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ABSTRACT 

Effective development of subsurface petroleum resources relies on the estimation of spatially distributed 

parameters at undrilled locations. Established geostatistical algorithms based on kriging exist for the estimation of scalar 

spatial variables such as porosity and permeability. This may not be suitable for the estimation of distributions of 

properties, such as grain size, whose whole distribution varies spatially. The current conventional approach is to fit a 

normal or log-normal distribution to the available data, and then to estimate the parameters of the distribution, the mean 

and standard deviation, spatially using kriging, taking care to consider any dependence between the mean and standard 

deviation. The assumption that all the grain size distributions can be approximated by a single distribution type is 

unsatisfactory, since datasets have very different-looking distributions, with variations in skewness, kurtosis, and modality. 

This paper presents an alternative approach that can handle significant variability in the distribution shape by separating the 

distribution into bins, like a histogram, and treating these bins as percentages in a composition. Compositional data needs 

to be mapped onto a simplex to overcome spurious correlations between those components, in addition, spatial estimation 

methods for compositional data have already been developed. However, the contribution to this field is the mapping of 

continuous data from distributions into a composition that enables the compositional kriging method to predict 

distributions at new locations. Moreover, the results showed the prediction distributions in the presence of varying 

modality, skewness, and kurtosis. Therefore, the grain size datasets in this paper have been working with the 

confidentiality restrictions so it explains the technique with a dataset of population ages from the US census 2010 for the 

state of Texas, which shows similar variability in distribution. 
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1. INTRODUCTION 

Spatial interpolation of distributions with varying 

numbers of modes is a useful technique in the estimation 

of the distributions [1] and [2] discussed calculating the 

spatial continuous data using the interpolation methods 

required undivided disciplines relative to the earth’s 

surface. In addition, the importance of the application was 

investigated using the geostatistical method in the 

environment of continuous data [3]. Moreover, several 

studies related to the geostatistical method showed a better 

result than the interpolation method, and the process of 

estimating the values at unsampled locations was based on 

the observations of the samples taken from different 

locations, however, there are different types of spatial 

interpolation methods such as the Kriging method [4]. 

Furthermore, [5] studied the continuous data, and 

population density and found that the ordinary kriging 

technique is more accurate than other methods such as the 

areal weighting (AW) method to estimate the population 

of a new location spatially, thus, choosing the suitable 

interpolation method for a given input dataset may pose 

the challenges but only when the recommendation for 

estimating the continuous data is a kriging method, 

however, the spatial interpolation using kriging method is 

preferred, but there is some limitation in the situation 

where the form of the distribution is different. In addition, 

it was explained as a conditional density estimator with a 

mean of a function specified by local polynomial smoother 

and if the data are not spatially independent then it might 

be incorrect. Moreover, the compositional kriging is 

delivered as an extension of the ordinary kriging that 

complies with the constraints, [6] Moreover, stated that the 

compositional kriging method presented a simple 

extension of the ordinary kriging, Thus, compositional 

kinging CK is an innovative approach to investigate 

spatial interpolation for the population data. [7] introduced 

the comparison of spatial interpolation methods for the 

estimation of air temperature in Sydney, Australia, where 

it improved the precision in predicting the air temperature 

measurements However, another example in terms of 

continuous data is soil properties, and [8] examined that 

the better result of interpolation is the kriging method 

rather than other techniques like IDW and spline related to 

soil properties as the continuous data on the map, where 

further emphasized that the kriging method tends to 

exhibit superior performance compared to other methods 

specifically the spatial correlation within the data. Based 

on this, [9] stated that the compositional kriging 

considered the spatial correlation between the transformed 

parameters generated the predictions. In addition, [10] 

discussed and found that the method for using the 

multivariate statistical analysis on the compositional data 

helped the correlations with different components and 

increased the accuracy of the estimations; therefore, the 

method was classified to be an introduction of an 

uncomplicated method used for the extension of the 

mailto:ahram.kim0805@gmail.com


                                  VOL. 19, NO. 1, JANUARY 2024                                                                                                            ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2024 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                          10 

ordinary kriging. Furthermore, a comprehensive overview 

of the geostatistical methods was studied with the 

application for modelling the spatial uncertainty [11], 

where it was stated that the compositional data has shown 

as a remarkable value where in particular, the method is 

capable of the interpolation and the estimation of 

continuous data that are integrally compositional. 

Therefore, [12] came across the advantage of the CK 

technique as the result is dependable using the spatial 

interpolation without any limited area, specifically, when 

dealing with the proportions of density data and to 

overcome any of the limitations, the compositional kriging 

was introduced. [13] Stated that Python is a useful tool to 

analyse the density data and Python for compositional 

kriging because of its adaptability and ability to be 

customized. In addition, Python, being a versatile 

programming language, provides the freedom to modify 

and tailor the code to suit specific needs, additionally, 

Python offers a wide selection of libraries and modules 

that can be utilized for various tasks involved in 

compositional kriging, including data preprocessing, 

variogram modelling, kriging estimation, and result 

visualization. This compatibility enables easy 

incorporation of compositional kriging workflows into 

existing data pipelines and allows for smooth integration 

of the results with other spatial analysis processes. 

Therefore, it is allowed to offer powerful libraries for data 

analysis and visualization, including NumPy, pandas, and 

Matplotlib. These libraries provide efficient tools for 

handling and analysing large datasets, conducting 

statistical calculations, and generating meaningful 

visualizations of the compositional kriging results. The 

objective of this paper is to analyse the data selected from 

Texas population density data for spatial estimation region 

using compositional kriging method (CK) by applying 

Python programming language, also, this paper focuses on 

the understanding of CK along the variograms and 

covariance to comprehend the spatial dependency and the 

correlation between each age group. 

 

2. MATERIALS AND DATA PROCESSING 
The total number of data is 254 by city within 18 

age groups. The data for this paper is collected from the 

public domain related to the census Texas 2010, as shown 

Table-1. 

 

Table-1. Group number and age group [Texas population density data in 2010]. 
 

Group 

numb

er 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

Age 

group 

< 

5 

5-

9 

10-

14 

15-

19 

20-

24 

25-

29 

30-

34 

35-

39 

40-

44 

45-

50 

50-

54 

55-

59 

60-

64 

65-

69 

70-

74 

75-

79 

80-

84 

> 

85 

  

Based on proportion density data, Python code is 

created to obtain a reliable result in this research paper. 

Since the data is already in compositional data format it is 

allowed to directly check the variogram. One advantage of 

using Python for compositional kriging is its adaptability 

and ability to be customized. utilizing Python for 

compositional kriging is its seamless integration with other 

commonly used software and tools in geospatial analysis, 

including GIS software, databases, and web frameworks. 

This compatibility enables easy incorporation of 

compositional kriging workflows and allows for smooth 

integration of the results with other spatial analysis 

processes. Python programming is a convenient option for 

comprehensive data analysis workflows and is flexible to 

customize. In addition, it was applied to enable 

visualizations as to which group cluster of density data 

belongs to an area of the state of Texas. Moreover, this 

ensures an easier understanding ability to detect the 

proportion of each group age where exactly centered in the 

map. 

 

3. RESULTS AND DISCUSSIONS 

Figure-1 presents the proportion of 5 to 9 years, 

as per group 2 based on the Texas map, which means that 

people lived near the border area that is called Starr 

County. Figure-2 similarly shows the populations under 

group 5 on the map of Brazos County, however the highest 

proportion in age ranged between 20 and 24 as a result, 

most of the people are living near the cities, the reason 

behind this is because of the young generations need for 

education, jobs etc. in the cities. Interestingly, other 

groups like group 10 as presented in Figure-3 with the 

proportion in the age of 45 to 49 years old based on the 

Texas map is called Loving County and is located in the 

southwestern region which is mostly identified as an urban 

area, where people just moved after their material status 

has changed. In addition, it was said that when people get 

married and want to settle down, usually they move to 

locations close to families and workplaces hence large 

population density ends in the urban area. Moreover, in an 

urban area job opportunities might be available alongside 

the educational system for growing families.  
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Figure-1. The proportion density of 5 to 9 years old based 

on the Texas map. 

 

 
 

Figure-2. The proportion of 20 to 24 years old on the 

Texas map. 

 

 
 

Figure-3. The proportion of 45 to 49 years old on the 

Texas map. 

 

Figure-4 presents different shapes of histogram 

distribution on the Texas map. The accuracy of the 

interpolation is affected by the density data and the shape 

in the distribution pattern therefore strategies are 

suggested to manage the interpolation. However, many 

places on the map have interestingly different distribution 

shapes and this finding is aligned with [13]. Moreover, the 

diverse distribution shapes are detected by expanding the 

map. In addition, [14] compared the regression and the 

interpolation method for mapping the groundwater quality 

parameters and explained that the performance of the 

interpolation method changed the impact of different 

distribution patterns and affected its shape as a result 

providing an insight into the challenges that occurred due 

to the variations and emphasized the importance of 

checking the covariance between the two variables to 

estimate the interpolation. 

 

 
 

Figure-4. Different shapes of histogram distribution on Texas map. 
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Figure-5 presents the correlation between age 

group 5 (20-24 years old) and age group 6 (25-29 years 

old). It shows that both groups are similar and are strongly 

dependent correlated, however, age group 2 (5 - 9 years 

old) and age group 11 (50-54 years old) are large age 

groups, nonetheless, there is still a weak negative 

correlation between the two age groups as shown in 

Figure-6, as a result, the interpolation scheme should 

honour the dependency between the diverse groups as well 

as the modality of the populations at each point. 

 

 
 

Figure-5. A covariance between group 5 and group 6. 

 

 
 

Figure-6. A covariance between group 2 and group 11. 

 

Geostatistics relies on the analysis of the 

underlying spatial model using a variogram. Therefore, the 

variogram for 25-29 years old in age Group 6 as shown in 

Figure-7 has a range of 200 km and beyond that distance 

the data points behaved as independent, however, the 

closer the data points are, the more likely they are similar. 

As a result, the variogram shows a sill of 0.001, the value 

approaches and stabilizes at 0.001 as the lag. In other 

words, spatial dependency in the data to a certain degree, 

but the variability is limited to 0.001 as the maximum 

value. In addition, there is also a small nugget which 

indicates a small element of the randomness in the 

locations that are remarkably close to each other. 

 

 
 

Figure-7. The variogram for 25-20 years old (Group 6). 

 

Since the variogram and covariance are spatially 

dependent, it is allowed to interpolate density data in 

spatial. Moreover, a comparison between the kriging data 

points and the original data points is presented in Figures 

8, 9 10, and 11 with each county among the eighteen age 

groups, furthermore, there are two picks from the shape of 

the distribution, where it is challenging to estimate the 

type of the skewness by applying the CK interpolation 

method and it is possible to predict the values of the 

population in each group. Interestingly, County ID 159 as 
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shown in Figure-8, and County ID 14 in Figure-11 where 

do not exactly follow the same trend as the original data 

distribution, but still show a similar shape of the 

distribution. Thus, this kind of technique assisted in 

increasing the accuracy of the estimation by age group. 

Moreover, Figures 9 and 10 showed the same behaviour. 

 

 
 

Figure-8. The distribution for Kriging and original data in Marion County ID 159. 

 

 
 

Figure-9. The distribution for Kriging and original data in Scurry County ID 207. 

 

 
 

Figure-10. The distribution for Kriging and original data in Oldham County ID 179. 
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\ 

Figure-11. The distribution for Kriging and original data in Bexar County ID 14. 

 

4. CONCLUSIONS 

This paper presented a spatial interpolation 

technique of compositional kriging (CK) to interpolate the 

different spatial distribution forms on the Texas map by 

age groups. The compositional kriging method was 

applied to continuous data obtained from an international 

domain of Texas by using, for example, python coding and 

its application. Covariance and variogram were applied to 

detect the spatial dependency on continuous data, it was 

concluded that the spatial estimation of the data 

distribution which has a modality changed over space was 

obtained similarly matched to the origin data. In addition, 

Texas population density was predicted using 

compositional kriging through the shape of the distribution 

and locations in the population data. Furthermore, the 

interpolation method presented a significant role in 

accomplishing high accuracy of the data predicted from 

various locations. It is to conclude that the compositional 

kriging is more accurate in interpolating with the 

compositional data due to its simplicity. 
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