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Abstract. Soil is considered to be a highly heterogeneous material whose properties 

vary from place to place and at a particular place with respect to depth. For carrying 

out any kind of geotechnical analyses on a regional scale, geotechnical soil properties 

are required which is possible only after drilling large number of boreholes, which is 

both time consuming and uneconomical. Digital Soil Mapping is a process by which 

soil properties are predicted on a regional scale from a known limited number of 

point observations. Digital soil map consists of pixels in a grid wherein each pixel 

has a unique geographic location and soil data. Different interpolation techniques 

can be used for the development of a digital soil map. Various studies have shown 

mixed conclusions about the accuracy of the different interpolation methods. In this 

paper, two commonly used interpolation methods namely IDW and ordinary kriging 

were applied to develop a digital soil map of the residual lateritic soils in Kerala. The 

results were validated using the com- monly used leave one out cross validation 

(LOOCV) technique. The accuracy was also checked by comparison of predicted 

soil properties with an independent soil dataset which was not used in the 

interpolation process. The results showed that ordinary kriging outperformed the 

IDW method and therefore, it can be used for development of digital soil map of 

residual lateritic soils of Kerala. 
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1 Introduction 
 

Geotechnical engineers require the properties of soil for the design of various types of 

engineering structures. There is a lack of literature about the availability of thematic 

soil maps containing geotechnical soil properties which otherwise can prove very handy 

in the design of structures which concern the geotechnical engineers. Field investiga- 

tions for the purpose of obtaining geotechnical soil properties is a very costly, time 

consuming and sometimes an impossible process in case of inaccessible areas. Accord- 

ing to Tobbler (1970), everything is related to everything else and near things are more 

related to each other than far things. Digital mapping is a process of combination of 

GIS and various interpolation techniques for predicting various parameters like soil 

moisture (Srivastava et al., 2019), hydraulic and shear strength properties (Rahardjo & 

Satyanaga, 2019; Ip et al., 2021; Satyanaga & Rahardjo, 2022), tree density and wood 

species (Munyati & Sinthumule, 2021), particulate matter (Choi & Chong, 2022) etc. 

Digital Soil Mapping is being performed for the purpose of predicting soil properties at 

an un-sampled locations from the data obtained through limited field observations. 

There are many types of interpolation techniques utilized in GIS environment for the 
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generation of digital maps of various parameters (Eldrandaly and Abu-Zaid, 2011; 

Munyati & Sinthumule, 2021; Choi & Chong, 2022). A few examples of interpolation 

methods include trend surface interpolation, kriging interpolation, IDW interpolation, 

splines interpolation etc. Kriging and IDW interpolation methods are the most widely 

used methods found in literature (Srivastava et al., 2019; Rahardjo & Satyanaga, 2019; 

Ip et al., 2021; Munyati & Sinthumule, 2021; Choi & Chong, 2022). Kriging is a geo- 

statistical method of interpolation wherein spatial distribution of samples is also taken 

into account while assigning weightage to the surrounding points for the prediction at 

an un-sampled locations (Akkala et al., 2010) apart from the consideration of autocor- 

relation between the sample points based on distance between them. Ordinary kriging 

being the most robust among all other types of kriging models (Rahardjo & Satyanaga, 

2019), it is the most widely adopted method (Li and Heap, 2011). IDW interpolation 

technique on the other hand is a deterministic method of interpolation wherein only the 

distance between the target location and the known data location is given importance. 

The underlying principle behind the IDW method is that nearer locations have greater 

similarity than farther locations with each other (Isaaks and Srivastava, 1989). After a 

thorough literature review, it was found that there are mixed conclusions about IDW 

and kriging interpolation techniques. Sometimes kriging interpolation outperforms the 

IDW and vice-versa (Eldrandaly and Abu-Zaid, 2011; Shahbeik et al., 2014; Gong et 

al., 2014; Hodam et al., 2017) which implies that no interpolation technique seems to 

be absolute but its performance mostly depends on the type of variable involved. More- 

over, there are a very limited studies about the applicability of kriging and IDW inter- 

polation methods in the prediction of geotechnical soil properties. Hence, in this study 

we applied the different kriging models to investigate its potential in the prediction of 

index properties of soil including liquid limit and plastic limit. Index properties of soil 

help in the classification of soil into plastic and non-plastic categories. In order to com- 

pare the performance between IDW and kriging, we also utilized the IDW in the pre- 

diction of above-mentioned properties. 

 

 
2 Study area and data acquisition 

 
The study area falls in a highly landslide prone district ‘Idukki’ in Kerala where for 

performing landside susceptibility analyses on a regional scale, interpolation of soil 

properties would be needed for the development of a digital soil map. The study area 

considered was lying between latitudes of (9°53ˊ15ˊˊ and 10°1ˊ44ˊˊ) and longitudes of 

(77°2ˊ41ˊˊ and 77°11ˊ5ˊˊ) as shown in Fig. 1. The total study area is equal to 64 Square 

Kilometres. The major lithological formations present in the area are pink granite 

gneiss, acid to intermediate charnockite and hornblende-biotite gneiss. 

Detailed site investigations and laboratory experiments were performed for obtain- 

ing various geotechnical properties of soil in accordance with relevant IS codes. How- 

ever, for brevity we presented only liquid limit (LL) and plastic limit (PL) of the soil 

for the comparison study presented in this paper. Prediction capability of two com- 

monly used interpolation techniques; ordinary kriging and IDW were compared. In to- 

tal, 165 samples were collected from the study area. 
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Fig. 1. Study area and location of soil samplings 

 

3 Methods 
 

In this study, two interpolation techniques including IDW and ordinary kriging with 

different types of semi-variogram models were used for the prediction of index proper- 

ties of soil at an unsampled locations from the limited observed borehole data. 

 

 
3.1 Inverse Distance Weighing (IDW) 

The assumption behind the IDW interpolation method is that the things nearer to each 

other are similar and this similarity fades away as the distance between them increases 

(Isaaks and Srivastava, 1989). Therefore, the predicted value by IDW interpolation at 

an unmeasured location will be more affected by the nearer observations as compared 

to farther observations and hence the name inverse distance weighing. The equation of 

IDW is given by Roberts et al. (2004) as: 
 

𝑍𝑥    = 𝛴𝑖
𝑛 𝜆𝑖𝑍𝑥 (1) 

0 =1 𝑖 
 

Where, 𝑍𝑥0 is a value to be predicted, 𝑍𝑥𝑖 is a known value and 𝜆𝑖 is a weightage factor 

given by Roberts et al. (2004) as: 
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𝜆𝑖 

 

𝑝 
[1/𝑑𝑥𝑖,0] 

𝑝 𝛴𝑛    [1/𝑑 

 

(2) 
𝑖=1 𝑥𝑖,0

] 
 

Where, 𝑑𝑥𝑖,0 is the distance between the measured and the unmeasured locations and 

𝑝 is a power value, often assumed equal to 2 in literature. 

 
3.2 Kriging Interpolation 

Kriging is a geostatistical method of interpolation which takes into account the spatial 

arrangement of the observations also besides the distance between them. Semivario- 

grams are used to determine the extent of dependence among the measured observa- 

tions. The degree of spatial dependence is given in terms of semi-variance as: 
 

(ℎ) = ( 
1 

) 𝛴𝑛   [𝑧(𝑥 ) − 𝑧(𝑥 
 

+ ℎ)]2 (3) 
2𝑛 𝑖=1 𝑖 𝑖 

 

where, h is the lag; 𝑧(𝑥𝑖) and 𝑧(𝑥𝑖 + ℎ) are the observations at two different locations; 

n is number of pairs of observations. The semivariance varies inversely with the dis- 

tance and is modelled by semivariogram. There are different models available where a 

semivariogram can be best fitted in order to determine the semivariance at any given 

location. In this study, we used an ordinary kriging method and tried to fit a semivari- 

ogram in popular kriging models like spherical, exponential, gaussian, circular, stable 

which are inbuilt in ArcGIS software. Prior to interpolation, the data was checked for 

its suitability in kriging interpolation. Histograms and Normal QQ plots were examined 

for normal distribution of the data. Trend analyses was also performed to check if any 

trend in the data. However, no trend was seen in the data. 

 

 
3.3 Assessment of interpolation results 

The results of the interpolation can be assessed by leave one out cross validation 

(LOOCV) technique. In LOOCV, one observation is removed and its value is predicted 

from the rest of the data. This procedure is repeated for all of the data values. 

The accuracy of the different models can be checked by popular statistical metrics 

like root mean square error (RMSE), the mean prediction error (ME) etc. However, root 

mean square error (RMSE) has been generally adopted in many literatures (Yao et al., 

2013; Chai & Draxler, 2014; Munyati & Sinthumule, 2021; Satyanaga et al., 2022) for 

the evaluation of interpolation results. 

The equation for RMSE is given as: 

 

𝑅𝑀𝑆𝐸 = √
1 

𝛴  [𝑧   − 𝑧′ ]
2 

(4) 
𝑛    𝑖=1     𝑥𝑖 𝑥𝑖 

 

where 𝑧𝑥 is the actual value, 𝑧′ is the predicted value at location 𝑥 and n is the sample 
𝑖 

size. 
𝑥𝑖 𝑖 

= 
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4 Results and discussion 
 

The spatial distribution of liquid limit and plastic limit of soil predicted by IDW method 

of interpolation method is shown in Fig. 2. 

Fig. 2. Results of IDW interpolation a) Liquid limit b) Plastic limit 

 

The spatially predicted values of liquid limit and plastic limit by ordinary kriging inter- 

polation is shown in Fig. 3 and Fig. 4, respectively. 

Fig. 3. Maps show distribution of liquid limit of soil predicted by ordinary kriging interpolation 

using a) Stable b) Circular c) Gaussian d) Exponential and e) Spherical models 
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Fig. 4. Maps show distribution of plastic limit predicted by ordinary kriging interpolation using 

a) Stable b) Circular c) Gaussian d) Exponential and e) Spherical models 

 

In order to validate the prediction by IDW and ordinary kriging interpolation methods, 

leave one out cross validation (LOOCV) technique was used. During cross validation 

one data point is deleted and then it is predicted from the remaining data set. Next this 

predicted value is compared with the actual measured value to evaluate the accuracy of 

prediction by the models. The results of LOOCV for IDW method for both liquid limit 

and plastic limit are shown in shown in Fig. 5 and are summarized in Table 1. 

Fig. 5. Results of cross validation of IDW interpolation a) liquid limit b) plastic limit 
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Table 1. Summary of cross validation results of IDW interpolation method 

 

 LL PL 

Mean -0.03342 0.03095 

Root Mean Square 1.01144 1.27633 

 
The results of LOOCV for ordinary kriging interpolation is shown in Fig. 6 and sum- 

marized in Table 2 for liquid limit. 

 

  
Fig. 6. Results of cross validation of ordinary kriging interpolation for liquid limit using a) Stable 

b) Circular c) Gaussian d) Exponential and e) Spherical semivariogram models 

 

Similarly, the results of LOOCV for ordinary kriging interpolation is shown in Fig. 7 

and summarized in Table 3 for plastic limit. 

(d) (c) 
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Fig. 6. Continued. 

 

Table 2. Summary of cross validation results of ordinary kriging semivariogram models for 

liquid limit 
 

 Stable Circular Gaussian Exponential Spherical 

Mean -0.00940 -0.01473 -0.00940 -0.00781 -0.01571 

Root Mean 

Square 
1.00255 1.00936 1.00255 1.02733 0.99421 

Mean standard- 

ized 
-0.00840 -0.01298 -0.00840 -0.00697 -0.01300 

Root Mean 

Square Stand- 

ardized 

 
0.96520 

 
0.97033 

 
0.96520 

 
0.96615 

 
0.96595 

Average Stand- 

  ard Error  
1.04571 1.04654 1.04571 1.06795 1.03547 

 

Fig. 7. Results of cross validation of ordinary kriging interpolation for plastic limit using a) 

Stable b) Circular c) Gaussian d) Exponential and e) Spherical semivariogram models 

(e) 
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Fig. 7. Continued. 
 

Table 3. Summary of Cross validation results of ordinary kriging semivariogram models for 

plastic limit 
 

 Stable Circular Gaussian Exponential Spherical 

Mean 0.00974 0.01183 0.00974 0.01083 0.00942 

Root Mean 

Square 
1.24323 1.24318 1.24323 1.25037 1.25914 

Mean standard- 

ized 
0.00588 0.00733 0.00588 0.00588 0.00558 

Root Mean 

Square Stand- 

ardized 

 
0.96654 

 
0.96858 

 
0.96654 

 
0.96883 

 
0.97990 

Average Stand- 

ard Error 
1.28578 1.28303 1.28578 1.29242 1.28255 

(e) 

(c) (d) 
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The cross validation for the case of ordinary kriging interpolation would result in five 

different statistical metrics including mean error (ME), root mean square error (RMSE), 

mean standardized, root mean square standardized, average standard error. Generally, 

the perfect model will have mean standardized close to zero, minimum RMSE, the av- 

erage standard error close to RMSE and root mean square standardized equal to 1. Root 

mean square error (RMSE) has been generally used in many literatures for the compar- 

ison of interpolation methods in terms of deviation of predicted values from the meas- 

ured values ( Yao et al., 2013; Chai & Draxler, 2014; Munyati & Sinthumule, 2021; 

Satyanaga et al., 2022). Therefore, RMSE was used for the comparison between IDW 

and kriging prediction capability. 

In the case of liquid limit, lowest RMSE value equal to 0.99421 was obtained with 

spherical model of kriging and for the case of plastic limit, circular model of kriging 

provided the lowest RMSE value equal to 1.24318. In case of IDW, the RMSE values 

for liquid limit and plastic limit were 1.01144 and 1.27633, respectively. Thus, in both 

the cases, kriging interpolation performed better than IDW. 

The results of IDW and kriging interpolation were also validated against the independ- 

ent soil data which was not used in the interpolation process. It was observed that ordi- 

nary kriging provided the best possible prediction when compared with the actual in- 

dependent dataset. Therefore, kriging performed better than IDW in terms of validation 

with the independent dataset also. 

Thus, the results of this study suggest that the ordinary kriging can be used for the 

prediction of various soil properties such as cohesion, angle of internal friction, unsatu- 

rated soil properties etc. at unsampled locations from the limited set of observed data 

for the development of a digital soil map. 

 
5 Conclusions 

 
Regional geotechnical analyses of any kind would also require soil properties on re- 

gional scale. Therefore, this study tried to compare the prediction capability of two 

commonly used interpolation techniques namely IDW and ordinary kriging. A study 

area in the district of Idukki (Kerala) was considered for the analyses. Geotechnical 

properties of soil determined from 165 sampling locations were used for the present 

study. IDW and different semivariogram models in case of ordinary kriging including 

stable, circular, gaussian, exponential and spherical were tried to come up with a best 

possible interpolation method. Leave one out cross validation (LOOCV) was performed 

to compare the results of the different methods of interpolation in terms of RMSE. Re- 

sults from the present study indicated that kriging interpolation performed better than 

IDW. The predicted soil properties were also validated against the independent dataset 

which was not used in the interpolation process and it was observed that ordinary 

kriging outperformed the IDW interpolation method. Hence, it can be concluded that 

for the prediction of soil properties on regional scale from limited number of known 

observed borehole data, ordinary kriging can provide reliable results. 
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