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ABSTRACT. Ain Sefra is part of the Ksour Mountains and it's situated in southwestern Algeria, where the 
climate is arid. The study area is progressively facing regression and degradation exacerbated by climate change. 
These trends point to a significant acceleration of desertification and drought and the loss of production systems 
that play a critical social, ecological, and economic role in the region. To better understand the natural hazard 
of dryness in Ain Sefra and the impact of climate change, we used various drought indices and remote sensing 
data. Hence, analyzing precipitation records from 1965 to 2021, through several drought indices, droughts 
were identified as a recurring phenomenon. Moreover, the frequency of successive dry years is relatively 
high. There were three most extended continuous dry periods. The first phase lasted seven years from 1980 to 
1987, the second twelve years from 1994 to 2006, and the third nine years from 2012 to 2021. Calculation of the 
Modified Soil-Adjusted Vegetation Index (MSAVI) for five multidate satellite images allowed us to follow the 
evolution of land use elements in this region from 1977 to 2017. Indeed, the study of these multi-temporal images 
reveals a considerable growth of sands, moving towards the north and northeast of the zone during the last 
decades. The combination of drought indices and remote sensing seems to be most promising; whose results 
are valuable tools for guidance and decision support to local and regional authorities. 

 

Evaluación de la degradación del suelo y sequías en una región árida utilizando índices de 
sequía, índice de vegetación ajustado al suelo modificado y datos de sensores remotos Landsat 
 

RESUMEN. Ain Sefr, en las montañas Ksour, está situada en el suroeste de Argelia, donde el clima es árido. El área 
de estudio se enfrenta progresivamente a la regresión y degradación exacerbada por el cambio climático. Estas 
tendencias apuntan a una aceleración significativa de la desertificación y la sequía y a la pérdida de sistemas de 
producción que desempeñan un papel social, ecológico y económico crítico en la región. Para comprender mejor el 
peligro natural de la sequía en Ain Sefra y el impacto del cambio climático, se varios índices de sequía y datos de 
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teledetección. Al analizar los registros de precipitación desde 1965 hasta 2021, a través de varios índices de sequía, 
se identificaron las sequías como un fenómeno recurrente. Además, la frecuencia de años secos sucesivos es 
relativamente alta. Hubo tres períodos secos continuos más prolongados. La primera fase duró siete años, de 1980 a 
1987, la segunda doce años, de 1994 a 2006, y la tercera nueve años, de 2012 a 2021. El cálculo del Índice de 
Vegetación Ajustado al Suelo Modificado (MSAVI) para cinco imágenes satelitales multifecha nos permitió seguir 
la evolución de los elementos de uso del suelo en esta región desde 1977 hasta 2017. De hecho, el estudio de estas 
imágenes multitemporales revela un crecimiento considerable de arenas, moviéndose hacia el norte y noreste de la 
zona durante las últimas décadas. La combinación de índices de sequía y sensores remotos parece ser muy 
prometedores, pues sus resultados son valiosas herramientas de orientación y apoyo a la decisión de los entes locales 
y regionales. 
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1. Introduction 

Climate change has been reported worldwide in recent years (e.g., Ripple et al., 2021; Tahir 
et al., 2021; UN, 2022). Because of the increased intensity and frequency of severe events such as 
droughts, heatwaves, sandstorms, forest fires, and floods, scientists are now focusing on the effects 
of climate change (e.g., Corwin, 2021; Malhi et al., 2021; Niñerola et al., 2020; Camarasa-Belmonte, 
2021; Rodrigo-Comino et al., 2022; Eekhout et al., 2021). Droughts are one of the most complicated 
extreme climatic situations, affecting more people than any other hazard or natural disaster (Wilhite, 
2000; Oliveira-Santos et al., 2022; Mendoza-Uribe, 2022). The impacts of droughts have generally been 
referred to as direct impacts, such as reducing vegetation cover and decreasing soil and vegetation water 
content (Van Leeuwen et al., 2019; Valdes-Abellan et al., 2020; Palacios-Cabrera et al., 2022; Silva et 
al., 2022). Therefore, lower crop productivity, less water reservoirs, deterioration in the number of herds, 
increases in the risk of fires are identified (Fadhil, 2011). If the current year is succeeded by one or more 
dry years, the drought's severity is felt. In addition, a series of consecutive dry years is more severe than 
a singular drought (Spinoni et al., 2014; Jodar-Abellan et al., 2019). Drought is a lack of precipitation 
for an extended period, usually a season or more, resulting in water scarcity affecting agricultural or 
environmental activities (Mishra and Singh, 2010; Cámara-Artigas et al., 2022; Juárez et al., 2022). 
Thus, drought is a progressive process that begins with a lack of rainfall, expressed as meteorological 
drought. It can be classified into four categories: meteorological, agricultural, hydrological, and 
socioeconomic (Eklund and Seaquist, 2015). Meteorological droughts are also the source of 
hydrological droughts (Spinoni et al., 2014; Jodar-Abellan et al., 2018). Agricultural droughts depict 
severe decrease in soil water that results in crop failure. Drought can worsen, resulting in a so-called 
socioeconomic drought. Its prevalence is linked to natural water reserves, and reservoirs constructed by 
human when storage cannot meet the demand for water (Guo et al., 2019; Boix-Fayos et al., 2020; 
Eekhout et al., 2020). As a result, if appropriate safeguards are not taken, it will severely impact 
economies of the affected regions. Drought features must be accurately estimated to plan for optimal 
water resource usage and agricultural productivity (Kogan and Guo, 2016).  
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More than 100 drought indices are used to determine drought globally (Jain et al., 2015). Among 
all the standardized drought indices, McKee et al. (1993) presented the Standardized Precipitation Index 
(SPI), which is widely used to identify drought in various regions throughout the world (Li et al., 2020; 
Sobral et al., 2019; Stagge et al., 2015; Tsakiris and Vangelis, 2004). SPI is recommended because it 
only uses precipitation and is straightforward to calculate at various periods. It also characterizes short- 
and long-term meteorological and agricultural droughts (Golian et al., 2015). The SPI is directly tied to 
soil water on short durations, but it can also be related to groundwater and reservoir storage on longer 
timelines (Keyantash, 2018). According to IPCC assessments, the Mediterranean basin, particularly 
North Africa, is one of the most vulnerable regions to climate change (Wang, 2005). However, there is 
a scarcity of data on the North African region (UN, 2022; Derdour et al., 2020). Analysis of remote 
sensing data can support continuity meteorological data and indices by filling gaps that can occur in 
long time series, as well as providing a wealth of information about vegetation, soil status, and land use, 
which is frequently used in drought studies to quantify the growth and degradation of various land use 
items in response to climatic factors (dry and wet periods) and human activities. Therefore, remote 
sensing became an alternative to collect information that is challenging to obtain by other means. Over 
the last decade, data from various satellite-based platforms have figured prominently in drought 
research (e.g., AghaKouchak et al., 2015; West et al., 2019). Furthermore, advancements in algorithm 
improvement as well as cloud-based processing and storage capacity have significantly expanded the 
potential application of remote sensing for drought research. In addition to providing an autonomous 
experimental capability, remote recognizing data can be used to minimize doubts and constrain 
modeling efforts aimed at drought estimates. During last years, numerous studies have been published 
on drought monitoring and its ramifications such as desertification, soil loss, sand dune mobility (e.g., 
AghaKouchak et al., 2015; Bouarfa et al., 2022a; Wardlow et al., 2012; West et al., 2019; Rahdari and 
Rodríguez-Seijo, 2021; Zhang and Jia, 2013; Ibañez et al., 2022; Cimusa-Kulimushi et al., 2023). 

Drought is one of the most concerning manifestations of climate change in Algeria. Several 
droughts had previously occurred before the start of the twentieth century, in the 1940s, and the 1970s 
resulting in low harvests, animal losses, and increased food prices (Seltzer, 1946). Droughts in recent 
years have been even more notable for their geographic scope and ferocity. They were characterized by 
rainfall shortages that significantly reduced monthly mean flows (Bouabdelli et al., 2020; Habibi et al., 
2018; Lazri et al., 2015). In this work, drought episodes in the region of Ain Sefra, which is located in 
southwest Algeria, were studied using drought indices such as the previously mentioned SPI, the 
precipitation mean deviation index (MDX), the rainfall index (RI), the Frequency analyses (FI), and the 
standard deviations Indicator (SDI). These indices were used at various time scales (1, 3, 6, 9, and 12 
months) from a database of the only rainfall station situated in the city, over 56 years (1965-2021), 
summarizing 672 monthly precipitation series. On the other hand, a diachronic study using remote 
sensing was conducted to reconstruct the evolution of the sand mobility and vegetation cover in Ain 
Sefra between 1977 and 2017 using the Modified Soil-Adjusted Vegetation Index (MSAVI). This 
research aims to understand better the impact of climate change and management methods on these 
vulnerable areas, detect dry and wet periods in Naâma (Argelia), and then assess their trends over time. 

 

2. Materials and Methods 

2.1. Study area 

This study was conducted in southwestern Argelia in the Ain Sefra region (Fig. 1: 32°30'00ʺN 
/ 33°00′0ʺN and 0°50′0ʺW / 0°20′0ʺW), covering an area of 13,409 km2, in the high plains of southern 
Oran. The case study area is located in western Algeria, between the Tell and Saharan Atlases, in the 
"Ksour Mountains" region, highly affected by droughts (Haddouche et al., 2008). The study area is 
composed by sets of massifs with complex structures that are elongated and stretched along the general 
axis of the southwest/north- east fold (Derdour et al., 2020). These structures are generally related to 
tectonics, lithology, and erosion. They are made up of hard rocks (limestone, dolomitic limestone and 
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sandstone) of Jurassic age, whose slopes are generally steep (Derdour et al., 2020). Among these folded 
formations, the Jurassic anticline culminates at 2236 m a.s.l. in a southwest/northeast direction (Derdour 
et al., 2017a). The study area is situated in the Wilaya of Naâma, mainly occupied by a flat plain. The 
altitude increases significantly towards the South (1000 to 1330 m a.s.l.). It is riddled with many small 
basins of different sizes and origin (Sebkha, Dayas, hydro-wind basins locally called Mekmene, Oglat 
or Haoud). We distinguish between the salty pits (Chott Chergui, Chott El Gharbi, Sebkha de Nâama) 
and the Dayas and the Mekmenes, where unsalted surface water accumulates (Bouarfa et al., 2022b). 
Dayas soils are generally deeper compared to encrusted glacis. The Chotts and the Sebkhas are salty 
depressions resulting in a steppe with halophytes. Throughout the Algerian steppe and the pre-Saharan 
region, multiple traces of wind activity increasingly underline the arid facies of the landscape. Therefore, 
wind is the fundamental element in shaping semi-arid, infertile, and desert landscapes. The hydrographic 
network in the study area is endorheic (Derdour and Bouanani, 2019). It is poorly developed and often 
emerges in areas of evaporation such as Dayas or Sebkhas. The valleys are however quite short, not very 
sinuous, showing a flat bottom and badly drawn banks. This explains the low slope of the river and the 
presence of endorheic basins (dayas). Hydrologically, the valleys are not perennial and only flow 
episodically during rainy periods (Derdour et al., 2017a). 

 

 

Figure 1. Study area. 

 

2.2. Data collection 

The precipitation dataset from 1965 to 2021 at Ain Sefra, run by the National Office of 
Meteorology of Algeria, was used. The climatic data was processed, and the homogeneity of the climatic 
series was verified. It should be noted that missing data were downloaded from the IOWA State 
University website (IOWA, 2022). The considered weather station is located at 722729.00 UTMx and 
3627490.00 UTMy and depicts a mean altitude of 1084 m a.s.l.  

Five satellite images type Landsat 2 Multispectral Scanner System were used to get images of 
the year 1977, Landsat 3 Multispectral Scanner System , and Thematic Mapper (TM) to get images of 
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the year 1987, Landsat 5 Multispectral Scanner System and Thematic Mapper to get images of the year 
1997, Landsat 7 Enhanced Thematic Mapper Plus Instrument to get images of the year 2007, and 
Landsat 8 Operational Land Imager and Thermal Infrared Sensor to get images of the year 2017 of 
the s t u d y  a r ea  , downloaded from the US Geological Survey website (USGS, 2022). They allowed 
for diachronic research in the study area and the detection of changes using remote sensing, a technique 
for identifying the various states of an object or phenomena when monitored over time. These satellite 
images from different years (1977, 1987, 1997, 2007, and 2017) were chosen to conduct this 
comparison study. T h e  s e l e c t e d  satellite images were taken in March of every year, around the 
same time. A post-classification technique performed change detection analysis of multidate satellite 
images. The Landsat TM data pre-processing in this work contains multiple correction techniques that 
are carried out in several steps, including radiometric correction, FLAASH atmospheric 
correction, supervised classification, post-classification, and geometric corrections. 

 

2.3. Drought indices 

2.3.1. Standardized Precipitation Index (SPI) 

The SPI is a multi-scalar stochastic predictor that assesses precipitation deficit during wet and 
dry spells and allows for drought monitoring on multiple time scales (McKee et al., 1993). This 
indicator was proposed by the World Meteorological Organization as a jumping-off place for rainfalls 
monitoring. It has been utilized in numerous prior researches due to its simplicity, and widespread 
acceptance. The computation is carried out with the help of monthly rainfall data which has been adapted 
to a probability density function such as gamma over a lengthy period. Any percentile from the chosen 
distribution model is handled as a percentile on a Gaussian distribution function, and the appropriate 
Z value is recorded as the SPI value.  

The SPI is calculated by fitting a probability density function to the frequency distribution of 
precipitation accumulated across the time scale of interest. This is done for each month (or any other 
temporal basis of the raw precipitation time-series as required) and each place in space individually. 
The normalized normal distribution is then applied to each probability density function. The probability 
density function of the gamma distribution is as follows (Eq.1): 

𝑔𝑔(𝑥𝑥) = 1
𝛽𝛽𝛼𝛼𝑇𝑇(𝛼𝛼)𝑥𝑥

𝛼𝛼−1𝑒𝑒−𝑥𝑥/𝛽𝛽 𝑓𝑓𝑓𝑓𝑓𝑓 𝑥𝑥 > 0 (1) 

where x is precipitation, α>0 is the shape e parameter, and β>0 is the scale parameter.  

The gamma probability density function parameters are estimated at the data location for each 
time scale and observation. To estimate α and β parameters, maximum likelihood solutions are 
utilized (Edwards, 1997; Thom, 1966). The SPI is defined as (Eq.2): 

 

𝑆𝑆𝑆𝑆𝑆𝑆 = 𝑃𝑃𝑖𝑖−𝑃𝑃𝑚𝑚
𝜎𝜎

  (2) 

where: Pi is the annual rainfall for a given year (mm), Pm the mean rainfall (mm), and σ the standard 
deviation. The data are then used to calculate drought characteristics such as duration, intensity, and 
severity. Moderate, severe, and extreme drought situations are indicated by ranges of -1.49 to -1.0, -1.5 
to -1.99, and ≤−2.0. Various classifications of drought intensity based on SPI thresholds are available 
(McKee et al., 1993). 

 

2.3.2. Precipitation Mean Deviation Index (MDX) 

The M D X  (Eq.3) is the variation between both the annual precipitation level (Pi) and the 
average rainfall level (Pm). 



Derdour et al. 

70 Cuadernos de Investigación Geográfica, 49 (2), 2023. pp. 65-81 

𝑀𝑀𝑀𝑀𝑀𝑀 = 𝑆𝑆𝑖𝑖 −  𝑆𝑆𝑚𝑚  (3) 

The yearly distribution of precipitation offers immediate information on the variability of 
rainfall rates. It is easy to distinguish the wet and dry years by comparing it to the series average. It also 
makes it possible to estimate the precipitation shortage at the year's level and picture and establish the 
number of shortfall periods and their sequence. A deficit year is one in which the precipitation is less 
than the mean, and a surplus year is when the standard is exceeded.  

 

2.3.3. Rainfall Index (RI) 

The RI reflects how much precipitation is collected in comparison to the long-duration mean 
designed for a certain place and timeframe. The rainfall index RI is defined as (Eq.4): 

 

𝑅𝑅𝑆𝑆 = 𝑆𝑆𝑖𝑖/ 𝑆𝑆𝑚𝑚  (4) 

In particular, if this ratio is more than one, the year is characterized as wet, and as dry if it is 
less than one. We have used the difference relative to the norm (RIM), to identify rainfall in a 
lengthy set of rainfall records (Eq.5). 

𝑅𝑅𝐼𝐼𝐼𝐼 = 𝑅𝑅𝑆𝑆 − 1  (5) 

The cumulative of the indices (RIM) of successive years makes it possible to identify the main 
trends by disregarding the slight fluctuations from one year to the next. It is a wet trend when the 
total of the indexes rises and a dry trend forthe opposite scenario (Bergaoui and Alouini, 2002). 

 

2.3.4. Frequency analyses (FI) 

Frequency analyses are commonly used based on the characteristics of a phenomenon such as 
droughts. Annual rain is classified in increasing order based on their chance of not surpassing (F), 
which is calculated as follows (Eq.6): 

𝐹𝐹 = � 𝑟𝑟
𝑁𝑁+1

� . 100  (6) 

where r is the ranking of the year based on an increasing categorization of rainfall quantities; N is the 
number of years of monitoring. Years are categorized into five groups of likelihoods of non-exceedance, 
as shown in Table 1. 

 

Table 1. Classification of frequency. 

Class Frequency 
Very dry F < 15% 

Dry 15% ≤ F < 35% 
Normal 35% ≤ F <65% 

Wet 65% ≤ F < 85% 
Very wet  85% < F 

 

2.3.5. Standard deviations Indicator (SDI) 

This index is measured by considering the annual rainfall mean readings (P m)  in relation 
to the value of standard deviations (σ) whose formulation is as follows (Eq.7, Bergaoui and 
Alouini, 2002): 

𝜎𝜎 = � 1
(𝑁𝑁−1)�∑(𝑆𝑆𝑖𝑖 − 𝑆𝑆𝑚𝑚)1 2�   (7) 
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when Pi is less than Pm-σ, serious droughts are identified. However, if Pi is a smaller amount than 
Pm-2σ the drought is severe, as depicted in Table 2. 

 

Table 2. Drought severity classes. 

Type of drought Comparison criterion 
Moderate 𝑆𝑆𝑚𝑚 −  𝜎𝜎 < 𝑆𝑆𝑖𝑖 < 𝑆𝑆𝑚𝑚 
Strong 𝑆𝑆𝑚𝑚 −  2𝜎𝜎 < 𝑆𝑆𝑖𝑖 < 𝑆𝑆𝑚𝑚- 𝜎𝜎 
Very strong 𝑆𝑆𝑖𝑖 < 𝑆𝑆𝑚𝑚- 2 𝜎𝜎 

 

2.4. Diachronic analysis using Remote Sensing 

In this study, we used Landsat satellite images to understand the change observed in sand and 
vegetation cover. Hence, we tested statistically the "change detection" technique over 40 years (between 
1977 and 2017) by using an index that considers soil influence called the Modified Soil-Adjusted 
Vegetation Index (MSAVI). This index, proposed by Qi et al. (1994), suggests an enhancement to the 
original soil-adjusted vegetation index (SAVI). In particular, the L-shaped adjustment parameter that 
characterizes the soil and its vegetation cover rate in the MSAVI is no longer a constant, but it is 
automatically adjusted to local conditions. This index has been widely used in the low vegetation zone, 
as in the case of our study area. MSAVI is determined as a ratio of the R (red) and NIR (near infra-red) 
wavelengths values with an inductive L function utilized to amplify the lessening of soil influences on 
the flora signal. 

Likewise, MSAVI values range from -1 to 1, where i) -1 to 0.2 indicate bare soil; ii) 0.2 to 0.4 
is the seed germination stage; and iii) 0.4 to 0.6 is the leaf development stage. 

 

3. Results and Discussion 

3.1. Drought indices 

3.1.1. Standardized Precipitation Index (SPI) 

The rainfall index was calculated to characterize precipitation deficiencies at various time 
periods in a specific location. This analysis, which considers the futility of time, mainly reflects drought's 
influence on the availability of numerous water supplies. Droughts receive a negative rating, whereas 
floods receive a positive value. The SPI of the study area was calculated by fitting rainfall series collected 
over 56 years from 1965 to 2021 (McKee et al., 1993). The chronological variation of the SPI index 
relative to the station of Ain Sefra shows that the SPI goes through a global deficit trend with the 
existence of many distinct wet and dry periods (Fig. 2). The values of SPI of the study area ranged 
from -2.608 to 1.986, where the drought years represent 14.28 % of the series (SPI ≤ -1.00), the wet 
years represent 7.14% (SPI> 1.00), and the near-normal years (-0.99<SPI<0.99) represent 78.57%. 
In addition, three wet periods were identified, 1967 to 1980, 1987 to 1994, and 2006 to 2012, the 
year 2008 being highly wet (SPI= 1.99). In contrast, there were three dry periods, 1980 to 1986, 1994 
to 2005, and 2012 to 2021, the year 2016 being arid (SPI = -2.61). The most crucial peak for Ain 
Sefra is negative (SPI= -2.61). Throughout Ain Sefra's chronology, floods have frequently been 
produced by rainy periods after extended periods of dryness, such as the floods of 1990 (SPI=1.71) 
and floods of 2008 (SPI=1.99). The main statistical parameters of SPI in the study area are: a value of 
1.99 to the max positive, -2.61 to the max negative, 0.58 to the mean positive and -0.76 to the mean negative. 
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Figure 2. Annual SPI evolution at the study area. 

 

3.1.2. Precipitation Mean Deviation Index (MDX) 

The computation of the index of the divergence from the average of the rainfall series at  the 
study area (Fig. 3) makes it possible to show that during this long observation period of 56 years 
(19662021), there were 48.2% of surplus years and 51.8 % of deficit years. An essential deficit retained 
from this rainfall series is –146.66 mm recorded in 2020-2021. It is worth remarking here that there 
are four sequences of a single isolated dry year (1973, 1977, 1992, 2013), one sequence of two successive 
dry years (2019 to 2021), and three sequences of more than two subsequent dry years (1980 to 1984, 
1986 to 1990, 1995 to 2007). The most extended drought sequence was between 1995 and 2007, 
with 12 consecutive dry years. During 1980-2001, the overall trend is drought, but this is interspersed 
with a short period with a wet tendency. 

 

 

Figure 3. Precipitation Mean Deviation Index at the study area during the monitoring period. 

 

3.1.3. Rainfall Index (RI) 

The analysis of drought by the R I  and cumulative deviations shows an alternation of 
sequences with a generally dry trend and arrangements with a naturally wet trend (Fig. 4). The RI values 
at the study area ranged from -146.66 to 240.33, and the values of varied from -0.72 to 1.19. From 
1980 to 1990 and from 1992 to 2007, the overall trend is represented by drought. But it is interspersed 
with short periods with a wet movement, the most important of which extend over consecutive years 
(1990 to 1992, 1993 to 1995, and 2008 to 2013). This confirms the findings based on the SPI 
results. 
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Figure 4. Rainfall Index at the study area during the monitoring period. 

 

3.1.4. Standard deviations Indicator (SDI) 

The calculation of the deviation indicator from the average of the rainfall series of the station 
of Ain Sefra (Fig. 5) makes it possible to show rainfall evolution during this long observation period (56 
years from 1966 to2021). Thus, the graphic allows us to distinguish, among the deficit years, 62.50% of 
years of moderate drought, 10.71% of years of severe drought, and 26.78% of years of very severe 
drought. 

 
Figure 5. Precipitation Standard Deviation Index at the study area. 

 

3.1.5. Frequency analyses 

In this study, dry and wet years have been identified with the MDX and the RI. To better specify 
the degree of drought recorded, we have used other indices such as the frequency analysis. The 
application of frequency analysis to the rainfall series of the weather station gave us a higher accuracy 
for standard years than years with deficit and surplus. Thus, Figure 6 represents variations in annual 
rainfall in the function of the hydrological years by comparison with the different classes of frequencies. 
For the station of Ain Sefra, over the 56 years of observation: 7 were very dry, 11 were dry, representing 
a 32.14% of the series, 15 standard years represented a rate of 26.78%, 11 wet years, and 12 were very 
wet, representing a 41.07% of the series. We conclude that SPI and the frequency analysis indices have 
nearly the same results and descriptions based on these results. However, the frequency analysis has 
more detailed explanations, particularly regarding the standard years concerning SPI and MDX indices. 
Nevertheless, the frequency analysis does not make it possible to identify the overall trends in rainfall 
at the level of the station studied. 
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Figure 6. Frequency analysis for the rainfall series at the study area. 

 

3.1.6. Persistence of drought 

The drought is perceived more intensively if the year in question follows one or more dry years. 
A series of consecutive dry years is more severe than a single drought. For the station of Ain Sefra, 
drought, as determined by the SDI, occurred during three sequence periods and represented by 50% of 
the entire series, one of 12 years (from 1994 to 2006), the other of 7 years (1980 to 1987), and the third 
of 9 years (from 2012 to 2021). Following the analysis of the dry years determined by the frequency 
analysis method at the Ain Sefra station, it was found that there were 18 dry years, where six sequences 
of a single isolated dry year (1985, 1992, 1995, 2013, 2015, 2017), three sequences of two successive 
dry years (1980 to 1982, 1987 to 1989, 2019 to 2021) and one sequence of six subsequent dry years 
(1997 to 2003). For the region, the percentage of an isolated dry year is 10.71%. Sequences of 
consecutive dry years (two or more) represent 21.43%, according to the analysis of rainfall data from 
the Ain Sefra station, which characterizes the most representative example of the whole area. Through 
several drought indices, we can conclude that drought is a recurring phenomenon. A summary of 
different indices used in this study is given in Table 3. 

 

Table 3. Summary indexes for evaluating droughts at the study area from 1965 to 2021. 

 Dry years Isolated dry 
years Successive dry years 

Value % Value % Value % 
MDX 29 51.78 6 10.71 4 41.07 
SPI  8 14.28 3 7.14 1 1.78 
RI 29 51.78 6 10.71 4 41.07 
FI 18 32.14 6 10.71 4 41.07 
SDI 15 26.78 5 8.92 3 26.78 

 

3.2. Diachronic analysis using Remote Sensing 

Results of the accomplished diachronic analysis are showed with maps plotting the changes 
obtained from multi-temporal Landsat images (between 1977 and 2017). The calculation of the MSAVI 
of the satellite images covering the study area for March 1977,1987, 1997, 2007, and 2017 allowed us 
to visualize the impact of drought over time (Fig. 7). The confusion matrix was used to evaluate the 
categorization and plotted in Figures 7 and 8. Thus, the kappa coefficient was employed to measure the 
classification quality. This matrix indicates the trust level and the main confusion during an image 
classification (some class pixels can be confused by others). When the kappa coefficient exceeds 0.8 
(80%), the classification is considered conventional and relevant. In our study, the kappa value exceeded 
this threshold of 80% in all the cases (1977: 92.2%; 1987: 96.4%; 1997: 89%; 2007: 83.2%; 2017: 88%). 
Thus, this statement allowed us to verify our findings. After rigorous examination, it was discovered 
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that the dynamism of sands in the study area has gone through numerous phases over the five sequences 
studied (1977, 1987, 1997, 2007, and 2017), ranging from regression to progression. This trend is 
primarily due to the drought, but other aspects such as wind speed, extensive labor, and overgrazing 
could also be considered. In general, the sand invasion has increased. This upward trend of sand 
encroachment has maintained to the present day and represents a serious hazard. Likewise, according to 
our map examinations, we conclude that the area's sandy accumulations have evolved and become 
unsteady through time. Maps of the diachronic study have clearly shown that there has been a very 
significant evolution of sands in terms of area, showing a transition towards the north and the north-east 
of the study area during the last 56 years (1965-2021), being droughts the main cause from the author’s 
knowledge. In 2017, the sand encroachment massively increased by 286.61% compared with 1977, as 
in Figure 8, while the vegetation cover category was affected by the type of year, dry or wet. Vegetation 
cover represented 20.64% of the study area in 2007 in the wet year, where the SPI value was 1.99, and 
represented only 0.78% of the study area in 1977, where the SPI value was -0.76. The vegetation density 
decreased considerably in 1997 compared to 1987, owing to consecutive dry years. Table 4 summarizes 
the evolution of land use components of the study area (1977-2017). 

 

  

  

 
Figure 7. Diachronic Study (a: 1977; b: 1987; c: 1997; d: 2007; e: 2017). 
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Figure 8. Evolution of sands between 1977 and 2017. Yellow color: new accumulation of sands. Red color: 

latest dunes higher than 2m. 

 
Table 4. Evolution of land use components of the study area (1977-2017). 

  Class (%)   
Year Sands Degraded Soils Outcrops Vegetation 

1977 8.29 63.92 27.01 0.78 
1987 11.86 40.71 30.72 16.71 
1998 12.2 42.03 39.16 6.61 
2007 15.66 25.03 38.67 20.64 
2017 23.76 40.47 30.41 5.36 

 

4. Conclusions 

This paper assessed the potential change in the Ain Sefra region's climate from 1965 to 
2021 using, among others, drought indices and remote sensing. The study area is affected by extreme 
weather events, from droughts to floods. The drought indices used in this study present suitable pictures 
and perceptions of drought in the research area. The chronological variation of the SPI index relative 
to the station of Ain Sefra shows that the SPI goes through a global deficit trend with the existence of 
many distinct wet and dry periods. The values of SPI in the study area range from -2.608 to 1.986, 
where the most significant peak is negative. Three consecutive dry periods were identified in the first 
of 7 years (1980 to 1987), the second of 12 years (from 1994 to 2006), and the third of 9 years (from 
2012 to 2021), where the year 2016 is arid with an SPI value of -2.61. Contrariwise, three wet periods 
were distinguished from 1967 to 1980, 1987 to 1994, and 2006 to 2012, where 2008 was highly more 
west (SPI=1.99). Floods are often caused by wet periods after long consecutive dry periods throughout 
the history of Ain Sefra, such as the floods of 1990 (SPI=1.71) and floods of 2008 (SPI=1.99). The 
MDX showed that during this long observation period of 56 years (1965-2021) in Ain Sefra, we had 
recorded 48.2% surplus years and 51.8% deficit years. The rainfall index showed that the overall trend 
is represented by drought from 1980 to 1990 and 1992 to 2007. Still, it is interspersed with short periods 
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with a wet movement, the most important of which extend over consecutive years (1990 to 1992, 1993 
to 1995, and 2008 to 2013). According to frequency analyses, over the 56 years of observation: 7 
were very dry, 11 were dry, representing 32.14% of the series, 15 standard years represented 26.78%, 
11 wet years, and 12 were very wet, representing a 41.07% of the series. The results obtained in this 
study showed that drought is a recurring phenomenon.  

A diachronic assessment was used in the study area to monitor droughts between 1977 and 2017. 
The MSAVI index of the satellite images covering the study area for March of 1977, 1987, 1997, 2007, 
and 2017 allowed us to visualize the impact of droughts over time. Following our results plotted as 
maps, key findings emerge that the area of sandy accumulations has increased in extent and becomes 
unsteady through time. The maps of the diachronic study have clearly shown that there has been a very 
significant evolution of sands in terms of area with a transition of it towards the north and the north-
east. These issues are mainly related with droughts according to the author’s knowledge. This upward 
trend of sand encroachment has continued to the present day and represents a severe hazard. In 2017, 
the sand encroachment massively increased by 286.61% compared to 1977. The combination of drought 
indices and remote sensing seems to be most promising, their findings being valuable tools for 
supervision and assessment supporting decisions of local and regional authorities. 
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