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Abstract
In this study, severe and extreme episode (dry and wet) periods were analyzed by the Standardized Precipitation Index (SPI),
using 42 weather stations in the Macta watershed (Northwest Algeria) over a period of 42 years (1970–2011). First, short- and
medium-term (1, 3, 6, and 9 months) and long-term (12 months) SPIs were calculated, and then their trends were detected using
the innovative trend analysis (ITA) method, which identifies trends in low, medium, and high values within series. Results show
that in the short and medium term, the 42 studied stations, in the Macta watershed, are gradually subject to meteorological and
then agricultural drought, marking a water deficit since 1970, affecting vegetation. On the other hand, and in the long term, this
deficit is compensated by severe and extreme wet conditions (a water balance will be established between dry and wet episodes).
In anticipation, the ITA shows that, on average, 82% of stations, with severe and extreme dry conditions, underwent a gradual
reduction, accompanied by 59% of stations showing a reduction in severe and extreme wet conditions. In the long term,
convergence between severe and extreme dry conditions and wet ones has been detected, making the situation towards normal
conditions. In addition, the majority of the stations suffer from a severe meteorological drought in the center-East of the basin
(drought frequency above 100), whereas on the hydrological scale (SPI-12), the situation is balanced (drought frequency below
50).
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Introduction

Today, the impacts of climate change have become the object
of attention of scientists, because of the increase in the inten-
sity and frequency of extreme phenomena such as droughts,
heat waves and sand storms, forest fires, and floods (Alashan
2020; Benzater et al. 2019; Abbes et al. 2018; Kreibich et al.

2017; Labban 2016; Subyani 2012; Estrela and Vargas 2012).
Among these extreme climatic hazards, the minimum extrem-
ity, represented by drought, is an insidious disaster affecting
society, economy, social and health life, and agriculture
(Alemu and Dioha 2020; Dabanli et al. 2017; Mishra and
Singh 2010; Wilhite et al. 2000; Şen 1998). Especially in
agriculture, drought is accepted as one of the main climatic
constraints to crop yields (Matiu et al. 2017; Lesk et al. 2016).

Drought is defined as a deficit of precipitation over an
extended period, usually a season or more, which causes water
scarcity affecting an agricultural activity or an environmental
sector (Mehdaoui et al. 2018). Drought is a progressive phe-
nomenon that begins with a rainfall deficit in the form of
meteorological drought. In general, four types of drought are
distinguished, notably meteorological, agricultural, hydrolog-
ical, and socio-economic (Nabipour et al. 2019; Heim 2002;
Wilhite and Glantz 1985). By extending, it leads to a reduction
in the volume of water storage system, the flow of surface
water and groundwater, and then becomes hydrological, even
socio-economic drought, including agricultural drought
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(Nabipour et al. 2019; Mishra and Singh 2010; Wilhite and
Glantz 1985).

Subsequent droughts and increasing demand for water make
forecasting and using precipitation essential for decision-makers
(Ehteram et al. 2019a, 2019b). Previous studies have concluded
that climate change is reducing water availability in areas where
future annual precipitation is expected to decrease in arid re-
gions, as evidenced by increased drought indices (Alifujiang
et al. 2020; Eekhout et al. 2018; Forzieri et al. 2014).

Understanding the evolution of this extreme event and its cru-
cial impacts is a decisive tool for planning, adapting, and mitigat-
ing drought impacts (Yevjevich et al. 1984). Several drought
events were detected in recent decades (Mallenahalli 2020;
Danandeh Mehr and Vaheddoost 2020; Adib and Marashi
2019; Marini et al. 2019; Bazrafshan 2017; Wang et al. 2019;
Coll et al. 2017; Golian et al. 2015; Zaidman et al. 2012; Fink
et al. 2004) which are expected to become more frequent in the
twenty-first century in certain seasons and areas (Hannaford et al.
2011) depending on the variability of precipitation and/or evapo-
transpiration (Dabanli et al. 2017; IPCC 2013).

The North Africa regions are vulnerable to the devastating
impacts of climate change (Hamed et al. 2018). In Algeria over
the past three decades, the climate has negatively impacted water
resources. Its impact was felt on the rivers of the Macta water-
shed (northwest of Algeria). Studies of annual precipitation dur-
ing the period 1930–2002 show a clear decrease. Meddi et al.
(2009) have shown that the runoff reduction is between 28 and
36% compared to the two periods (1949–1976 and 1976–2002)
in several areas. Laborde (1995), by analyzing data from 120
rainfall stations in northern Algeria, showed that since the end of
1973, a long dry phase began and persisted. Elouissi et al. (2016)
showed a downward trend in rainfall in the Macta watershed
during the period (1970–2011). In addition, climate model pro-
jections suggest that during the summer season, precipitation
should decrease (50%) and the temperature will increase steadily
in the Mediterranean regions (Gampe et al. 2016; Dai 2011).

Among all the standardized drought indices, the Standardized
Precipitation Index (SPI) proposed by McKee et al. (1993)
(Dehghani et al. 2014) has been widely used to identify drought
across different countries of the world (Achour et al. 2020; Zhao
et al. 2019; Caloiero 2018; Pineda andWillems 2018;Mehdaoui
et al. 2018; Dabanli et al. 2017; Svensson et al. 2017; Spinoni
et al. 2015). Several authors have applied this SPI to characterize
drought. These studies are mainly based on non-parametric tests,
better adapted to deal with hydrometeorology not normally dis-
tributed than parametric methods (Golian et al. 2015; Zhai et al.
2010). Recently, Şen (2012) proposed the analysis of trends in
innovative techniques (ITA), which allows a graphical evalua-
tion of trends (Güçlü 2020).

In this article, the drought episodes, in the Macta watershed
(northwest of Algeria), were analyzed by applying the
Standardized Precipitation Index (SPI) at different time scales
(1, 3, 6, 9, and 12months) from a database of 42 rainfall stations

over a 42-year period (1970–2011), thus constituting series of
504 monthly precipitation. This work aims to identify dry and
wet episodes in the Macta basin using the SPI and then deter-
mine their trends, at different time scales, by applying innovative
trend analysis (ITA). In other words, this study utilizes precipi-
tation data to investigatemeteorological, agricultural, and hydro-
logical drought conditions. For this purpose, the frequencies and
trends (using the ITA method) of SPI values are used as the
primary indicators of droughts. This study also discusses the
spatial behavior of drought frequencies in the Macta watershed.
The novelty of this work is to use the ITA method to detect SPI
value trends in the Macta watershed which has not been the
object of any research before in the region.

The objective of this study is to investigate the characteristics
of meteorological, agricultural, and hydrological drought and
their trends in Macta watershed (Northwest Algeria).
Moreover, the study investigates climatic conditions that led to
a record drought since 1970 affecting almost the entire country.

Study area and data

The Macta watershed is located in the northwest of Algeria
(Fig. 1). Its geographical position is between −1.25° West and
0.6° East in longitude and between 34° and 36° North in
latitude. It is a basin that covers an area of 14,410 km2, limited
to the northwest by the mountain ranges of Tessala, to the
south by the high plateaus of Maalif, to the west by the pla-
teaus of Telagh, and to the east by the mountains of Saida
(Elouissi et al. 2017).

The climate of the study area is semi-arid. It is a region of
transition between theMediterranean climate system in the north
and the Saharan in the south, and therefore the rainfall does not
exceed 400 mm/year. The highest humidity values are recorded
during the winter season and the lowest values during summer
time. Average monthly relative humidity (1970–2004) varies
between 46% for the month of July and 80% for the 2 months
of January and December (Sabri and Medjerab 2012).

Annual rainfall is light. It varies from 206 mm on the southern
part of the Beni Chougranne mountains (Bouhnifia and Sfisef) to
380mmonSaïdamountains and the north-western part of SidiBel
and Tessala mountains. The spatial variation is moderate (25%).

The Macta basin includes four major agricultural poten-
tials, the Ghriss and Sidi Bel Abbes plains, located in the
center of the basin and two irrigated areas (Habra and Sig),
located in the North of the basin, including several industries.

Monthly rainfall data (in mm) were collected from the
National Agency of Water Resources (ANRH). Initially, 123
stations are collected. Stations with more than 10% gaps are
removed. Forty-seven stations are remained. After that the
Shapiro-Wilk test is applied using the shapiro.test function (R
Core Team 2020) to check the normality of SPI series.
Normality was not satisfied in 5 stations (especially in short
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time scale (SPI-1 and SPI-3) where the number of null values is
high in most stations and affects the normality of the distribu-
tions. Thus, 42 stations that have been selected are distributed
over all the Macta watershed for a period of 42 years (1970–
2011) (Fig. 1). The rainfall stations used in this work are sym-
bolized numerically (e.g., Sidi Bel Abbes, 110305; Mascara,
111429). Statistical characteristics of selected stations are pre-
sented in Supplementary material Appendix 1, Table A1.

Methodology

Standardized Precipitation Index

The Standardized Precipitation Index (SPI) methodology has
been presented by McKee et al. (1993). This index can pro-
vide an accurate overview on the degree of wetness or dryness
on different time scales (EAS 2011). For a given time scale
(t=1, 3, 6, 9, or 12 months), the cumulated precipitations
(PCm) are computed. For instance, the PCm of a given month
(ranked at the mth row) is the sum of monthly precipitation

(Pm) for the months ranging between m and m-t-1.

PCm ¼ ∑
m−t−1ð Þ

m
Pm ð1Þ

The computational procedure for deriving SPI involves the
following steps: (a) First, an appropriate probability density func-
tion (PDF) is fitted to the relative frequency distribution of pre-
cipitation summed over the time scale (PCm) of interest and (b)
each PDF is then transformed into a standardized normal prob-
ability distribution function (PDF) (Dabanli et al. 2017).

The SPI approach is based on fitting a gamma distribution
to the cumulated precipitation data. The parameters of the
gamma distribution (shape “α” and scale “β”) and the statis-
tics U are calculated as follows (WMO 2015; Wu et al. 2007):

U ¼ ln X
� �

−
∑ln Xð Þ

N
ð2Þ

α ¼
1þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ 4U

3

r
4U

ð3Þ

Fig. 1 Location of the 42 selected stations in the Macta watershed in Algeria.
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β ¼ X

α
ð4Þ

where N is the number of non-null values in a given station, X
is non-null precipitation values, and X is the mean of the
precipitation series.

The resulting parameters are then used to find the cumula-
tive gamma probability distribution (CGPD, (G(x)) of a pre-
cipitation event. G(x) is defined by:

G xð Þ ¼ ∫x0 xα−1e
−x
β dx

βα Γ αð Þ ð5Þ

where Γ is the ordinary gamma function of α.
Since gamma distribution is undefined for null values, the

CGPD becomes:

H xð Þ ¼ qþ 1−qð ÞG xð Þ ð6Þ

where q is the probability of the zero, expressed as the ratio
between the number of null values (number of zero values of
PCms) and the number of observations (n).

Finally, the modified CGPD (H(x)), is transformed to the
standard normal distribution, which represents the SPI
(Abramowitz and Stegun 1970):

Z ¼ SPI ¼ −

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ln

1

H xð Þð Þ2
 !vuut −

c0 þ c1tþ c2t2

1þ d1tþ d2t2 þ d3t3

0
@

1
A; for 0 < H xð Þ≤0:5

ð7Þ

Z ¼ SPI ¼ þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ln

1

1−H xð Þð Þ2
 !vuut −

c0 þ c1tþ c2t2

1þ d1tþ d2t2 þ d3t3

0
@

1
A; for 0:5 < H xð Þ≤1

ð8Þ

where c0=2.515517, c1=0.802583, c2=0.010328,
d1=1.432788, d2=0.189269, and d3=0.001308.

These constants are being widely employed for SPI com-
putation (Abramowitz and Stegun 1970).

A Z value of −1.0 (+1.0) or less (more) imply a drought (wet)
event. McKee et al. (1993) initially proposed a classification
representing only dry events. The World Meteorological
Organization (WMO 2012) has modified this classification by
adding wet events symmetrically (Table 1). Stagge et al. (2015)
proposed to limit the SPI values to the range [−3.3] to ensure
reasonableness. Any value greater (less) than 3 (−3) is corrected
and therefore replaced by the value 3 (−3).

Innovative trend analysis

The ITA procedure has been developed by Şen (2012). It is
used by many researchers because of its simplicity and effi-
ciency. Compared to the other trend methods (such as Mann-
Kendall, Spearman, Mann-Whitney), the ITA provides more
information regarding changes for different portions of the

series. First, the series is divided into two equal parts. Each
one is sorted in ascending order, and then a scatter plot is
constructed having as the first part on the X-axis. A 1:1 line
is drawn which represents the limit between decreasing and
increasing trend areas (Fig. 2). In ITA visual method, any
point above (below) 1:1 line implies trend existence. If the
distance is increasing from 1:1 line, it shows the trend accel-
eration or strongness.

In this study, the ITA method is modified by adding two
lines (red and blue) to distinguish two regions. The dry (wet)
region represents SPI values less than or equal (greater than or
equal) to −1.50 (1.50) (Caloiero 2018) (Fig. 2). Therefore, the
term drought severity refers to SPI values below −1.50.

Results and discussion

All the calculations for this workwere carried out by programs
written under R (R Core Team 2020).

Table 1 SPI values and drought classification

SPI value Class

SPI ≥ 2.00 Extremely wet

1.50 ≤ SPI < 2.00 Severely wet

1.00 ≤ SPI < 1.50 Moderately wet

0 < SPI < 1.00 Mildly wet

0 < SPI < -1.00 Mild drought

-1.50 < SPI ≤ -1.00 Moderate drought

-2.00 < SPI ≤ -1.500 Severe drought

SPI ≤ -2.00 Extreme drought
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Fig. 2 ITA template
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The Pettitt test (1979), from the trend package (Pohlert
2020), was applied to test the homogeneity of the series. The
null hypotheses of homogeneity cannot be rejected for the
rainfall data at any of the stations at 5% significance level.

Rainfall data were fitted to gamma distribution after calcu-
lating the scale and shape parameters (Supplementary material
Appendix 1, Table A2). The adequacy of the gamma distribu-
tion was performed by the CDFt package (Vrac and
Michelangeli 2021). The Kolmogorov-Smirnov test and
Cramér-von Mises test were used. Both indicate the adequacy
of the gamma distribution (all p values are above the signifi-
cance level, 5%; therefore, the null hypothesis “Gamma dis-
tribution adequacy” cannot be rejected).

The SPIs, for the five times scales (1, 3, 6, 9, and 12
months), were calculated for the 42 selected stations of the
Macta over a period of 42 years (1970 to 2011). Thus, five
matrices (44 columns: year, month, and 42 stations), one for
each time scale, were built. Therefore, each matrix contains N
SPI values (n rows (or n months) and 42 columns (or
stations)).

Frequencies of two categories (dry: SPI≤−1.50 and wet:
SPI≥1.50) were calculated at different time scales.
Percentages of the frequencies are estimated by f

N *100, in
which f is the frequency (number of months of a given cate-
gory) in an SPI’s matrix.

Figure 3 a shows the comparison between the two catego-
ries using SPI-1 (N=508*42=21,336 months; 100%). It is
clear that the number of months with dry conditions (3200
months or 15%) is higher than those with wet conditions
(1001 months, i.e., 4.7%) for the 42 stations. The percentage
difference between them is 10.3%. For dry conditions, SPI-1
frequencies (months number) vary between a minimum of 0
(110102; 110312, located south and 111604; 111606, located
north) and a maximum of 121 (111402, located in the center
of the basin). On the other hand, the number of months show-
ing wet conditions varies between 17 (111102) and 32months
(110102) in the south of the basin. Severe and extreme dry
conditions were detected at all stations (42) in the watershed.
This result agrees perfectly with Achour et al.’s (2020) work,
in northern Algeria.

Using SPI-3 values (N=506*42=21,252 months; 100%)
(Fig. 3b), the number showing severe or extreme dry condi-
tions (1842 months or 8.7%) remains higher but is starting to
be close to those showing severe or extremely humid condi-
tions (797 months or 3.8%), with a percentage difference of
4.9%. In all selected stations, the number of dry months is
higher than that of the wet months, apart from station
110102, located to the south of the basin, which presented
an opposite situation (39 “7.7%” against 37 “7.3%” months),
where dry months number is less than wet ones. The number
of months showing dry conditions varies between a minimum
of 37 months (111210, located in the south basin) and a

maximum of 57 months (111616, located north of the basin).
For dry months, SPI-3 frequency (months number) values
range between 11 (111413, located in the center of the basin)
and 39 (110102).

For SPI-6 (N=503*42=21,126 months; 100%) (Fig. 3c),
the percentage difference between dry and wet frequencies
continue to decrease, reaching 1.7%. The number of months

Fig. 3 SPI frequency for drought and humidity conditions. a SPI-1, b
SPI-3, c SPI-6, d SPI-9, and e SPI-12.
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with severe or extreme dry conditions (1541 months or 7.3%)
is greater than those showing severe or extremely wet condi-
tions (1179 months or 5.6%). All stations showed dry condi-
tions (dry frequency greater than wet one), except station
111508, located in the center of the basin which presented
an opposite situation (34 versus 29 months or 6.8% against
5.8%).

Figure 3 d represents dry and wet conditions for SPI-9
values (n=500*42=21,000 months; 100%). The difference,
in percentage, between the dry category’s frequencies (1390
or 6.6%) and that of wet conditions (1283 or 6.1%), becomes
increasingly minimal (0.51%). On this scale, wet conditions
begin to increase and become 14 stations (33%). It is obvious
that from this scale, the balance between categories begins to
be established.

In the long-term scale (SPI-12) (n=497*42=20,874
months; 100%) (Fig. 3e), the situation is completely reversed.
In fact, the difference, in percentage, between the dry (1392 or
6.7%) and wet (1374 or 6.6%) months number, becomes zero
(0.09%). Indeed, the number of stations showing wet condi-
tions (24) (57%) is starting to become higher than those with
dry conditions (18) (43%). In the long term (SPI-12), a

decrease in the number of dry episodes has been detected in
favor of wet ones.

Analysis of SPIs from 1 to 9 months shows that, since
1970, the Macta watershed has been suffering from severe
and extreme drought in the short term (monthly (SPI-1), sea-
sonal (SPI-3), semi-annually (SPI-6), and even at the level of
SPI-9. It is obvious that it is a meteorological drought that
spans 9 months (SPI-9). It may take the agricultural form
and affects plants with a life cycle of less than 9 months, but
it has not yet reached the hydrological and socio-economic
form. In the long term, the basin is not yet affected by the
annual drought (SPI-12); a balance is established between
dry and wet episodes. In general, the dry episode frequencies
dominate those wet.

Our results, in a southern Mediterranean region, indicate
that the number of drought episode decrease with increasing
time scale. During the period (1970–2011), the index identi-
fied a severe drought, with a very large number of months.
These results agree perfectly with the work carried out in
Apulia in Italy (southern Mediterranean) (Marini et al. 2019).

In order to identify possible trends in SPI values at 1, 3, 6,
9, and 12 months, for each station, the ITA method was ap-
plied to the monthly series of this index (Fig. 5 and more
details in Supplementary material Appendix 1, Fig. A1 to A5).

In order to mark the trend of each SPI at each station, the
symbols, +, -, and 0 have been used to denote the increasing,
decreasing, and no trend, respectively. Table 2 shows the
trends for each time scale (SPI) and for each station.

Table 2 can be transformed into a histogram (Fig. 4).
Figure 4 shows that the wet conditions are more affected by

the decreasing trend than the dry ones, while the situation is
reversed dry conditions.

As a result of the ITA method, Figure 5 shows a sample of
the results obtained at the Macta watershed for SPIs of 1, 3, 6,
9, and 12 months (for more details, see Supplementary
material Appendix 1, Fig. A1 to A5).

In general, it was detected a decrease in the severity of
drought (64%) accompanied by a decrease in wet episodes
(60 %) for the SPI-1 values (Table 2, Fig. 4 and
Supplementary material Appendix 1, Fig. A1). For the low
values of the index (severe and extreme drought conditions),
14 stations (33%) showed no trend, and 27 stations (64%)
showed an increasing trend, distributed evenly over the entire
basin. A ratio test, using prop.test function under R Language,
showed a significantly difference (χ2 = 6.861, df = 1, n=42, p-
value < 0.01). On the other hand, no station showed a decreas-
ing trend (0%). For the high values (severe and extreme hu-
midity conditions), 7 stations (17%) have no trend, 10 stations
(24%) show a positive trend, and 25 stations (60%) show a
negative trend. These results are in line with those obtained by
Adib and Marashi (2019) in southwestern Iran.

The findings of the earlier SPI-1 are confirmed for SPI-3
(Fig. 5b and Supplementarymaterial Appendix 1, Fig. A2), by

Fig. 3 (continued).
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an accentuation of the drought severity reduction (81%), to-
gether with wet episode decrease (62%). It is clear that the

number of stations with a positive trend at low values
(Supplementary material Appendix 1, Fig. A2) continued to

Table 2 Trends in SPI (1, 3, 6, 9,
and 12 months) Station SPI-1 SPI-3 SPI-6 SPI-9 SPI-12

S/E
D*

S/E
W**

S/E
D*

S/E
W**

S/E
D*

S/E
W**

S/E
D*

S/E
W**

S/E
D*

S/E
W**

110102 0 + + + + - + - + -

110201 + + + + + + + + + +

110203 + 0 + 0 + 0 + + + +

110304 + - + - + - + - + -

110305 + - + - + 0 + + + +

110309 0 0 - + + + + + + +

110312 0 - + - + - - - - -

110314 0 - - - - - - - - -

110402 + - + - + - + - + -

110501 + + + + + + + + + +

110802 + + + - + + + + + +

111102 + 0 + + + 0 + + + +

111103 + + + + + + + + + +

111112 + - + - + + + + + +

111201 + - + - + - + - + -

111204 0 0 + - + 0 + + - -

111210 + + + + + + + + + +

111217 + + + + + + + + + +

111401 + - + - + - + - + -

111402 + - + 0 + + + + + +

111405 + - + - + - + - + -

111413 + - + 0 + 0 + + + -

111414 + + + + + + + + + +

111417 + 0 + - + - + - + -

111418 + + + + + + 0 + - +

111424 0 - + - + - + - + -

111429 + 0 + - + - + - + -

111502 0 - 0 0 + - + - + -

111503 + - + - + - + - + -

111508 0 - - - + - + - - -

111509 + - + - + - + + + +

111511 0 - + - + - + - + -

111516 + - + - + - + - + -

111604 0 0 0 0 + - + + + 0

111605 + - - - + - + - + -

111606 0 - 0 - + - + - 0 -

111607 1 - 0 - - - + - 0 -

111610 + + + + + + + + + +

111611 + - + - + - + - + -

111612 0 - + - + - + - + -

111616 0 - + - + - + - 0 -

111617 0 - + - + - + - 0 -

*Severe and extreme dry

**Severely and extremely wet
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increase (from 27 “64%” to 34 “81%” stations). The stations
showing no trend have decreased (4, 10%). On the other hand,
for severe and extreme humidity conditions, the trend situa-
tion is similar to the previous SPI-1 index, with a positive
trend of 26% against a negative trend of 62%. The same ob-
servation was detected by Jasim and Awchi (2020), during the
period (1970–2013), in Iraq.

The SPI-6 and SPI-9 trend analysis (Fig. 5 c and d)
(Supplementary material Appendix 1, Fig. A3 and A4), which
directly affect the vegetation, is essential for our study area. Zone
with agricultural vocation is an important sector of the national
economy, which shelters important agricultural potentialities
(plain of Ghriss and that of Sidi Bel Abbes (at the center of the
basin) and two irrigated perimeters Habra and Sig in North).

Figure 5 c and d summarize the trend analysis results of SPI-
6 and SPI-9. A further reduction was observed in the drought
severity in 95% (93%) of stations, accompanied with the wet
episode decrease in 60% (55%) of stations. This observation
was noticed at all stations in the Macta watershed (more
details in Supplementary material Appendix 1, Fig. A3 and A4).

In the long term, the analysis of SPI trend at 12 months,
with the ITA method (Fig. 5e and Supplementary material
Appendix 1, Fig. A5), showed results similar (79% of stations
have reduction in drought severity and 60% have decrease in
wet condition) to those of the previous ones (SPI-1, SPI-3,
SPI-6, and SPI-9) and those of Caloiero et al. (2015) in south-
ern Italy. The 12-month SPI is a broad indirect indicator of
water resource management (Caloiero 2018). In fact, global
assessments suggest that droughts are likely to both increase

and decrease in the future due to climate change and depend-
ing on location (Wang 2005).

The results of this article highlight that agricultural regions,
such as plains (Ghriss and Sidi Bel Abbes) and irrigated pe-
rimeters (Habra and Sig), are the area’s most constantly vul-
nerable to drought, including the industry in the study area.

In order to describe the dry frequencies (displayed in Fig. 3)
spatially, five additional maps are presented in Figure 6. As
presented above, the dry frequencies are the SPI values less than
or equal to −1.5. The parts in red (blue) have more (less) fre-
quent drought episodes compared to other regions of the basin.
The color is red when a drought frequency exceeds 100 months.

On montly scale (SPI-1), the eastern center of the basin
presents the highest frequencies of meteorological drought
where station 111402 recorder the maximum number of dry
months (121), while the northern part is less affected. The
conditions are homogenized on the quarterly and semiannual
time scales (SPI-3 and SPI-6). From the medium term (SPI-9),
drought frequencies persist in decreasing throughout the study
area. At the hydrological scale (SPI-12), Figure 6 shows that
the east of the basin is less affected by the phenomenon of
drought. This can be justified by the altimetric situation
(higher than 800 m).

Conclusion

In this paper, the concept of the Standardized Precipitation
Index (SPI) is applied to 42 meteorology stations monthly
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Fig. 5 SPI innovative trend analysis (ITA) sample. a SPI-1, b SPI-3, c SPI-6, d SPI-9, and e SPI-12 (see online Supplementary material Appendix 1, Fig. A5-
A9 for more details)
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precipitation records from Macta watershed (Northwest
Algeria). The SPI calculations were performed at different
time scales (1, 3, 6, 9, and 12 months). Then, for each rainfall
gauge, the number of months of severe or extreme drought
and humidity was calculated. Subsequently, the application of
the ITA method made it possible to detect trends in the SPI
series.

Results show that similar behavior dominated the 42 sta-
tions in the basin. In fact, for the short- and medium-term time
scales (1, 3, 6, and 9 months), and in all the stations, the
number of months showing severe and extreme dry conditions
(3200 “15%,” 1842 “8.7%,” 1541 “7.3%,” 1390 “6.6%,” re-
spectively) is higher than those showing severe and extreme
wet conditions (1001 “4.7%,” 797 “3.8%,” 1179 “5.6%,”
1283 “6.1%,” respectively), while in the long term (12-month
time scale), the number of months showing severe and ex-
treme wet conditions (1374 “6.6%”) becomes almost equal
to that showing severe and extreme dry conditions (1392
“6.7%”).

These results directly impact the agricultural potential of
the plains of Ghriss and Sidi Bel Abbes, as well as Habra and
Sig perimeters, by experiencing short-term agricultural

drought SPI (1, 3, 6, and 9 months). Fortunately, this situation
improves over the long term (SPI-12).

In fact, in the short term, the Macta watershed has experi-
enced agricultural drought since 1970, and in the long term, a
reduction in this drought has been detected.

In anticipation, using ITA method, in the short, medium,
and long term, a similar situation was detected for the five
SPIs, marking a downward trend in the severity of drought
at most stations (64%, 81%, 95%, 93%, and 79% for SPI-1,
SPI-3, SPI-6, SPI-9, and SPI-12, respectively) together with a
reduction in severe and extreme wet episodes (60%, 62%,
60%, 55%, and 60% for SPI-1, SPI-3, SPI-6, SPI-9, and
SPI-12, respectively).

It is also noticed that the majority of the stations suffer from
a severe meteorological drought in the center-East (drought
frequency above 100) of the basin, whereas on the hydrolog-
ical scale (SPI-12), the situation is balanced (drought frequen-
cy below 50).

In general, this study showed that the trend of drought
severity is decreasing (SPI values from 1991to 2011 become
higher than those from 1970 to 1991), but the dominance of
dry periods at time scales 1, 3, 6, and 9 months persists.

Fig. 6 Dry condition frequencies (SPI less than or equal to −1.5).
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Given this situation, which shows a unique behavior for all
the stations in the Macta watershed, a detailed regional anal-
ysis remains essential.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s12517-021-07670-7.
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