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ABSTRACT: Knowledge of spatial variability of hydraulic conductivity is necessary in many processes 

such as drainage projects design. This study  were aimed to examine the spatial variability of hydraulic 
conductivity in an area of 5000 square meters. Data  were collected from tilled and no-tilled soils and  at 
two different scales. In large-scale a number of 47 and 111 sample were taken from tilled and no-tilled 
soils  respectively, and in small-scale 66 samples were taken in both  tilled and tilled soils. Three methods 
Kriging, log kriging and inverse distance weighting (IDW) for Estimation. The methods performance is 
evaluated using  cross-validation technique with the comparison criteria of mean absolute error (MAE), 
mean bias error (MBE) and the root mean square error (RMSE). The results showed that  the spatial 
structure of hydraulic conductivity in large-scale in no-tilled soil with and without logarithmic transformation 
follows a spherical model. Spatial correlation is also weak. In large scale and in tilled soil the semi 
variogram of hydraulic conductivity and its logarithmic follow a Gaussian model. In this case the spatial 
correlation is also weak. The semivariogram of  hydraulic conductivity in small-scale in no-tilled soil with 
and without logarithmic transformation and follows a linear model. In this case a strong weak correlation 
is observed. After  Plowing the land the best fitted model semivariogram is  the exponenatial and spherical 
model for logarithnics and raw data, respectively. The spatial correlation is weak in this case. The results 
of cross-validation indicate that the Kriging method estimates hydraulic conductivity more accurate. 
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INTRODUCTION 

 
 Hydraulic conductivity of soil is the most important physical and hydraulic parameter that affect the drainage 
projects from a technical Point of view (Alizadeh, 2005). Generally, the hydraulic conductivity is obtained by laboratory 
and field methods. The results of the field methods are more accurate than the laboratory methods due to natural 
conditions and a larger sample size. In areas where the groundwater level is in the scope of the root activity, usually, 
the methods of determining soil hydraulic conductivity below water table are used. In the areas where both the water 
table and the impenetrable layer are lower than the depth of the root activity and there is the possibility of rising water 
and drainage in the future, the methods above water table are used to measure hydraulic conductivity. One of the 
method above the water table is the inversed augerhole method(porchmethod) (Journal of Management and 
Planning., 2005). 
 The soil hydraulic conductivity varies from one point to another. Since farming operation causes disturbance and 
changes in the soil physical structure, it affects the spatial variability (Journal of Management and Planning, 2005). 
Among methods that can be used to estimate spatial variability of soil hydraulic conductivity in each region are 
geostatistical methods (Mahdian., 2005). In recent decades a number of researcher have examined geostatistical 
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science, the spatial variability of some soil properties using (Alami al., 1980; Sepaskhah al., 2005). Delbari al. (2005) 
performed the evaluation of the geostatistical methods in the estimation of soil hydraulic conductivity in shibab and 
poshtab areas below sistan plain were. This research was done on 605 Hydraulic conductivity Measured data. 
Interpolation methods, Kriging methods, weighted moving average(IDW) and TPSS Had been used. this study was 
performed in large-scale and the spatial structure was not observed so much. hoshmand al (2009) to assessed the 
Geostatistical methods for estimation soil hydraulic conductivity in dosalgh Khuzestan region in GIS environment and 
concluded that spatial correlation of hydraulic conductivity in this region is Modest. Among the types of kriging 
methods, ordinary kriging with spherical semi-variogram and IDW to the power of two had the highest accuracy in 
estimating hydraulic conductivity. The purpose of this study was spatial variability analysis of hydraulic conductivity 
in tilled and no-tilled Soils and evaluation of the kriging interpolation method, Log kriging and IDW  in  estimating 
Hydraulic conductivity.  
 Mohamadzadeh al. (2009) used geostatistics in optimization of the hydraulic conductivity assessment in drainage 
designs (a case study of irrigation network and zeydon drainage).In this surrey, it has been tried to use geostatistics 
for categorizing the agricultural lands regarding the hydraulic conductivity and the distinct areas were also compared 
by polygon tisen method regarding the hydraulic conductivity( low, medium, high). Estimation were done by using 
the normal kriging, simple and general kriging. The results showed that from among different methods and different 
variagram models in area surface, the spherical model is capable of the hydraulic conductivity approximation in the 
area surface. 
 

MATERIALS AND METHODS 
 

Study area 
 lThe study was done in an area over 5,000 square meter located at the university of Zabol in Sistan plain(Iran). 
This field contained the longitude 61 degrees 48 minutes east and latitude 31 degrees 1 minutes North and at an 
altitude of 480 meters above sea level. The rainfall in Zabol city is mostly the showery precipitation and mainly starts 
in December and continues until early spring. According to the forty-year statistics the annual rainfall average in 
Zabol city is 60.8 mm and according to the twenty-year statistics it is 48.4 mm. Minimum temperature recorded in 
zabol station during the previus 40 years is -10 ° C and maximum temperature is 51 ° C. the annual temperature is 
mean 22 ° C at this station. 
 

Hydraulic Conductivity Measurements 
 For Hydraulic conductivity measurements in this study, reverse aguerhole method was used. in this method, 
first, aguerhole shoud be drilled in some points in the unsaturated soil, then the soil of the aguerhole body shoud be 
fully saturated for the test in the desired depth then it shoud be  measured. 
for measuring the hydraulic conductivity the following formula can be used (Management and Planning Organization 
Publication, 1384): 
 

                                                                  
(1) 
 

K= hydraulic conductivity (centimeters per second), r=aguerhole radius (cm), t = time since the begining of water 
level Drop the measurement (s), h. = water column height in the aguerhole at time t. or measurement Start  and h= 
water column height in the aguerhole at time t(cm). 
 To determine the sampling points coordinates GPS was used. two regular network with different scales were 
determined using a GPS device. sampling was started at December 22 th 2012 and continued until 18 January 2013. 
first, the no-tilled soil points were taken in large and small scale, afterwaeds the land was plowed and the of tilled soil 
points were taken. At the time of sampling, land was not cultivated. Soil texture was loamy. First, in  large-scale,in   
no-tilled soil with intervals of 10 m, 47 points(Figure 1) and in tilled soil in addition to taking the points taken from the 
no-tilled soil other points were taken for the  tilled soil in three different region of land and with 2 meter distance  such 
that  can be seen in Figure 2. In this case, 111 points were taken. for small scale in both types of soil land was 
selected in the main land with the area 5 in 10 m and the land was netted in the intervals of one meter and separately 
66 points were taken in each soil (Figure 3). 

t.)-r/2)]}/(t+log(h-r/2)+(h. {1.15r[log=K
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Figure 1. Location of points measuring hydraulic conductivity in large scale in no-tilled soil 

 

 
Figure 2. Location of points measuring hydraulic conductivity in large scale in tilled soil 

 

 
Figure 3. Location of points measuring hydraulic conductivity in small scale in no-tilled and tilled soil 

 

The used Interpolation Methods 
 According to the results of other researches, in this study, ordinary kriging interpolation methods, Log kriging 
and IDW were used which had better results mostly. Software used in this study was  GS+ software (De Souza, 
2009). 
 
Kriging  
 Ordinary kriging method is the most common type of kriging in which the variable values in the statistics missing 
points were estimated based on the Linear weighted moving average of variable values in clear points: 
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Log kriging 
 Conversion of normal log is one of the most common conversions especially for distributions having positive 
skewness that was used in this study. Application of kriging method on the transformed data is commonly known as 
the log-normal kriging method (Hassani Pak, 2007). 
 

IDW 
 In this method,the basic premise is that Similarity and Correlation between neighbors is proportional with distance 
between them. that can be indicated as a function of distance inverse anywhere from the neighboring points. This 
method is used when the sample points are distributed at local scale surfaces with an adequate sufficiently 
distribution. The rater original formula IDW is as follows: 
 

 
 
 Where Z0  is the estimated quantity  of the variable Z at point 0, Zi is the observed quantity of the variable at point 
i, di distance between the apparent  point  up to estimation point and n is a factor that determines the weight based 
on the distance(safari, 2006). 
 

Method and Criterion Assessment 
 In this study,the cross-validation method  will beused to evaluate the interpolation methods. in this method, first, 
an observed point will be eliminated  and the estimation will be made by using other points and by applying the 
desired interpolation method for this point. then will be returned to its place and  the next  point will be omitted. this 
procedure will be performed for all the observed points. criteria used in this study includs mean absolute error  (MAE), 
the mean bias error (MBE) and root mean square error(RMSE)is: 
 

 
(3  )  
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 MAE and RMSE show the amount of the error measurement and MBE show the deviation of the results of the 
used methods. Basically, the best method is a method having the least amount of MAE and RMSE and its MBE  be 
closer to zero 
 

RESULTS AND DISCUSSION 
 

Statistical descriptions of the Data studied 
 Statistical descriptions of the hydraulic conductivity data in both, tilled and no-tilled soil are presented respectively 
in Tables (1) and (2). coefficient of variation varies for  Hydraulic conductivity in no-tilled soil in both large and small 
scale and exists in an interval between 11/32 and  89/22 percent. In tilled soil, the coefficient of variation is in an 
interval between 13/22 and 52/19. As it is shown in tables 1 and 2, the hydraulic conductivity follows the log-normal 
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distribution in both scales. Log-normal of hydraulic conductivity distribution in Rogers, (1991) and Mustafa, (2000) 
stydies has also been obtained. 
 

Table 1. statistical Summary of the data on no- tilled soil 
 

 
 

variable max mean min sd Coefficient of Variation 
(%) 

Variance Skewness Elongation 

 

Large 
scale 

Hydraulic conductivity 

(Cm/ day) 

28/53 12/82 6/09 

 

5/43 89/22 29/52 1/25 1/14 

Logarithm of hydraulic 

conductivity 

3/36 2/47 1/81 0/388 

 

15/7 0/15 0/42 0/46- 

 

Small 
scale 

Hydraulic conductivity 

(Cm/ day) 

40/14 13/61 6/77 5/1 75/33 26/07 2/93 11/83 

Logarithm of hydraulic 

conductivity 

3/69 26/51 1/91 0/30 11/31 0/091 0/88 2/94 

 

 

Table 2. statistical Summary of the data on tilled soil 
 

 variable max mean min sd  

 

Coefficient of Variation 

(%) 

Variance Skewness Elongation 

 
Large 

scale 

Hydraulic conductivity 
(Cm/ day)) 

59/22 21/9 9/52 10/05 45/89 101/18    1/69 2/84 

Logarithm of hydraulic 
conductivity 

4/08 3/002 2/25 0/397 13/22 0/157    0/6  0/2  

 
Small 

scale 

Hydraulic conductivity 
(Cm/ day) 

74/41 20/75 6/77 10/83 52/19 117/42 2/45 8/42 

Logarithm of hydraulic 
conductivity 

4/31 2/93 1/91 0/43 14/67 0/19 0/41 0/96 

 

Geostatistical Description of the Data  
 For investigating Isotropic and anisotropic of the hydraulic conductivity, first directional semi-variogram was 
plotted for four directions, 0, 45, 90, 135 °  to angular deviation of 22/5 ° Using GS+ software plotted. results did not 
show a considerable anisotropy. So the isotropic semi-variogram was used for the subsequent stages of the 
research. 
 

No-tilled soil 
 Figures 8 and 9 show that the best semi-variogram model of the hydraulic conductivity is spherical model in both, 
logarithmic and no-logarithmic cases in large scale. Spatial correlation is also weak in both cases. Delbari al(2004) 
and Rogers al (1991) also express that the best semi-variogram model for hydraulic conductivity is the spherical 
model  and in their researches also either there isnot the spatial correlation or it is very  weak. Alemi al (1980) have 
reports, the spatial correlation in the spatial correlation of the hydraulic conductivity which is the best semi-
variogrammodel of the hydraulic conductivity in both, logarithmic and no-logarithmic cases in a Linear small scale 
and the coefficient spatial correlation is weak.  
 

 
 

Figure 8. the experiential semi variogram model in no-tilled soil in large scale 
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Figure 11. the experiential semi variogram model in tilled soil in small scale 

 
Tilled soil 
 Figure 10 shows that in large scale the best semi-variogram model of the hydraulic conductivity is gaussian 
model in both logarithmic and no-logarithmic cases, in tilled soil in the logarithmic mode the radius affection is more 
than in no- logarithmic mode. Also the spatial correlation coefficient is weak. In both logarithmic and no- logarithmic 
cases in small scale in tilled soil, the best semi-variogram model of the hydraulic conductivity is the spherical 
model(Figure 11). The spatial correlation coefficient in both cases is weak. 
 

 
 

Figure 9. the model experiential semi variogram model in no-tilled soil in small scale 

 

 
 

Figure 10. the experiential semi variogram model in tilled soil in large scale 

 

Choosing the best method of estimating the hydraulic conductivity data 
 Tables 5 and 6 show the results of cross-validation for each of the parameters. Based on the results obtained 
from the cross-assessment and by comparing MAE, it was found that the best estimation method in tilled soil and no 
tilled soil is kriging method in large scale, also in small scale in no-tilled soil the best estimation procedure is IDW to 
the power of 2 and the best procedure is the log kriging in tilled soil. Hoshmand al ( 2009) found IDW to the power of 
2 and the common kriging methods as having the most accuracy in hydraulic conductivity estimation among the 
various methods Interpolation.  
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Table 5. Results of cross-validation of  hydraulic conductivity estimation  in no-tilled soil 
 

 variable Interpolation Method the number of neighborhood MBE RMSE MAE 

Large scale 

Hydraulic conductivity 
(Cm/ day) 

kriging 
IDW 

20 
8 

0/1312- 
0477/0- 

2851/5 
3225/5 

930/3 
0774/4 

Logarithm of hydraulic conductivity 
Log kriging 
 

20 
 

0489/0- 
 

302/5 
 

0089/4 
 

Small scale 

Hydraulic conductivity 
(Cm/ day) 

kriging 
IDW 

20 
20 

354/0 
352/0 

275/5 
242/5 

184/3 
131/3 

Logarithm of hydraulic conductivity 
Log kriging 

 

14 

 

906/0 

 

350/5 

 

373/3 

 

 
Table 6. Results of cross-validation of hydraulic conductivity estimation in tilled soil 

 

 variable 
Interpolation 

Method 

the number of 

neighborhood 
MBE        RMSE       MAE                 

Large scale 

Hydraulic 
conductivity 

(Cm/ day) 

Kriging      
IDW 

8 
8 

910/0 
785/0 

859/9 
393/10 

726    /6 
325/7 

Logarithm of 

hydraulic 

conductivity 

Log kriging    

 

 

8 

 

404/1 

 

865/9 

 

897/6 

 

Small scale 

Hydraulic 

conductivity 
(Cm/ day) 

Kriging        
IDW 

12 
8 

0025/0- 
043/0- 

131/11 
482/11 

368/7 
746/7 

Logarithm of 
hydraulic 

conductivity  

Log kriging 
 

20 
 

316/0- 
 

917/10 
 

138/7 
 

 
Drawing maps  estimate 
 According to tables 5 and 6, mapsrelated to the  best interpolation methods were drawn in figures 12 and 13 
figures. 12 and 13 indicate that hydraulic conductivity in tilled soil is more than in no-tilled soil. 
 

Large scale 
 

 

 
 

Figure 12. maps of hydraulic conductivity estimation in tilled and no- tilled soils in large scale 
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Small scale 

 

 
 

Figure 13. maps of hydraulic conductivity estimation in tilled and no- tilled soils in small scale 

 

CONCLUSION 
 According to the results obtained in this survey the best method for the estimation of hydraulic conductivity is 
mostly kriging method. variation coefficient of hydraulic conductivity in tilled soil has decreased in comparison to no-
tilled soil in large scale in both cases logarithmic and no-logarithmic and in small scale in case, in logarithmic case it 
has also reduced. According to the obtained results, in both tilled soil and no-tilled soil, and in both large and small 
scale, hydraulic conductivity contains positive skewness. data distribution follow the normal log distribution. In both 
types soil the affection radius is more in large scale than in small scale. According to the obtained results, the  spatial 
correlation hydraulic conductivity is weak. 
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