
 
 

International Journal on 
 

“Technical and Physical Problems of Engineering” 
 

(IJTPE) 
 

Published by International Organization of IOTPE 

ISSN 2077-3528 
 

IJTPE Journal 
 

www.iotpe.com 
 

ijtpe@iotpe.com 

December 2021 Issue 49 Volume 13 Number 4 Pages 33-39 

 

33 

ESTIMATION OF PM10 USING SPATIAL INTERPOLATION TECHNIQUES  
 

P. Pradabmook 1     T. Laosuwan 2,* 
 

1. Defense Technology Institute, Office of the Permanent Secretary of Defense, Nonthaburi, Thailand, ppmook@yahoo.com 
2. Department of Physics, Faculty of Science, Mahasarakham University, Kantarawichai District, Maha Sarakham, 

Thailand, teerawong@msu.ac.th  

*. Corresponding Author 

 

 

Abstract- Air pollution, especially the haze problem 

caused by the accumulation of smoke and dust in the air 

is another important problem in Thailand. Especially at 

present, this issue has become increasingly serious 

respectively. This study aimed to study the relationship 

between Particulate Matter (PM10) content in the southern 

region and the physical factors of the area and to assess 

PM10 quantity by Spatial Interpolation Techniques, as 

well as to study the suitability of each method. The 

results of the study found that the 24-hour mean of the 

three-year average PM10 intake between 2017 to 2019 

was the highest in February, with the mean concentration 

from all measuring stations of 36 µg/m³. It was followed 

by March, July, and January. The smallest concentration 

was in October. When analyzing the physical 

characteristics of the area with high levels of fine dust, it 

was found that the southern region was characterized by a 

sharp topography or the land extending into the sea, 

which was influenced by the southwest monsoon at the 

south into western Thailand was a major factor in getting 

dust from wildfires and burning in the open air that was 

carried by winds from many places, including 

neighboring countries. Using mean PM10 data from six 

Pollution Control Department (PCD) measuring stations, 

PM10 was assessed by Spatial Interpolation Techniques 

method using four different methods: Inverse Distance 

Weighting (IDW), Kriging, Spline, and Trend, it was 

found that Trend method was the most suitable method 

for map that showed the distribution of PM10 

concentration data, especially from January to April with 

the highest particulate matter. 
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1. INTRODUCTION 

Air pollution is one of the major problems in 

Thailand, specifically nowadays that the problem is 

becoming more and more serious. There are two main 

sources of air pollution: the occurrence of air pollution 

caused by human actions, such as the need for energy for 

domestic use, industrial use, and agriculture, as well as 

air pollution that was caused by the use of cars, motor 

boats, and airplanes, which were the cause of CO2, NO2, 

and hydrocarbons that directly affect human health [1, 2]. 

The burning of these fuels also caused more and more 

pollution problems every year. Air pollution problems 

arising from nature, such as volcanic eruptions, cause 

large amounts of smoke and ash to spread into the air [3, 

4]. Pollution caused by forest fires created haze that was 

harmful to the respiratory system. Pollution caused by 

decomposition of fossil plants, chemical reaction would 

produce CO2, CH4, and NH3 dispersed into the air [5]. Air 

pollution was caused by dust, which was caused by 

objects that were smashed, crushed, crushed to shattered 

into small pieces, when it was exposed to the airflow it 

disperses in the air. Although the pollution problem 

cannot be stopped, the results can be analyzed and 

monitored continuously in order to control the increase in 

air pollution problems [6]. In each region of Thailand 

there were identical and different causes of air pollution 

depending on the terrain and land use [7-10].  

For the southern region of Thailand, haze was mainly 

caused by forest fires and open burning in both the 

country and neighboring countries [11]. The nature of the 

incineration of agricultural waste, incineration, this 

combustion resulted in small dust and various hazardous 

gases. This caused microscopic particles that affected 

health, especially PM10 content [12-16]. When it entered 

the body, it caused symptoms that affected the body 

system, such as coughing, sneezing, and shortness of 

breath, which caused respiratory disease. Currently, 

Geographic Information System (GIS) was used as part 

of the area analysis and air pollution distribution [17-22] 

due to field repositories, operators cannot store data 

anywhere of a large area.  

When mapping data, gaps in the data may be found, 

so estimates for missing sections must be estimated using 

Spatial Interpolation Techniques such as topographic 

mapping, population density determination, and climate 

estimate, continue to study relationships in relation to 

other information [23-27]. This study was to study the 

relationship between PM10 concentration in the southern 

region and physical factors of the area and to assess PM10 

quantity by Spatial Interpolation Techniques method. In 

addition, the study also studied the suitability of Spatial 

Interpolation Techniques in various ways for the 

assessment of PM10 in southern region by using Geographic 

information system (GIS) as an operational tool.  
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The results can be useful in air pollution management 

and control and provide further support for further studies 

on air pollution in the area. 

 

2. MATERIAL AND METHOD 

 

2.1. Data Collection 

This research collected data from various sources to 

assess PM10 concentrations by Spatial Interpolation 

Techniques in southern Thailand during 2017, 2018, and 

2019 as follows: 

(1) PM10 concentration data from the Southern region 

from Pollution Control Department (PCD)   

(2) Air quality monitoring station location data from 

Pollution Control Department (PCD) 

(3) Southern region and provincial administrative 

boundaries in the south from Royal Thai Survey 

Department.     

 

2.2. Operation Tools 

(1) Computer for processing data  

(2) Geographic information system (GIS) program  

(3) Dust data from the Air4Thai website 

(http://air4thai.pcd.go.th/webV2/) of the Pollution 

Control Department (PCD) 

 
2.3. Data Analysis   

(1) PM10 data were collected from air quality monitoring 

stations of the Pollution Control Department (PCD), air 

quality monitoring station location data, southern 

boundary data, and provincial regions in the south for 

import into Geographic information system (GIS). 

(2) Analyze the relationship between PM10 quantity and 

physical characteristics of the southern region, including 

location, range of dispersion of PM10, and topography, 

etc. 

(3) Using data obtained from PM10 measurements from 6 

stations of the Pollution Control Department (PCD) 

including 1) Narathiwat City Hall, 2) Phuket 

Municipality Public Health Service Center, 3) Elephant 

School Ceremony School Station in Yala Province, 4) 

Hat Yai Municipality Station (Songkhla), 5) the 

Environment Office Region 14, Surat Thani and 6) Satun 

City Hall, during 2017 to 2019, Spatial Interpolation 

Techniques was performed using 4 methods:    

Inverse Distance Weighting (IDW): This was an 

approximation by random sampling of each sample point 

from a location that can affect the cells that need to be 

estimated, which will have less of an impact over long 

distances. This method was suitable for variables 

referring to the computational distance because the closer 

it is, the more influence.    

Spline: It was a method of inserting values to fit at 

least the curved surface according to the imported sample 

data point. It was like twisting a rubber sheet through a 

sample point trying at least all of the curvature toward 

those sample points as the surface. Spline method was a 

mathematical equation suitable for gradual change 

surfaces.   

Kriging: It was an advanced method of estimation by 

applying statistical processes and mathematical equations 

to the analysis. This method selects the appropriate 

mathematical equation with the selected sample point 

within the specified radius to obtain results for each area. 

Using Kriging, it was important to know the spatial 

correlation or direction bias in the Kriging data, which 

was different from other interpolation methods such as 

IDW or Spline since both were approximations directly 

surrounding the sample point.  

Trend: This method selected an appropriate 

mathematical equation by specifying a sequence of 

algebra (polynomial) to all sample points. 

 

3. RESULT AND DISCUSSION 

 

3.1. Results of the PM10 Assessment and their 

Relationship with the Physical Factors of the Area 

From the 24-hour mean PM10 3-year mean, between 

2017 to 2019 from the 6 Pollution Control Department 

(PCD) air quality monitoring stations can be shown as 

shown in Figure 1. It was found that the three-year 

average PM10 was the highest in February, with the 

average concentration from all monitoring stations equal 

to 36.07 µg/m³. It was followed by March, July, and 

January with concentrations 33.95, 32.34, and 32.22 

µg/m³, respectively.  

The lowest concentration was in October, with the 

average concentration from all stations equal to 23.06 

µg/m³. When considering the average value for each 

measuring station, it was found that the Hat Yai 

Changwat Songkhla Municipality Meteorological Station 

had the highest average at 32.60 µg/m³. It was followed 

by the White Elephant School Ceremony School Station 

in Yala Province, the Environment Office Region 14, 

Surat Thani Province, and Narathiwat City Hall with a 

mean of 32.6, 30.87, and 30.27 µg/m³, respectively. In 

addition, the physical analysis of the area with high levels 

of fine dust found that the southern region was 

characterized by a sharp topography or land extending 

into the sea, which was influenced by the southwest 

monsoon wind blowing from the south entering western 

Thailand was therefore an important factor in getting dust 

from forest fires and burning in the open air that was 

carried by the wind from many places, including 

neighboring countries. 
 

 
Figure 1. PM10 3-year mean, between 2017 to 2019 
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3.2. Results of Assessment of PM10 Concentration by 

Spatial Interpolation Techniques    

 

3.2.1. Results of PM10 Quantitative Assessment by 

Spatial Interpolation Techniques from 6 Measuring 

Stations 

The Spatial Interpolation Techniques for PM10 using 

the three-year mean data between 2017 and 2019 from six 

measuring stations used to validate the data was shown in 

Table 2, Figure 2 (a,b,c,d) and Figure 3. According to 

Table 2, Figure 2-3, the spatial estimation of the 3-year 

average PM10 concentrations based on the data of the 6 

monitoring stations was the highest in February, followed 

by March and July as well. The mean obtained from actual 

measurement was found to be the lowest in October.  
 

 
 

Figure 2. PM10 3-year mean, between 2017 and 2019 

 

 
a (IDW) 

 

 
b (Spline) 

 
c (Kriging) 

 

 
d (Trend) 

 

Figure 3. Illustration the Spatial Interpolation Techniques from               

4 different methods 

 

3.2.2. Difference of Spatial Quantity Versus Actual 

Measurement 

When comparing the PM10 quantity data obtained 

from the six measurement stations with the data from the 

actual measurement, each station gave different values 

for different data. In February, it was the month with the 

highest amount of PM10, which can differentiate each 

method as shown in Table 1. From Table 1, it was found 

that when using the PM10 quantity data from the 6 Hives 

Department monitoring stations in the South during 

2017-2019 in February to quantify the spatial values by 

various methods, it was found that Trend method 

provided the smallest difference and IDW, Kriging, and 

Spline method gives the greatest difference. Each spatial 

estimation method gave different values as follows. 

The spatial estimation using IDW method had the 

lowest margin at Narathiwat City Hall Station, Regional 

Environment Office 14 (Surat Thani) and had the highest 

margin at Hat Yai Municipality Station (Songkhla).  

Spatial estimation by Kriging method had the lowest 

margin at Narathiwat City Hall Station, Regional 

Environment Office 14 (Surat Thani) and had the highest 

margin at Hat Yai Municipality Station (Songkhla). 

Spline estimation was the lowest at Narathiwat City Hall 
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Station, Regional Environment Office 14 (Surat Thani) 

and had the highest difference at Hat Yai Municipality 

Station (Songkhla). The spatial estimation using Trend 

method had the lowest margin at the Environmental 

Office Region 14 Station (Surat Thani) and the highest 

margin at Hat Yai Municipality Station (Songkhla). 

 
3.2.3. Results of Difference Analysis of Four Spatial 

Interpolation Techniques (Monthly) 

The results of the analysis of the differences of the 

four Spatial Interpolation Techniques from the total 12-

month mean between 2017 and 2019 were shown in 

Table 2. From Table 2, it was found that when 

considering the suitability of Spatial Interpolation 

Techniques from the 12 months of 2017-2019, the four 

methods were IDW, Kriging, Spline, and Trend, and 

Trend was an ideal method to map the distribution of 

PM10. Due to the least difference between the spatial 

estimation and the actual measurement of 9 months from 

12 months, followed by the Spline method of 8 months 

from 12 months. 

 

3.2.4. Results of Analysis of Differences of Five Spatial 

Estimation Methods (Seasonally) 

The difference in the amount of dust obtained from 

the estimation to the values obtained from the actual 

measurements for the whole 12 months when analyzed 

seasonal with climate difference between 2017 and 2019.    

During dry season between January, February, March, 

and April, there was a large amount of PM10. The study 

had shown that all methods were most suitable for spatial 

estimation during this period because the difference was 

minimal and there was no improper method.    

During the rainy season between May, June, July, 

August, September, and October, where PM10 was low, 

the study found that Kriging method was the most 

suitable method for spatial estimation in This range, 

because the difference was minimal. The unsuitable 

method was the IDW and Spline methods, as they gave 

the greatest difference during this period.    

During the cold season between November and 

December, the amount of PM10 increased, the IDW 

method was found to be the most suitable method for 

spatial estimation during this period as the difference was 

minimal. The improper method was the Kriging method, 

as it gave the most difference during this period. 

 

3.2.5 Statistical Analysis Results by Correlation 

Analysis and Simple Linear Regression 

For statistical analysis results using simple linear 

regression and correlation analysis from the monthly 

mean of PM10 quantity from actual measuring stations in 

all three years (2017-2019) and PM10 concentrations from 

Spatial Interpolation Techniques with IDW, it was found 

that the temporal shift of PM10 concentrations from actual 

measuring stations was the most consistent with the PM10 

concentrations from Spatial Interpolation Techniques 

with IDW. The relationship between the quantity from 

the IDW estimation between the actual measuring station 

and the quantity from the IDW method can be shown in 

Figure 4.  

 
(a) IDW 

 

 
(b) Kriging 

 

 
(c) Spline 

 

 
(d) Trend 

 

Figure 4. Illustration correlation analysis and simple linear 

regression from 4 different methods 

 

From Figure 4, the relationship between PM10 

concentration from the actual measuring station and PM10 

concentration from Spatial Interpolation Techniques with 

IDW, Kriging, Spline, and Trend can be described as 

follows.  
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These two sets of data were analyzed for a simple 

correlation analysis, which studied the relationship 

between x and y, how much they were related, and how 

they were directed when x was an independent variable 

and y was a dependent variable. In this study, the 

independent variable (x) was assigned the amount of 

PM10 from the actual measurement station obtained from 

the ground monitoring station. Variables following (y) 

PM10 from Spatial Interpolation Techniques with IDW, 

Kriging, Spline, and Trend.  

The results of the aforementioned correlation analysis 

showed that PM10 concentrations from actual 

measurement stations obtained from ground measurement 

stations were correlated with PM10 from Spatial 

Interpolation Techniques with IDW, Kriging, Spline, and 

Trend in the same direction 97.78% (R=0.9778), 95.34% 

(R=0.9534), 96.45% (R=0.9645), and 99.55% 

(R=0.9955), respectively. When these two sets of data 

were analyzed using simple linear regression, which 

analyzes estimates (predictor, x) and response (response, 

y), it was found that the change in PM10 concentration 

from Spatial Interpolation Techniques by IDW, Kriging, 

Spline, and Trend. It was caused by a change in PM10 

quantity from actual measurement values obtained from 

ground measurement stations approximately 95.62% 

(R²=0.956), 90.91% (R²=0.9091), 93.04% (R²=0.9304), 

and (R²=0.9911), respectively. The remaining 4.58%, 

9.09%, 6.96%, and 0.89% were due to other causes. 
 

4. CONCLUSIONS 

The study results of the relationship between PM10 

concentration in the southern region and the physical 

factors of the area in three-year average during the 

summer of 2017-2019, from the end of February to 

March and April, with large amounts of PM10 dust. The 

reason was that the topography was a cape or land 

extending into the sea, which had been influenced by the 

southwest monsoon that winds from the bottom to the 

western part of Thailand. Therefore, this was an 

important factor in the exposure to dust from forest fires 

and open burning caused by winds from many places 

including neighboring countries. The 24-hour mean of the 

three-year average PM10 concentration between 2017 and 

2019 was the highest in February and the average 

concentration from all monitoring stations was 36 µg/m³.  

It was followed by March and January with 

concentrations 34 and 32 µg/m³, respectively. The lowest 

concentration was in October, with the average 

concentration from all stations of 23 µg/m³. When using 

the mean PM10 data through the Spatial Interpolation 

Techniques process, it was found that the values obtained 

from Spatial Interpolation Techniques by various 

methods for each month were different. When  

considering the suitability of the four methods - IDW, 

Spline, Kriging, and Trend, it was found that spatial 

estimation by IDW, Kriging, and Trend was considered 

the appropriate method (Trend was the most appropriate) 

to map showing the distribution of PM10 concentration 

data due to slightest difference in measured values from 

the actual measurements for 9 months out of 12 months. 
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Table 1. The difference of spatial quantity versus actual measurement 

 

 
 

Measurement stations 

 

PM10 

from 

stations 

Spatial Interpolation Techniques 

IDW Kriging Spline Trend 

Amount 

of PM10 

Difference  

(+/-) 

Amount 

of PM10 

Difference  

(+/-) 

Amount 

of PM10 

Difference 

(+/-) 

Amount 

of PM10 

Difference 

(+/-) 

1. Narathiwat City Hall 30 40 -10 40 -10 40 -10 37 -7 

2. Phuket Municipality Public Health 

Service Center 
28 37 -9 37 -9 37 -9 33 -5 

3. Elephant School Ceremony 

School Station 
31 38 -7 38 -7 38 -7 36 -5 

4. Hat Yai Municipality Station 33 32 1 32 1 32 1 36 -3 

5. Environment Office Region 14, 

Surat Thani 
31 41 -10 41 -10 41 -10 42 -11 

6. Satun City Hall 24 29 -5 29 -5 29 -5 33 -9 

Total   42  42  42  40 

 
Table 2. The difference analysis of the four Spatial Interpolation Techniques 

 

Month Spatial Interpolation Techniques PM10 

From Station 

Least different 

approach 

Most different 

approach IDW Kriging Spline Trend 

January 32 32 32 32 32 all method without 

February 36 36 36 36 36 all method without 

March 34 34 34 34 34 all method without 

April 31 31 31 31 31 all method without 

May 26 26 26 26 26 all method without 

June 29 28 29 29 28 Kriging IDW/Spline/Trend 

July 33 32 33 32 32 Kriging/Trend IDW/Spline 

August 29 29 27 29 29 Spline IDW/Kriging/Trend 

September 28 28 28 28 28 all method without 

October 24 24 25 24 23 IDW/Kriging/Trend Spline 

November 25 29 25 25 25 IDW/Spline/Trend Kriging 

December 27 30 28 29 29 IDW Kriging 
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