ - 0 + - 0 + -

Winter 5% 8% 87% 32% 63% 4% 27% 55%

Spring 0% 5% 95% 61% 34% 5% 61% 29%

Summer 42% 0% 58% 73% 19% 8% 31% 19%

Autumn 39% 0% 61% 78% 20% 2% 39% 20%
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The study of monthly and seasonal precipitation series indicates that the ITA method is preferable to the MK
method, because it is able to detect hidden sub-trends in the time series. The same findings are confirmed by [28]
who stated that ITA is the best trend detection method, because ITA performs better compared to MK, Modified
MK, and Trend Free Pre-whitening MK tests in the Asir region of Saudi Arabia for the period 1970-2017.

Another advantage of the ITA is the ability to observe hidden sub-trends in the three components, namely, low,
medium and high, through the graphical representation.

5 CONCLUSION

In this article, the MK and ITA methods are used to detect monthly and seasonal rainfall trends in the two basins
Cotier-Oran and Macta, Northwest, Algeria.

The conclusions are as follows:

The application of the MK test on the monthly rainfall shows that 82% of the stations shows a dominance of a
non-trend. In contrast, the ITA method detects increasing (decreasing) trends in 54% (34%) of stations in the low
rainfall component, 51% (42%); in the medium component and 34% (64%) in the high rainfall component. The
comparison between the two methods shows that the ITA revealed 46% (24%) of the positive (negative) trends
for the month of January, 32% (56%) for February, 5% (79%) for March, 58% (25%) for April, 31% (47%) for
May, 5% (70%) for June, 15% (64%) for July, 65% (10%) for August, 32% (27%) for September, 33% (43%)
for October, 25% (13%) for November and 52% (39%) for December.

On a seasonal scale, the same scenario prevails for the MK test, where 75% of the stations do not show
significant trends. On the other hand, the use of ITA approach shows that 60% (29%) of stations show an
increasing (decreasing) trend. Therefore, 23% (57%) of positive (negative) trends are revealed for winter, 56%
(28%) for spring, 30% (19%) for summer and 39% (18%) for autumn.

By these results, the ITA method is able to detect hidden trends that the MK test cannot do and it show the
ability of the method to detect partial trends that the MK test is not able to provide for. In addition, trends of low,
medium and high rainfall rates can be detected. Nevertheless, the interpretation of the results of the ITA results
is only visual which may result in some inconsistences of interpretation. As such, a further improvement of this
method is necessary. The results obtained provide for specification of the right adaptation strategies to confront
extreme event occurrence.
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Figure A3. March Innovative Trend Analysis (ITA) results
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Figure A5. May Innovative Trend Analysis (ITA) results
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Figure A7. July Innovative Trend Analysis (ITA) results
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Figure A9. September Innovative Trend Analysis (ITA) results
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Figure A10. October Innovative Trend Analysis (ITA) results
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Figure A11. November Innovative Trend Analysis (ITA) results
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Figure A12. December Innovative Trend Analysis (ITA) results
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Figure A13. Winter Innovative Trend Analysis (ITA) results
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Figure Al4. Spring Innovative Trend Analysis (ITA) results
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Figure A15. Summer Innovative Trend Analysis (ITA) results
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Figure A16. Autumn Innovative Trend Analysis (ITA) results
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