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Abstract 

Chronological series of monthly and annual precipitation data recorded in Gabes Watershed, south-eastern 
Tunisia, were analyzed. The study is based on the standardized precipitation index (SPI) values, computed for 10 
rainfall stations over the period 1987–2012, which corresponds to an observatory period of 25 hydrologic years 
(from September to August). The results obtained show a great variability in SPI values. The historical evolution 
of the SPI made it possible to define the periods of excess and deficit, corresponding to wet and dry periods re-
spectively. The wet years were found to be 1989–1990, 1995–1996 and 2006–2007 while the dry years were 
1987–1988, 1996–1997, 2000–2001, 2001–2002, 2007–2008, 2008–2009 and 2009–2010. This clearly shows 
alternating wet and dry periods, but with drought episodes taking prevalence over rainy fronts throughout the 
study period. Indeed, a high tendency towards a drop in precipitation and important sequences of drought were 
observed. Spatial variability of drought throughout Gabes Watershed was examined by geostatistical analysis of 
SPI, as drought and rainfall distribution vary with latitude, longitude, topography and proximity to the Mediter-
ranean Sea. The results obtained showed that, compared to coastal and southern areas, drought was observed to 
be more important in the West and the North of Gabes Watershed. The SPI showed that moderate droughts are 
generally more frequent than severe or extreme droughts in most of the Watershed. 
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INTRODUCTION 

Drought is an extreme hydrological process 
which may have serious economic and social conse-
quences, mainly on agriculture and health. According 
to the Intergovernmental Panel on climate change 
assessment report, more and more regions of the 
world were affected by drought problems since the 
70s [IPCC 2007]. Drought can be referred to as 
a normal recurring feature of the Earth’s climate; it 
has a peculiar slow onset and disastrous long lasting 
impacts; it affects more people than any other form of 

natural disaster. It is characterized by its spatial exten-
sion; intensity and duration. Several indices character-
izing droughts are available in the literature, such as 
decile index (DI) [GIBBS, MAHER 1967], percent of 
normal (PN) [WILLEKE et al. 1994], Palmer drought 
severity index (PDSI) [PALMER 1965], crop moisture 
index CMI [PALMER 1968], surface water supply in-
dex (SWSI) [SHAFER, DEZMAN 1982]. However, the 
most widely used and commonly accepted drought 
index is the standardized precipitation index (SPI). 
The SPI, developed in Colorado University by 
MCKEE et al. [1993], characterizes precipitation defi-
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cits for a given period. It allows comparison between 
stations having different precipitation amounts and 
different climatic characteristics. 

Precipitation is one of the most important mete-
orological variables which can impact the occurrence 
of drought or flood. Analysis of precipitation and 
drought data yields important information, used to 
improve water management strategies, protect the 
environment, plan agricultural production or, in gen-
eral, impact economic development of a certain region 
[GOCIC, TRAJKOVIC 2013]. Many studies examined 
temporal and spatial viability of rainfall, especially 
based on statistical methods. These include studies by 
GONG et al. [2004], MODARRES and SILVA [2007], 
ELLOUZE et al. [2009], AMRUTHA and SHREEDHAR 
[2014] among others. In particular, many studies ex-
amined rainfall trends in arid and semi-arid regions all 
over the world. SILVA [2004] analyzed climate vari-
ability, especially temporal trends, in the North east of 
Brazil. GONG et al. [2004] analyzed many aspects of 
the daily rainfall characteristics, such as the number 
of rainy days, precipitation intensity and maximum 
daily rainfall of 30 stations in the semi-arid region of 
northern China to study the climate variation. This 
study showed that there are significant secular trends 
in some aspects of the daily rains in Northern China, 
especially in the warm season. Meanwhile, the light 
rain shows significant trends towards stronger inten-
sity. Moreover, global warming and human-induced 
land cover changes are expected to be related to 
changes in precipitation. In the same context, MO-
DARRES and SILVA [2007] used the time series of an-
nual and monthly rainfall of 20 rainfall stations to 
assess climate variability in the arid region of Iran. 
ELLOUZE et al. [2009] studied rainfall variability in 
Southern Tunisia based on monthly and annual rain-
fall data collected from 12 stations. The results ob-
tained showed the influence of topography and sea-
sonality on rainfall distribution. BĄK and ŁABĘDZKI 
[2014] analyzed the occurrence of precipitation deficit 
and excess in the growing seasons in Bydgoszcz re-
gion. Obtained scenario of the distribution of precipi-
tation deficits and excesses and forecast trends of 
monthly sums of precipitation suggest, that meteoro-
logical, agricultural and hydrological drought will still 
present problems in agricultural production and water 
availability in Bydgoszcz region. The number of 
months and longer periods with drought will increase 
starting from the 2020s. ŁABĘDZKI [2016] character-
ized the phenomena of droughts and water scarcity in 
Polish agriculture and their impacts on crop yield to 
improve the uniform national plans of drought and to 
release recommendations stating the most adequate 
measures to be undertaken. 

Spatial variability of hydrologic variables can be 
mapped using different interpolation techniques, 
available in the literature. Missing hydrological data 
may also be estimated based on spatial interpolation 
algorithms. These latter can be classified into two 
categories: the deterministic methods such as inverse- 

-distance weighting and non-linear interpolation spline 
techniques, and the stochastic interpolation methods 
of the kriging family, such as simple kriging, ordinary 
kriging, and universal kriging [HALL, BARCLAY 1975]. 
Kriging is a statistical tool used to simulate spatial 
variability of different variables, known at discrete 
points of a continuous field or domain. It has been 
applied recently in few cases to map precipitation 
fields [DELFINER, DELHOMME 1975; FEKI et al. 2012].  

The present study examines temporal and spatial 
variability of rainfall, at different scales (annual and 
monthly), over the period 1987–2012, in Gabes Wa-
tershed (southern Tunisia), where rainfall is character-
ized by its shortage and erratic distribution in both 
time and space. Standard precipitation index (SPI) is 
first computed for 10 rainfall stations, evenly distrib-
uted over the study basin, and extreme rainfall events 
are selected. Next, SPI spatial variability for the se-
lected extreme events is simulated using kriging tech-
niques, implying the identification of the extent and 
the severity of the drought episodes that hit the water-
shed over the study period.  

Following this brief introduction, the paper first 
presents the study area, the data used and the adopted 
methodology in section 2. Section 3 is devoted to the 
presentation and discussion of the results obtained. 
Finally, conclusions and recommendations are pre-
sented in section 4. 

MATERIALS AND METHODS  

STUDY AREA AND DATA USED 

Gabes Watershed, located in southern Tunisia, 
extends over an area of 3125 km2 (Fig. 1a). It is locat-
ed between 9° E and 10° E in longitude and 33° N to 
34° N in latitude. Figure 1b shows the Digital Eleva-
tion Model of the watershed, characterized mainly by 
mild topography, with altitudes varying from 4 to 600 
m. The exception is made for the mountainous region 
of Matamata in the South, where altitudes vary from 
120 to 610 m. On the other hand, low zones include 
humid spots (Sebkhas and Chotts), representing the 
natural outlets of many intermittent streams called 
wadis. The study basin is subjected to a Mediterra-
nean climate, belonging to the arid bioclimatic stage, 
characterized by mild wet winters and hot and dry 
summers [ELLOUZE et al. 2009]. It is subjected, by its 
position, to two types of climatic influences: the Sa-
hara in the South and the Mediterranean Sea in the 
East. In summer, it is the first type of influence that 
dominates as the Sahara is subjected to cyclonic con-
ditions that go well beyond Tunisia.  

The average annual temperature varies between 
18 and 20°C. The average annual evaporation ranges 
between 1500 and 2000 mm. Most of the winds of the 
year are generally of eastern and north-eastern direc-
tions. Winds from the South and South-West, with 
average velocities exceeding 5 m·s–1, are usually dry 
and generate sand storms.  
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Fig. 1. (a) Geographical situation and distribution of rainfall stations in Gabes Watershed;  

(b) Digital Elevation Model of Gabes Watershed; source: own elaboration 

Rainfall throughout Gabes Basin is characterized 
by its scarcity and erratic distribution, with intense 
rainfall events, resulting in flash floods. The mean 
annual rainfall over the study area is about 158 mm, 
ranging between more than 200 mm, in the coastal 
sector and less than 90 mm, in the North West  
[ELLOUZE et al. 2009]. As to annual variability, an-
nual rainfall in Gabes Station, for instance, varied 
from 57 mm in 2012 to 552 mm in 1995, implying 
a ratio of 10 between maximum and minimum annual 
rainfall. 

Series of annual and monthly precipitation data 
were collected at 10 rainfall stations spread all over  
Gabes Watershed during the period 1987–2012 (Fig. 
1a), where hydrologic years (from September to Au-
gust) were considered. The precipitation data sets 
were provided by the Tunisian Ministry of Agricul-
ture and Water Resources publications. The selected 
date sets are characterized by a minimum chronologi-
cal period of 25 years and the corresponding stations 
are fairly evenly spread throughout the study region. 
The geographical characteristics of the selected rain-
fall stations are given in Table 1. Most of the stations 
are located along the coast with altitudes, not exceed-
ing 100 m. The exception is made for station 9, where 
the altitude is 441 m. This latter is located in the 
mountains region of Matmata in the South of the 
study basin. The precipitation data sets were first in-
vestigated for randomness, homogeneity and absence 
of trends by using the test of Mann–Kendall [GILBERT 
1987; KENDALL 1975; MANN 1945]. All stations 
passed the test with a confidence interval of 95%. 

 
 
 

Table 1. Geographical characteristics of the rainfall stations 

Number of 
station Longitude, ° Latitude, ° Altitude, m 

1   9.68 34.20 85 
2   9.99 34.18 13 
3   9.91 34.05 52 
4 10.04 33.96 40 
5   9.82 33.84 53 
6 10.10 33.88 4 
7 10.11 33.86 4 
8 10.07 33.81 55 
9   9.99 33.54 441 
10 10.28 33.62 52 

Source: own elaboration. 

STANDARDIZED PRECIPITATION INDEX 

Drought indices are generally used to character-
ize drought intensity [GOCIC, TRAJKOVIC 2013]. 
There are several drought indices available in the lit-
erature, such as the standardized precipitation index, 
standardized precipitation evapotranspiration index, 
Palmer drought severity index … etc. [ELLOUZE et al. 
2009]. In this work, the standardized precipitation 
index is considered because it is proved to be more 
reliable in the characterization and identification of 
droughts [MOREIRA et al. 2008; PAULO, PEREIRA 
2008; TABARI et al. 2012]. Moreover, following the 
Lincoln Declaration on drought indices, the World 
Meteorological Organization adopted the standardized 
precipitation index (SPI) in 2009 as a worldwide in-
strument to measure meteorological droughts. Indeed, 
statistical analysis of monthly precipitation based on  
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the study of SPI is recognized to be effective in the 
evaluation of the characteristics of the precipitation 
deficit [MCKEE et al. 1993]. It reflects the impact of 
drought on the availability of various water resources. 
This index is calculated for multiple time scales. It is 
expressed mathematically as follows: 

 
( )

β
χ

α
α χ

αβ

−
−

Γ
= exg 11)(   (1) 

where: α and β are the shape and scale parameters of 
the distribution. They are obtained from the method of 
least squares, Г(α) is the probabilistic gamma distribu-
tion function, x is the height of the monthly precipita-
tion χ. 

Computation of the SPI involves fitting the fre-
quency distribution of precipitation in each station to 
the Gamma distribution of the probability density. 
The values of parameters of Gamma function are es-
timated for each station and time scale (3, 12, 24, 48 
months) and for each month of the year. [ELLOUZE 
2010]. 

This index may be calculated for multiple time 
scales. Negative SPI values correspond to a precipita-
tion deficit while positive values indicate rainfall ex-
cess. HAYES et al. [1999] proposed a classification 
system to define drought intensities resulting from the 
SPI value (Tab. 2).  

Table 2. Drought severity classification based on SPI values  

SPI value Class 
SPI ≥ 2.00 extremely wet 

1.50 ≤ SPI < 1.99 severely wet 
1.00 ≤ SPI < 1.49 moderately wet 
–0.99 ≤ SPI < 0.99 near normal 

–1. 49 ≤ SPI < –1.00  moderately drought 
–1.99 ≤ SPI < –1.50 severely drought 

SPI ≤ –2.00 extremely drought 

Source: HAYES et al. [1999], modified. 

The SPI of short time scales (for example, 3 and 
6 months) describes drought events affecting agricul-
tural practices. In this study, the SPI at a 12-month 
time scale was selected because it is more suitable for 
water resources management purposes and more ap-
propriate for identifying the persistence of dry periods 
[MILANOVIC et al. 2014]. SPI-12 was calculated for 
each month. It was computed for the month of August 
based on annual rainfall of the preceding 12 months 
starting from September to consider an entire hydro-
logic year. To refine the analysis, we also used the 
other monthly SPI values in the frequency and dura-
tion analysis. The SPI is used to determine the excess 
and deficit rainfall episodes in Gabes Watershed. Spa-
tial variability of the computed SPI values for the se-
lected extreme rainfall events is then examined by 
ordinary kriging techniques.  

GEOSTATISTICAL TOOLS 

Kriging refers to a surface interpolation technique 
based on spatially dependent variance, which esti-
mates variable values at desired locations in space 
using the known sampling values [WEBSTER, OLIVER 
2007]. Ordinary kriging is a commonly used interpo-
lation method, generally adopted to model the spatial 
distribution of a studied variable. In this work, it was 
used to determine the spatial variability of SPI values 
for four selected drought periods in Gabes Watershed.  

The kriging technique highly depends on the 
variogram model that defines the spatial structure of 
the data used. We used four standard variogram mod-
els, namely, exponential, Gaussian, Gaussian Bessel, 
and spherical models in order to fit the experimental 
variogram, derived based on the observed rainfall da-
ta. Fitting of variogram model was performed by Easy 
krig 3.0 software. The model with the lowest root-
mean-square error (RMSE) was chosen as the best fit 
variogram model. Finally, the adequacy of the adopt-
ed standard variogram model was tested by a leave-
one-out cross validation procedure.  

RESULTS AND DISCUSSION  

RAINFALL ANNUAL VARIABILITY 

The statistical characteristics of the annual pre-
cipitation time series during the period 1987–2012 are 
summarized in Table 3. The mean annual precipita-
tion varies from 100 to 200 mm. Stations 3 and 5, in 
the North and the West of study area respectively, 
have the lowest mean annual precipitation. In general, 
stations in the South of the basin receive more rainfall 
than those in the North. Standard deviation of annual 
rainfall varies between 79 mm and 129 mm (for sta-
tions 8 and 4 respectively). The average coefficient of 
variation (CV) is 0.62, indicating an important inter-
annual variation of rainfall. The highest coefficient of 
variation of the precipitation values (80%) was ob-
served in station 3 while the lowest coefficient of var-
iation (50%) was found in stations 8 and 10 located in 
the South of the watershed. These results clearly show 
temporal variation patterns of annual rainfall in most 
stations during the observed period. The maximum 
annual precipitation (555 mm) was observed in station 
4 in 1995. The minimum precipitation (5 mm) was 
observed in 2007 in station 3. 

Extreme rainfall events may be attributed to cold 
fronts, showers and thunderstorms associated with 
cold air masses from the Mediterranean Sea. Heavy  
rains occur ahead of cold fronts, particularly when the 
air is warm and humid. The results also show that an 
important amount of precipitation falls in mountain-
ous areas and coastal areas near the Mediterranean 
Sea. 
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Table 3. Statistical parameters of annual precipitation time series for the period 1987–2012 

Station  
number 

Minimum 
rainfall 

mm 

Year of  
minimum 
rainfall 

Mean 
rainfall 

mm 

Maximum 
rainfall 

mm 

Year of  
maximum 

rainfall 

Coefficient 
of variation 

(CV) 

Skewness 
coefficient 

Kurtosis  
coefficient 

1 10.0 1987 144.4 361.5 1989 0.6 0.97   0.52 
2 60.0 1996 163.0 410.0 1995 0.6 1.34   1.60 
3   4.5 2007   99.7 310.4 1989 0.8 1.27   1.67 
4 41.5 2012 174.6 554.9 1995 0.7 1.65   2.23 
5 19.2 2000 119.5 326.0 2006 0.7 1.32   0.91 
6 26.7 2012 172.8 521.7 1995 0.6 2.00   5.87 
7 56.6 2012 184.4 551.6 1995 0.6 2.00   4.87 
8 28.0 2012 174.4 443.5 1995 0.5 1.21   1.71 
9 29.5 2000 177.4 438.5 1995 0.6 0.81   0.35 

10 27.5 2012 197.5 352.0 2003 0.5 0.04 –0.88 

Source: own study. 

Skewness coefficient values for all stations are 
positive, indicating that low rainfall happens fre-
quently while high rainfall events occur rarely. For 
some of the stations, the skewness coefficient is close 
to zero, implying a normal distribution of rainfall 
data. Most of the stations have positive kurtosis val-
ues. The exception is made for station 10, which has a 
negative kurtosis coefficient, indicating a flatter statis-
tical distribution. Station 6 has a kurtosis coefficient 

greater than 5, indicating that low rainfall values are 
more frequent than high rainfall values [AMRUTHA, 
SHREEDHAR 2014]. 

According to results in Table 3, 50% of stations 
have a minimum rainfall observed in 2012; while 
50% of stations have a maximum rainfall observed in 
1995. 

Figure 2 shows annual rainfall variability in four 
selected stations, representing different zones of the

 
Fig. 2. Annual rainfall variability at four selected representative stations (1987–2012); source: own study  

  
Fig. 3. Temporal variation of SPI-12 for the 10 examined stations; source: own study 
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study basin. These are stations 1, 5, 7, and 9, located 
in the North, the West, the East, and the South of 
Gabes Watershed. Compared to all other stations, 
station 9, located in the mountanious region of 
Matmata, is characterized by a very high altitude. 
Annual rainfall ranges between 10 mm in station 1 
(1987) and 552 mm in station 7 (1995). Indeed, 
rainfall gradients are extremely high in arid areas. The 
data also show that dry years are more frequent than 
wet years. Excess years are more frequent, more 
persistent and more imortant in the East (along the 
coast) and the south (mountains of Matmata) while 
the rest of the basin (the North and the West) is rather 
characterized by more frequent deficit years. The wet 
years were found to be 1989–1990, 1995–1996, 
2006–2007 and 2010–2011 while the dry years or 
periods were 1987–1988, 1994–1995, 1996–1997, 
1999–2002, 2004–2005, 2007–2008, 2009–2010 and 
2011–2012. 

Because of the irregular rainfall distribution, 
standardized precipitation index was computed to in-
vestigate the excess and deficit rainfall episodes in 
Gabes Watershed. The SPI data sets used in this study 
were computed from annual rainfall data. 

ANALYSIS OF SPI-12 MONTHS 

Standardized precipitation index was considered 
to identify hydrological extremes in Gabes Watershed 
over the study period. Figure 3 displays the temporal 
variation of SPI-12 values from 1987 to 2012 for the 
ten examined stations. SPI-12 was calculated for each 
month. It was computed for the month of August 
based on annual rainfall of the preceding 12 months 
starting from September to consider a whole hydro-
logic year. To refine the analysis, we also used the 
other monthly SPI values in the frequency and dura-
tion analysis. 

The results obtained show a heterogeneous distri-
bution of SPI-12 values over the whole basin. Data 
for all stations indicate alternating periods of deficit 
and excess of rainfall. Different stations have their 
own deficit periods, although some years seem excep-
tionally dry or exceptionally wet in the entire basin. 
For all the stations considered in this study, the dry 

sequences were significantly longer than wet se-
quences. The years characterized by excess rainfall 
are 1989–1990, 1995–1996 and 2006–2007. The defi-
cit years are 1987–1988, 1996–1997, 2000–2001, 
2001–2002, 2007–2008, 2008–2009 and 2009–2010 
(Fig. 3). The end of the 1980s and the years 2000 to 
2010 were found to be much drier than other decades. 
Therefore, deficit episodes were most frequent than 
the wet episodes over recent decades. Stations most 
affected by rainfall decrease are located either in the 
north (Station 3) or the south of the study basin (Sta-
tion 9). Moderate drought sequences are observed in 
the east of the watershed along the coast. 

The analysis of the frequency and duration of the 
observed sequences of drought in Gabes Watershed is 
realized. The characteristics of droughts at the 12 
month time scale are summarized in Table 4. These 
include the frequency of dry spells, the mean duration 
of dry months, the percentage of time under drought, 
and the extreme value of the SPI with the correspond-
ing date of occurrence.  

The most severe drought period for seven stations 
occurred in 2001. Regarding the remaining three sta-
tions, the most severe drought year was 2008 for sta-
tions 3 and 4, while station 1 had the lowest SPI-12 
value –3.13 in February 1988. The maximum number 
of dry sequences (SPI-12) was observed in station 4, 
where 13 dry events were observed with a mean dura-
tion of one month (2.08). The most remarkable period 
is 8 months (May to December 2001) with an SPI 
mean value of –2.08 and extreme SPI of –2.16 for the 
month of December 2008 (Tab. 4). The sum of dry 
months ranges between 27 and 49, for stations 4 and 
10 respectively. Station 10, located in the south-east 
of the study basin, shows drought conditions corre-
sponding to 2.65% of the total time of drought, with 
a frequency of 7 sequences corresponding to the high-
est mean duration (7 months). Three major events 
were detected. The first event, with a mean duration 
of 14 months, extends from October 2000 to Novem-
ber 2001. The second event occurred over the period 
between January and November 2010. The third event 
is from January to September 2002, with a mean dura-
tion of 9 months. 

Table 4. Observed sequences of drought at the 12 month time scale (SPI-12months) during the period 1987–2012  

 
Station  
number 

Number  
of dry sequences Sum of dry months Mean duration 

month 
Percentage of time 

under drought 
Extreme value SPI-12  
(date of occurrence) 

1   5 30 6.00 2.17 –3.13 (Feb. 1988) 
2 11 42 3.82 1.45 –2.02 (Oct. 2001) 
3 10 41 4.10 1.55 –2.84 (Dec. 2008) 
4 13 27 2.08 0.79 –2.16 (Dec. 2008) 

5 11 47 4.27 1.62 –1.97 (Jun. 2001)  
(Jul. 2001) 

6   9 36 4.00 1.52 –1.99 (Nov. 2001) 
7 12 46 3.83 1.45 –1.92 (Nov. 2001) 
8 11 43 3.91 1.48 –1.84 (Sep. 2001) 
9   8 47 5.88 2.23 –2.55 (Nov. 2001) 
10   7 49 7.00 2.65 –2.62 (Feb. 2001) 

Source: own study. 
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Time percentage under drought varies between 
0.79% and 2.65% in station 4 and 10 respectively. 
The most extreme event was observed in station 1 
with a mean SPI – 1.36 and an extreme SPI of –3.13 
in February 1988 (Tab. 4). Through 12 SPI-term, Sta-
tion 1, located in the North-West of the basin, shows 
a decrease in dry episodes to 5, with an important in-
crease in the average estimated duration to 6 months.  

Deficit periods were more frequent than the wet 
periods in recent decades. Moreover, compared to wet 
sequences, drought periods extend over longer peri-
ods. The excess years with varying intensities repre-
sent nearly 14%, while the deficit years are around 
16%. The normal average years represent nearly 70%. 
This is very close to theoretical results. The threshold 
value of SPI –1.0 corresponds to the probability of 
0.16. The differences between the obtained values and 
the value of 0.16 for certain periods result from poor 
machining precipitation probability distribution to 
a normal distribution. Usually the cause is also rela-
tively short measurement series. If the fitting of the 
probability distribution would be exact and the series 
long enough the frequencies would be similar in each 
location. 

Variographic analysis 

Four of the most severe drought events were se-
lected to examine their spatial distribution using  
variographic analysis and ordinary kriging techniques. 

These drought sequences occurred in August 1988,  
2001, 2008, and 2010. First, experimental variograms 
were computed and then different variographic mod-
els were tested to select the best fit model. The expo-
nential model resulted in the lowest RMSE value, and 
was therefore selected as the best-fit model. It was 
used to map the 12 month SPI in Gabes Watershed. 
This exercise resulted in selecting the exponential 
distribution model, known to best represent rainfall 
variability in arid regions, as was shown by FEKI 
[2010] among others. 

SPI maps 

Mean monthly SPI during the four study periods 
varied from –2.79 to 0.43. It indicates the spatial het-
erogeneity of the phenomenon of drought especially 
in the study area. This important SPI variability was 
higher and clearly shows the extreme drought inten-
sity in the last decade. It can be related to the annual 
rainfall deficit that began in the early 1970s. Given 
the fact that the potential evaporation (vary from 1500 
mm to 2000 mm) is much higher than the actual mois-
ture supply in the semi-arid region [ZHANG, LIN 1992] 
even a moderate increase in the precipitation amount 
cannot mitigate the drought stress significantly. 

SPI maps were developed, for the four identified 
drought events, to characterize their particular rainfall 
spatial variability (Fig. 4). Figure 4a (August 1988) 
shows normal to moderate drought condition all over  

 
Fig. 4. SPI spatial distribution in Gabes Watershed for the selected drought events: a) August 1988, b) August 2001,  

c) August 2008, d) August 2010; source: own study 
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the study basin, except for the extreme North, where 
rather extreme drought is encountered. Figure 4b 
(August 2001) also shows that the extreme North be-
haves differently, compared to the rest of the basin. 
However, unlike the event of 1988, the extreme North 
is characterized by normal to moderate drought condi-
tion while severe drought is encountered elsewhere. 
For the event of August 2008 (Fig. 4c), normal condi-
tions were observed in the South and along the coast. 
In this event, moderate drought (station 5), severe 
drought (station 9) and extreme drought (station 3) 
were also observed. 

Figure 4d (August 2010) presents drought pat-
terns similar to those of the event of August 2001 
(Fig. 4b), with relatively extreme drought in the South 
and along coast and normal to moderate drought con-
dition elsewhere. 

The medium term analysis (SPI-12 months) 
showed that moderate droughts in most of the water-
shed of Gabes are characterized by higher probabili-
ties, compared to severe and/or extreme events. This 
result is consistent with the results of other studies 
dealing with time and space variability of precipita-
tion in Gabes watershed [ELLOUZE 2009; FEKI et al. 
2012]. 

According to previous studies [ELLOUZE et al. 
2009], the change in SPI is closely connected to the 
changes in the annual rainfall. In Gabes watershed, 
the rainfall gradient increases from the North to the 
South. Rainfall also increases, from the West (in the 
continent) to the East (littoral). The earlier studies 
support this finding. On the other hand, Gabes is 
mainly a plane region, where rainfall variability is 
more governed by the Mediterranean Sea proximity. 
Rainfall increases continuously from the west (conti-
nent) to the east (coast line), implying an important 
effect of longitude and see proximity of the Sea. 
Therefore, the drought will be more pronounced in the 
western and northern regions compared to the coastal 
and southern zones (Matmata Mountains). The ob-
tained result of SPI obtained through kriging maps 
confirmed these results. It is also important to note the 
influence of the Mediterranean Sea conditions on an-
nual rainfall distribution. North Africa would be par-
ticularly affected by droughts that would be more fre-
quent, more intense and longer-lasting [EL-RAEY 
2009].  

CONCLUSIONS  

This study investigated rainfall variability in 
Southern Tunisia by analyzing monthly and annual 
precipitation data collected from ten synoptic stations 
in Gabes Watershed over the period extending from 
1987 to 2012. The standardized precipitation index 
(SPI) analysis was applied to monthly series of pre-
cipitations. In the medium term (SPI-12 months), this 
index allows to define the deficit or excess of rainfall. 
In this research, the most remarkable droughts by du-
ration or geographical extent were in the late 1980s 

and 2000 for the majority of the stations. The com-
parison of the different data sets showed similar cli-
matic conditions and common dry sequences with the 
same frequency, duration and severity. These dry pe-
riods were confirmed by break detection of statistical 
tests (Mann–Kendall) and were also found in previous 
studies. The deficit periods are more frequent than 
wet periods. Excess years with varying intensities 
represent nearly 14%, while the deficit years are 
around 16%. The analysis of SPI-12 results may be 
useful for better planning and effective management 
of water resources.  

This study also investigated the spatial variability 
of drought in Gabes Watershed. This spatial variabil-
ity was analyzed by geostatistical tools via mapping 
the SPI-12 months for four of the most severe drought 
events: August 1988, August 2001, August 2008 and 
August 2010. Several semi-variograms were tested. 
The exponential model resulted in the lowest RMSE 
value, and was therefore selected as the best-fit mod-
el. It was used to map the 12 month SPI in Gabes wa-
tershed. Ordinary kriging was used to develop inter-
polated surface maps. The results obtained showed 
that the severity of drought was important in the west-
ern and northern regions, while the coast and the 
southern regions were characterized by mild droughts, 
showing thereby the effects of altitude and the Medi-
terranean Sea.  
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Sabrine JEMAI, Manel ELLOUZE, Belgacem AGOUBI, Habib ABIDA 

Intensywność i przestrzenna zmienność suszy w zlewni Gabes w południowo-wschodniej Tunezji 

STRESZCZENIE 

Analizowano serie miesięcznych i rocznych opadów notowane w zlewni Gabes w południowo-wschodniej 
Tunezji. W badaniach wykorzystano wartości standaryzowanego wskaźnika opadu (SPI) obliczonego dla 10 sta-
cji opadowych w latach 1987–2012, co odpowiada okresowi obserwacji równemu 25 latom hydrologicznym (od 
września do sierpnia). Uzyskane wyniki dowodzą znacznej zmienności wartości SPI. Zmienność w czasie umoż-
liwiła zdefiniowanie okresów nadmiaru i deficytu opadów, które odpowiadają okresom mokrym i suchym. Mo-
krymi okresami okazały się lata 1989–1990, 1995–1996 i 2006–2007, podczas gdy susze przypadały na lata 
1987–1988, 1996–1997, 2000–2001, 2001–2002, 2007–2008, 2008–2009 i 2009–2010. Wskazuje to jasno na 
naprzemienność okresów mokrych i suchych z przewagą tych ostatnich w czasie objętym badaniami. Rzeczywi-
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ście obserwowano tendencję do zmniejszania opadów i do występowania sekwencji okresów suszy. Przestrzenną 
zmienność suszy w zlewni Gabes badano za pomocą geostatystycznej analizy SPI, ponieważ rozmieszczenie 
susz i opadów zmienia się wraz z szerokością i długością geograficzną i zależy od topografii oraz odległości od 
Morza Śródziemnego. Uzyskane wyniki świadczą, że susze były intensywniejsze na zachód i północ od zlewni 
Gabes niż na obszarach przybrzeżnych i południowych. Wskaźnik SPI dowodzi, że umiarkowane susze są częst-
sze niż susze intensywne i ekstremalne w większej części zlewni. 

 
Słowa kluczowe: analiza trendu, geostatystyka, opady, standaryzowany wskaźnik opadów, susza, Tunezja 
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