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Ordinary Kriging (OK) is one of the geostatistical methods, which were used in the 

variation types of mapping, which related to the soil. Compliment by semi variogram 

models, OK has become one of the most sought out method for the digital mapping, 

which applied Geographical Information System (GIS) as a main approach. Four semi 

variogram models, which are spherical, exponential, circular and gaussian would be 

applied to determine the best model for the mapping purposes, with Root-Mean-Squared-

Error (RMSE) as a performance indicator. The value of the cohesion and clay percentage 

will be based according to the related depth. Each semi variogram model will be applied 

to determine the best model for each depth, whether it is cohesion or clay percentage, and 

producing a map, as a result. This mapping would be an alternative to the geological 

mapping, whereby it would show the range of the cohesion and clay percentage values 

rather than soil types.  
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1. INTRODUCTION

Geostatistical modelling is the latest approach, which were 

used in the variation types of mapping, related to the soil [1]. 

Compliment by semi variogram, methods such as Kriging has 

become one of the most sought out method for the digital 

mapping, which applied Geographical Information System 

(GIS) as a main approach. Soil cohesion and clay percentage 

are related, due to the nature of the clay is cohesive, and it is 

measured by cohesion value and plasticity index [2]. High 

cohesion values would contribute to high shear strength of soil, 

which could indicate the ground stability of the area. The 

introduction of the new approach, which combined the 

statistical method and current soil investigation method, could 

contribute in describing the actual condition of the study area, 

in a practically visible way [3]. With these results, the area 

comprises low or high values of related parameters are easily 

identified. Any actions that need to be taken to address 

problems occurred from this area could be done in a more 

convenient way [4]. 

2. STUDY AREA

Kundasang, Sabah (Figure 1) has been known for the 

highland tourism in Malaysia, especially for the Mount 

Kinabalu, which heights is 4095.2 meters above sea level. This 

area is popular due to its topography and cool climate, which 

contributes to the crops production such as vegetables and 

fruits, and dairy products. Despite blessed with the serene 

environment, this area is susceptible to the geohazard such as 

soil mass movements and landslides, which were occurred in 

high frequency [5-12].  Figure 1. Location of Kundasang area, Sabah, Malaysia 
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Figure 2. Boreholes location in Kundasang (blue and yellow 

circle) 

 

Located on two formations, which are Crocker Formation, 

and Trusmadi Formations, soil in Kundasang is known for low 

cohesion and high angle of internal friction values. Since 

cohesion value is usually associated with clay, it is essential to 

determine the clay percentage distribution of the area, to get 

the actual view of one of the soil properties. This study would 

determine the clay percentage distribution for 70 boreholes 

(Figure 2), from ground level towards 10 meters depth, divided 

into four equal sections, which are 0 to 2.5 meters, 2.5 to 5 

meters, 5 to 7.5 meters, and 7.5 to 10 meters. 

 

 

3. MATERIALS AND METHODS 
 

Kriging methods (Figure 3) were found by D.G. Krige, in 

1953, where the prediction is needed to identify which area has 

the highest calorie of coal content and the prediction made is 

showing 96% of accuracy [13]. Expanded by George 

Matheron, Kriging has become very popular and being used 

for many purposes, which includes earth science, engineering, 

medical and vector diseases control [14]. 

 
Figure 3. Prediction using ordinary kriging method 

 

Z = μ + ε (s) (1) 

 

where, 

Z (s)= value that need to be obtained, 

μ = mean or the average value that need to be found, 

ε (s) = random error which will reduce the value error, which 

is ±1.96 multiple by kriging error. 

 

There are several types of Kriging methods, namely 

Ordinary Kriging, Simple Kriging, Universal Kriging, 

Indicator Kriging, Disjunctive Kriging, Probability Kriging 

and Cokriging. But due to its simplicity and accuracy, the 

Ordinary Kriging (OK) has become the most popular choice 

[15]. Before OK method could be applied, semivariogram 

(Figure 4) would be developed to determine the best model for 

each depth sections, which would be processed for the 

mapping development of cohesion and clay percentage.  

 
 

Figure 4. Semivariogram, which comprised of nugget, range 

and sill 
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1
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where, 

γ (h) = semivariance between point xi and xj discrete by lag 

distance h; 

n = numbers of pairs of sample points separated by distance h; 

z = Attribute value (depends on the parameter that used for this 

method). 

h = distance separating xi and xj. 

 

Semivariogram modelling is a key step between spatial 

description and spatial prediction, which is produced through 

the least square fit of the data. Four models of semivariogram 

that would be used in this study are spherical, exponential, 

circular, and Gaussian (Figure 5). These semivariogram 

models have different criteria and shape, according to their 

respective equation [16]. In manual process, the 

semivariogram calculation would proceed prior to the OK. 

However, when the calculation is executed by using ArcGIS 

software, the method have to be selected first due to the variety 

of Kriging methods availability. Hence, Figure 6 is showing 

how the process would be executed. The lowest performance 

indicators value, which is in this case, Root-Mean-Square-

Error (RMSE), would be applied as the selected models before 

proceed to the mapping process. 

 
 

Figure 5. Types of semivariogram models used for this study 
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Figure 6. Flowchart showing the methodology used in this 

study 

 

Prior to the process above, satellite image from JUPEM 

need to be obtained, together with the borelog of this area. 

Data of soil cohesion and clay percentage would be produced, 

provided with the Global Positioning System (GPS) 

coordinate, together with the associated depth. Different 

borehole would represent different depth for this study. 

Analysis will be made once the data have been selected, 

according to the Kriging methods and semivariogram models. 

Several graphs and summaries would be displayed prior to the 

mapping image, such as predicted error, standardized error, 

and Quantile to Quantile (QQ) plot. Higher accuracy mapping 

could be produced with higher number of data, since 

geostatistical mapping is basically based on interpolation [17]. 

 

 

4. RESULTS AND DISCUSSION 

 

Figure 7 is showing the selected semivariogram according 

to the depth section for soil cohesion. Circular model emerged 

as the best model for the depth of 0 – 2.5 meters (Figure 7a), 

comprising RMSE value of 4.1071. Exponential model 

standout twice for both depth 2.5 – 5 meters (Figure 7b) and 5 

– 7.5 meters (Figure 7c), distinguished by RMSE values of 

2.6789 and 2.4425. While for depth 7.5 – 10 meters, any model 

(Figure 7d) could be selected due to the similar value of RMSE, 

2.4176. 

Selected semivariogram for clay percentage distribution is 

shown in Figure 8. Once again, exponential model standout 

twice as the best model but for different depth compared to the 

soil cohesion in Figure 7. Comprising RMSE value of 9.5761 

and 5.0340, exponential model is selected for both depth 0 – 

2.5 meters (Figure 8a) and 7.5 to 10 meters (Figure 8d). For 

depth 2.5 – 5 meters and 5 – 7.5 meters, spherical model and 

circular model have been selected, due to the RMSE values of 

9.0670 (Figure 8b) and 6.4173 (Figure 8c). All semivariogram 

models which has been highlighted here would be selected for 

the mapping purposes. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 

Figure 7. Semi variogram models for soil cohesion, a. 

Circular, b. Exponential, c. Exponential, d. All models 
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Figure 9 is showing the mapping of the soil cohesion, for 

each depth section. For depth 0 to 2.5 meters, high cohesion 

values could be seen on the top half of the study area, leaving 

low cohesion values remained in the southeast area and little 

bit of southwest area (Figure 9a). For depth 2.5 to 5 meters, 

opposite to the previous depth, low cohesion values dominate 

the top half of the area, and leave high cohesion values 

remained at east, southeast, and some in the middle west 

(Figure 9b). For depth 5 to 7.5 meters, low cohesion values 

dominated the northwest and middle north area, while high 

cohesion values dominated the southeast area, leaving the 

middle area with the intermediate values (Figure 9c). For the 

final depth, low cohesion values located at middle to 

southwest area, high cohesion values were dominating west 

and east area, leaving the middle area with intermediate 

cohesion values (Figure 9d). It could be seen from Figure 9, 

that each depth provides different cohesion values, despite 

separated by 2.5 meters depth.  
 

       
(a)                                                   (b) 

      
(c)                                                              (d) 

 

Figure 8. Semivariogram models for clay percentage, a. Exponential, b. Spherical, c. Circular, d. Exponential 
 

 
 

Figure 9. Cohesion mapping for each depth, a. 0 – 2.5 meters, b. 2.5 – 5 meters, c. 5 – 7.5 meters, d. 7.5 – 10 meters 
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Figure 10. Clay percentage mapping for each depth, a. 0 – 2.5 meters, b. 2.5 – 5 meters, c. 5 – 7.5 meters, d. 7.5 – 10 meters 

 

Figure 10 is showing the mapping of the clay percentage, 

for each depth section. For depth 0 to 2.5 meters, high clay 

percentage values could be seen on the top half of the study 

area, leaving low clay percentage values remained in the west 

and bottom half area (Figure 10a). For depth 2.5 to 5 meters, 

low clay percentage values dominate from northwest to 

southeast of the area, and leave high clay percentage values 

remained at southwest, northeast, and some in the middle west 

(Figure 10b). For depth 5 to 7.5 meters, low clay percentage 

values dominated the northwest and middle north area, while 

high clay percentage values dominated the southeast area, 

leaving the middle area with the intermediate values (Figure 

10c). For the final depth, low clay percentage values 

dominated most of the area, leaving high clay percentage 

values at east area, leaving the middle area with intermediate 

values (Figure 10d). Similar to Figure 9, Figure 10 is also 

showing that each depth provides different clay percentage 

values, despite separated by 2.5 meters depth.  

By observing both Figure 9 and Figure 10, it could be found 

that there are similarities of location between cohesion and 

clay percentage in both mappings. Both figures are showing 

high cohesion values are located almost similar to the high 

clay percentage values and vice versa, according to the depth 

section. Significantly, most area were dominated by low clay 

percentage values, which contributed to the low cohesion 

values. Through this mapping, it could be confirmed that the 

Kundasang area are suffering from low soil cohesion values 

and low clay percentage, which is highly exposed and prone 

to the geohazard disaster such as soil mass movement and 

landslides. 

 

 

5. CONCLUSION 

 

The application of semivariogram and Ordinary Kriging 

provide new insight on how soil cohesion and clay percentage 

could be studied on-site. Furthermore, it could show how these 

parameters and unit could be related. Lowest RMSE values 

such as 4.1071. 2.6789, 2.4425, and 2.4176 across all four 

depths for soil cohesion, and 9.5761, 9.0670, 6.4173 and 

5.0340 for clay percentage could contribute in developing 

digital mapping. Changes in clay percentage could contribute 

in changes of soil cohesion, which is crucial for ground 

deformation and landslides. By obtaining these mapping, lots 

of improvements and remedial works could be planned within 

this area. These approaches could help the designers, 

researchers, and other stakeholder (local authority) to make 

decisions for future developments and geohazard precautions. 
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