International Journal of Energy Economics and
Policy
ISSN: 2146-4553
available at http: www.econjournals.com
International Journal of Energy Economics and Policy, 2021, 11(6), 130-137.

Spotting the Environmental Effect of the Economy and
Technology: How the Development is Causing a Stringency
with Carbon Emission?
Lilis Yuaningsih, R. Adjeng Mariana Febrianti*
Widyatama University, Indonesia. *Email: adjeng.mariana@widyatama.ac.id
Received: 28 September 2020



DOI: https://doi.org/10.32479/ijeep.10938

ABSTRACT
The increasing threat to natural climate has extended the focused on economic growth and technology. Thus, this research contribution has provided
an empirical investigation for examining the impact of economic and science and technology indicators on carbon emission from five different sources
namely; emission from transport industry, other sectors, residential building, electricity and heat production, and emission from manufacturing industries
in Thailand. Different statistical analyses were done to analyze the individual and combine effect of both economic and science and technological
indicators during 1990-2014 with yearly data trends. The results show that some economic factors are found to be positive determinants of carbon
emission, while others have shown their adverse influence in increasing carbon threats to natural environment in Thailand. As per the research
implications, present work is among the initial contribution while exploring the environmental effects of growth and technology in Thailand for
which a specific research findings are presented earlier. For this reason, this work can provide a good understanding to policy-makers, reserachers,
and students in the targeted fields like carbon emission, economy and science and technology. Moreover, some productive future directions are also
provided in this paper. First, methodological context of the study can be revised for better findings through some time series models. Second, regional
context of the study may spread to other economies like Indonesia, Malaysia and Singapore.
Keywords: Climate Change, Carbon Emission, Economic Growth, Thailand
JEL Classifications: O44, P18, Q56

1. INTRODUCTION
In current era, a range of economic and technological developments
are experienced by the humans in the world. However, at the same
time, such developments are causing a range of challenges because
of their environmental effects in both developed and developing
countries (Åström et al., 2012; Béguin et al., 2011; Kamran and
Omran, 2018; Prowse et al., 2009; Santana Vilorta, 2020; SantosMunguía and Perez, 2020). Since the deterioration of the natural
environment, there is a growing concern about the climate change
and global warming (Cox et al., 2000; McCright and Dunlap,
2011; Mori et al., 2010; Whitmarsh, 2009). The reason behind
such threats to nature and the whole planet earth is observed in

the form of increasing emission of carbon from different sources
and sectors (Huang et al., 2018; Liu et al., 2019; Shao et al., 2018).
Although, a range of financial and economical benefits are enjoyed
by the world community due to advancement in technology,
however, environmental degradation is also an outcome of such
development (Kutz, 2018; Moreno-Brid et al., 2020; Ormaechea
and Fernandez, 2020; Ortiz and Castillo Renteria, 2020). It is
known as the deterioration of the natural climate due to depletion
of range of sources like water air, and most importantly, the
destruction of overall ecological system (Demirbas, 2005;
Goudie, 2018; Peterson, 2019; Aleem, 2020; Batool et al., 2020;
Hornung, 2020; Janssen, 2020). More consumptions of natural
resources result in devastation of the environment. Various types
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of environmental degradation are observed and some of them are
in critical situation which needs immediate solution from the world
leaders and departments like United Nations (UN).
In any region of the world, the factor of economic development
depends on variety of the indicators. Different mechanism
are employed by diverse economies with the usage of natural
sources. However, many aspects are highlighted in the literature,
covering the fact that more development in any country results
in adverse impact on the environment like pollution, more usage
of the resources, creation of carbon emission in the climate, and
similar other threats (Cumming and von Cramon-Taubadel, 2018;
Danish and Wang, 2018; Longo and Baker, 2014; Perera, 2018;
Singh et al., 2013; Li et al., 2020; Martínez-Martínez, 2020;
Nguyen et al., 2020; Nurpeisova et al., 2020). For this reason,
various economies are facing the issue of low quality of natural
environment and bad living standards for its communities too.
As inspired from this issue, present paper has highlighted the
situation of carbon emission in the economy of Thailand while
investigating its relationship with different economic indicators
and science and technology factors. After the detailed investigation
of Thai economy, it is found that many issues are presented in
terms of natural environment like air pollution through carbon
emission, soil erosion, water pollution, damage to eco-system
and deforestation as well. As per Figure 1 below, it is found that
carbon emission from heat and production (CEHP) is significantly
greater than the rest of the indicators, showing a significant portion
(yellow color). Whereas the carbon emission from transport (CTR)
has also shown an alarming situation. Whereas, carbon emission
from manufacturing industries (CMI) seems to cover the third
ranking as observed in the Figure 1.

2. LITERATURE REVIEW
There are number of theoretical and empirical studies on the
topic of carbon emission in different regions. This section covers
some of the studies for the relationship between carbon emission,
economic growth and technological factors too. For example, Aye
and Edoja (2017) investigated the impact of economic growth
Figure 1: Carbon emission in Thailand during 1990-2014

on carbon emission while using the panel threshold framework,
based on the data from 31 emerging economies. It is found that
economic growth is negatively influencing the CO2 emission in
the low growth economies. More specifically, in high growth
economies, the impact of economic growth on carbon emission is
positively significant. Additionally, their findings have provided
no evidence to support for the environmental Kuznets curve
(EKC), rather they have found a u-shaped relationship between
the selected variables. In addition, their study has found the
causal relationship between carbon emission, economic growth
and financial development. Schröder and Storm (2018) aims to
investigate the restriction to stop the future global warming with
the measurement of carbon emission. Expanding their discussion,
authors claims that literature work is also arguing about radical
de-carbonization with the increasing type of the economy. Mardani
et al. (2019) has conducted a systematic review for the relationship
between carbon emission and economic growth over the last two
decades. A review from 175 articles have revealed the fact that
there is bidirectional causality between the economic growth and
emission of carbon in different economies.
In addition, Pandey and Rastogi (2019) empirically examined
the impact of energy consumption in terms of electricity and
its relationship with GDP under environmental degradation
during 1971-2017. As per the trends of the data set, time series
analyses like Dicky Fuller test has been applied to investigate the
short term and long term relationship between GDP and carbon
emission with co-integration and Granger Causality methods. As
per the applied methods, authors found that there is a long-term
relationship between the defined variables. However, short run
causality exists between electricity consumption to economic
growth and carbon emissions. Ismail (1996) has investigated
the Malaysian economy in terms of economic evaluation of the
carbon emission in the forestry sector. Galeotti et al. (2017) has
measured the environmental policy stringency for the impact of
environmental innovation and efficiency factor of the energy
too. Authors claim for the contribution in the literature through
computing the diversified indicators of environmental policy
stringency with the testing of environmental innovation.

3. RESEARCH METHODS AND VARIABLES
Based on the above literature, authors have investigated the causal
effect of economy and science on carbon emission, considering
the following variables of the study.
• Carbon emission: From transport as a percentage of total fuel
combustion (CTR) as dependent variable I (Galeotti et al., 2017)
• Carbon emission: From other sectors, excluding residential
buildings etc., (COS) as dependent variable II (Parikh et al., 2009)
• Carbon emission: From manufacturing industries as % of total
fuel combustion as dependent variable III (Sheinbaum-Pardo
et al., 2012)
• Carbon emission: From electricity and heat production as %
of total fuel combustion (CEHP) as dependent variable IV
(Gustavsson et al., 1995)
• Carbon emission: residential building and commercial as %
of total fuel combustion (CRBC) as dependent variable V
(Adom et al., 2018)
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•
•
•
•
•
•
•

Gross domestic product: measured through annual growth %
(GDPCG) as independent variable I (Djankov et al., 2006)
GDP per capita: measured through constant 2010 US dollars
as independent variable II (Bank, 2017)
GDP per capita: measured through current LCU as independent
variable III (James et al., 2012)
GDP per capita: measured through current US dollars as
independent variable IV (Bank, 2016)
Charges for the use of intellectual property payments as
independent variable V (Fisman et al., 2004)
Researchers in R&D: measured through million people as
independent variable VI (Aristovnik, 2012)
High technology exports measured through current US dollars
as independent variable VII (Seyoum, 2004).

The data for the above explanatory and outcome variables is purely
secondary in nature and collected from different sources during
1990-2014 with annual observations. This study has applied the
multiple regression methods to investigate the causal relationship
between economic factors, scient and technology indicators and
carbon emission through five major sources. Equation 1 below
provides the information about dependent and independent
variables, regression coefficients, and error terms.
Carbon emission=b0+b1͠...b4(economic factors)+b5͠...b7(science
and technology)+e
Where carbon emission is measured through CTR, COS, CMI,
CEHP, and CRBC respectively under sperate regression models.
Meanwhile, to analyze the effect from economic factors, key titles
are: GDPCG, GDPPC, GDPPCC, and GDPPUSD respectively as
presented through regression coefficients of b1-b4. Additionally,
effect from the factors of science and technology key titles are:
CUIP, R&D, and HTEXPUSD and their marginal impact on

carbon emission is reflected through b5-b7. Besides, this study
also observed those factors which are not included in the model
but entitled as error terms (e).

4. EMPIRICAL FINDINGS
Table 1 showing the descriptive results of all the variables,
along the trends in the values through box plot range. The total
maximum number of observations are 25 while minimum are
observed as 17 for RD. For measuring the trends of carbon
emission, indicators like carbon emission from transport
(CTR) has presented a mean score of 28.81, carbon emission
from other sectors (COS), average trend is 5.17, for carbon
emission from manufacturing industry (CMI) is 21.05%, and for
carbon emission from electricity and heat production (CEHP)
is 42.12%. However, the lowest mean score in all the factors
of carbon emission in Thailand is found for carbon emission
from residential building and commercials (RCBC) which is
2.85 respectively. This value would justify the a comparatively
low value of Co2 Emission in the country. In terms of standard
deviation, CTR is showing a highest score of 2.79 in all the carbon
emission proxies. Whereas lowest deviation in the mean score
is observed for CRBC; 0.39. Moving further, the development
factor is divided into two major types; economics factors and
science and technology industry. For Economic factors, GDP
per capita growth rate is collected from different online sources,
showing an average score of 3.72% during the period of this
research, However, the deviation score for this mean value is 4.07
with the highest observation of 9.62, showing a good growth and
development in the economy of Thailand. For the second factor
of development, GDP per capita, taking the constant of 2010,
which shows a mean score of 4024 and deviation of 917.78.
Meanwhile, the third and fourth development factors are entitled

Table 1: Descriptive results with both plot trends of the variables
Variable
CTR
CTR
COS
COS
CMI
CMI
CEHP
CEHP
CRBC
CRBC
GDPCG
GDPCG
GDPPC
GDPPC
GDPPCC
GDPPCC
GDPPUSD
GDPPUSD
CUIP
CUIP
RD
RD
HTEXPUSD
HTEXPUSD
132

n

Mean

25

28.81

25

5.17

25

21.05

25

42.12

25

2.85

25

3.72

25

4024.14

25

1.10E+05

25

3219.47

25

1.60E+09

17

329.74

17

3.30E+10

S.D.

Min.
0.25
Mdn
--------------:::::::::::::::::::::::::::::::::::::----------------2.79
24.65
26.55
28.36
----------------------------::::::::::::::-------------------------0.78
3.49
4.93
5.1
------------------------::::::::::::::::::::::::-------------------1.48
18.22
20.23
21.04
-------------------------::::::::::::::::::::::--------------------2.53
37.79
41.01
42.21
------::::::::::::::::::::-----------------------------------------0.39
2.45
2.59
2.71
-----------------------------------------:::::::::::::::::---------4.07
-8.74
2.22
4.49
-------------------::::::::::::::::::::::::::::::------------------917.78
2503.8
3345.59
3731.26
-----------------::::::::::::::::::::::::::::::--------------------47393.89
38607.05
76342.47
90052.45
--------:::::::::::::::::::::::::::::::----------------------------1482.58
1508.94
2033.26
2660.12
------:::::::::::::::::::::::::::----------------------------------1.30E+09
1.70E+08
5.80E+08
1.10E+09
-------:::::::::::::::::-------------------------------------------245.72
72.44
167.21
280.6
---------------------:::::::::::::::::::::::::::::::::::::::-------4.60E+09
2.50E+10
2.90E+10
3.20E+10

0.75

Max.

31.48

33.8

5.64

6.94

22.31

24

43.89

46.6

3.02

3.97

6.99

9.62

4745.3

5589.31

1.40E+05

1.90E+05

4213

6168.27

2.30E+09

4.60E+09

390.21

964.16

3.70E+10

3.90E+10
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GDP per capita (current LCU), and GDP per capita (current US$)
with the average trends of 1.10E+05 and 3219.47 in US dollars
and deviation of 47393 and 1482 respectively (Hussain et al.,
2020; Li and Xu, 2020).
After discussing the descriptive framework of both carbon
emission proxies and economic factors of development, present
discussion is providing a review about science and technology
factors. To address this objective, three factors entitled as Charges
for the use of intellectual property, payments (BoP, current US$)
or CUIP, Researchers in R&D (per million people) or R&D, and
High-technology exports (current US$) or HTEXPUSD are added
among other regressors of the study. It is found that for these set
of the variables, R&D is showing a mean trend 329.74, whereas
rest of the two factors have shown an average score of 1.60E+09
and 3.30E+10 during the period of study.
The descriptive findings have provided a good understanding to
examine the layout of the data for selected variables over the period
of study. Furthermore, robust coefficients through regression
analyses show that for the First measure of carbon emission as
observed through CTR, there is a significant and negative influence
from GDPPC where the coefficients and standard error are
providing a P < 1%, hence accepting the negative and significant
impact of GDPPC on CTR during the study period. This would
explain that with the more GDPPCC int eh economy of Thailand,
lessor the carbon emission from transportation and similar other
sources. This result providing an evidence for the policy-makers
dealing with the climate change and economic growth factors. On
the other hand, GDPPUSD shows an effect of 0.002211 on carbon
emission from transportation, defending that more the GDP per
capita in $, more the carbon emission from the transportation.
This relationship is saying that attention is required to mitigate
the increasing trends of CTR from GDP per capita ($). The rest
of the economic factors are found to be insignificant indicators
of CTR in Thailand.

Moving towards the factors for the science and technology,
only the effect from R&D is positive, significant as t-value
found to be above the threshold point of 1.96. This could say
that one of the key reasons for increasing CTR in Thailand is
more R&D. Whereas, no impact of CUIP and HTEXPUSD on
CTR is found.
The third step under Table 2 provide the combine effect of
economic factors and science and technology on carbon
emission from transportation. Furthermore, the model findings
showing negative effect from GDPCG, and GDPPCC, provided
that higher such economic factors, the lower the CTR which
is indeed a good sign. This relationship is a good indication in
the Thailand economy as much growth for GDP per capita, and
GDP per capita in the form of current LCU are helping to secure
the natural environment with lowering the carbon emission of
transport.
For second indicator of carbon emission as reflected through
emission from other sectors in Thailand. For analyzing the
relationship between economic factors and science and
technology as determinants of carbon emission, similar steps are
repeated as those which are considered for the carbon emission
from transport. Column five, Table 2 shows that significant and
negative impact from GDPPC and GDPPUSD is found. Their
effect is highly significant at 1%, with lowest value of p-score.
It would justify that higher the economic development like
GDPPC and GDPPUSD, lower the carbon emission from other
sectors in Thailand. While the influence from GDPPCC is found
to be positive and significant at 1%. This means that higher the
economic growth like GDPPCC, higher the carbon emission is
experienced from other sector.
After the discussion for the influence of economic factors on
carbon emission from other sector, column six shows a highly
significant and negative influence from HTEXPUSD; -0.3674

Table 2: Examining the impact of economic development on carbon emission proxies
Economic factors

GDPCG
GDPPC
GDPPCC
GDPPUSD
CUIP
R&D
HTEXPUSD
Constant
Observations
R-squared

Science and Both economic factors and
technology
science and technology
Carbon emission from transport
−0.0672
−0.352***
(0.0456)
(0.0332)
0.00166
0.0173
(0.00189)
(0.0119)
−0.000148***
−0.00682**
(3.59e-05)
(0.000406)
0.00211***
0.0760**
(0.000362)
(0.00410)
−5.26e-10
−1.11e-09
(6.93e-10)
(1.42e-09)
0.2232***
0.863***
(0.00211)
(0.00538)
−2.23e-10
9.85e-11
(1.63e-10)
(2.18e-10)
31.28***
35.52***
6.549
(3.823)
(4.173)
(20.30)
25
15
15
0.898
0.770
0.867

Economic
Science and Both economic factors and
factors
technology
science and technology
Carbon emission from other sectors
0.0679*
0.0345
(0.0332)
(0.0509)
−0.00476***
−0.0291***
(0.000806)
(0.00260)
0.000115***
−2.10e-05
(1.83e-05)
(8.88e-05)
−0.000869***
0.000499
(0.000195)
(0.000896)
−1.95e-10
−8.32e-11
(1.31e-10)
(3.11e-10)
0.000393
0.000447
(0.000305)
(0.00118)
−0.3674***
−0.6974***
(00.0525)
(0.0157)
14.68***
6.303***
6.932
(1.546)
(0.774)
(4.439)
25
15
15
0.758
0.630
0.814

Robust standard errors in parentheses, ***P<0.01, **P<0.05, *P<0.1
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(0.0525), accepting the fact that higher the HTEXPUSD, lowers
the carbon emission as vice versa. Last column In Table 2 shows
the combine effect from economic factors and science and
technology indicators. As per the findings, only the GDPPC and
HTEXPUSD are showing that they are causing a reduction in the
carbon emission from other sectors. Besides, Figure 2 provides
the general understanding for the regression outlier graphs as
observed for each of the explanatory variables of the study.
For examining the carbon emission trends through manufacturing
industries and impact from economic factors and science and
technology, Table 3 is showing the regression results. As per
the findings under column 2, significant and positive, and
significant and negative impact on carbon emission through
manufacturing industries is found. This would further justify
through coefficients as per robust standard errors, significant at
1%. It means that higher GDPPC is causing more carbon emission
from manufacturing in Thailand, While GDPPCC is causing a
reduction in carbon emission from manufacturing sector. For
the indicators of science and technology, CUIP is lowering the
carbon trends from manufacturing sector, whereas HTEXPUSD
is causing an increasing trend in such emission in Thailand.
However, the combine effect from both economic and science and
technology indicators, only the factor of HTEXPUSD is found a
direct determinant for carbon emission from manufacturing sector.

For carbon emission from electricity and heat production,
Column five (Table 3) presents the evidence for the significant
and negative determinant effect from GDPPC and GDPPUSD
respectively. These factors are justifying that with the more such
growth trends, lower the carbon emission from electricity and
heat production. Contrary to this, the impact from GDPPCC is
positive and significant at 1%, saying that more the GDDPPCC
higher the carbon emission with the consumption of electricity
and heat productions.
The impact from CUIP on CEHP is highly positive, causing
more issue such carbon emission in natural environment. More
importantly, the combine effect of both economic and science and
technology indicators, positive impact from GDPCG, GDPPC,
while negative from GDPPC, GDPPUSD, R&D, and HTEXPUSD.
For the last factor of carbon emission from residential buildings
and commercials, all economic factors are found as significant
determinant when their separate effect is examined. However,
HTEXPUSD as an indicator of science and technology is causing
more such emission (Column 9, Table 3). In the end, when the
combine effect is presented (Column 10), positive impact from
GDPPUSD and HTEXPUSD, while negative from CUIP is
expressed.

Figure 2: Outlier graph for explanatory variables
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Economic
Science and
Both economic factors
Both economic factors
factors
technology
and science and
and science and
technology
technology
CO2 emissions from electricity and heat production CO2 emissions from residential buildings and commercia
−0.0411
0.478*
0.0263**
−0.0356
(0.0510)
(0.222)
(0.0104)
(0.0559)
−0.00473*
−0.0300**
−0.00136***
0.00256
(0.00239)
(0.0113)
(0.000333)
(0.00286)
0.000159***
0.00110**
2.64e-05***
−0.000116
(4.30e-05)
(0.000386)
(6.47e-06)
(9.75e-05)
−0.000802**
−0.0103**
0.000178*
0.00199*
(0.000378)
(0.00390)
(8.75e-05)
(0.000983)
2.74e-09***
2.15e-09
0.9358
−7.09e-10*
(8.41e-10)
(1.36e-09)
(1.14e-10)
(3.42e-10)
−0.00330
−0.0158**
−0.000350
0.00126
(0.00342)
(0.00512)
(0.000482)
(0.00129)
−2.43e-10
−7.05e-10**
5.6611***
1.04e-10*
(1.82e-10)
(2.07e-10)
(1.15247)
(5.23e-11)
47.03***
46.93***
96.67***
4.836***
1.119
−3.226
(4.923)
(4.650)
(19.32)
(0.562)
(0.808)
(4.875)
25
15
15
25
15
15
0.802
0.744
0.907
0.634
0.376
0.794
Science and
technology
Economic
factors

Both economic
factors and science
and technology
CO2 emissions from manufacturing industries
0.0138
−0.126
(0.0429)
(0.149)
0.00919***
0.0105
(0.00158)
(0.00841)
−0.000152***
−0.000284
(2.91e-05)
(0.000264)
−0.000615
0.000221
(0.000375)
(0.00235)
−2.03e-09***
−2.52e-10
(6.24e-10)
(5.91e-10)
0.00305
0.00550
(0.00203)
(0.00367)
4.33e-10***
4.90e-10***
(1.29e-10)
(1.25e-10)
2.167
10.11**
−7.023
(3.168)
(3.336)
(15.53)
25
15
15
0.633
0.397
0.825
Science and
technology

Observations
R-squared

Constant

HTEXPUSD

RD

CUIP

GDPPUSD

GDPPCC

GDPPC

GDPCG

Economic
factors

Table 3: Examining the impact of economic development on carbon emission proxies
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5. CONCLUSION AND
RECOMMENDATIONS
Environmental outcomes of economic development and technology
are reasonably influencing the decision makers in the field of
climate change. A common notion is that higher economic
growth and innovation in science and technology has a mixed
trend on nature in the form of carbon emission through different
sources. Increasing concerns about the environmental adverse
impact through climate change and global warming are putting
more pressure on the governments to take some serious steps. To
avoid from such issues, world economies are implementing the
environmental regulations, personal carbon trading, low carbon
emission through travel schemes, and many other policies are
highlighted in the literature. However, the relationship between
economic factors, science and technology and carbon emission
in the economy of Thailand is not well addressed. Therefore, this
study has observed the environmental outcomes of economic and
science and technology indicators. For examining the economy,
overall four factors; GDP per capita growth as annual percentage,
GDP per capita constant in USD, GDP per capita in current LCU,
and GDP per capita current USD were added in the regression
models. Whereas science and technology head is further explained
through charges for the use of intellectual property, research and
development, and high technology exports in current USD are
added in the models. To represent the natural impact, carbon
emission from transport, other sector, manufacturing industries,
electricity, heat production, and carbon emission from residential
buildings were considered as main dependent variables of the study.
A descriptive look has provided a good understanding for all
the variables along with standard deviation. As per empirical
findings, economic factors like GDPPCC and GDPUSD are found
to be negative and positive determinant for the carbon emission
through transport when their effect is observed without considering
the science and technology. This effect shows that GDPPCC is
causing a reduction in carbon emission from transport, whereas
GDPUSD is causing more emission from transport. From science
and technology, R&D is found to be a direct indicator of carbon
emission in Thailand from overall transport industry. When
the combine effect from economic and science and technology
factor is observed. GDPCG, GDPPC, and GDPUSD are showing
that they are causing a reduction during the study period. In the
second, step, significant determinant for the carbon emission from
other sectors are; GDPCG, GDPPCC, and GDPUSD. In case of
science and technology, HTEXPUSD has its adverse influence
on the carbon emission from other sectors. However, under
combine effect model, key indicators for the carbon emission are
GDPPC, and HTEXPUSD only, showing the declining trend. For
the remaining factors of carbon emission (from manufacturing
industries, electricity and heat production, residential building and
commercials) it is observed that GDPPCC is showing both positive
and negative influence, whereas CUIP is found to be a direct
determinant for carbon emission from manufacturing industries
and carbon emission from electricity heat and production etc. In
the last, HTEXPUSD has demonstrated the evidence that more
emission from manufacturing industries, and residential building
due to such high-tech exports in Thailand.
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Besides, this paper is observed as a good contribution specifically
in the economy of Thailand for exploring the effect of economic
development and science and technology factors in determining
the carbon emission. The presented analysis has provided
enough evidence, showing that which economic and science
and technology factors need to investigate as an opportunity or
threat for the changing climate change in terms of increasing
carbon emission. Additionally, some fruitful future directions are
also provided in this paper. First, methodological context of the
study can be revised for better findings through some time series
models. Second, regional context of the study may spread to other
economies like Indonesia, Malaysia and Singapore.
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