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Abstract
Climate change impacts affect the hydrological cycle and hence the availability of water resources and their management.
Rainfall, the most important hydro-meteorological event and as the main source of water, may have increasing or decreasing
trends depending on geography and location, general air circulation, proximity to coastal areas, and geomorphology. There are
many studies using monotonic trend analysis in the literature, but it is important to assess these trends at different levels for proper
recording. For this purpose, in this paper, instead of using monotonic trend analysis, partial trends will be sought at “Low,”
“Medium,” and “High” rainfall records groups, which is possible through the innovative trend analysis (ITA) methodology.
Algeria being adjacent to the Mediterranean Sea is impacted by variations in rainfall. The application of the ITA methodology is
presented for 16 different Algerian annual rainfall records from 1982 to 2019 in the north-eastern region of the country which is in
proximity to the Mediterranean basin. Partially increasing, decreasing, or no trend pieces are identified at each station. It is
concluded as the future unfolds some stations will record dry spell or drought dangers for “Low” data groups, and significant
flood danger for the “High” rainfall amount data group. In general, the study area is known to be subject to an increasing rainfall
trend. This is due to the mountainous terrain in the study area and makes for confrontation with cold air movements from the
European continent during winter periods.
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Introduction

The Eastern Mediterranean and the North African areas are
considered to be by IPCC (2014) the region’s most vulnerable

to anthropogenic greenhouse gas (GHG) emissions, which
will in turn lead to widespread climate change impacts.
Numerous studies have mentioned the decrease in rainfall in
Maghreb countries Hallouz et al. (2018), Mahe et al. (2013),
Meddi et al. (2010). The north Algerian parts are next to the
Mediterranean basin, and therefore, subject to these climate
change effects. Since 1993 Algeria is incorporated within the
United Nations Framework Convention on Climate Change
(UNFCCC), and adheres to the UNFCCC commitments to
stabilize GHG emissions to prevent anthropogenic interfer-
ence within the climate system Sahnoune et al. (2013) .

Algeria has a large coastal area in the Western
Mediterranean region subject to climate change impacts:
Hadour et al. (2020), Hallouz et al. (2020), Khedimallah
et al. (2020), Taïbi et al. (2018), Zeroual et al. (2019), and
therefore, needs protection against these hazardous effects
such as rainfall reductions, droughts, and floods. Sahnoune
et al. (2013) mentioned that Algeria has shown its determina-
tion to participate in the international effort to fight climate
change and its potential impacts on water resources, natural
ecosystems, and continued economic development. The initial
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strategy used to combat climate change is discussed in various
project documents for adaptation and mitigation strategies.
These national strategies are based primarily on four concepts:
institutional strengthening; adaptation to climate change; mit-
igation of GHG emissions; and human capacity building
Fawzy et al. (2020). Among these strategies, the rainfall trend
analysis records have not been closely or monitored for their
overall accuracy, which is the main topic of this paper.
Chourghal et al. (2016) presented future climate models and
showed that under A1B SRES scenario (SRES: Special
Report on Emissions Scenarios which published by the
IPCC to explore future developments in the global environ-
ment with special reference to the production of greenhouse
gases and aerosol precursor emissions) an increase in temper-
ature throughout the year and a net decrease in precipitation
are bound to appear. However, they did not consider taking
into account possible trends in the historical record. These
records provide a significant preliminary source of
information intended to be used for predictive purposes. In
this paper, only the rainfall possible trends are searched,
especially for better water resources planning purposes.
Yamina et al. (2016) presented the effect of climate change
on Algerian water resources through streamflow monotonic
trend analysis. IPCC (2014) reports indicate that in general,
the Mediterranean basin and in particular the North African
countries including Algeria are more vulnerable to climate
change. Oli Brown (2019) stated that among the continents,
Africa in general and North Africa in particular are the regions
most exposed to climate change impacts, because within the
continent exists the driest and hottest regions of the world.
Along the Mediterranean coastal areas, annual rainfall
amounts are comparatively very high reaching to 1500 mm/
year in Tunisia and Algeria, whereas it reaches to about 2000
mm/year in Morocco due to the Atlas Mountain. Inside the
continent, the amounts are much less than 100 mm.

Numerous studies have been conducted in the northern
regions of Algeria regarding precipitation and temperature,
but they are concentrated more towards the western regions
than in the east. Yamina et al. (2016) analyzed monotonic
trends in rainfall and stream flows across the Cheliff basin in
northwest Algeria employing Sen (1968) non-parametric
trend slope estimator for the extent of tendencies whose sta-
tistical significance was measured by theMann-Kendall (MK)
and the Modified Mann-Kendall (MMK) tests: Kendall
(1975), Mann (1945), where results indicated statistically sig-
nificant monotonic downward trend in the annual rainfall over
the entire basin Elouissi et al. (2016).

Over the period 1970–2010 Bessaklia et al. (2018) studied
23 rainfall station records in the extreme North-East of
Algeria. They concluded that according to MK test, there is
an increasing trend in high precipitation records. Another 5
locations covering the northeast part of the country were stud-
ied by Merabti et al. (2017) with the inference that arid and

semi-arid zones have experienced a larger number of drought
events, while the humid and sub-humid locations received
more precipitation events. Another study of precipitation var-
iability on the Massif Forest of Mahouna (Northeastern
Algeria) has been presented by Beldjazia Amina (2016) who
found strong tendency at the beginning and bit of weakness at
the end of the winter and spring seasons.

The most important impacts on potential water resources
are across temporal and spatial scales, especially floods,
droughts and sea level rise Mimura (2013). Global warming
increases evaporation from water surfaces (sea, lake, and riv-
er), which end up with more extreme rainfall events in ever
increasing or decreasing trend forms depending on the land
surface morphology Trenberth (2011). The amount of change
in precipitation associated with a specific change in surface
temperature is critically important to understanding the global
hydrological system and for climate model development and
validation Ren et al. (2013).

The objective assessment of climate change impacts is pos-
sible by employing trend analyses methodologies, which have
been in frequent use for nearly three decades. In the past,
hydro-meteorological time series records were considered as
stationary without any trend component, often with a season-
ality component attached for use in future studies. Trend stud-
ies exist in different parts of the world, because of the variety
of climate change impacts, search Funk et al. (2015), Ishida
et al. (2017), Madsen et al. (2014), Şen (2012). In all these
studies, monotonic trends are identified and interpreted for the
different study areas.

It is the main purpose of this paper to identify trend features
for a set of meteorological station precipitation records in
north-east Algeria, which is home to the most climate change
within the Mediterranean basin. The records are subjected to
innovative trend analysis (ITA) methodology Şen (2012), Şen
(2017) to identify partial rainfall trends, depending on “Low,”
“Medium,” and “High” data classifications. Each record pro-
vides necessary information on pertinent precautions to take
during dry and wet period events, as is necessary to mitigate
against droughts and floods. Each class trend components are
identified with relevant interpretations.

Study area and data used

Algeria is a semi-arid country located in North Africa which
has experienced periods droughts with average temperature
increases ranging from 0.65 to 1.45 °C between 1970 and
2004. An average temperature, comparable to the global av-
erage, increase observed over the period 1906-2005.
Precipitation studies conducted over two separate but overlap-
ping time frames, in northern Algeria from 1951 to 1980 and
1961 to 1990 , reveal a succession of alternating excessive and
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insufficient precipitation patterns when compared to normal,
with higher variability, Nouaceur and Murărescu (2016).

The studies related to the impact change on the North-
Eastern part of Algeria are scarce when compared to the other
regions, hence comes this study to add a contribution in this
field.

The localities surveyed (Table 1) are located in three cli-
matic regions. (1) Mediterranean, which is a climate distin-
guished by warm, wet winters under prevailing westerly
winds with calm, hot, dry summers, Jean-Pierre et al.
(2010); (2) sub-humid with mild but cool winters and a slight
risk of frost; and (3) a semi-dry zone which is characterized by
cool winters and summers with a temperature in the hottest
month (July) of 26.8 ° C in Tebessa and Khenchela, with
relative humidities not exceeding 38% Benarfa et al. (2008)
(Fig. 1).

The basic data are obtained from Algerian Meteorological
Organization (ONM) and the National Agency for Hydraulic
Resources (ANRH). Precipitation data records locations, re-
cord duration, and statistical parameter numerical values are
available in Table 2.

Methodology

There are various classically established trend identifica-
tion tests in the literature and their preliminary explana-
tions are useful for understanding them Madsen et al.

(2014); Table 3 below shows some previous international
studies using trend analysis methods.

In general, these methodologies are divided into two
groups as parametric and non-parametric approaches. In this
paper, Şen (2012) non-parametric Innovative Trend Analysis
(ITA) methodology is applied to each precipitation record
series.

Two commonly applied trend tests are Mann–Kendall:
Kendall (1975), Mann (1945) and Spearman’s Rho tests,
which have been frequently used for trend identification
searches in the hydro-climatological time series records. The
power of these tests has not been well documented, but the
simulation results indicate that the power depends on the pre-
assigned significance level, magnitude of trend, sample size,
serial correlation coefficient, and the amount of variation with-
in a time series Yue et al. (2002). It implies the biggest influ-
ence coming from the absolute magnitude of the trend, with
the tests becoming more powerful as the sample size in-
creases. Alternatively, as the amount of variation increases,
the power of the tests decreases. The power of this methodol-
ogy is also dependent on the probability distribution function
(PDF) type. These trend methodologies provide a single and
holistic monotonic trend throughout the whole series.

The purpose of the Mann-Kendall (MK) test, Gilbert
(1987), Kendall (1975), Mann (1945), is to statistically assess
if there is a monotonic upward or downward trend of the
variable of interest over time. A monotonic upward
(downward) trend means that the variable consistently

Table 1 Localities of the study area

Locality coordinates Geographic situation Climate Area
(Km²)

Population
(Habitat)

Latitude Longitude Altitude

El Taref 36° 46′ 07N 8° 19′ 00E 14 Sublittoral Mediterranean 3 339 408 414

Annaba 36° 53′ 59N 7° 46′ 00E 0 littoral Mediterranean 1 439 609 499

Skikda 36° 51′ 44N 6° 56′ 50E 25 littoral Mediterranean 4 026 898 680

Jijel 36° 47′ 59N 5° 46′ 00E 47 littoral Mediterranean 2 577 636 948

Bejaia 36° 45′ 00N 5° 04′ 59E 0 littoral Mediterranean 3 268 912 577

Souk Ahras 36° 16′ 07N 7° 56′ 08E 686 High Tellian plain Sub-humid 4 541 438 127

Guelma 36° 27′ 58N 7° 26′ 02E 256 Middle position between the North of the country,
the Highlands and the South.

Sub-humid 4 101 482 430

Constantine 36° 21′ 54N 6° 36′ 53E 626 High Tellian plain sub-humid 2 187 938 475

Setif 36° 11′ 29N 5° 24′ 34E 1080 High Tellian plain Semi-dry 6 504 1 489 979

Bordj Bouarreridj 36° 04′ 00N 4° 46′ 00E 900 High Tellian plain Semi-dry 4 115 628 475

Oum Bouaghi 35° 52′ 39N 7° 06′ 49E 902 High Tellian plain Semi-dry 7 638 621 612

Mila 36° 27′ 04N 6° 15′ 55E 486 High Tellian plain Sub-humid 3 407 766 886

M’Sila 35° 43′ 32N 4° 31′ 40E 475 High Tellian plain Semi-dry 18 718 990 591

Batna 35° 33′ 19N 6° 10′ 43E 1048 High Tellian plain Mediterranean 12 192 1 119 791

Tebessa 35° 24′ 15N 8° 07′ 27E 851 High Tellian plain semi-dry 14 227 648 703

Khenchla 35° 26′ 09N 7° 08′ 36E 1152 High Tellian plain semi-dry 9 811 386 683

Total 102 090 11 977 879
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increases (decreases) through time, but the trend may or may
not be linear. TheMK test can be used in place of a parametric
linear regression analysis, which can be used to test if the
slope of the estimated linear regression line is different from
zero. The regression analysis requires that the residuals from
the fitted regression line be normally distributed; an assump-
tion not required by the MK test, that is, the MK test is a non-
parametric (distribution-free) test. Hirsch et al. (1982) Esterby
(1996) .

The Mann-Kendall trend analysis test is based on some
restrictive assumptions such as normality, serial indepen-
dence, and rather long sample sizes. They also search for a
single monotonic trend without any partial specifications such
as “low,” “medium,” or “high” values, which may have dif-
ferent trend patterns. It is one of the main purposes of this

study to classify trend components according to “low”, “me-
dium” or “high” categories.

Many time series records have serial dependence, and
therefore, it is very helpful to provide a methodology, which
is not affected by such restriction. In order to avoid such re-
strictive assumption, innovative trend analysis (ITA) method-
ology Şen (2012) is used in this paper. Herein, partial form of
ITA is considered for finer application studies within the three
categories of “Low,” “Medium,” and “High.” data values
trend classifications

In the ITA methodology, upper and lower triangular areas
correspond to trend existence as in Fig. 2, where sorted half
time series are plotted against each other. In the figure, 1:1
(45o) straight-line implies trendless case. Along the main di-
agonal the area between the boundaries at ±5% is for no trend

Fig. 1 Location of the study area
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domain. The scatter points that fall within this area do not
contribute to trend, and therefore is referred to as a “no trend
area.” This area appears around the main diagonal with slope
equal to 1:1 (45o). The upper (lower) triangular area implies
increasing (decreasing) trend existence. Additionally, on the
same figure, the scatter points can be grouped into “low,”
“medium,” and “high” classes Şen (2017).

The scatter points on this template come about after parti-
tion of the time series into two halves and then sorting each
half in ascending order, and then plotting, first (early) part
versus second (late) part. As explained in the ITA template,
there are three areas for trend identifications. Such templates,

as the ITA, provide the following important interpretation
prior to any quantitative analysis.

& Visual trend inspections under the light of above
explanations,

& Identification of “Low,” “Medium,” and “High” data
group trend behaviors,

& Comparison of groups with each other for further
interpretations,

& Identification of dry or drought cases from the “Low” data
group and whether there is an increase or decrease in small
data records,

Table 3 International studies using trend analysis methods

Country/region Data/variable Methods Key findings References

Egypt daily rainfall and
temperature data ,the
period 1948–2010

modified Mann-Kendal (MMK)
trend test

The MMK test showed increasing trends in
temperature and a number of temperature
extremes in Egypt, but almost no change in
rainfall and rainfall extremes.

Nashwan
et al.
(2019)

Iraq daily rainfall data
(1965–2015)

The modified version of
Man-Kendall (m-MK) test.

The Student’s t test and F test

TheMK test revealed decrease in annual number
of rainy days, heavy rainfall days

Salman
et al.
(2017)

Malaysia daily rainfall data
for the period 1951‐2007

classical Mann‐Kendall (MK) test
and the modified version of
Mann‐Kendall (MMK) test

The results indicate that significant trends in
different rainfall indices of Peninsular
Malaysia obtained using MK test reduced
drastically when long‐term persistence (LTP)
was taken into consideration.

Khan et al.
(2019)

Mediterranean area 211 gauged stations
the period 1918–1999

The Student's t‐test the trend appears predominantly negative, both at
the annual and seasonal scale, except for the
summer period when it appears to be positive

Longobardi
and
Villani
(2010)

eastern
Mediterranean
(EM)

for 1948–2000 A set of the regional synoptic
systems is suggested as a
powerful tool for regional
climatology trends analysis

dominant decreasing trend of rainfall in most of
the EM, along with an increase in the southern
part of the EM region

Alpert et al.
(2004)

UKNationwide study 87 stationsDaily
discharge
(1969–2003)

Linear regression
testMann–Kendall test

Significant positive trends were identified in all
flood indicators, primarily in upland,
maritime-influenced catchments in northern
and western areas of the UKRecent increases
in floods may be caused by a shift towards a
more prevalent positive North Atlantic
Oscillation since the 1960s

Hannaford
and
Marsh
(2008)

GreeceNationwide
study

21 stationsDaily
precipitation
(1957–2001)

Linear regression test of No. of days
with precipitation above 50 mm

Increasing (but not significant) trend of the
frequency of extreme precipitation

Nastos and
Zerefos
(2008)

GermanyNationwide
study

150 stationsFlood time
series (1951–2002)

Mann–Kendall testField
significance test

Trends in floods were detected for a considerable
number of catchments (both positive and
negative trends). Catchments with significant
trends were spatially clustered, suggesting that
the observed changes in flood behavior are
climate-drivenChanges in circulation patterns
were found to influence the changes in floods

Petrow
et al.
(2009)

Europe 1158 synoptic rainfall
stations in Europe95th
percentile of daily
precipitation

Linear regression test A general increase of extreme winter
precipitation over Europe. An increase of
extreme summer precipitation in eastern
Europe, but a decrease at many locations in
western and central Europe

Zolina
(2012)
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& Similarly, identification of wet and even flood possibility
from the “High” data group trend,

& Apart from the existing trends one may also identify clus-
ters without any trend as shown at the upper left-hand side
in Fig. 3,

& “Medium” trend data values are important for water re-
sources management studies.

Figure 3 provides explanations about different alternatives
that may appear on the ITA template. In this figure rather than

a group of points, two points are considered as representative
of any data group with trend.

Results and discussion

The ITAmethodology is applied for each rainfall record series
in the study area. Sixteen graphs have been obtained as a
result, the elaboration of each single graph would be so long
and it may be confusing, based on this, three different “in
terms of scatter point distribution” obtained graphs (Figs. 4,
5, 6) will be discussed in details and should shed light on the
subsequent explanations.

The three chosen graphs are shown in Figs. 4, 5, and 6.
Each graph will be classified into three groups, “Low” for

lower rainfall amounts, “Medium” for the medium, and
“High” for the extremes.

Later, via the layout of the scatter point, the trend for each
category will be determined. If it is located above the line, the
trend would be considered as increasing. Although, if it is
below, the trend is decreasing, while the area very close to
the line is categorized as the no-trend zone.

Batna
Low: represents 32 % of the entire data series, the scatter

point is located above the line indicating an increasing trend.
Medium: represents 58% of the whole data series, the onset

is above the line then it gradually approaches closer to it,
revealing an increasing trend toward no trend.

High: it represents 10% of the data, the scatter point here is
well above the line indicating an increasing trend.

Fig. 2 ITA template

Fig. 3 Trend possibilities
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Overall, the trend at the Batna station is increasing, indicat-
ing that the region is safe from dry spells and drought impacts;
however, there is still the possibility of floods occurring. .

Bordj-Bouarreridj
Low: represents 42 % of the entire data series, the scatter

point is located above the line indicating an increasing trend.
Medium: represents 47% of the entire data series, the lay-

out spreading along the no-trend zone.
High: represents 11% of the entire data series, the points

being located below the line revealing a decreasing trend.
Overall, Bordj station is receiving more rainfall in the range

between 100 and 300 mm and it tends to be more frequent,
while rainfall amounts in the range between 300 and 500 mm
remain regular, in contrast the days with extreme rainfall tend
to decrease which put Bordj station in the safe zone relative to
the frequency of floods.

Khenchla
Low: represents 55 % of the entire data series, the scatter

point is located below the line indicating a decreasing trend
Medium: represents 27% of the entire data series, the lay-

out situated well below the line indicating a decreasing trend

High: represents 18% of the whole data series, the points
onset is in the no-trend zone then approaching the increasing
trend area.

Overall, there is a decreasing trend in Khanchla’s rainfall
with the probability of extreme rainfall occurring.

The obtained figures from the application of the ITA meth-
odology to the remaining rainfall time series records will be
added as an Appendix, where their interpretation will be sum-
marized in Table 4. According to the aforementioned signs in
columns 2–4 and in the last three columns, the percentages are
given for data scatter points that fall within the “Low,”
“Medium,” and “High” sub areas in the ITA template.

In this table, the following single and double signs imply
the position of various trends within the ITA template:

1) +: implies always an increasing trend in the upper trian-
gular area, which may not be very far away from 1:1 line;

2) ++: implies increasing trend similar to the previous step,
but far away from the no trend line;

3) +-: implies initially increasing (upper triangular area) then
onwards decreasing (lower triangular area);

Fig. 4 Batna station precipitation
trend

Fig. 5 Bordj-Bouarreridj station
precipitation trend
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4) -: implies always a decreasing trend in the lower triangu-
lar area, which is not very far away from the no trend area;

5) -+: implies initially decreasing (lower triangular area)
then onwards increasing (upper triangular area),

6) o: implies existing only always without trend
7) o+: implies initially no-trend, but onwards with increas-

ing trend (upper triangular area),
8) –o: implies initially increasing trend starting from the

lower triangular area then onwards without trend area.

For the study area, the following useful interpretations can
be deduced from Table 2 by consideration of the signs and
percentages.

A: “Low” data values group

1) In the “Low” group of trends, there is only Khenchla
station where there is a continuous decrease (-) in the
low data points, and therefore, this station can be consid-
ered as a potential location for dry spell and drought ef-
fectiveness in the future;

2) Setif station has a decreasing trend (+-) with significant
reduction in the low data values;

3) In five stations (El Taref, Bejaia, Souk Ahras, Batna, and
M’Sila) increasing trends (+) are present , which implies
an increase in the low data values. This further implies
these five regions are safe against dry spells and drought
impacts;

4) Four of the stations (Skikda, Guelma, Constantine, and
Tebessa) are without trend (o) component and they all

Fig. 6 Khenchla station
precipitation trend

Table 4 Partial groups of data
trend types and percentages Station name Trend types Trend percentage

“Low” “Medium” “High” “Low” “Medium” “High”

El Taref + -+ ++ 12 38 50

Annaba +o o o- 21 58 21

Skikda o o+ o+ 11 42 47

Jijel ++ ++ ++ 11 42 47

Bejaia + o ++ 26 53 21

Souk Ahras + o+ o+ 25 44 31

Guelma o +- - 25 62 13

Constantine o o+ -- 42 47 11

Setif +- o + 16 74 10

Bordj Bouarreridj +o o - 42 47 11

Oum Bouaghi +o o+ + 9 73 18

Tebessa o o+ o+ 26 48 26

Khenchla - - o+ 55 27 18

Batna + +o + 32 58 10

M’Sila + o - 9 73 18

Arithmetic average 24 52 24

Standard deviation 14 14 14
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have more or less similar positions within the no trend
band;

5) Jijel station has extremely significant trend (++) in an
increasing manner, where there is no expectation for
drought events;

6) Overall, the stations have no-trend or increasing trend
over the study area where the “Low” rainfall occurrences
exist.

B: “Medium” data values group

1) Khenchla station has continuous decrease (-) in the
“Medium” rainfall records. This point supports the inter-
pretation in the “Low” data group that there is drought
expectation in the future;

2) In the Guelma station there is a decreasing trend (+-)
that starts from the increasing trend area on the ITA
template, but ends in the decreasing area, hence there
is a continuous decrease in the “Medium” rainfall
value groups;

3) The opposite situation (-+) is valid in El Taref sta-
tion, where the trend increase is from the decreasing
area towards the increasing area on the ITA
template;

4) The trendless (o) cases exist in four stations, namely,
Annaba, Bejaie, Setif, and Bordi Bouarreridj);

5) The case of increasing trend starting from the no trend
area (o+) occurs at stations Skikda, Souk Ahras,
Constantine, Oum Bouaghi and Tebessa stations;

6) Just the opposite (+o) case appears at Batha station, where
decreasing trend ends up inside the no trend area;

7) The overall trend picture at the study area rainfall stations
reflects either stable (no trend) or increasing trend in the
“Medium” data value range.

C: “High” data values group

& In the “High” data group, there are three cases with con-
tinuous trend decrease (-) Guelma, Bordi Bouarreridj and
M’Sila stations;

& Rather mild trend increments (+) appear at stations Setif
and Oum Bouaghi, which imply the possibility of some
floods at these locations;

& Extremely high rainfall trends (++) are dominant at El
Taref and Jijel, Bejaia stations;

& Constantine station “High” rainfall amounts are in contin-
uously decreasing trend with no flood danger.

& No trend area origin trend increases (o+) are available at
stations, Skikda, Souk Ahras, Tebessa and Khenchla,
which also support the idea of flood;

& At Annaba station, the trend starts in the no trend area (o-)
and continue towards the decreasing trend area (lower
triangular area);

& The overall interpretation for this “High” rainfall amounts
group is that there are flood occurrence possibilities at
many stations.

In the last three columns in Table 4, data percentages in
each group are given for further analysis on the basis of fre-
quencies. In the “Low” class, the three stations whose data
appear most frequently are in order: Khenchla; Bordj
Bouarreridi and Batna. In the “Medium” class: Setif; M’Sila
and Guelma stations. In the “High” group, top ranking per-
centages are at: El Taref; Skikda and Jijel stations. The arith-
metic averages of the percentages show the most frequent data
values are confined within the “Medium” group in equal per-
centages for the “Low” and “High” classes. The standard de-
viation percentages are equal to each other in each class.
These points lead to the understanding, for the study area
being considered, that “Medium” rainfall amounts are the
key group for water resources management studies.

In light of everything discussed above, it is determined
there are rainfall increments recorded at many stations, espe-
cially at stations within “Medium” and “High” data groups.
Apparently, after all trend analyses and interpretations, it be-
comes obvious that about 63 % of the study area is bound to
become wetter in the near future as shown in Fig. 7.

It is also obvious from this figure that the drier precipitation
stations share only 31% of the cases, whereas Constantine
meteorology station precipitation performance shows no
change during the time series, which implies that at this loca-
tion there is no significant impact of climate change on pre-
cipitation amounts, and hence, the same is expected in the
future.

Finally, the map in Fig. 8 indicates the sub-regions of trend
tendencies over the study region. It is obvious from the pie
diagram that although 62% of the area is subject to trend
increase, only 25% of it is covered by the locations of decreas-
ing trend.

Upholding the previous studies, mentioned earlier in the
literature review, the north-eastern part of Algeria is under-
stood to be experiencing a significantl increasing trend in its
precipitation patterns, subsequently it will be subject to recur-
ring floods and it will be necessary to reconsider the existing
infrastructure and take into account the impact of climate
change in all calculations.

Conclusions

The objective of this paper is to detect trends in precipitation
records for sixteen stations spread across the North East part
of Algeria over a period 35 years (1982–2017) which are
experiencing impacts from climate change, using the innova-
tive trend analysis (ITA) methodology in partial manner with
“low,” “medium,” and “high” precipitation groups.

  511 Page 10 of 18 Arab J Geosci          (2021) 14:511 



On the subject of possible droughts, Khenchla station can
be considered as a potential location for dry spell and drought
conditions in the future. El Taref, Bejaia, Souk Ahras, Batna,
andM’Sila present an increasing trend in their low data values
which should alternatively mean that they are safe against dry
spell and drought impacts. Finally, Jijel shows no expectation
for drought event.

The overall interpretation at “High” rainfall amounts
occurrence possibilities at many stations: Extremely high
rainfall trends dominate at El Taref, Jijel, and Bejaia sta-
tions. Constantine station “high” rainfall amounts are in
continuously decreasing trend form with no flood danger.
Skikda, Souk Ahras, Tebessa and Khenchla support the
idea of flood.

In general, 16 meteorology stations are used for ITA tem-
plates along with their pie diagrams to obtain percentages of
each group. According to the results, about 63% of the study
area is bound to get wetter, which implies that dry spell and
drought impacts are not expected in the near future.

Clearly, climate change is having an impact over the North
East part of Algeria. The majority of provinces will experience
an increase in the amount of precipitation, in addition to the
appearance of extreme rainfall episodes which can cause seri-
ous floods and serious damage considering that the urban
system is not in line with the such circumstances. The ITA
partial trend identification methodology can be applied objec-
tively in any area provided that precipitation records are
available.

Fig. 7 Precipitation spatial
designation according to the
obtained results
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Appendix

Fig. 8 Extreme rainfall obtained
spatial map

Fig. 9 Annaba station
precipitation trend
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Fig. 10 Bejaia station
precipitation trend

Fig. 11 Constantine station
precipitation trend

Fig. 12 El Taref station
precipitation trend
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Fig. 13 Guelma station
precipitation trend

Fig. 14 Jijel station precipitation
trend

Fig. 15 Mila station precipitation
trend
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Fig. 16 M’Sila station
precipitation trend

Fig. 17 Oum Bouaghi station
precipitation trend

Fig. 18 Setif station precipitation
trend
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Fig. 19 Skikda station
precipitation trend

Fig. 20 Souk Ahras station
precipitation trend

Fig. 21 Tebessa station
precipitation trend
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