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ABSTRACT

During the last century, Algeria experienced a rainfall deficit was recorded in 1944, then
successive drought periods since 1975 to the present day in Northen and Eastern. The most
recent has repercussions on water resources and on agriculture. In this paper, we focus on the
meteorological and hydrological drought. For describing and monitoring drought severity
periods, we used meteorologica and hydrological drought indices. Standardized Precipitation
Index (SPI), effective Drought Index (EDI) and the standardized Runoff Index (SRI). Data
was recording for the period of 30 years at Wadi Louza catchment (NW- Algeria). The best
correlation between meteorological drought indices was found for 9-month time step. The
results show that severe meteorological identified in March-1983 till the end of August-1984
in Sid Ahmed region and extreme hydrological drought during 1993.
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1. INTRODUCTION

Drought as an environmental disaster is associated with adeficit of water resources over alarge
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geographical area, which extends for a significant period of time [9]. According to statistics, It
is estimated that 35 countries will be facing severe water shortage by the year 2020 [24].
Drought severity is expected to increase further in the next 50 years [20].

The decrease of precipitation is the principal cause of the origin of drought. Thisresultsin a
reduction of storage volumes and fluxes involved in the hydrological cycle. Depending on the
choice of variables of interest, drought is often classified into four types. meteorological,
hydrological, agricultural, and socio-economical droughts [21, 23, 6]. Nowadays, more than
150 different drought indicators have been developed, in use and tested for various
geographical, climatic and hydrology conditions [22].

Over the years, Many drought indices have been proposed for drought characterization, Palmer
Drought Severity Index (PDSI) [1], Deciles [2], Crop Moisture Index (CMI) [3], Bhameand
Mooley Drought Index (BMDI) [4], Surface Water Supply Index (SWSI) [5], Standardized
Precipitation Index (SPI) [7], Effective Drought Index (EDI) [8], Soil Moisture Deficit Index
(SMDI) [12], Reconnaissance Drought Index (RDI) [17], standardized runoff index (SRI) [18];
which has gained world popularity. Most of these indices are calculated using more
hydro-meteorological variables (precipitation, temperature, soil water, streamflow,
groundwater, potential evapotranspiration...Etc) [19].

In the present study, our interest to examine the applicability of various drought indicesin Wadi
Louza, a small watershed in Wadi EIl Hammam Basin (NW-Algeria). We used three indexes
SPI, EDI and SRI. SPI has been the most frequently used index, utilizes a simple average of
precipitation for each concerned period. The SPI provides drought severity over various time
frames, may be computed with different time steps (e.g. 1 month, 3 months, 12 months). The
water resources generated by rainfall may have already been lost due to outflow and
evaporation can not take into consideration by SPI. But, the EDI is able to represent the
gradual development of droughts, it was found to be better than SPI [ 14].

However, almost al the drought indices utilize precipitation either individually or in
combination with other variables. By reason of the lag-effect between meteorological and
hydrological drought, the Standardized Runoff Index (SRI) was reconstructed in the Wadi

Louza basin. The stream flow is an essentia input for hydrological drought indices. The SRI
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index was calculated to analyze the hydrological drought evolution in prone area. It was
integrated hydrologic processes that determine seasonal lags in the influence of climate on

stream flow.

2. METHOD AND MATERIAL

2.1 Study area

The Wadi Louza catchment is situated within the Wadi EIl Hammam basin north west of
Algeria, between north latitudes of 34.68°- 35.03° and the west longitudes of 0.70°- 0.37°, with
an area of 746km?. The main watercourse originates at an altitude of 1455m on the fallout of
mountain Mezioud. The total length of the rivers is about 39.51km, and main tributaries are
Telzaa river, Telagh river, Neksifia river, Teghalimet river, then Louza river with elevations
ranging from 580m to 1460m (the average elevation is 855m). Its climate is classified as

semi-arid, with amean precipitation of 286 mm/year (1978-2008) (Figure 1)
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Fig.1. Situation of Wadi Louza watershed
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2.2. Data used

In this research, three rainfall stations (Telagh, Merine, Sid Ahmed) and one runoff station
(Tenira) are selected (Figure 2). Characteristics and locations of these stations are shown in
(Table 1). The stations have sufficient data and are operated by National Agency of Hydric
Resources (NAHR).

Table 1. Characteristics of rainfall and runoff stationsin Wadi Louza Basin

Station name Gaugetype Longitude Latitude Elevation Selected
(m) period
Telagh Rain gauge 0°34'28.9726" W 34°47'4.9442" N 889 1980-2009
Merine Rain gauge 0°24'12.1733" W 34°47'34.5859" N 959 1980-2009
Sid Ahmed Rain gauge 0°32'41.3488" W 34°57'54.1487" N 653 1980-2009
Tenira Runoff gauge 0°31'30.6286" W 35°1'1.0492" N 606 1978-2008

Legend

Rainfall station

#  Hydrometric station
Catchment boundary

Kilometers

Fig.2. Location of rainfall and runoff stationsin Wadi Louza Basin

2.3. Methods
The main objective of this paper consists of testing the suitability of several meteorological
drought indices to estimate the impacts of climate change on the water cycle of a small

catchment. Three drought indices have been chosen for this research. The standard
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precipitation index (SPI), the effective drought index (EDI) and standardized runoff index
(SRI). A common feature of the indices selected lies in the fact that they all are computed
using rainfall and runoff monthly data, record for the 30 year period.

2.3.1 Drought indices

- Standardized Precipitation Index (SPI): Is among the most widely used indexes, It is
utilized to detect dry periods and evaluate their intensity. SPI is developed by [7] for
identifying, monitor drought events and determine drought duration and severity of multiple
time steps (e.g. 1 month, 3 months, 12 months) by using monthly rainfall data. A long-term
precipitation record is necessary to calculate the SPI at the selected station, is first fitted to a
probability distribution (e.g. Gamma distribution), which is then transformed into a normal
distribution, so that the mean SPI is zero. Positive SPI values indicate greater than mean
precipitation and negative values indicate less than mean precipitation. However, the objective
choice on the best time step may depend on the purpose of drought analysis. SPI values reflect
the effects of drought on water resources components (groundwater, reservoir storage, soil
moisture, streamflow). Drought periods are characterized by relatively high negative
deviations. A drought event starts when the SPI value reaches negative value and ends when

SPI becomes positive again (Table 2). The calculation for SPI is given with under equation (1);
_ Xj_j_f

SPI = —— (1)

Where, x is the seasonal precipitation at the i™ rain gauge and | observation, x: the long-term

seasonal mean and o standard deviation

SPI: Standardized Precipitation Index
Table 2. Classification of SPI Values

SPI Value Drought Condition
>2 Extremely wet
15t01.99 Very wet
1.0t01.49 Moderately wet
-.991t0.99 Near normal
-1.0to-1.49 Moderately dry

-1.5t0-1.99 Severdly dry
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<-2 Extremely dry

- Effective drought index (EDI): Disability of SPI to offer the information required for
drought duration, start and end of the drought period. To amend these disadvantages, [8]
proposed Effective Drought Index (EDI), initsoriginal form iscomputed with adaily time step
using daily rainfall data. [10, 13, 15] have verified the merits of EDI in precipitation
climatology, and their merits on drought monitoring have recognized by [11]. Effective
precipitation (EP) that represents resources daily depletion of water is the base of concept EDI
[14]. For detail explanations can be seenin [8]. EDI application with monthly datais avaible
to be tested; his algorithm is modified by [16].
The succeeding equations were used for the EDI calculations
EP, = Yh=a[(Ch =1 Pn)/n] (2
EP;: Effective precipitation
P, : precipitation of m days before, 1 : Dry duration+ 365
DEP = EP — MEP (3)
DEP: the deficiency or surplus of water resources for a particular date and place
MEP: the mean EP

EDI = DEP/SD(DEP) (4)
SD: the standard deviation
The drought range of the EDI, Similar to the SPI, varies from -2.0 to 2.0, indicates extreme
drought (EDI < -2), severe drought at (-2<EDI<-1.5), moderate drought (-1.5<EDI<-1.0) and
near normal conditions are indicated by (-1.0<EDI<1.0).
-The Standardized Runoff Index: The Standardized Runoff Index (SRI) is an internationaly

recognized and widely used index, was devel oped by [18]. SRI similar and utile complement to SPI, for
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aims to describe hydrology drought, employs the algorithm of standardized index (SI). It’s capable to
define seasonal variations in the influence of climate on runoff.

Caculation of the SRI requires a probability density function (a Gamma distribution), a
monthly runoff for a gauge station is necessary to compute frequency distribution. The
function is used to evaluate the cumulative probability for a specific month and temporal scale,
then, transformed to the standardized normal distribution with mean zero and variance one,
which results in the value of the SRI. Thisindex has the exact same classification of wet and

drought period of SPI.

3. RESULTSAND DISCUSSIONS
3.1 Correlation analysis between SPI and EDI
Figure 3 was prepared to assess how exactly the SPIs and EDIs indices measured drought, the

scatter diagram of SPI1 and EDI is very scattered and more tighted for SPI9 and EDI.
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Fig.3. Scatter diagram for the SPIs and EDIs for the Telagh station from 1980 to 2009



F. Djellouli et al. J Fundam Appl Sci. 2016, 8(3), 1037-1053 1044

The maximum value of (r) between SPI and EDI was obtained for 9-month time scale and the
minimum value for 1-month time scalein all areas (Table 3). In time scale 3, 6 and 12 months

in all stations, correlation coefficient (r) is more than 0.73

Table 3. Correlation coefficient (r) between SPI and EDI index in different time scales

Scaletime Region Thecorrelation

coefficients (r)

Telagh 0.61

SPI 1vsEDI 1 Sid Ahmed 0.64
Merine 0.61

Telagh 0.78

SPI 3vsEDI 3 Sid Ahmed 0.85
Merine 0.81

Telagh 0.85

SPI 6 vsEDI 6 Sid Ahmed 0.85
Merine 0.84

SPI 9vsEDI 9 Telagh 0.88
Sid Ahmed 0.84

Merine 0.84

Telagh 0.78

SPI 12 vsEDI 12 Sid Ahmed 0.73
Merine 0.74

3.2 Assessment of drought characteristics
3.2.1 Meteorological drought
Drought is characterized by their severity and their duration. The drought months are
identified using the SPIs and EDIs indices during the period 1980-2009 in Wadi LouzaBasin
-For Short-term drought: The results showed that the Merine district has the maximums
drought months, for SPI1 (51 months), SPI 3 (63 months). However, EDIs result showed Sid
Ahmed district is the mgor. The number of drought months grew with the increase of time
step for SPI, but, for EDI decrease (Table 4-1)

Table 4-1. Drought monitoring with SPIs and EDIsindex for Short-term in Wadi Louza

watershed
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Station SPI 1/EDI1 SPI 3/EDI3
Drought Drought Maximum duration Drought Drought  Maximum duration
months events of months events of
drought (months) drought (months)
Telagh 35/41 26/12 03/09 51/42 13/08 12/12
Sid 38/ 59 31/15 03/11 60/57 16/10 09/12
Ahmed
Merine 51/44 35/18 04 /08 63/48 17/11 09/09

The analysis indicated that the maximum duration of a drought event varies for each station.

For the time scale of 1 month, the maximum duration observed, detected by EDI, in Sid

Ahmed area. This region has faced of a moderate drought event, began in April-1988 and has

finished in February-1989, however, SPI indicated just December 1988 was the extreme

drought month, followed, by a very severe drought duration in Merine district, of 9 months,

started at December-1999. November 1981 and March 1997 were identified as the most

severe droughts months by all indices in al regions during the period of 30 years from 1980

to 2009 (Figure 4).
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Fig.4. Comparison of the SPIs1 & EDIs1 for Merine and Sid Ahmed stations with a one

month time step during period 1981 to 1989

SPIs 3 and EDIs 3 have indicated nearly the same event, have combined of moderate and
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severe drought, between May-1983 to November-1983 in Merine and Sid Ahmed areas

(Figure 5), The maximum duration of drought was 12 months continuous, estimated using SPI,

started in December-1982 and dissipated in November-1983 at Sid Ahmed district. Also, the

period (September-1981 to November 1981) identified by both indices as extreme drought in

al areas
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Fig.5. Comparison of the SPIs3 & EDIs3 for Merine and Sid Ahmed station with a3 month

time scale

-For average and long - term drought: For 9 month time steps, in al stations of Basin,

SPIs 9 and EDIs 9 continued to define the combination of equal dry period and almost the

similar severity (Figure 6(a)), (Figure 6(b)) and (Figure 6(c)).

SPI9 & ED 19

-3.0

Feb 1980
Aug 1981
Feb 1983
Aug 1984
Feb 1986

Feb 1989

N M W © © O o N S WO N~ ©
o O 9 O O % O © O © O O
o> o o6 O o ®© © © © © O o°
4 d 4 d d 4 & & & & & |«
2 oD 9 v 2 D a v a2 v a o
o 3 @ I © 3 © 3 © 3 © 3
L < 0L < 0L < L < 0w < uw <
MONTHS

Fig.6(a). Comparison of the SPI 9 & EDI9 values for Sid Ahmed station with a9 month time



F. Djellouli et al.

J Fundam Appl Sci. 2016, 8(3), 1037-1053

1047

SPI19 & EDI 9

O 4 M ¥ © N ©®© O N M W © ® O o N T W N~ o
® W ® ® ® ©® O O O DN O O O O 9O O O O
o O O O O O O O O O O O O O 606 6 6 & & O
— — — — — — — — — — — — — — N [9V] [9V] N N N
o0 D o2 Do v a9 v a9 v o Do D aa D9 Do O
(3] =} [} =} (3] 35 [] =} (5] ] [} =} (5] ] [} =} (5] =) [} =}
L L < L < UL € UL € UL € WL < L g UL L& <
MONTHS

Fig.6(b). Comparison of the SPI9 & EDI9 vaues for Telagh station with a9 month time

scale.
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Fig. 6(c). Comparison of the SPI9 & EDI9 values for Merine station with a9 month time

scale.

The maximum duration of severe drought has identified in March-1983 till the end of

August-1984 in Sid Ahmed region (Table 4-2).

Table 4-2: Drought monitoring with SPIs and EDIs index for average and long - termin

Wadi Louzawatershed

Station SPI 9/EDI9 SPI 12/EDI 12
Drought Drought Maximum  Drought Drought Maximum
months events duration of  months events duration
drought of drought
(months) (months)
Telagh 81/63 09/07 18/18 36/36 03/03 12/12
Sid 81/72 09/08 18/18 60/60 05/05 12/24

Ahmed
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Merine 81/63 09/07 09/09 60/24 05/02 12/12
For 12 month time scales, EDIs 12 and SPIs12 have indicated 1984 was the driest year in

Wadi Louza Basin during the study period, the year 2000 identified it as an extreme drought
than othersin Telagh region (Figure 7).
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Fig.7. SPIs 12 & EDIs12 vaues for selected stations with a 12 month time scale.

3.2.2 Hydrological drought:

Analysis of hydrologica drought was done using the SRI, Figure 7 shows the SRI vaues
(1,3,9 and 12 months) from 1978 to 2008 calculated from observed runoff at Tenira station,
the computed SRI clearly identifies the severe hydrological drought, this severity is
incremented with increase of time scale. The Moderate hydrological drought is observed in 3
month time scales, the severe drought is identified at 6 time steps and the extreme of 9 and 12
months. Year 1993 is described as the driest for al time steps.
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Figure 9 shows that hydrological drought is a consequence of meteorological drought, The
extreme droughts identified by the meteorologicals index during the years 1984 and the
moderate at 1988 have a large influence on the decrease of water resources, which causes
extreme hydrological drought during the year 1993 and severe drought in 1992 fellow by
moderate drought in 1994, 2006, 2007 at the Wadi Louza watershed.
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Fig.9. The comparison between SPI12 and SRI12 in Wadi Louza Watershed

4. CONCLUSION

This paper presents a study to examine the applicability and performance of the three drought
indices (SPI, EDI and SRI) for determining drought periods (meterological and hydrological)
and monitoring drought in the wadi Louza basin..

The application of SPI for 1-month and 3 month time steps may lead to an erroneous
assessment of the drought situation. SPI values of 9 months seem more useful that the others
time step, which would show a maximum duration of the drought period amost in all regions of
the basin.

The correlation between EDIs and SPIs is better for al time steps and the best was found for
9-month time step, This meansthat thistime step isabetter choiceto detect the drought severity

for study basin
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Compared with the SPI, the EDI wasfound to be more responsive to drought conditions and can
be captured the real essence of the drought situation of the study area.

Finally, the watershed of Wadi Louza has experienced a severe meteorologica drought in all
regions during two periods, one between March 1983 and August 1984 and the other between
March 1988 and November 1989. However, this meteorological drought had a great influence
on the reduction of water resources has begot an extreme hydrological drought that isidentified
during the year 1994.

The determination of the three indices SPI, EDI and SRI has identified the risk of drought on
agriculturein the first sector and the management of the water resources in a second. The main
components of drought risk management are monitoring and early warning.

Theresults of this study can serve as auseful scientific contribution for monitoring drought and

water resource management in this region and other similar areas.
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