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ABSTRACT 

Groundwater resources are the most conventional source usable in arid and semi-arid 

regions southeastern Algeria (Biskra city). This region is known for its many oases and 

famous dates and has been affected by drought in recent years. The extreme climate and 

less frequent rainfall have contributed to a decrease in the availability of groundwater. 
Therefore, estimating and mapping Transmissivity (T) and Hydraulic conductivity (K) 

are essential for understanding and evaluating the hydraulic properties of alluvial aquifers 

in the Biskra study area. In this context, the present research applies geostatistical 

techniques to estimate the spatial variability of hydrodynamic parameters using 

measurement data to yield a probability map. The estimation of hydrodynamic parameters 

T and K was mapped by ordinary kriging, where the best-fitted variogram is a Spherical 

model for Transmissivity and a Gaussian model for log10 (Hydraulic conductivity). It was 

validated by the cross-validation test with the root mean square error (RMSE). The results 

show that the geostatistical approach using ordinary Kriging is an important tool for 

estimating the spatial variability of hydrodynamic parameters in alluvial aquifers. 

Keywords: Geo-statistics, Ordinary kriging, Variogram, Transmissivity, Hydraulic 

conductivity, Alluvial aquifers, Biskra, Algeria. 

INTRODUCTION 

Groundwater is a vital natural resource in arid and semi-arid regions worldwide (Chibane 

and Ali-Rahmani, 2015; Bouchemal and Achour, 2015; Bahir et al., 2015; Bemmoussat 

et al, 2017; Belhadj et al., 2017; Zegait et al., 2021; Rajput et al., 2023; Qureshi et al., 

3024). In the Biskra study area (Algeria), it serves as the primary water source for 
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domestic, industrial, and agricultural activities, particularly for the irrigation of palm 

groves (Douh et al., 2013; Rezzoug et al., 2016; Jelisavka and Goran, 2018; Remini, 2019; 

Derdour et al., 2022). Annually, more than 508 Hm3 of water are extracted from aquifers 

to irrigate over 65,000 hectares of land, while 68 Hm3 are allocated for drinking water 

supply. The region relies on more than 11,121 boreholes and wells for groundwater 

extraction. The volume of water stored within aquifers is estimated using robust, reliable, 

and practically applicable methodologies (El Moukhayar et al., 2015; Bemmoussat et al., 

2017; Hountondji et al., 2020; Jaiswal et al., 2023; Deb, 2024; Later and Labadi, 2024; 

Remini, 2025). 

In recent years, this resource has shown a decline in the water table, due to the 
overexploitation of underground aquifers (Baiche et al., 2015; Aroua, 2018). In addition, 

climate change is exerting unprecedented pressure on groundwater resources by 

intensifying drought frequency, reducing natural recharge rates, and accelerating aquifer 

depletion, thereby threatening the long-term sustainability of freshwater supplies in many 

regions worldwide (Khemmoudj et al., 2016; Assemian et al., 2021; Rouissat and Smail, 

2022; Chadee et al., 2023). The importance of these resources leads us to an interest in 

knowing the main hydrodynamic parameters (Transmissivity, Hydraulic conductivity), of 

alluvial aquifers, which the most exploited in the city of Biskra for more than 13 
boreholes, due to easiness of extraction and their geological structure. 

Geo-statistics is a fundamental tool in hydraulic engineering, used to describe spatial 

variability by integrating mathematical and statistical approaches. it has been proposed 

for many years (Kitanidis, 1997); geostatistical techniques have been widely applied to 

solve complex engineering problems, optimize parameter estimation with minimal error, 

and support spatial modeling of physical processes in porous and hydraulic systems. In 

addition, statistical characterization has highly contributed to assess groundwater quality 

(Belhadj et al., 2017; Lachache et al., 2023). Shakeel and Ghislain (1987) used different 

comparative geostatistical techniques to determine and map the transmissivity 

distribution in the aquifer. Similarly, Desbarats and Dlmltrakopoulos (1990) used 
geostatistical modeling to represent transmissibility as a log-normal spatial variable, 

developing a scaling method to estimate block-averaged values for reliable of flow 

properties in heterogeneous aquifer systems. Pwint and Sucharit (2018) also used 

geostatistical method to estimate hydraulic conductivity and Transmissivity from 

boreholes data. The powerful of the geo-statistic technique was confirmed by  

Seyedmohammadi et al. (2016) which using ordinary kriging (OK) interpolation with 

different classical interpolation methods for estimation of groundwater electrical 

conductivity, where ordinary kriging was the best interpolation method compared with 

other interpolation methods. It is worth emphasizing that a recent study introduced a 

highly accurate and cost-effective instrument for measuring turbidity and electrical 

conductivity. Although its initial application was limited to wastewater characterization, 
the proposed system exhibits strong potential for extension to groundwater monitoring 

and assessment (Randika et al., 2022). 
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One of the powerful of geo-statistics over traditional methods of estimating reserves is 

not only the estimated value, but also the kriging variance which is a measure of the 

estimate's accuracy and which takes into account the spatial structure of the studied 

variable (Lamamra et al., 2019). Kriging is a probability stochastic method for 

understanding the spatial structure of the phenomenon being studied and determining the 

characteristics of the underground flow as precisely as possible. 

The ordinary kriging technique is used to predict values from interpolation without bias 

and with a minimum of variance. The ordinary kriging obtained after vario-graphic 

analysis is based on the variogram tool for analyzing the spatial continuity of the contents 

that is commonly obtained by fitting the experimental variogram to theoretical models. 
The variogram, defined in both stationary order two and strictly intrinsic conditions, is an 

important tool for analyzing and modeling the regionalized variable's spatial structure. It 

signifies the average variability of concentrations between two points as a function of the 

distance h between them (Rouïl and Malherbe, 2003). 

The main objective of this study was to assess the impact of aquifer heterogeneity on the 

spatial distribution of hydrodynamic parameters in the alluvial aquifers of Biskra study 
area. Specifically, the research objectives were twofold: (i) to analyze the spatial 

variability of Hydraulic conductivity and Transmissivity using ordinary kriging and (ii): 

to generate spatial estimates and probability maps of these parameters. The results are 

expected to support the identification of high-productivity groundwater zones and areas 

vulnerable to water scarcity, thereby contributing to Hydraulic characterization and 

effective groundwater resource management in arid and semi-arid regions. 

MATERIAL AND METHODS 

Description of the study area 

The region of study is located 700 km South- East of Algeria (Fig. 1), between the 

latitudes of 32° 35' and 32° 38' and the longitudes of 5° 20' and 6° 7'. The geology and 

hydrogeology of this region show the existence of several heterogeneous aquifer levels, 

these aquifers appear in formations of Quaternary, Mio-Pliocene, Lower Eocene, Upper 

Senonian (Maastrichtian), and Albian ages. 

In the study area, 13 wells have been drilled to exploit the water of the alluvial aquifer of 

Oued Biskra is of quaternary age and located just upstream from Biskra, this aquifer has 

an elongated shape and a general south -north direction. This shape was formed by the 

flow of the Biskra valley, which dug into the impermeable Miocene marls and filled them 

with alluvial deposits. It has a 5 km2 surface area. The upstream sill of the aquifer is 

defined by the Turonian limestone bar of the periclinal closure of the Djebel Boughezal 

to the west and the closure of the Oued Besbes to the east. The downstream sill is located 

on the Pliocene puddingstone cluster. 

 



Dandouga L. & al. / Larhyss Journal, 66 (2026), 105-126 

108 

The lithological nature of the aquifer is homogeneous throughout, it is composed of 

pebbles, gravel, and alternating layers of clay, due to its high permeability and porosity, 

the alluvial material effectively stores water, resulting in the formation of a significant 

groundwater reservoir known as the alluvial water table of Wadi Biskra. The depth of this 

aquifer ranges from 40 to 60 meters and is fed by the infero-flow of a valley. With an 

average thickness of 20 meters, the volume of alluvium is 100 hm3, and it has a flow rate 

ranging between 5 and 20 l/s. 

 

Figure 1: Location map of the study area and sampled boreholes of the alluvial 

aquifer 

The geostatistical method 

The geostatistical interpolation technique is a powerful approach that can estimate and 

interpolate the spatial continuity of regional variables at unsampled locations using 

known points (Belkhiri and Narany, 2015). Geostatistical methods have been applied in 

various scientific disciplines, especially in the earth sciences. This study used 

geostatistical methods for spatial prediction of hydrodynamic parameters of alluvial 

aquifers, which consist of four main steps:  

The first step is exploratory statistics, which is used to check for normal distribution and 
stationarity; if the analysis is not checked, the data must be transformed by logarithmic 

transformation, which often improves the fit of the data to a normal distribution. 
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The second step in geostatistical analysis involves variogram modeling, specifically the 

construction of the experimental semi-variogram, which examines the spatial correlation 

of the studied variables. It represents the relationship between pairs of observed values as 

a function of the distance and direction of their separation (Fig. 2a). The experimental 

semi-variogram is calculated as half the squared difference between paired values, 

divided by the distance separating them, as expressed in the following equation: 

( ) 2

1

1
( ) ( ) ( )

2 ( )

N h

h Z Z hi iN h i
x x  = − +

 
=
           (1) 

Where γ (h) is the experimental variogram for a distance (lag) h between observations 

z(x) and z (x + h), representing the values of the regionalized variable under study at 

location (x) and (x + h), respectively, N (h) is the number of pairs of observations at 

distance lag (h).  

In the third step, known as structural analysis, a theoretical model is fitted to the 
experimental semi-variogram using three popular semi-variogram models: Gaussian, 

spherical, and exponential. Fig. 2b represents the Gaussian theoretical model as an 

example. This model defines the spatial structure through three main parameters:  

The nugget effect (C0) is the value of γ (h) at h = 0. The nugget effect reflects 

measurement error or microscale variation.  

The Sill (C0 + C) represents the maximum value of the semi-variogram, which 

corresponds to the total variance of the studied variable. It indicates the point at which 

the spatial correlation between sampled points ceases. In practice, the semi-variogram 

increases with distance until it reaches a nearly constant value (about 95% of the total 

variance), beyond which it stabilizes due to boundary effects. For a strictly stationary 

variable, this level is approximately equal to the variance of the variable (Chauvet, 1992). 

The range (a) represents the distance (lag) at which the semi-variogram reaches the sill, 
indicating the limit of spatial correlation between sampled points. Beyond this distance, 

the data become spatially uncorrelated. The range is often related to the characteristic 

dimensions of the hydro-facies or the spatial extent of geological structures. 

 

(a) 
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(b) 

Figure 2: (a) Estimation of the experimental variogram (b) Example of an 

experimental and fitted theoretical model 

The best fitting theoretical semi-variogram models were determined by calculating the 

estimation error according to mean error (ME), mean standard error (MSE), root mean 

square error (RMSE), mean square standard error (MSSE), and root mean square 

standardized error (RMSSE), using the following expression: 
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With the observed value Z (xi) and the predicted value Z' (xi) and 𝜎𝑘
2  the estimation 

variance at points xi, N represents the sample size used; the ME and MSE must be as 

small as possible and should be close to zero with a smaller RMSE. 

The fourth step includes the use of a kriging technique to interpolate the studied variables 

at unsampled locations, based on the spatial correlation identified in the variogram model. 

There are three classical types of kriging: simple kriging, universal kriging, and ordinary 

kriging, which is the most frequently utilized approach in many environmental 

applications. The kriging estimate is given by the following formula: 

*
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Where z*(x0) is the estimated value at x0, Z (xi) is the observed values at points xi, N is the 
sample size, and λi are the weights chosen for xi, is a non-biased linear estimation method 

that minimizes estimation variance calculated according to the following statistical 

conditions: 

Unbiasedness:   

*
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Minimum variance:  
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To find the weights that minimize the kriging variance conditional on the unbiasedness 

condition, the sum of the weights should be one  ∑ 𝜆𝑖
𝑁
𝑖=1 = 1 ( Budiman et al., 2022). The 

Kriging system of equations to be solved is as follows: 
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Where μ is a Lagrange multiplier, and 𝛾(𝑥𝑖 − 𝑥0) is the semivariogram between two 

points 𝑥𝑖 and 𝑥0. 

RESULTS AND DISCUSSION 

Spatial structure of hydrodynamic parameters 

Alluvial aquifer environments are characterized by strong vertical heterogeneity and 
significant spatial variability. In this study, geostatistical methods were employed to 

analyze the spatial patterns and structural variability of key hydrodynamic parameters 
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specifically Transmissivity (T) and Hydraulic conductivity (K), based on data collected 

from 13 boreholes. Fig. 3 illustrates the spatial distribution of these parameters based on 

UTM coordinates, where (a) represents Transmissivity (T) and (b) represents Hydraulic 

conductivity (K), reflecting the geographical position of each sampling point within the 

study area.  The figure has been enhanced to improve the legibility of the numbers and 

provide a clearer visualization of the spatial data distribution.  

 

 
Figure 3: Geospatial distribution of (a) transmissivity, and (b) hydraulic 

conductivity 

Statistical analysis of the data  

The first requirement of geostatistical analysis is to check the normal distribution of the 

datasets. This probability was evaluated using several statistical indicators. Table 1 
presents the descriptive statistics of the measured parameters (Transmissivity and 

Hydraulic conductivity) before and after logarithmic transformation (log₁₀). The 

logarithmic transformation was applied to make the datasets more suitable for 

geostatistical analysis by improving their approximation to a normal distribution. 
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Table 1: Descriptive statistics of the datasets before and after Log10 transformation 

Statistics 
Transmissivity 

/s)2T (m  

 10Log

Transmissivity 

/s)2T (m  

Hydraulic 

conductivity 

K(m/s) 

Hydraulic  10Log

conductivity 

K(m/s) 

Min 0.069 -1.16 0.002 -2.67 
Max 0.087 -1.06 0.003 -2.49 
Mean 0.079 -1.10 0.003 -2.57 
Skewness -0.4487 -0.4907 0.147 -0.056 
Kurtosis -1.5872 -1.5459 -1.024 -0.83 

Shapiro-Wilk 0.0555 0.0455 0.3032 0.3339 
Standard- 
deviation 

0.00638 0.03564 0.0003 0.048 

Kolmogorov-
Smirnov 

0.1083 0.1036 0.2512 0.3978 

The descriptive statistical analysis of Hydraulic conductivity (K) and Transmissivity (T) 

illustrated that the Kolmogorov–Smirnov test gets values of 0.2512 m/s for K and 0.1083 

m 2/s for T, whereas the Shapiro–Wilk test has p-values of 0.3032 m/s and 0.0555 m 2/s, 

respectively. As both tests yielded values higher than the 0.05 significance level, the 

results test indicate that the data for both variables can be considered normally distributed. 

After a logarithmic transformation of the data, the log10 (Hydraulic conductivity) showed 

better normality after a logarithmic adjustment. It was confirmed by the Shapiro-Wilk 

and Kolmogorov-Smirnov tests, which yielded p-values of 0.3339 and 0.3978, 

respectively. Whereas, the log10 (Transmissivity) data produced slightly lower p-values 
of 0.046 for Shapiro-Wilk and 0.104 for Kolmogorov-Smirnov, indicating that the 

transformation had only a limited effect in improving the normality of T compared to its 

original data. 

Many authors, such as Delhomme (1978), Kitanidis (1997), and Rotzoll et al. (2007), 

highlighted the lognormal character of the distribution of Hydraulic conductivities. To 

achieve this, a logarithmic transformation was applied to the original data. Fig. 4 

illustrates the changes in the histogram and probability density distribution of Hydraulic 

conductivity (K), where (a) represents the data before transformation and (b) represents 

the data after logarithmic transformation. According to the Hydraulic conductivity 

histogram, we notice that the distribution law is not Gaussian, where the logarithm of the 

Hydraulic conductivity is more acceptable than before the transformation but is not a 

perfectly normal distribution. In general, this is an acceptable approximate value, and it 
is possible to improve it with more data. 
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Figure 4: Histogram of Hydraulic conductivity before transformation (a), and after 

logarithmic transformation (b) 

Vario-graphic analysis 

The best-fitting theoretical semi-variogram models were determined by calculating the 

estimation error based on the root mean square error (RMSE), as depicted in the 

variogram results Table 2 and Fig. 5. The results indicate that the Spherical model 

provides the best fit to the Transmissivity variogram based on the original data, with the 

lowest prediction error (Fig. 5a). This model exhibits a nugget effect (C₀) equal to zero, 

a range  (a) of 190 m, and a sill (C 0 + C) = 0.57 x 10-4. Conversely, the Gaussian model 

proved to be the most appropriate for log10 (Hydraulic conductivity) (Fig. 5b), also 

showing a nugget effect equal to zero, with a range of 200 m and sill (C 0 + C) = 0.0035. 
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Table 2: Results of the best-fit variogram models based on RMSE for Transmissivity 

and log10 (Hydraulic conductivity) parameters 

Parameter 
Fit 

models 
Sill (C0 +C) 

Range 

(a) 

Nugget effect 

(C0) 
RMSE 

Transmissivity Spherical 0.43 x 10-5 200 0 0.0033 
Log10 (Hydraulic 

conductivity) 
Gaussian 1.63 x 10-7 200 0.1 x 10-8 0.00034 

 
 

 
 

       
Figure 5: Experimental semi-variograms and fitted theoretical models of (a) 

Transmissivity T (m²/s), and (b) log₁₀ [Hydraulic conductivity K (m/s)] 

The cross-validation test is a procedure that evaluates the goodness of fit of the variogram 

model, as well as the appropriateness of the neighborhood and the type of kriging 

estimation used (Seyedmohammadi et al., 2016). The cross-validation scatter plot, 

presented in Fig. 6, illustrates the comparison between measured and predicted values, 
which should be at a line with a slope of 1:1, where it is most around and close to the line. 

Generally, the closer the dots are to the line, the higher degree of compatibility of the data 

and, consequently, the more valid the modeling generated   (Hosseini et al., 2019). The 

measured and predicted values appear fairly reasonable and acceptable, indicating that 

the ordinary kriging method effectively captures the spatial variation of Transmissivity 

(Fig. 6a) and Hydraulic conductivity (Fig. 6b). This validation suggests that the model is 

reliable for predicting these parameters at unsampled sites.  
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Figure 6: Cross-validation between observed and predicted values of (a) 

Transmissivity T (m²/s), and (b) log₁₀ [Hydraulic conductivity K (m/s)] 

Spatial distribution using ordinary kriging 

The spatial distribution maps of Hydraulic conductivity and Transmissivity Figs. 7 and 8 

were generated using the ordinary Kriging (OK) method, which proved to be the most 

appropriate among several interpolation techniques and is widely recognized as a reliable 

estimator for spatial data. Several authors, including Jennings et al. (2000), and Rotzoll 

et al. (2007)  have used OK to produce probability maps for Hydraulic conductivity, 

Similarly, Sattar et al. (2016) demonstrated the effectiveness of OK in mapping the spatial 

distribution of Transmissivity. In the present study, Ordinary Kriging was applied using 

a Spherical semi-variogram model to estimate Transmissivity, and a Gaussian model to 

estimate Hydraulic conductivity in the alluvial aquifer of the Biskra study area 

southeastern Algeria. 

Variance kriging maps 

Kriging is best linear unbiased estimate with minimum estimation variance, known as 

kriging variance (Hosseini et al., 2019). Fig. 7a shows the estimated variance map of 

Transmissivity, where the maximum estimated variance exceeds 3.5×10-5are observed in 
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the northwestern directions (represented by dark colors). This can be attributed to a lack 

of data in these zones. The estimation variance decreases progressively rapidly toward 

the central and southeastern boundaries of the map (light colors), with values ranging 

from 5×10-6 to 2×10-5. This suggests that the estimated Transmissivity parameter is more 

reliable in the central and southeastern parts of the study area. As shown in Fig. 7b, the 

estimation variance of the Hydraulic conductivity is higher in the northwest at the corners 

of the study area (dark colors), with a value of 1.8×10-7, where there are no boreholes to 

monitor. Furthermore, the values gradually decrease as we move towards the opposite 

side of the map. Overall, the variance is low only in areas where boreholes are distributed, 

indicating a highly reliable estimate (Zhao et al., 2014). 

 
 

 
Figure 7: Kriging variance maps of (a) Transmissivity, and (b) Hydraulic 

conductivity 
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Estimation kriging maps 

Estimation Kriging maps are used to visualize the spatial distribution of a variable and to 

predict values at unsampled locations. These maps are typically presented as continuous 

surfaces that illustrate the estimated values throughout the study area. In a Kriging 

variance map, higher values indicate greater uncertainty in the estimation, whereas lower 

variance values reflect increased confidence in the predicted results (Shazia and Mushtaq, 

2018). 

The Transmissivity estimation map Fig. 8a shows that the higher value patches (≥0.085 

m2/s) are mainly concentrated in the eastern and southeast regions of the study area 

corresponding to the center of the waveform. Furthermore, Transmissivity values exhibit 
a gradual decrease toward the northern and western regions of the map, where the lowest 

values are located. 

The spatial distribution of Hydraulic conductivity Fig. 8b indicates that the highest values 

(≥0.0032 m/s) are concentrated in the southwestern and southeastern corners of the map. 

In contrast, the lowest values are observed in the northeastern corner and the central-

southern part of the study area, corresponding to the lighter-colored patches.   

This indicates a heterogeneous distribution of Hydraulic conductivity across the site, with 

higher concentrations particularly observed in the southeastern dark blue patches, along 

with the locations of the boreholes. Since a large number of boreholes cover the 

downstream part of the aquifer, the krige map demonstrates high accuracy in this region. 

In contrast, in areas with fewer boreholes, the precision rapidly decreases with increasing 
distance from the data points. 
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Figure 8: Kriging predictive maps of (a) Transmissivity, and (b) and Hydraulic 

conductivity 

Spatial  estimation and probability distribution of hydrodynamic parameters 

Groundwater flow and transport models depend on a detailed characterization of 

subsurface hydraulic properties (Renard et al., 2020).  In the study area, the estimated 

Transmissivity and Hydraulic conductivity values exhibit significant variation due to the 

high heterogeneity of porous geological formations. Several researchers, including 

Dassargue (1997), and Sattar et al. (2016), have examined the relationship between 

aquifers and geophysical parameters, considering the geological and hydrodynamic 

characteristics of the aquifers and the subsurface.  

The probability maps Figs. 9 and 10 illustrate the spatial distribution and estimation of 

hydrodynamic parameters in the alluvial aquifer, including areas lacking borehole data. 

These maps primarily highlight zones of low and high concentration values. The 

northeastern part of the study area shows a high probability of elevated concentrations, 

with Transmissivity (T ≥ 0.085 m²/s) and Hydraulic conductivity (K ≥ 0.0028 m/s) 

represented by the red color where it covers a limited area.  

The elevated values of Transmissivity and Hydraulic conductivity observed in this region 

are primarily governed by the geological structure of the alluvial aquifers. These aquifers 

are composed of highly permeable sediments, including pebbles, gravel, and sand, which 

facilitate efficient groundwater flow. Their direct connectivity with the land surface 

further facilitates groundwater recharge through infiltration. Moreover, the aquifer 
system may also receive recharge from distant mountainous regions, such as the Aurès 

Mountains, where precipitation and surface runoff infiltrate the subsurface and contribute 

to the groundwater recharge. 

The influence of recharge gradually decreases from the northwestern part of the study 

area, particularly around Djebel Bou Rhezel, and continues to decline toward the southern 

and southeastern regions. This trend is reflected in the lower probability values of 

Transmissivity (T ≤ 0.073 m²/s) and Hydraulic conductivity (K ≤ 0.0025 m/s), 
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represented by the blue color, which cover a significant portion of the study area. 

Geologically, this region is characterized by a complex formation consisting of Mio-

Pliocene and Quaternary alluvial aquifers, composed of sandy alluvium derived from the 

Great Plains, as well as sandstone, clay, and marl. The presence of perched and partially 

saturated sandy-clayey units contributes to a lower Transmissivity and reduced hydraulic 

capacity in these areas. 

Discussion 

The characteristics and performance of aquifers in the study area are directly reflected by 

hydrodynamic parameters, including Transmissivity (T) and Hydraulic conductivity (K). 

These parameters are essential for evaluating the ability of porous formations to transmit 
water and for characterizing the spatial variability of subsurface flow conditions. In this 

study, a geostatistical approach was applied to estimate and map the probability 

distributions of T and K, thereby enhancing the understanding of hydraulic heterogeneity 

across the Biskra region. 

The spatial variability of hydrodynamic parameters indicates that zones with higher 

values of Transmissivity (T ≥ 0.085m²/s) and Hydraulic conductivity (K ≥ 0.0028 m/s) 

are primarily located in the northeastern part of the study area. The permeability of the 

alluvial aquifer is primarily controlled by their lithological composition, which consists 

mainly of coarse-grained materials such as gravel and sand. These characteristics enhance 

Hydraulic conductivity and promote greater subsurface flow potential. On the other hand, 

lower K and T values are observed in the southern and southwestern zones, which are 
mainly composed of fine-grained formations such as clay and marl. These fine-grained 

materials reduce permeability and restrict subsurface flow, thereby limiting the hydraulic 

performance of the aquifer. 

These findings are consistent with the results of several studies that have investigated the 

spatial variability of Transmissivity and Hydraulic conductivity in porous formations. As 

reported by Belcher et al. (2002), Bruen and Osman (2004), Kalbus et al. (2009), and 

Chen et al. (2018), these parameters commonly demonstrate spatial variation due to 

aquifer heterogeneity, which is influenced by a combination of geological structures and 

anthropogenic or technical factors. While the application of the geostatistical kriging 

method yielded generally reliable estimations, the limited number of boreholes may have 

introduced uncertainty in certain interpolated zones. Therefore, future studies should use 

more boreholes and pumping test data to improve the models and reduce this uncertainty. 

Overall, the spatial distribution maps of Transmissivity and Hydraulic conductivity 

demonstrate their significance in characterizing the hydraulic behavior of alluvial aquifer. 

Understanding the spatial variability of these hydrodynamic parameters is essential for 

assessing subsurface hydraulic potential and for supporting regional-scale hydraulic 

modeling and aquifer system analysis, particularly in arid and semi-arid regions such as 

the Biskra study area. 
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Figure 9: Spatial probability map of Transmissivity in the alluvial aquifer of Biskra 

City 

 
Figure 10: Spatial probability map of Hydraulic conductivity in the alluvial aquifer 

of Biskra City 
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CONCLUSION 

This study focuses on a geostatistical probabilistic approach to predicting the spatial 

distribution and variability of hydrodynamic parameters, specifically Transmissivity (T) 

and Hydraulic conductivity (K), in an alluvial aquifer in the Oued Biskra area, East-South 

Algeria. Ordinary kriging (OK) was employed to analyze the spatial distribution and 

variability of these parameters using semi-variogram models. The best-fit model for each 

semi-variogram was validated and refined through cross-validation test, assessed using 

the root mean square error (RMSE). The spherical model was fitted to the experimental 

semi-variogram of Transmissivity, while the Gaussian model was applied to Hydraulic 

conductivity, and these models were then integrated with kriging to predict the 

hydrodynamic parameters (T, K). 

The Kriging variance maps exhibited a reasonable pattern, with the lowest variances 

occurring in areas of high sample density and higher variances in regions with fewer 

samples. Consequently, higher variance values in the Kriging map indicate greater 

uncertainty in the predictions, whereas lower values correspond to estimates that are more 

reliable. 

The spatial distribution probability maps of the hydrodynamic parameters indicate that 

the northeastern part of the study area has a high probability of elevated parameter 

concentrations, which gradually decrease toward the northwest and southeast. The 

estimated parameter distribution reveals a distinct directional trend in groundwater flow 

within the aquifer. Understanding these patterns is crucial for improving groundwater 
resource management in the region. This contributes to informed decision-making for the 

sustainable groundwater resource management, protection strategies, and 

characterization of hydrodynamic parameters in aquifer systems.  
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