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Abstract  
 
The population increased from past to present until the expansion of the community brought economic and 
prosperity in the society, but it also increases the municipal solid waste quantity. This research has studied the 
correlation between municipal solid waste quantity with economic growth factors in Thailand since 1993- 2019 
to create an equation to predict the changes of municipal solid waste quantity that may occur in the future. This 
information analysis was organized into 4 datasets, 27 years (108 quarters: 1993-2019), 9 years (36 quarters: 
1993-2001), 9 years (36 quarters: 2002-2010), and 9 years (36 quarters: 2011-2019) found that the population 
increase of all of 27 years from 58.44 million people in 1993 to 66.56 million people in 2019 same as municipal 
solid waste quantity constantly increase from 10.91 million tons in 1993 to 28.71 million tons in 2019, Causing 
the difference of change of each year (36 quarters) between municipal solid waste quantity with economic 
growth factors in Thailand. The correlation between municipal solid waste quantity with economic growth 
factors found that most of all 4 datasets have a correlation with almost all economic growth factors (R>0.6) 
except retail sales index (36 quarters: 2002-2010) and consumer price index, core consumer price index (36 
quarters: 2011-2019) have a correlation less than 0.6 (R<0.6). The creation of equation municipal solid waste 
quantity predict from 4 datasets show that 2 datasets were suitable for application considering by R2 value more 
than 0.6 were equation predict of 27 years (108 quarters: 1993-2019) for prediction in long-times between 10-27 
years and equation predict of 9 years (36 quarters: 2011-2019) for prediction in short-times between 1-9 years. 
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1. Introduction 
 

Technological science in the present has progressed rapidly along with population growth tend to be higher, 
influences to the expansion of the community and development of the various countries to both technology 
industry and tourism, The changes and development will bring economically and prosperity in the society. The 
population growth rate effect to demand-consumption has increased, when demand-consumption increases the 
available resources were adopted wastage until leftover from consumption becomes to waste. Some part of 
waste was self-degradable but most of waste non-self-degradable and difficult to break such as packaging 
electronic-waste if the management methods were used improperly impact will have direct on the environment 
and human health. 

Currently, Municipal solid waste quantity from humans in all countries has more than 2.01 billion tons per 
year and the quantity is increasing every year. The municipal solid waste quantity prediction may contain up to 
3.4 billion tons in 2050 [1]. The problem of municipal solid waste has many factors composition same as 
Bangkok (Thailand) in 2001-2002 the population has increased about 56,000 people impact to increase of 
municipal solid waste 300 kg per day [2,3] which contains more than the municipal solid waste in Kuala 
Lumpur (Malaysia) 2 times while the population increased 36,00 people [4,5]. The increase in population was 
an important variable to municipal solid waste. In addition to the increase in the domestic population, there were 
also economic growth factors involved in the occurrence of municipal solid waste [6], and the economic growth 
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factors increase the impact on municipal solid waste quantity increase. From a study correlation to economic 
growth factors in 2005-2006 of EU-27 countries directly affect the quantity of municipal solid waste and effect 
to environmental degradation is increasing [7] same as the study correlation of The United States in 1990-2017 
found that economic growth was an important variable occurrence of municipal solid waste to 31.70% [8]. 
Researchers in many countries have begun to study the important economic variables and it has the effect of 
municipal solid waste occurrence to prediction the quantity of municipal solid waste that may occur and 
economic growth in the future such as employment, consumer price index, gross domestic product (GDP), 
education and population [9]. The selection of important economic variables in prediction will have an impact 
on changes in the quantity of each type of municipal solid waste same as the study to prediction used by 
variables include population, income level, GDP, and dwelling unit size found a correlation of changes in the 
general waste type of municipal solid quantity more than other variables [10,11] and prediction used by 
variables include employment and taxable transactions found a correlation of changes in the commercial waste 
type of municipal solid quantity more than other variables [12,13]. 

The prediction about changes in the quantity of municipal solid waste by Thailand's mathematical equations 
has been extensively studied as with most prediction municipal solid waste quantity 1.5 kg per person per day of 
Thailand in 2025 [14]. But it was predicted that the population correlation with municipal solid waste quantity 
in the studied only one, as well as the study of Chang, et al [15], found the growth of economic factors was also 
important to municipal solid waste occur. Most studies in Thailand and abroad focus on the continuous analysis 
data of the prediction factors and the trend in the short and long term for defining policies [16,17,18]. Therefore, 
to study the trend of economic growth and prepare to manage with the municipal solid waste quantity that may 
occur in the future to cover. This research was to study and create an equation for predictions the municipal 
solid waste quantity in Thailand by used to data from 1993-2019 include population from the Department of 
Provincial Administration, the quantity of municipal solid waste from the Pollution control department, and 
economic growth factors from Bank of Thailand. 
 
2. Materials and methods 
 
2.1 Scope of data 
 

Thailand's mathematical equations performed the selection of data analysis to the prediction about changes 
in the quantity of municipal solid waste from 1993-2019. The information analysis was organized into 4 
datasets, 27 years (108 quarters: 1993- 2019), 9 years (36 quarters: 1993-2001), 9 years (36 quarters: 2002-
2010) and 9 years (36 quarters: 2011-2019) in which the data was divided into 2 datasets for analysis include the 
first dataset was population from Department of Provincial Administration [3] and the second datasets were the 
quantity of municipal solid waste from Pollution control department [2,19] and economic growth factors from 
Bank of Thailand [20]. The definitions were shown in Table 1. 
 
Table 1 Definitions of Thailand's economic growth factors. 
Factors Definitions 
Population  The population of Thailand according to the civil registration from 1993-2019 
Retail sales index Used to measure the average price of processed products from sales data. It covers 

activities in the retail category, sales of cars and fuel from the taxation of the 
Revenue Department, Ministry of Finance. 

Core consumer price index Index-based inflation targeting information from the cost of living of the people in 
the daily consumption excluding energy and fresh food. 

Consumer price index The index to reflect the cost of living of the people, by the costs. The consumption of 
people that occurs in daily life covers all types of goods and services used by 
households. 

Leading economic index The index showed to overall economic condition of the country was calculating used 
important economic variables. This research was predicted data of short-term 
economic (3-4 months in the future) such as registered capital for newly established 
juristic person, exports at constant prices or the number of foreign tourists. 

 
2.2 Scope of data analysis 
 

The analyzes of the selected data were the municipal solid waste quantity of Thailand data and economic 
growth factors data since 1993-2019, Used statistical analysis software to obtain an equation to predict the 
changes in the quantity of municipal solid waste that was suitable for the application. The process of analysis 
was shown in Figure 1. 
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Figure 1 Processes of analysis.  
 
3. Results and discussion 
 
3.1 Background of municipal solid waste quantity in Thailand 
 

This research was studied the total quantity of municipal solid waste in Thailand from the past to the present 
(1993-2019). A study correlated municipal solid waste quantity with economic growth factors include 
population, retail sales index, core consumer price index, consumer price index, and leading economic indexes. 
The study was divided into 4 periods as follows 27 years (108 quarters: 1993-2019) 9 years (36 quarters: 1993-
2001) 9 years (36 quarters: 2002-2010) and 9 years (36 quarters: 2011-2019) to create an equation to predict the 
municipal solid waste quantity that will occur in the future impact from economic growth.  

The population was one factor that impacts the economic growth due to high consumer demand. As a result, 
the production capacity in various industrial sectors has increased this coupled with the increase in population 
(Figure 2). The result of the study showed that the population increase of all of 27 years from 58.44 million 
people in 1993 to 66.56 million people in 2019 same as municipal solid waste quantity constantly increase from 
10.91 million tons in 1993 to 28.71 million tons in 2019. But overlaps in 2010-2011, the quantity of municipal 
solid waste increased abnormally due to the floods and effect to economic growth decrease in 2011 [21]. 
Besides, the retail index was higher than ever thus impact to higher quantity of municipal solid waste than in 
2009 [22]. The increase in population was an indicator of economic growth [6]. 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Municipal solid waste quantity and the population. 

1993-2001 2002-2010 2011-2019 

Correlation between municipal solid waste quantities with 
economic growth factors (4 datasets) 

Difference between municipal solid waste quantities with 
economic growth factors for the past 9 years (3 datasets) 

Analysis for the correlation equations between municipal 
solid waste quantity with 5 factors (table 1) 

Equations of predict 

One-way ANOVA test by 
Scheffe method 
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The analysis of the impact of population change on the municipal solid waste quantity found that the 
population variable affects the changes in the quantity of municipal solid waste can be described by R2 values 
from Stepwise multiple regression method tests, which showed that 27 years (108 quarters: 1993-2019) 
population changes affect the quantity of municipal solid waste 76.40% besides that it was due to other factors 
23.60% (R2 =0.764), 9 years (36 quarters: 1993-2001) population changes affect the quantity of municipal solid 
waste 86.60% besides that it was due to other factors 13.40% (R2 =0.866), 9 years (36 quarters: 2002-2010) 
population changes affect the quantity of municipal solid waste 28.90% besides that it was due to other factors 
71.10% (R2 =0.289) and 9 years (36 quarters: 2011-2019) population changes affect the quantity of municipal 
solid waste 80.80% besides that it was due to other factors 19.20% (R2 =0.808). Therefore, changes in the 
quantity of municipal solid waste every year were largely dependent on the population but in the years 2002-
2010, the change in the quantity of municipal solid waste depends on other variables (There was a flood with a 
high retail sales index) more than population variable. 

The continued increase in the quantity of municipal solid waste corresponds to economic growth from 2011 
onwards from figure 3.Wich retail sales index, core consumer price index, and consumer price index to increase 
can be used as a good indicator of economic growth and shows the population higher consumption. The leading 
economic indexes increased to predict data of short-term economic (3-4 months in the future) it was the result of 
the population, retail sales index, consumer price index, and core consumer price index as well.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 Economic growth index factors and municipal solid waste quantity. 
 
3.2 Correlation of municipal solid waste quantity with economic growth in Thailand 

 
 Studied the difference in the municipal solid waste quantity in Thailand for each period which 3 different 

sets of data include 9 years (36 quarters: 1993-2001), 9 years (36 quarters: 2002-2010), and 9 years (36 quarters: 
2011-2019) with economic growth factors (population, retail sales index, core consumer price index, consumer 
price index, and leading economic index) used by One-way ANOVA test at 0.05 significance level for analysis 
of differences and results of statistical tests found that 3 datasets from 1993-2019 most of the municipal solid 
waste quantity and the economic growth factors have changed significantly different at 0.05 (Sig. 0.000). 
However, when analyzing the double-difference datasets between the 3 datasets include 9 years (36 quarters: 
1993-2001), 9 years (36 quarters: 2002-2010), and 9 years (36 quarters: 2011-2019) used by Scheffe method 
found that all of 6 factors were the differences significant at 0.05 (Sig. 0.000) except municipal solid waste 
quantity change for 1993-2001 and 2002-2010 no statistic difference (Sig. 0.053) as shown in table 2. Since 
2010 there were huge floods in Thailand causing a lot of municipal solid waste quantity in conjunction with 
after years 2010-2019 the population constantly increase to cause of higher consumption than last year. 
 
 
 

Leading economic index 

1993-2001 2002-2010 2011-2019 
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Table 2 Results of differences analysis between economic growth factors with transition period. 
Factors of economic growth Transition period (Years) Results of one-way ANOVA test (Sig.) 
Municipal solid waste quantity 1993-2001 2002-2010 0.053 

2011-2019 0.000 
2002-2010 1993-2001 0.053 

2011-2019 0.000 
2011-2019 1993-2001 0.000 

2002-2010 0.000 
Population 1993-2001 2002-2010 0.000 

2011-2019 0.000 
2002-2010 1993-2001 0.000 

2011-2019 0.000 
2011-2019 1993-2001 0.000 

2002-2010 0.000 
Consumer price index 1993-2001 2002-2010 0.000 

2011-2019 0.000 
2002-2010 1993-2001 0.000 

2011-2019 0.000 
2011-2019 1993-2001 0.000 

2002-2010 0.000 
Core consumer price index 1993-2001 2002-2010 0.000 

2011-2019 0.000 
2002-2010 1993-2001 0.000 

2011-2019 0.001 
2011-2019 1993-2001 0.000 

2002-2010 0.001 
Retail sales index 1993-2001 2002-2010 0.000 

2011-2019 0.000 
2002-2010 1993-2001 0.000 

2011-2019 0.000 
2011-2019 1993-2001 0.000 

2002-2010 0.000 
Leading economic index 1993-2001 2002-2010 0.000 

2011-2019 0.000 
2002-2010 1993-2001 0.000 

2011-2019 0.000 
2011-2019 1993-2001 0.000 

2002-2010 0.000 
 

For the study of the correlation between the quantity of municipal solid waste with economic growth factors 
include population, retail sales index, core consumer price index, consumer price index, and leading economic 
index divided into 4 periods as follows 27 years (108 quarters: 1993-2019) 9 years (36 quarters: 1993-2001) 9 
years (36 quarters: 2002-2010) and 9 years (36 quarters: 2011-2019) and analyzed using Pearson correlation 
statistics. The results found that the quantity of municipal solid waste of 27 years (108 quarters: 1993-2019) has 
correlated value with all economic growth factors such as population, retail sales index, core consumer price 
index, consumer price index, and leading economic index more than 0.6 (R>0.6). For quantity of municipal 
solid waste of 9 years (36 quarters: 1993-2001) has correlated value more than 0.6 (R>0.6) with 4 factors of 
economic growth such as population, core consumer price index, consumer price index, and leading economic 
index but found retail sales index has correlated value of less than 0.6 (R<0.6). The same as the quantity of 
municipal solid waste of 9 years (36 quarters: 2002-2010) has correlated value more than 0.6 (R>0.6) with 3 
factors of economic growth such as population, retail sales index and leading economic index but found core 
consumer price index and consumer price index has correlated value of less than 0.6 (R<0.6). The quantity of 
municipal solid waste of 9 years (36 quarters: 2011-2019) has correlated value with all economic growth factors 
more than 0.6 (R>0.6) same as 27 years. As shown in table 3. 
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Table 3 Correlation of each transition period with economic growth factors. 
Transition period (Years) Factors of economic growth Correlation (R) Sig. 
27 years (108 quarters) 
(1993-2019) 

Population  0.879** 0.000 
Consumer price index 0.899** 0.000 
Core consumer price index 0.852** 0.000 
Retail sales index 0.873** 0.000 
Leading economic index 0.942** 0.000 

9 years (36 quarters) 
(1993-2001) 

Population  0.940** 0.000 
Consumer price index 0.961** 0.000 
Core consumer price index 0.963** 0.000 
Retail sales index 0.420 0.260 
Leading economic index 0.887** 0.001 

9 years (36 quarters) 
(2002-2010) 

Population  0.615 0.780 
Consumer price index 0.566 0.112 
Core consumer price index 0.573 0.107 
Retail sales index 0.840** 0.005 
Leading economic index 0.722* 0.028 

9 years (36 quarters) 
(2011-2019) 

Population  0.912** 0.001 
Consumer price index 0.847** 0.004 
Core consumer price index 0.894** 0.001 
Retail sales index 0.777* 0.014 
Leading economic index 0.868* 0.011 

*Correlation at the 0.01 level of significance. 
** Correlation at the 0.05 level of significance. 
 
3.3 Creation and application of equation predict for municipal solid waste quantity in Thailand 
  

Creating an equation predict for the municipal solid waste quantity of future from 5 economic growth factors 
such as population, retail sales index, core consumer price index, consumer price index, and leading economic 
indexes divided into 4 periods as follows 27 years (108 quarters: 1993-2019) 9 years (36 quarters: 1993-2001) 9 
years (36 quarters: 2002-2010) and 9 years (36 quarters: 2011-2019) for analyzed using Stepwise multiple 
regression statistics. Results shown in table 4 found that equation predicts of 27 years (108 quarters: 1993- 
2019) leading economic index only correlates while equation predicts of 9 years (36 quarters: 1993-2001) found 
2 factors correlate include core consumer price index and leading economic index. For equation predict of 9 
years (36 quarters: 2002-2010) found retail sales index only has correlation same as equation predict of 9 years 
(36 quarters: 2011-2019) only one-factor correlation same with the 27 years equation predict. 
 
Table 4 Results of regression coefficient analysis between municipal solid waste quantity with economic 
growth factors. 

Dependent variable: municipal solid waste quantity (Million tons per year). B= unstandardized beta, t= t-
statistic. 
 

The equation for prediction from regression coefficient analysis between municipal solid waste quantity with 
economic growth factors can be created in 4 formats by divided the dataset analysis shown in table 5. Results 
found that equation 1 and equation 2 have R2 value more than 0.8 while equation 3 and equation 4 have R2 value 

Transition 
period (Years) 

Index Unstandardized 
coefficients 

Standardized 
coefficients 

t Sig. 

B Std. Error Beta 
27 years  
(108 quarters) 
(1993-2019) 

(Constant) -15.363 2.474   -6.210 0.000 
Leading economic index    0.283 0.021 0.942 13.480 0.000 

  9 years  
(36 quarters) 
(1993-2001) 

(Constant)    0.710 0.852    0.834 0.436 
Core consumer price index    0.079 0.008 0.683   9.316 0.000 
Leading economic index    0.063 0.013 0.370   5.054 0.002 

  9 years  
(36 quarters) 
(2002-2010) 

(Constant)   -2.892 4.499   -0.643 0.541 
Retail sales index    0.110 0.027 0.840   4.100 0.005 

  9 years  
(36 quarters) 
(2011-2019) 

(Constant)  13.822 3.213    4.302 0.008 
Leading economic index    0.087 0.022 0.868   3.902 0.011 
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less than 0.8 for the selection of equation predict of municipal solid waste quantity would be to use will consider 
the value of R2 more than 0.6 because it is a value that is through the adjustment of various variables in creating 
the equation with the least error.  
 
Table 5 Equation predicted the quantity of municipal solid waste. 
Equation Transition 

period (Years) 
Equation predicted R R2 Adjusted 

R2 
Std. error of  
the estimate 

1 27 years  
(108 quarters) 
(1993-2019) 

Municipal solid waste quantity  
(Million tons / year)  
= 0.283(Leading economic index) - 
15.363  

0.942 0.888 0.883 2.08389 

2 9 years  
(36 quarters) 
(1993-2001) 

Municipal solid waste quantity  
(Million tons / year)  
= 0.079(Core consumer price index) 
+ 0.063(Leading economic index) + 
0.710  

0.993 0.986 0.982 0.12976 

3 9 years  
(36 quarters) 
(2002-2010) 

Municipal solid waste quantity  
(Million tons / year)  
= 0.110(Retail sales index) - 2.892  

0.840 
 
 

0.706 
 
 

0.664 1.93154 

4 9 years  
(36 quarters) 
(2011-2019) 

Municipal solid waste quantity  
(Million tons / year)  
= 0.087(Leading economic index) + 
13.822  

0.868 0.753 0.703 0.52748 

 
This research has to equation prediction testing in 2020 year for the selection of suitable equation for 

predicting the municipal solid waste quantity that may occur and prediction for economic growth. From the 
equation prediction testing where 2 equations to predicted value of municipal solid waste quantity was close to 
the current quantity (25.37 million tons in 2020 year) [2], found that the equation 1 and the equation 2 have 
municipal solid waste quantity equal to 27.88 and 27.12 million tons in 2020 year which increase to 9.90% and 
6.88% from current quantity respectively and when statistical test to correlation between municipal solid waste 
current quantity with municipal solid waste quantity from equation predicted with by using Pearson showed 
correlated value more than 0.950 (R>0.950). Therefore, the equation 1 suitable for prediction in long-times 
between 10-27 years and equation 4 suitable for prediction in short-times between 1-9 years. However, equation 
2 and equation 3 not suitable for prediction because was a specific index that occurs in that year. 

Changes in the quantity of municipal solid waste, as well as economic growth prediction, can be explained 
by the variables taken into consideration found that equation 1 the leading to economic index changes that affect 
the quantity of municipal solid waste 88.30% indicates higher industrial investment growth another 11.70% was 
due to other factors not considered (R2 =0.883) and equation 2 the core consumer price index and leading 
economic index changes affect the quantity of municipal solid waste 98.20% which core consumer price index 
changes affect the quantity of municipal solid waste to increase from the change in prices of goods and services 
decreased [23,22,24] another 1.80% was due to other factors not considered (R2 =0.982). For equation 3 the 
retail sales index changes affect the quantity of municipal solid waste 66.40% this was due to the time when 
Thailand gained foreign influence in the establishment of the retail business in 1990 and the low inflation has 
led the industry to invest and grow big jump in the retail business [24] another 33.60% was due to other factors 
not considered (R2 =0.664). And equation 4 the leading economic index changes affect the quantity of municipal 
solid waste 70.30% another 29.70% was due to other factors not considered (R2 =0.703). 
 
4. Conclusion 
 

This research was to study and create an equation for predicting the municipal solid waste quantity in 
Thailand by used to data from 1993-2019 flowed as the population from the Department of Provincial 
Administration, the quantity of municipal solid waste from the Pollution control department, and economic 
growth factors from Bank of Thailand. The study was divided into 4 periods as follows 27 years (108 quarters: 
1993-2019), 9 years (36 quarters: 1993-2001), 9 years (36 quarters: 2002-2010), and 9 years (36 quarters: 2011-
2019). The result showed that population increase of all of 27 years from 58.44 million people in 1993 to 66.56 
million people in 2019 same as municipal solid waste quantity constantly increase from 10.91 million tons in 
1993 to 28.71 million tons in 2019. The continued increase in the quantity of municipal solid waste corresponds 
to economic growth which retail sales index, core consumer price index, and consumer price index to increase 
can be used as a good indicator of economic growth and shows the population higher consumption. 

Most of The quantity of municipal solid waste and the economic growth factors in Thailand from 1993-2019 
have changed significantly different at 0.05 (Sig. 0.000) except municipal solid waste quantity change for 1993- 
2001 and 2002-2010 no statistic difference (Sig. 0.053) because in 2010 there was a huge flood in Thailand 
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conjunction with after years 2010-2019 the population constantly increase to cause of higher consumption than 
last year. For the correlation between the quantity of municipal solid waste with economic growth factors 
(R>0.6), found that the quantity of municipal solid waste of 27 years (108 quarters: 1993-2019) and 9 years (36 
quarters: 2011-2019) has correlated value with all economic growth factors which quantity of municipal solid 
waste of 9 years (36 quarters: 1993-2001) has correlated value more than 0.6 with 4 factors of economic growth 
same as 9 years (36 quarters: 2002-2010) has correlated value more than 0.6 with 3 factors of economic growth. 
The equation for predict from regression coefficient analysis between municipal solid waste quantity with 
economic growth factors can be created 4 formats found that equation predicts of 27 years (108 quarters: 1993-
2019) and equation predict of 9 years (36 quarters: 2011-2019) have R2 value more than 0.6 to a suitable 
equation for predict the municipal solid waste quantity that may occur and prediction for economic growth. 
 
5. Acknowledgements 
 

The authors would like to express thanks to Nakhon Ratchasima Rajabhat University for support of this 
research. Special thanks to the Environmental Science Program, Faculty of Science and Technology. 
 
6. References 
 
[1] World Bank [Internet]. Washington: The Institute; c1944 [cited 2021 Feb 20]. Trends in solid waste 

management. Available from: https://datatopics.worldbank.org/what-a-waste/trends_in_solid_wast 
e_management.html. 

[2] Pollution Control Department [Internet]. Bangkok: The Ministry; c1992 [cited 2021 Feb 1]. Municipal 
solid waste quantity in Thailand 1993-2003. Available from: http://pcd.go.th/info_serv/waste_wastethai.h 
tm. 

[3] Department of Provincial Administration [Internet]. Bangkok: The Ministry; c1892 [cited 2021 Feb 1]. 
Registration. Available from: https://stat.bora.dopa.go.th/stat/y_stat45.html. 

[4] Badgie D, Samah MAA, Manaf LA, Muda AB. Assessment of municipal solid waste composition in 
Malaysia: management, practice, and challenges. Polish J Environ Stud. 2012;21(3):539-547.  

[5] Jereme I, Begum R, Talib B, Siwar C, Alam M. Assessing problems and prospects of solid waste 
management in Malaysia. e-BANGI J. 2015;10(2):70-87.  

[6] Furuoka F. Population growth and economic development: new empirical evidence from Thailand. Econ 
Bull. 2009;29(1):1-4. 

[7] Inglezakis V, Zorpas A, Venetis C, Loizidou M, Moustakas K, Ardeleanu N, et al. Municipal solid waste 
generation and economic growth analysis for the years 2000-2013 in Romania, Bulgaria, Slovenia and 
Greece. Fresenius Environ Bull. 2012;21(8b):2362-2367.  

[8] Razzaq A, Sharif A, Najmi A, Tseng ML, Lim MK. Dynamic and causality interrelationships from 
municipal solid waste recycling to economic growth, carbon emissions and energy efficiency using a 
novel bootstrapping autoregressive distributed lag. Resour Conserv Recycl. 2021;166:105372.  

[9] McBean EA, Fortin MH. A forecast model of refuse tonnage with recapture and uncertainty bounds. 
Waste Manag Res. 1993;11(5):373-385. 

[10] Niessen WR, Alsobrook AF. Municipal and industrial refuse: composition and rates. National Incinerator 
Conference, American Society of Mechanical Engineers; 1970 May 17-20; New York, United States. 
New York; ASME; 1970. p. 319-337. 

[11] Gupta S, Mohan K, Prasad R, Gupta S, Kansal A. Solid waste management in India: options and 
opportunities. Resour Conserv Recycl. 1998;24(2):137-154. 

[12] Bach H, Mild A, Natter M, Weber A. Combining socio-demographic and logistic factors to explain the 
generation and collection of waste paper. Resour Conserv Recycl. 2004;41(1):65-73. 

[13] Gay AE, Beam TG, Mar BW. Cost-effective solid-waste characterization methodology. J Environ Eng. 
1993;119(4):631-644. 

[14] UNEP [Internet]. Stockholm: The Organization; c1972 [cited 2021 Feb 20]. Summary Report Waste 
Management. Available from: https://www.unep.org/resources/report/waste-management-asean-countries 
- summary-report. 

[15] Chang NB, Pan YC, Huang SD. Time series forecasting of solid waste generation. J Resour Manage 
Technol. 1993;21(1):1-10. 

[16] Box GE, Jenkins GM, Reinsel GC, Ljung GM. Time series analysis: forecasting and control. 5th ed. New 
Jersey; John Wiley & Sons; 2015. 

[17] Granger CW. Forecasting in business and economics. 2nd ed. Massachusetts; Academic Press; 2014. 
[18] Chung SS. Projecting municipal solid waste: The case of Hong Kong SAR. Resour Conserv Recycl. 

2010;54(11):759-768. 
 



9 
 

[19] Pollution Control Department [Internet]. Bangkok: The Ministry; c1992 [cited 2021 Feb 1]. Municipal 
solid waste quantity in Thailand 2004-2019. Available from: https://thaimsw.pcd.go.th/report1.php?year= 
256. 

[20] Bank of Thailand [Internet]. Bangkok: The Organization; c1942 [cited 2021 Jan 10]. World Economic 
Indicators. Available from: https://www.bot.or.th/Thai/Statistics/Indicators/Pages/default.aspx 

[21] Tanoue M, Taguchi R, Nakata S, Watanabe S, Fujimori S, Hirabayashi Y. Estimation of direct and 
indirect economic losses caused by a flood with long‐lasting inundation: application to the 2011 Thailand 
flood. Water Resour Res. 2020;56(5):1-52. 

[22] Poapongsakorn N, Meethom P. Impact of the 2011 floods, and flood management in Thailand. Sawada Y, 
S Oum, editors. Economic and welfare impacts of disasters in East Asia and policy responses. 8th ed. 
Jakarta: ERIA; 2012. p. 247-310.  

[23] Thamakorn T. Economic indicator. J BEC. 2008;28:37-42.  
[24] Gen E. Diversifying retail and distribution in Thailand. CSEAS J [Internet]. 2013 [cited 2021 Jan 9]; 

xii:680-682. Available: http://englishkyoto-seas.org/wp-content/uploads/SEAS_0303_BookReview_Vee 
rayooth-Kanchoochat.pdf. 


