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Abstract: Over the last decades, Algeria has witnessed intense and persistent drought periods character-
ized by a significant rainfall deficit. The Northwestern Algeria, such as the most south Mediterranean
regions, is marked by alternating wet and dry periods and mixing between Atlantic and Mediterranean
airs. In a climate context increasingly disturbed by anthropogenic activities, it is essential to analyze the
dry episodes at spatial and temporal scales. In order to understand this problem, this work aims to use the
potential of Landsat satellite imagery for monitoring drought conditions in the Cheliff watershed in the
northwestern Algeria. As known, the behavior of vegetation is strongly related to climate changes. On
this basis, a comparison of the variations in the standardized normalized difference vegetation index
(NDVI) and those of the drought indices calculated from meteorological data was implemented. In fact,
the rainfall series from fifty meteorological stations were analyzed. The standardized precipitation index
(SPI) was calculated for the years 1987, 2000, 2006, 2011 and 2015, corresponding to the acquisition
dates of Landsat images. Similarly, an extraction of the NDVI values was performed for each meteoro-
logical station. The linear regression between SPI and NDVI showed a good correlation. Thus, the ob-
tained results enabled establishing a new drought index based essentially on satellite data. This index
represents the advantage for monitoring spatially the drought phenomena and can solve the problem of
climatic data lack.
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1. INTRODUCTION

The North African regions are likely to suffer the most devastating effects of climatic
changes because of their geographical location, low institutional capacity to adapt to
rapid environmental changes, low incomes of their population, their greater reliance
on climate-sensitive sectors, the bad management of water resources, and especially
inadequate government mechanisms (Hamed et al., 2018a).

The climate changes direct effects are expected to affect soil, land cover, and hy-
drologic systems by increasing temperature, high evapotranspiration potential and
great variability of rainfall in terms of timing, form and quantity expressed by in-
creasing frequency of extreme events as foods and droughts (IPCC, TAR, 2001; Bates
et al., 2008; Hammouri et al., 2016; Hamed et al., 2018a, b). The less replenishment of
surface water will be more obvious in semi-arid and arid regions where most of the
predictable impacts are already occurring regardless of climate variability, and climate
change is expected only to exacerbate these trends (Hammouri et al., 2016; Hamed et
al., 2017). North-African countries (Morocco, Algeria, Tunisia and Libya) are facing
numerous environmental challenges related mainly to water scarcity issues, as the
major economic sectors, especially agriculture, are extremely vulnerable to current
climate sensitivity (Radhouane, 2013; Hamed, 2017; Hamed et al., 2018).

Drought is the most complex and least understood of all natural hazards, affecting
several countries including Algeria. It is defined as water deficit during a specific pe-
riod. This phenomenon has negative impacts on the environmental and socio-
economic sectors. Its management requires its continuous monitoring and to make the
obtained information available to the concerned organization to take effective meas-
urements and afford feasible programs in order to minimize its negative impacts.

This natural disaster differs from a given region to another in accordance with the
climate and the hydrology of the area. Recently, and given the importance of the sub-
ject, several studies were implemented dealing with global changes and specifically
with the drought phenomena. In fact, according to the World Meteorological Organi-
zation (WMO), 1.4 billion people were affected by droughts and 1.3 billion died from
direct or indirect causes during the period going from 1967 to 1991. As matter of fact
and according to some scenarios of global changes, the occurrence and impact of
drought will be unfortunately increasing in the upcoming years (WMO). The study
and the understanding of this phenomenon are mainly based on the derivation of the
climatic indexes, witch have been developed by many scientists (Palmer, 1965; 1968;
Gibbs and Maher, 1967; Shafer and Dezman, 1982; Kogan, 1990; 2002; McKee et al.
1993; Keyantash and Dracup, 2004).

In fact, climatic parameters such as precipitation are used to characterize each drought
sequence and evaluate its impact on the environment and the population. Currently, space
imagery has become a common tool for studying and monitoring the drought phenomena.
This work will be focusing on climate drought in the Cheliff watershed.
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The choice of this region frequently affected by drought is justified by the fairly
dense meteorological network as compared to the rest of the national territory. In fact,
it comprises more than fifty active weather stations. In order to characterize and
monitor drought in the Chelif watershed, climate data collected from the fifty weather
stations were taken into account. The SPI (McKee, 1993) standardized precipitation
index was calculated for each station. This index has the advantage of being comput-
able from a single type of climate data (rainfall).

The SPI is widely used by researchers in the field (Ravi Shah et al., 2015; Jing
et al., 2018) but given the difficulty of obtaining climate data, and the frequency of
gaps in existing series and the reduced number of weather stations, new methods to
understand climate phenomena were proposed. These recent methods are based on
spatial data. Satellite images were obtained for free and allowed to obtain continuous
information in time and space. In order to understand this problematic, the current
work attempts to integrate the potential of satellite imagery (Landsat) into the moni-
toring of climatic conditions in the Chelif watershed (North-West of Algeria).

This watershed is well-differentiated morphologically, geologically and pedologi-
cally, with a rugged topography in the middle and higher Cheliff level and a flat topog-
raphy in the lower Cheliff level, the elevations range from 40 m in the lower Cheliff
level to 1 600 m in the higher Cheliff (Ababou, 2017).

Several spatial indicators can provide information on the water status of the Earth’s
surface. Vegetation is an excellent indicator that can provide useful information to
characterize the severity of the water deficit. In fact, the sensitivity of the vegetation
to humidity variations was exploited here based on the normalized index of NDVI
vegetation (Sergio et al., 2015).

The comparison of the acquired results along with those obtained from the climatic
indexes allowed the implementation of a new drought index based only on spatial data
(NDVI). Indeed, some studies, such as those of Kogan (1993; 1997), had already
demonstrated the possibility of using remote sensing in the monitoring of drought
through the calculation of certain indicators related to the brightness temperature and
the index of Standardized vegetation. A complete analysis of drought indices is pro-
vided by Wilhite (2005).

2. STUDY AREA DESCRIPTION

The Cheliff watershed is located in the west central part of northern Ageria and
covers an area of approximately 47 667 km2. It is located in longitude between 0° and
3°30 East and in latitude between 34° and 36° North. It is bounded northward by the
Mediterranean, to the west by the Oranais basin, to the south by the high plains and
eastward by the Algerian basin (Fig. 1). It takes its source on the limit of the Tell and
Sahara in the Saharan Atlas, precislier in the Djebel Amour culminating to 1937 m,



M. ABBES et al.74

near Aflou region. It begins by flowing from the South to the North, to reach the
Mediterranean at Mostaganem region (west of Algeria). This watershed is well-
differentiated morphologically, geologically and pedologically, with a rugged topog-
raphy in the middle and higher Cheliff level and a flat topography in the lower Cheliff
level, the elevations range from 40 m in the lower Cheliff  level to 1600 m in the higher
Cheliff (Ababou et al., 2017; Douaoui et al., 2014). It is a fairly extensive region with
a semi-arid climate in the north and arid climate in the south. It is a transitional region
between the Mediterranean climatic system in the north and the Saharan in the south
and therefore the rainfall does not exceed 500 mm/year. The most important relative
humidity values are recorded during the winter season and the lowest values during
the summer season. The average monthly relative humidity (1970–2004) varies
between 46% for the month of July and 80% for the two months of January and
December (Sabri and Medjerab, 2012).

Fig. 1. Geographical situation of the Cheliff watershed

3. DATA SOURCES

3.1. CLIMATE DATA

The drought study in the Cheliff watershed was based on the use of precipitation data
coming from 54 meteorological (ONM) and hydrological (ANRH) stations. It is im-
portant to note that the rainfall recording period exceeded 30 years in all stations.
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The map illustrated in Fig. 2 shows the spatial distribution of rainfall stations and
the relief of the studied area. The observation of this map allowed the determination of
the spatial distribution of these stations. As matter of fact, the majority of the stations
are located in the centre and especially to the West of the studied area. In contrary, the
lower zone of the coast, the high plains to the south and the regions of Djelfa and
Aflou, are not well covered by the meteorological network.

Fig. 2. Spatial distribution of the rainfall stations

3.2. REMOTE SENSING DATA USED

In this study, the obtained satellite images from TM (LANDSAT 5), ETM +
(LANDSAT 7) and OLI (LANDSAT 8), were used to achieve our goal. Twenty
scenes taken during the periods of 1987-2000-2006-2011 and 2015 were acquired for
free from the USGS website. The coverage of the studied area was ensured by a mo-
saic of 4 scenes. This complicated the choice of images during the download espe-
cially by adding other conditions such as vegetation and air humidity which negatively
affect the quality of satellite imagery and the date of shooting (which must belong to
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the growing season) with a minor percentage of cloud. An overall description of the
images used in this current paper is presented in Table 1.

Table 1. Characteristics of the used Landsat images

Satellite Path Row Date
196 035 1987-09-09
196 036 1987-09-09
197 035 1987-10-02
197 036 1987-10-02
196 035 2011-10-13
196 036 2011-10-13
197 035 2011-10-20

Landsat 5

197 036 2011-10-20
196 035 2000-10-06
196 036 2001-01-10
197 035 2000-11-30
197 036 2000-11-30
196 035 2006-10-23
196 036 2006-10-23
197 035 2006-10-30

Landsat 7

197 036 2006-10-30
196 036 2015-11-09
197 035 2015-10-31
196 035 2015-11-09

Landsat 8

197 036 2015-10-09

4. METHODOLOGY AND DATA PROCESSING

In this work two approaches were been applied to study the drought in the Cheliff
watershed:

– The study of the drought based on the standardized precipitation index “SPI”
computed at the base of rainfall stations data provided by the National Hydrous
Resources Agency “ANRH” and the National Office Meteos “ONM”.

– The study of drought using high resolution spatial data “Landsat” down-
loaded from USGS site by calculating the satellite indexes: Standardized
Difference Vegetation Index “NDVI”, Vegetation Condition Index “VCI”,
Shine temperature Index of “TCI”, Vegetation Health Index “VHI” and fi-
nally a correlation between the SPI and NDVI results was performed by lin-
ear regression.
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4.1. CLIMATE DATA PROCESSING

The analysis of the observation data requires a careful control and verification.
Thus, the first goal of this work was to collect all the available rainfall data as well as
relevant information related to the study area. Some of the selected stations had gaps
that were corrected by calculating the mean arithmetic value of ten years. This method
is generally used when there are no well correlated stations with the studied series.
This choice was induced by the distance between the selected stations which are
poorly correlated with each other. This method can be accepted if missing data are not
important (Ketrouci, 2002).

After correcting the basic file and filling the gaps (Table 2), we proceeded to the
study of the homogeneity of the data by applying the Wilcoxon test. It consisted of
a non-parametric test which uses the series of ranks of the observations instead of
the series of values. The Wilcoxon test is based on the following principle: If the sam-
ple X comes from the same population as the sample Y, the sample X and Y (union of X
and Y) is also derived from this same population (Khaldi, 2005). The results obtained
from this test indicated that all the stations were homogeneous.

Table 2. The stations filled

Stations Year Month
1962, 1963, 1965, 1966,

1986, 1987, 1990
September, October, November,
December

1967, 1987 January, February, March, April, May,
June, July, August

Sidi Lakhel, Kemenda Ferme,
Hachem et Ammi Moussa

2011 October, November, December
Zemalet El Amir, Bougazoul,
El Khmis, Toutia, Kaf Lesfer,
Médéa Seceur, Pontiba Dam

1987
January, February, March, April, May,
June, July, August, September, October,
November, December.

Arib Cheliff 1987 November, December, January, February,
March, April, May, June, July, August

This was also confirmed by calculating the statistical characteristics of the rainfall
series (The average value, standard deviation, median value and coefficient of vari-
ability (CV)) as presented in Table 3. The analysis of these results showed the pres-
ence of a significant variability in the precipitation rate. It could be related to natural
internal processes within the climate system as it is a fairly extended region with
a semi-arid climate to the north and arid to the south. This area consists of a transi-
tional region between the Mediterranean climate system in the north and the Saharan
one in the south. It is important to mention the presence of regions more watered than
others or with variations of the anthropogenic external forcing.
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Table 3. Statistical characteristics of the studied rainfall stations

Name of stations Max. Min. Standard
deviation Average Median Coefficient

of variation

1 2 3 4 5 6 7
Rechiage 649.20 57.30 102.96 248.24 242.27 41.47 %
Sidi boudaoud 274.7 10.60 81.52 121.37 233.60 67.16%
Mehdia 657.80 149.5 109.64 343.16 331.63 31.95%
Ain sebain 653.30 95.4 123.82 331.67 325.98 37.33%
Khemisti 904.7 69.9 177.77 356.11 324.13 49.92%
Layoune 575.6 104.6 95.25 340.88 352.65 27.94 %
Ain boucif 579.46 36.9 156.04 334.26 347.71 46.68%
Kef lasfar 263.80 18.50 65.91 137.60 142.53 47.90%
Boughzoul 414.80 104.7 70.45 277.33 218.5 30.99%
Ksar el boukhari 811.3 164.46 104.80 286.80 262.84 36.54%
Derag 804.44 210.3 142.54 522.19 507.81 27.29%
Zouberia 974.8 230.4 145.65 518.18 504.4 28.10%
Ghrib bge 779.3 237.5 116.07 472.69 472.3 24.45%
Ghrib amont 889.9 211.5 157.21 481.08 473.63 32.67%
Medea secteur 874.1 370.5 140.45 631.11 628.47 22.25%
Domaine feroukhi 610 188.2 99.95 397.84 411.60 25.12%
Ain sultan pep 684.5 209.7 96.93 398.91 392.98 24.29%
Bordj el amir 950 174.1 165.15 380.55 360.09 43.39%
Kherba od hellal 632 51 124.59 327.16 311.56 38.08%
Teniet el had 824 187.51 151.18 527.07 542.38 28.68%
Sidi mokrefi 622199 168.59 101.37 405.75 416.19 24.95%
Tarik ibn ziad 938.30 154.9 152.05 455.68 311.56 33.36%
Arib cheliff 633 194.4 107.30 431.49 444.60 24.86%
Bordj el amir 639.2 241.5 102.60 420.85 422.05 24.38%
El khemis inra 612.9 192.1 87.285 428.11 443.05 20.38%
Sidi lakhdar 733.8 123.3 114.61 304.57 395.55 37.63%
El ababsa 608.7 185.4 82.58 363.38 365.02 22.72%
Elkhemis anrh 691.61 174.29 94.22 426.05 437.76 22.11%
Harreza bge 552.43 176.60 86.87 363.95 348.55 23.87%
Arib ebda 781.1 282 125.40 515.74 527.50 24.31%
Sidi medjehed 1089.3 325 195.80 657.97 633.78 29.75%
El anneb 922.1 303.18 149.45 586.32 582.3 25.48%
El touaibia 594.5 157.50 89.91 313.38 307.05 28.91%
Toutia el hassania 685.90 228.80 103.26 449.43 454.40 22.97%
Rouina mairie 595.5 205.7 80.43 358.11 342.87 22.46%
Rouina mines 445.9 190.8 67.50 329.47 335.4 20.49%
Tikazaal cd 54 533.5 232.3 81.54 359.22 357.45 22.70%
Ponteba dam 696.3 216.3 98.28 412.02 233.6 23.85%
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1 2 3 4 5 6 7
Si tayeb 525.30 184.09 76.94 329.73 328.10 23.33%
Ouled abdelkader 792.9 177.6 108.50 351.92 338.57 30.83%
Oued sly 453.90 129.59 299.42 299.42 311.56 27.20%
Sidi hosni 605.3 66.70 110.68 309.22 284.35 35.79%
Oued lili 629.7 163.3 96.11 339.65 318.20 28.29%
Ammi-moussa 676.3 162.8 115.78 366.83 377.98 31.56%
Kenenda fermme 648.5 56.90 136.76 358.50 355.71 38.14%
Sidi-lakhdar 184.79 629.70 85.27 398.58 311.56 21.39%
Bakhadda bge 596.6 172 78.59 315.64 307.15 24.90%
Ain el hadid 561.37 77 100.3 323.49 319.15 31.01%
Takhmart dh1 401 119.8 61.30 245.10 235.37 25.37%
Hacham 499.44 106.5 69.27 240.18 233.6 28.%
Relizane demrh 438.1 161.2 64.99 283.79 292.80 22.90%
Oued kheir 468.9 154.1 83.58 303.26 293.55 27.56%

To better understand this intensity and irregularity, the coefficient of variation was
calculated and analysed. It presents a very efficient parameter for measuring the de-
gree of the relative dispersion of particular values around the global average. We
noted that the cv varies between 20 and 50% for all the stations except that for the
station of Sidi Boudaoud which scored a higher value of about 60% a reason for us to
reject this station.

4.1.1. CALCULATION OF THE STANDARDIZED PRECIPITATION INDEX “SPI”

The Standardized Precipitation Index (SPI) created by Mckee et al. (1993) is a pow-
erful, flexible to use and simple to compute Index. In fact it only calculates the pre-
cipitation parameter. Besides, the SPI index is more effective in analyzing wet peri-
ods or cycles than dry periods. To calculate the SPI index, monthly readings of at
least 20 to 30 years are required, but preferably over 50 to 60 years or even more,
which is the optimal period (Guttman, 1994). This index corresponds to the follow-
ing formula:

i

mi

S
XXSPI 

 (1)

where:
Xi: is the cumulative rainfall for a year i.
Xm and Si are respectively the mean and standard deviation of annual rainfall ob-

served for a given series.
This index actually defines the severity of drought in different classes as presented

in Table 4 (Bergaoui and Alouini, 2001; Ardoin-Bardin et al., 2003; Ardoin-Bardin,
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2004; Ali and Lebel, 2009; Cheikh et al., 2015). In fact, negative annual values indi-
cate a drought period as compared to the chosen reference period while the positive
ones indicate a wet situation.

Table 4. Classification of drought sequences based on SPI

Values of the SPI index The sequence of drough
2.0 et plus extremely wet
1.5 to 1.99 very humid
1.0 to 1.49 moderately humid
–0.99 to 0.99 near normal
–1,0 to –1.49 moderately dry
–1.5 to –1.99 very dry
–2 and less extremely dry

SPI has been used by many authors in different regions in the world (Giddings
et al., 2005; Wu et al., 2001; Sönmez et al., 2005; Bodian, 2014). In this work we cal-
culated the annual SPI for all periods and for all stations.

4.2. SATELLITE DATA PROCESSING

The received images must go through an atmospheric treatment called “pre-treatment”
which is summed up in the application of the FLAASH module (Fast Line-of-Sight
Atmospheric Analysis of Spectral Hyper cubes). It eliminates the influence of gases
and aerosols on the signal received by an on-board sensor. Thus, and in order to obtain
precise parameters of reflectivity, emissivity, surface temperature and other real
physical quantities of surface elements, FLAASH processes only satellite images con-
verted to luminance and calibrated in the appropriate units (μW/(cm2srnm)). For this
reason, it was imperative to perform a radiometric calibration.

In order to determine the surface reflectance values at any pixel in the image, an
atmospheric correction was applied using FLAASH (Fast Line-of-Sight Atmospheric
analysis of Spectral Hyper cubes) correction model implemented in ENVI software.
The obtained reflectance values will then be used to calculate the different indices
used in this work, such as NDVI, VCI.

We recall that the atmospheric correction is an important step of the pre-processing
remotely sensed data which consists to separate the effect of atmospheric constituents
from the true surface values, especially the scattering and absorption effects caused by
some type of aerosol.

Figure 3 illustrates the quality of the treatment resulting from atmospheric correc-
tion by the FLAASH method.
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Fig. 3. Result of atmospheric correction by FLAASH: a – before treatment, b – after treatment

4.2.1. SATELLITE INDICES

A) Vegetation Index by Standardized Difference (NDVI)

Among the most popular vegetation indices identified by Richardson and Evert (1992),
NDVI is the most widely used in remote sensing (Girard, 2000) and is differencing
technique demonstrated the best vegetation change detection (Lyon et al., 1998) It is
a standardized difference in vegetation index which is closely correlated with the chlo-
rophyll activity of the plant surfaces and is derived from the difference between the
reflectance of near infrared vegetation and that obtained in the red domain divided by
their Sum (Michael Hayes, 2007). It is defined as follows:

RPIR
RPIRNDVI




 (2)

where:
NDVI: the NDVI value of a pixel of the resulting image,
PIR: the numerical value of the same pixel in the near infrared band,
R: the numerical value of the same pixel in the red band.
Values are on a scale of –1 to 1 or the pixel value increases with the presence of

vegetation.

Table 5. Classification of the “NDVI” index
(bulletin of engineering geology and the environment (IF: 1972))

NDVI Classes
<–0.1 water
–0.1 < NDVI < 0.15 bare soils
0.15 < NDVI < 0.25 semi-clear soils
0.25 < NDVI < 0.4 moderately dense vegetation
>0.4 dense vegetation
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In Table 5 we present the classification of the NDVI values according to the bulle-
tin of engineering geology and the environment (IF: 1972).

B) Vegetation Condition Index VCI (Kogan, 2003)

This index uses as inputs the minimum, maximum and current NDVI values over
several years. It gives information about the conditions of the vegetation during the
period of study compared to extreme situations (min and max). The VCI rescales
vegetation dynamics between 0 and 100 to reflect relative changes in the moisture
condition from extremely bad to optimal (Kogane, 1995; 2003). High VCI values
correspond to healthy and unstressed vegetation. It is calculated by the following
formula:

100*
(min)(max)

(min))(
)(

NDVINDVI
NDVINDVI

VCI i
i 


 (3)

where:
NDVI(i): NDVI of the studied period,
NDVImin: NDVI minimum of the studied period,
NDVImax: maximum NDVI of the studied period.
The VCI has been used on several continents to detect large-scale drought condi-

tions, and also excessive moisture conditions (Kogan, 1997, 2003; Kogan and al.,
2004). Several teams have used the VCI to monitor drought conditions in South Africa
(Kogan, 1998), India (Singh et al., 2003) and Greece (Domenikiotos et al. 2004; Ko-
gan et al. 2004). It was also used to derive biomass from pastures in Mongolia or the
yield of maize crops in China (Kogan et al., 2004, Kogan et al., 2005, Beaudin and
Isabelle, 2007).

C) Brightness Temperature Based Index (TCI)

This indicator is based on the brightness temperature. It is applicable at the regional or
continental level, instantaneously or for periods up to a year. TCI also provides useful
information on the stress of vegetation due to soil saturation in water (Kogan, 1997;
Kogan et al., 2004). The TCI index is calculated as follows:

100minmax
)(

max

)( 





BB

iBB
i TT

TT
TCI (4)

where:
TB: gloss temperature,

min
BT : the brightness temperature value,
max

BT : the maximum brightness temperature value.
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The low value of TCI indicates to vegetation stress due to severe climatic condition
(high temperature) and dryness (Bhuiyan, 2008), compared to the period of study.
Concerning the high values, they mainly reflect favourable conditions.

D) Vegetation Condition Index VCI (Kogan, 2003)

This index uses as inputs the minimum, maximum and current NDVI values over sev-
eral years. It gives information about the conditions of the vegetation during the
period of study compared to extreme situations (min and max). The VCI rescales
vegetation dynamics between 0 and 100 to reflect relative changes in the moisture
condition from extremely bad to optimal (Kogane, 1995; Kogane, 2003). High VCI
values correspond to healthy and unstressed vegetation. It is calculated by the follow-
ing formula:

100
(min)(max)

(min))(
)( 





NDVINDVI

NDVINDVI
VCI i

i (5)

where:
NDVI(i): NDVI of the studied period,
NDVImin: NDVI minimum of the studied period,
NDVImax: maximum NDVI of the studied period.
The VCI has been used on several continents to detect large-scale drought condi-

tions, and also excessive moisture conditions (Kogan, 1997; 2003; Kogan et al., 2004).
Several teams have used the VCI to monitor drought conditions in South Africa
(Kogan, 1998), India (Singh et al., 2003) and Greece (Domenikiotos et al., 2004)
(Kogan et al., 2004). It was also used to derive biomass from pastures in Mongolia or
the yield of maize crops in China (Kogan et al., 2004, Kogan et al., 2005, Beaudin and
Isabelle, 2007).

E) Vegetation Health Index (VHI)

According to Kogan (1997), temperature condition index “TCI” combined with vege-
tation condition index “VCI” is a useful source of information about the stress caused
to vegetation as a result of drought and has been successfully applied in many differ-
ent environmental conditions (Kogan et al., 2005; Rojas et al., 2011; Seiler et al.,
2007; Unganai and Kogan, 1998; Wu et al., 2013). Combined with field data, these
indices appear to be excellent tools for monitoring drought conditions, especially in
agriculture. The VHI is defined as follows:

TCIVCIVHI *)1(*   (6)

α being the relative contribution of VCI and TCI in the VHI. According to most publi-
cations, α = 0.5, assuming the same contribution of the two indices and also due to the
lack of more precise information (Kogan, 2000).
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5. RESULTS AND DISCUSSION

5.1. SUPERVISED CLASSIFICATION

In the classification process, the supervised classification method was performed using
the maximum Likelihood. The latter was based on a set of user-defined classes and
training areas. The classes were extracted from the general knowledge obtained from
topographic maps and land use. Then, the supervised classification was applied to the
images captured during Oct. 1987, Nov. 2000, Sept. 2006, Oct. 2011 and Oct. 2015.
Four classes were identified: forest, agriculture, bare soils and water. Figure 5 illus-
trates the mapping of land use for the studied years.

5.1.1. RESULTS OF SUPERVISED CLASSIFICATION
OF SATELLITE IMAGES

Currently, recent studies have shown that the impact of climate change affects the type
of vegetation, the nature of the soil ... Sometimes in the positive sense (adaptation of
new species with climate and soil ...), sometimes in the direction degradation (Hamed
et al., 2010; 2014; 2018b).

The reasons behind the changes that occurred between 1987 and 2011 are pre-
sented in Table 6. It is important to note that the total area of study was of 47664 km2.
The area of land use in 1987 shows considerable vegetation cover (Fig. 5). Agriculture
occupied an area of 5775.86 km2, which presents 12% of the territory. The forest ex-
tent represented 9740.51 km2 and bare soils reached 320264.85 km2.

Table 6. Area of occupancy of the Cheliff watershed

Area
in 1987

Area
in 2000

Area
in 2006

Area
in 2011

Area
in 2015Types of

occupations
km2 % km2 % km2 % km2 % km2 %

Forest 9740.51 20.43 9604.3829 20.14 57771.17 12.10 6098.02 12.79 7050.38 14.79
Agriculture 5775.86 12.11 1598.95 3.35 1370.97 2.87 7115.94 14.92 7931.52 16.64
Water 121.90 0.25 138.50 0.29 84.27 0.17 162.78 0.34 84.03 0.176
Bare soil 320264.8 67.19 36323.02 76.20 40438.41 84.83 34288.09 71.93 32598.91 68.39
Total 47664.85 100 47664.85 100 47664.85 100 47664.85 100 47664.85 100

In 2000, the areas served for agriculture and forests decreased and therefore bare
soils expanded. In 2006, there was an important change that affected the forest
cover which was reduced by a percentage of 8%. On the other hand, there was
a strong increase of bare soils, indicating that the years 2000 to 2006 were affected
by a severe drought. As a result, the years 2011 and 2015 witnessed an increase of
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agricultural area, reaching 2% for forests covering 13% for agriculture and a de-
crease of about 16% for bare soils. Land use coverage results are illustrated in Figs. 4
and 5.

There is a highly intimate relationship between the rate of precipitation and the
nature of the soil. In highly rainy areas with steep slopes, there will be soil erosion and
therefore a total change in the nature of the soil and of course a total change (type of
vegetation, evapo-transpiration ...). In moderately rainy areas with medium to low
slopes, it will not have a strong change in the nature of the soil (structure and texture)
and therefore no significant change in vegetation, evapo-transpiration rate ... (Hamed
et al., 2018a, b).

The spatial extent of agricultural land and forests between 1987 and 2000 de-
creased significantly.  The central and western regions were much more affected by
this regression and correspond to the wilayas of Tissemsilt and Rélizane areas. On the
one hand, bare soils showed a continuous extension. This can be explained by the
drought that affected this area during this period. More significant negative changes
were recorded during the period going from 2000 to 2006. However, the forest de-
clined by more than 20% of the total area of study to only 12%. While bare soils con-
tinued their expansions from 76% to about 85%.

This degradation mainly affected the western part of the Cheliff watershed and was
aggravated by the severe drought during that period. On the other hand and between
the years 2011 and 2015 there was a significant increase in agriculture and forests and
a decrease in the bare soil at the basin level and even much more southward. Gener-
ally, the forest degradation is mainly due to a combination of several factors,
particularly, natural and anthropogenic. Among the natural factors, we can cite climate
change, forest fires, pests and diseases and also land and air pollution. The
anthropogenic factors include direct effects of human activities such as; urbanization,
over exploitation of wood as well as the criminal fires.

Fig. 4. Soil occupation Areas of the different classes
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Fig. 5. a–e – Land cover map for the studied period
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5.2. SATELLITE DROUGHT INDICES

5.2.1. DERIVATION OF THE NDVI

Table 7 and Fig. 6 shows the change statistics of the NDVI classes, both are of good
interest in understanding the change tendency in Vegetation coverage. The NDVI
value decreased during the period going from 2000 to 2011 for dense vegetation (for-
ests) which diminished from 12.65% to 3.43% and the moderately dense vegetation
(agricultural land) which decreased from 15.5 to 9.25%. The low NDVI values that
indicate bare soils and semi-clear soils increased in frequency.

Table 7. Statistics for the different NDVI classes in 1987, 2000, 2006, and 2015
in the Cheliff watershed

Area
in 1987

Area
in 2000

Area
in 2006

Area
in 2011

Area
in 2015Type

of occupancy
km2 % km2 % km2 % km2 % km2 %

Water 92.39 0.19 160.26 0.33 84.37 0.17 169.71 0.35 181.15 0.38
Bare soils 25982.50 54.51 19982.27 41.92 19466.16 40.83 33281.50 69.82 9517.05 19.96
Semi-clear
soils 14070.52 29.51 14100.95 29.58 19071.26 40.01 8156.39 17.11 20775.1 43.58

Moderately
dense
vegetation

3880.72 8.14 7390.22 15.50 4588.85 9.62 4421.39 9.27 9009.55 18.90

Dense
vegetation 3638.69 7.63 6031.12 12.65 4454.18 9.34 1635.83 3.43 8181.56 17.16

Total 47664.84 100 47664.84 100 47664.84 100 47664.84 100 47664.8 100

Fig. 6. Areas of different classes of NDVI
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Fig. 7. a–e – maps of the NDVI index for the studied period
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The year 2015 witnessed a significant increase of around 14% for the forest class
and 9% for the moderately dense vegetation. In order to better understand these obser-
vations we proceeded by the NDVI mapping for each year in accordance with the
different classes and based on the classification of the (bulletin of engineering geology
and the environmental (IF, 1972) as shown in Fig. 7.

5.2.2. DERIVATION OF THE VCI

Special interest has been given to the Derivation of the VCI index since it changes
instantaneously in space and time at the ten-day, monthly, seasonal and annual scales,
which influence the quantitative and qualitative evaluation of the drought mapping.
A geo-processing model under ArcGis’s ModelBuilder provided a computerized ver-
sion of the data (workflow). The compilation results have been integrated in ENVI
with the classification function “density slice” and Arcgis according to the universal
classification of the VCI. Similarly, the “TCI” and “VHI” indices were calculated to
prioritize climate drought.

The VCI image, illustrated in Fig. 8 according to the Kogan et al. classification, in-
dicated is the presence of a high spatial and temporal variability of drought during the
years 1987, 2000, 2006, 2011 and 2015. In 1987, drought affected the entire Cheliff
Watershed. However, in 2000 the drought has affected the north and extreme south-
west of the watershed while the northern and northwestern parts were not affected. In
2006, the drought expanded mainly to the northern part of the region affecting forest
cover and agricultural areas. In 2011, the whole territory was totally affected by an
extreme drought translating a strong water shortage.  Contrarily the year 2015 showed
significant values of VCI, which means that there was no drought on the whole water-
shed during this period.

Once the TCI and VCI indices were derived with a developed Model Builder using
ArcGIS 10.1, obtaining the vegetation health index (VHI) became easier (Tucker, C.J.
1983). The obtained results are illustrated in Fig. 9. According to the Kogan and al.
(2004) classification (Table 8, we noticed a strong spatio-temporal variability of the
drought during the years 1987, 2000, 2006, 2011 and 2015. During 1987, drought
affected the entire Cheliff watershed. In 2000, the drought affected the north and the
extreme south-west of the Cheliff watershed while the northern and north-western
parts were not affected by drought. In 2006, the drought was registered in the northern
part of the region and affected the forest cover and agricultural areas. In 2011, the
entire territory was totally affected by an extreme drought translating a water shortage.
However, in 2015 the VCI values were considerable, which expresses the absence of
drought in the whole watershed.
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Fig. 8. a–e – Maps of the VCI index during 1987, 2000, 2006, 2011, 2015
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Fig. 9. a–e – VHI index maps for the studied period
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5.3. RELATION OF SPI WITH THE NDVI

The relationship between SPI and NDVI was investigated using 50 reference sites.
Each site was extracted from the NDVI image and corresponds to an area with 20 km
 20 km around the location of the meteorological stations. The mean, the maximum
and the minimum of the NDVI values of each site were used in the linear regression
between NDVI and annual SPI, NDVI and mean SPI of two successive years and
NDVI and SPI during September.

Before starting the correlation, we extracted, from the NDVI images during differ-
ent periods, windows corresponding to each meteorological station with a radius of
10 km around these stations. We obtained 50 windows (reference zones) with a grid
of 20  20 km. For each reference zone we calculated the mean, the maximum and the
minimum of the NDVI. These values were subsequently used in the linear regression
between NDVI and annual SPI, NDVI and mean SPI of two successive years and
NDVI and SPI during September.

Fig. 10. Correlation between the annual SPI and NDVI min

Fig. 11. Correlation result between annual SPI and NDVI max

In Figs. 10 and 11, the number of stations with a correlation coefficient greater
than 0.5 correspond to the NDVImax which will be selected to obtain a new SPI index
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based on NDVImax. The linear regression between annual SPI and NDImax is presented
in Fig. 12.

Fig. 12. Linear regression line between NDVI and SPI

We noticed that the maximum of points are condensed around the linear trend
curve. The correlation coefficient r is 0.73. This, allowed us to deduce the equation
that binds the annual SPI and the NDVImax:

8492.25086.3  XY (6)

Consequently:

8492.25086.3 max  NDVISPINDVI (7)

where:
SPINDVI is the new drought index based on NDVI.

This new SPI formula (7) was used to develop new drought index maps based only
on NDVI data. To validate these results, we compared them with the SPI calculated on
the basis of meteorological data (Fig. 13).

After mapping the SPI calculated on the basis of the climate data and the SPINDVI,
we noted that there was a strong correlation between the two indices during the 2000,
2006 and 2011. Contrarily, in 1987 there was a big difference especially in the south
and north of the region as a result of the large number of gaps in rainfall data for this
year.

Since we obtained a very good correlation between the indices for three years out
of four, and that the only year that presents an anomaly is due to the lack of data, we
can conclude that our results are valid and our proposal for the new SPINDVI index is
evident.
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Fig. 13. a, c, e, g, i – maps of the SPINDVI
and b, d, f, h – maps of climatic indices during the different studied periods

6. CONCLUSION

Our work consisted in presenting the problematic and quoting the indicators that de-
fine the drought phenomena. Further, the methodology for determining meteorological
and satellite indicators was developed using specific software. Drought is a natural phe-
nomenon that unfavourably affects, directly or indirectly, several areas and sectors such as
agriculture, health, environment, socio-economy, and even natural reserves and resources.

The spatial variable that is directly related to soil moisture variation is vegetation.
Thus, the drought monitoring was implemented based on the study of plant behaviour
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in relation to water stress. This was possible by using the NDVI vegetation index. The
latter was used for the calculation of two drought indices, the VCI and VHI, as well as
for the calculation of our new SPINDVI index resulting from the comparison between
NDVI and SPI.

The obtained results from satellite images were encouraging to study the phenome-
non of drought. They were reliable for determining the level of pixel-by-pixel drought.
This spatial data was available and easily accessible by comparing it with meteoro-
logical data. It should also be noted that the processing time of these satellite data was
insignificant compared to the weather data processing time with a minimal margin of
error.

The study of drought through the use of remote sensing allowed us to gain a lot of
time and obtain more accurate spatial results. This does not preclude pointing out certain
limitations regarding the space tool and its products. The multi date presents a problem
for the gray level or the reflectance of the images, which introduces noise resulting in
radiometric value shifts. In addition, the studied period was a period of low plant den-
sity, which poses a problem for the calculation of NDVI.

The integration of remote sensing data and application of GIS provides a powerful
tool for efficient watershed management. Indeed, remote sensing data was quite useful
for the detection of land use/ land cover in the watershed. For future studies, we rec-
ommend researchers to introduce satellite data in order to refine the results and to
better understand and predict the phenomenon of climate drought the use of more
number of observations and the integration of highly remote sensing data spatial
resolution to increase the accuracy of our results.
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