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Evaluation of Spatiotemporal Variability of
Groundwater Level Fluctuations in Zahrez basin,
Algeria: Geostatistical Approach
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Monitoring of groundwater level of observation wells is the
principal source of information on the effects of hydrologic
stresses on groundwater systems.Both short and long-term
records are invaluable in understanding the state of the
groundwater system and in addressing problems that might
develop in response to groundwater abstraction and changes
in land use. In practice, due to aspects of time and cost, data
monitoring of water levels is conducted at a limited number
of sites.
Geostatistical approaches can provide more helpful, reliable
and efficient tools to increase the number of measurement
points at unsampled locations, and variogram analyses for
examining structural relationship of data. The geostatistics
has been used by several researchers to investigate the
spatial-temporal variations of groundwater level. Ahmadi
and Sedghamiz used ordinary and universal kriging methods
in identifying the spatial and temporal analysis of monthly
groundwater level fluctuations in the arid region, the Darab
Plain, in the south of Iran [5]. Kumar and Ahmed monitored
the groundwater level during 12 months of the year and used
the kriging method to estimate groundwater level for
unmeasured points and wells for each month [6].
Theodossiou and Latinopoulos worked on spatial analysis of
groundwater level of 31 wells using kriging, but they did not
do any temporal analysis [7]. Kumar and Remadevi applied
several variogram models, i.e., spherical, exponential, and
Gaussian semivariogram models to fit the experimental
semivariograms for analyzing
spatial variations of
groundwater level fluctuations in small part of Rajasthan
area, India.The results indicate that the kriged groundwater
levels satisfactorily matched the observed groundwater levels
[8]. In this present study, geostatistics are applied to analyze
the spatial and temporal variations of groundwater level
ﬂuctuations in the Zahrez basin. Kriging techniques were
used to interpolate the groundwater levels at unsampled
locations. Kriging as an interpolation technique takes into
consideration the spatial structure of groundwater levels.

Abstract: Groundwater level fluctuation in aquifer system plays
the main role in quantitative water management especially in semi
arid and arid areas. In practice, due to aspects of time and cost,
data monitoring of water levels is conducted at a limited number
of sites, and interpolation technique such as kriging is widely used
for estimation of this variable in unsampled sites. The main
objective of this study is to get a better understanding of the
temporal and spatial variability of the groundwater level
fluctuation in regular monitoring wells constructed by the
ministry of water resources in zahrez basin, Algeria. In this study,
seasonal groundwater level data for 57 wells were collected from
1994 to 2011 and analyzed using the geostatistical approach. The
Kolomogorov–Semirnov test revealed that all data followed
normal or log-normal distribution. Experimental variograms are
fitted by variogram models and computed to be used in the kriging
estimations. The results of variographic analysis indicate that
experimental variograms are best fitted by the gaussian model and
the exponential model. Nugget-sill ratio (<25%) revealed that the
groundwater levels have strong spatial dependence in the area.
Kriging interpolation techniques have indicated the groundwater
flow directions remained almost constant over the years.
Index Terms: Geostatistics, Groundwater levels, Semivariogram,
Universal kriging, Zahrez basin
I.

INTRODUCTION

In Algeria, rapid growth in the population and economy has
enhanced industrial and agricultural activities and has led to
dramatic increases in water consumption and demand.
Zahrez basin is a semi-arid region with irregular rainfall
patterns. Where surface water availability is very limited,
plays a very signiﬁcant role in water supply for domestic
and agricultural purposes. Sustainable management of
groundwater resources is one of the essential objectives for
the future development of a country, especially when the
rising demand for clean drinking water is considered [1,2].
The water level in aquifer is an important parameter in
groundwater hydrology and a careful and detailed analysis
of its variation in time and space reveals useful information
on the aquifer system behavior [3]. Spatial and temporal
changes in groundwater levels are governed by natural
factors (evapotranspiration, precipitation, climate changes,
drainage pattern, etc.) and anthropogenic activities, such as
land use, irrigation, pumping and induced inﬁltration [4].

II. STUDY AREA
The Zahrez basin (Fig.1) is one of the endorheic basins of the
vast steppes region in the central The northern part of
Algeria. The Zahrez hydrological basin covers approximately
8,989 km2. Topography of the area is relatively flat with an
elevation ranging from 900 to 1330 meters above mean sea
level [9]. The catchment lies between longitudes 2° 15’ to 4°
08’E and latitudes 34° 35’ to 35° 30’N. The area is
characterized by a semi-arid climate, typically
Mediterranean, with an irregular
annual
rainfall.
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The mean annual rainfall and potential evapotranspiration are
250 and 1380 mm, respectively, exceeding rainfall for most
of the year. The mean monthly temperature varies between
3°C and 25°C. The precipitation period in a typical year is
between October and March and the dry period can extend
from April to September [10]. The ephemeral rivers of the
region, locally called ‘‘wadi’’, have an intermittent flow
regime, because the dry season is typically very long (6–8
months) every year. The main wadis in this basin are the
Melah and Hadjia rivers which receive many important flow
tributaries. The drainage density of the area ranges between
1.4 and 1.8 km/km2 [9].

B. Data analysis
Descriptive statistics, including the mean, maximum,
minimum, standard deviation and coefﬁcient of variation
(CV) were calculated using. Statistica 6 for Windows. For the
variogram analysis and the deﬁnition of the theoretical model
were performed with Variowin 2.21 software [13].
Interpolation and spatial distribution maps were performed
using the software package Surfer 9 (Golden Software Inc.,
1999).
C. Geostatistical approach
Geostatistics uses the technique of variography,
i.e.,calculating variogram or semi-variogram, to measure the
spatial variability and dependency of a regionalized
variable. Variography provides the input parameters for the
spatial interpolation of kriging [14,15].

III. HYDROGEOLOGY
The hydrogeology of the study area is subdivided into two
hydrostratigraphic units on the basis of aquifer types. Aquifer
system of Djelfa syncline consists of Mio-Plio-Quaternary,
Turonian, Albian and Barremian formation [11]. The
Mio-Plio-Quaternary shallow aquifer (0-50m) occurs in the
continental detrital formations and consists of conglomerates
and clays which are characterized by a direct contact with the
Turonian and Albian aquifer in the northern side of Djelfa
syncline. The confining bed of this aquifer consists of marly
limestone and gypsum of Senonian age. The transmissivity
values for this aquifer range from 2.1710-5 to 8.310-4 m2/s
with a mean value of 3.1710-4 m2/s [10, 12]. The Turonian
aquifer is confined and is in a direct contact with the
Mio-Plio-Quaternary aquifer on the northern flank of Djelfa
Syncline. The pumping tests on different wells showed high
average transmissivity (1.210-2 m2/s), indicating high yields.
The hydraulic conductivity is 110-4 m/s.The Albian aquifer;
this aquifer is confined characterized by an average
transmissivity of about 0.510-2 m2/s and a hydraulic
conductivity of 1.210-4 m/s. The Barremian aquifer: this
aquifer is more productive in downstream part of the
Mellah-Djelfa wadi, the average transmissivity of the
Barremian aquifer is 1.310-3 m2/s [10]. The groundwater
level contour map shown on (Fig. 2(a)) summarizes the
distribution of piezometric head in the aquifer system within
the study area. This map shows that the general flow
directions are from the south to the north-east (from Dar El
Chioukh to the chotts of Zahrez Chergui), following the
topographic gradient. Another main flow direction appears in
the western and central parts of the basin, from the south to
the north (from Djelfa to the chotts of Zahrez Gharbi). The
two flow directions highlight the importance of rainfall
infiltration in Djelfa and Dar El Chioukh areas. The
piezometric levels are high in the central and southeastern
parts of the basin.

Variogram analysis
The variogram γ(h) represents the average variance between
observations separated by a distance h. The value plays an
important role in the description and interpretation of the
structure of the spatial variability of the investigated
regionalized variable. It is estimated by Journel and
Huijbregts [16]:
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Where Z (xi) is the value of the variable Z at location of xi,
and N (h) is the number of pairs of sample points separated by
the lag distance h. The ﬁtting of a theoretical variogram
(curve) is an important step in the variogram analysis. The
experimental semivariogram, γ(h) is ﬁtted to a theoretical
model such as Spherical, Exponential, Linear, or Gaussian to
determine three parameters, such as the nugget (C0), the sill
(C) and the range (a) [17].
Goodness-of fit Criteria for selecting best fit
Semivariogram models
Selection of semivariogram models was made based on the
indication of the goodness of fit (IGF), which is calculated
using the following equation [13]:
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where N denotes the number of directional variograms, n(K)
represents the number of lags relative to the variogram K,
D(K) is the maximum distance relative to the variogram K,
P(i) denotes the number of pairs for lag i of variogram K, d(i)
represents the mean pair distance for lag i of variogram K,
γ(i) is the experimental measure of spatial continuity for lag i,

IV. MATERIALS AND METHODS



A. Data collection
Data for groundwater level analysis were provided by the
National Agency for water Resources (ANRH), which
included the longitude and latitude coordinates for each of 58
groundwater observation wells (Fig. 2 (b)) and groundwater
level data during the period 1994–2011. The selected wells
have complete data sets representing both wet and dry
seasons (May–October data).
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γ denotes the modeled measure of spatial continuity for
d(i), and σ2 represents the covariance of data. The IGF is a
number of standardization without units; a value close to zero
indicates a good fit [13].
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Interpolation with kriging

V. RESULTS AND DISCUSSIONS
A. Descriptive statistical analysis
Data from observation wells in Zahrez basin during the
period 1994–2011 were subjected to spatial and temporal
analyses to address the problem of water level decline and
rise that has been noticed in certain areas in the last decade
(Fig. 2(b)).

Kriging provides a means of interpolation to determine
parameter values at non sampled locations, using knowledge
about spatial relationships (the semivariogram) in the data set
[18]. The general equation of the kriging method has the
following form:

Fig.1. Location map and geological formations of the Zahrez
The ﬁrst step in data statistical analysis involved the
computation of basic summary statistic. The summary
statistic, including mean, variation coefﬁcient, minimum and
maximum values are shown in Table 1 and 2. The ranges of
groundwater level fluctuation (minimum-maximum) in
observation wells are between 758.20 and 1226.30 m.
The mean values of groundwater levels ﬂuctuations ranged
between 860.79 and 963.06 m. The CV is the ratio of the SD
to the mean values, which reflects the dispersion variation
degrees of the samples. Usually, CV < 0.1 represents weak
variability, 0.1 ≤ CV ≤ 1 means moderate variability, and CV
> 1 means strong variability. The CV values of groundwater
levels data ranged from 0.03 to 0.15, indicated weak to means
moderate variability.
The parameters of skewness, kurtosis, and the signiﬁcance
level of Kolmogorov–Smirnov test for normality (K-S p) are
shown in Table 1 and 2. The coefﬁcients of kurtosis and
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skewness of the series of groundwater levels in groundwater
were close to zero revealing that these variables had near
normal distributions.The Kolomogorov–Semirnov test
conﬁrmed that they all data followed a normal distribution or
lognormal distribution (K-S p  0.05). Although normality is
not a prerequisite for kriging, it is only a desirable property.
Kriging would only generate the best absolute estimate if the
random function fits a normal distribution [19].
B. Temporal analysis of groundwater levels
The groundwater level dynamics reflects the response of the
groundwater system to external factors such as climate and
human activities.

6

Published By:
Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)
© Copyright: All rights reserved.

Evaluation of Spatiotemporal Variability of Groundwater Level Fluctuations in Zahrez basin, Algeria: Geostatistical
Approach
Regular monitoring of groundwater level fluctuations
expresses the effect of these processes in an aquifer system
and provides the knowledge for proper management.
Thirteen years of groundwater level monitoring data were
collected from the National Agency for water Resources
(ANRH). Based on long-term water level fluctuations (Fig.
3), groundwater wells are classified into two groups. Group
1 Wells in this group are located mostly in the south western
and south eastern region (1102-G7, 945-G7, 1003-G7,
1178-G8, 1783-G8). In this group the water level, shows
cyclic trend with a rapid yearly fluctuation throughout the
study period. The greatest decline occurred in the period from
1994 to 2003. The maximum difference in water levels
between the highest and lowest values is 9.02 m for well
1778-G8. The yearly cyclic trend observed in group1 appears
to be due to evaporation and pumping activities of
groundwater for agricultural and domestic. Group 2
Groundwater level hydrograph of wells (1962-G8, 1034-G7,
2119-G7, 1380-G7) indicates that the piezometric level has
remained almost stable for the years between 1994 and 2011.
Most of the wells in this group are located in the central and
east part of the zahrez basin.
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Fig. 2. Map showing the Piezometric map and location of
monitoring wells in Zahrez basin
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Fig. 3. Hydrographs of some observation wells in the
study area

Retrieval Number: C1602075316©BEIESP
Journal Website: www.ijrte.org

7

Published By:
Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)
© Copyright: All rights reserved.

International Journal of Recent Technology and Engineering (IJRTE)
ISSN: 2277-3878 (Online), Volume-5 Issue-3, July 2016

Fig. 4. Fitted experimental semivariograms for
groundwater levels of (a) 1994 and (b) 2010
C. Variographic analysis
Variograms parameters of the best fitted semivariogram
models for groundwater levels values, and the corresponding
values of goodness of ﬁt criteria are summarized in Table 3
and 4. It shows that two geostatistical models, viz., Gaussian
and spherical are the best-ﬁt models based on the indication
of the goodness of fit (IGF) criteria. The range of inﬂuence is
the distance within which the groundwater level values are
spatially dependent. The minimum spatial dependence
(40,800 m) was encountered in the wet season of the year
2011, and the maximum one (76,996 m) in the wet season of
2009. The presence of nugget effect (Co = variance at zero
distance) implies inherited variability or variability over
distances, shorter than the spacing between observation
wells, and/or other unaccountable recording errors. The ratio
of nugget variance to sill expressed in percentages has been
used by Camberdella et al. (1994) to classify the spatial
dependence variables. If this ratio is less than 25%, then the
variable has strong spatial dependence; if the ratio is between
25 and 75%, the variable has moderate spatial dependence;
and greather than 75%, the variables shows only weak spatial
dependence. According to this classiﬁcation, the values of
this ratio for groundwater levels of the wet and dry seasons
over the years 1994–2011 ranged from 0 to 20 (Table 3 , and
4), indicating the strong spatial dependency, which can be
attributed to the intrinsic factors, such as climate, topography,
hydrogeological condition, and groundwater runoff. The best
fitted Gaussian model variograms for 1994 and 2010 wet and
dry seasons were selected to analyze the spatial variations of
groundwater level using kriging techniques.
Table 1: Summary statistic of groundwater levels during 1994/2010 (dry period)

Table 2: Summary statistic of groundwater levels during 2001/2011 (wet period)
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Table 3 Fitted experimental semivariograms parameters for groundwater level (dry period)

Table 4 Fitted experimental semivariograms parameters for groundwater level (wet period)

The map of groundwater elevation determined by this
method is shown in Fig. 4 and 5.
These

D. Ordinary kriging for groundwater elevation
To envisage the seasonal level variability over the years,
contour maps of groundwater levels values in 1994 and 2010
(wet and dry seasons) were generated by kriging
interpolations based on the best ﬁtted semivariogram models.
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Figures show that the highest groundwater elevation occurred
in central to south-western part of the study area and the
lowest groundwater elevation obtained in the north to
north-eastern part of the study area.
The groundwater flows generally from south to north-east
following the topographic gradient and in the western part
occurs from south to north. The flow directions remained
almost the same since 1994. However, Fig. 4 does not
indicate exactly where in the basin parts the decline and rise
phenomena took place. Therefore, to be more specific, the
seasonal decline and rise level values for each well were
calculated and mapped using kriging techniques (Fig. 6). The
adopted model is a spherical one with nugget, sill and range
of inﬂuence values 14.70 and 11,100 m, respectively. The
calculated nugget to sill ratio is less than 25 (0.13).

Fig. 5. Spatial distribution maps of groundwater level during (a) 1994 and (b) 2010 (dry seasons), (c) 2002 and (d) 2010
(wet seasons)
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Fig. 6. Contoured kriged water level fluctuations over the years 1994–2010 (dry seasons) showing drop and rise sites
3.

VI. CONCLUSIONS
The application of geostatistics and techniques in modeling
spatial and temporal variations of groundwater levels in the
Zahrez basin has been demonstrated in this study using
seasonal groundwater-level data of 57 wells during the period
1994–2011. Variographic analysis results showed that the
gaussian and exponential semivariogram models were found
to be the best ﬁtted model for groundwater level data.
Furthermore, using the best ﬁtted semivariogram, the spatial
variability maps were generated using the kriging
interpolation technique. The spatial variability maps

4.
5.

6.

7.

8.

showed that the groundwater levels tended to increase
from north and north-east to south-western and south part
of zahrez basin. Kriging interpolation techniques have
indicated that the groundwater flow directions remain
almost constant over the years. The generated spatial
variability maps are very useful for groundwater resource
management in terms of groundwater quantity
assessments. Based on the long-term groundwater level
pattern, groundwater wells are classiﬁed into three groups.
In group 1, water level shows a long-term cyclic trend with
a rapid annual fluctuation. In group 2, water level remains
almost constant throughout the study period. The

9.
10.

11.

12.

13.
14.

groundwater level rises in the south eastern part of the basin.
The drop phenomenon is remarkable at two major sites in the
central and western parts of the study area. Both drop and rise
in groundwater level in the basin were attributed to human
activities, evapotranspiration and rainfall recharge.
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