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Abstract 41 

The research assesses the impact of CO2 emissions and energy use on economic performance and considers trade 42 

openness, urbanization, and agriculture in Indonesia utilizing data covering the period from 1965-2019. The current 43 

research employed the Dynamic Ordinary Least Square (DOLS), Autoregressive distributed lag (ARDL), and Fully 44 

Modified Ordinary Least Squares (FMOLS) methods. Furthermore, the Gradual shift and Wavelet coherence tests are 45 

utilized to capture the direction of causality. The ARDL bounds test discloses a long run interaction among the 46 

parameters of interest. The empirical evidence depicts that emissions, agriculture, energy use, and urbanization 47 

triggers economic growth. Besides, the growth-induced energy hypothesis is confirmed. This result is resonated by 48 

the causality analysis where GDP drives energy one-way in Indonesia. This proposes that Indonesia can embark on 49 
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conservative energy policies, as such actions will not hurt its growth. Furthermore, there is one-way causality from 50 

agriculture to GDP. These outcomes have far-reaching significance for GDP growth and the selected variables in 51 

Indonesia.  52 

Keywords: Economic Growth, Agriculture, Urbanization, CO2 Emissions, Energy use, Indonesia 53 
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 55 
 56 

1. Introduction 57 
 58 

To minimize the awful situation confronting the entire globe, the global warming danger has raised the intensity of 59 

consciousness from all areas of life. The main root of climate change is human being's operations on the earth's surface, 60 

which leads to the destruction of the environment (Adedoyin et al. 2020). With global warming advent, both individual 61 

and global countries have been charged with planning and working towards mitigating global warming. Climate 62 

change is a huge problem that has raised domestic and international alertness to mitigate the growing trend (Alola et 63 

al. 2020). The emissions from diverse sources of energy, particularly fossil fuels and other nonrenewable sources of 64 

energy, are spread as contaminant components into the air. They will adversely affect both the health of the masses 65 

and the environment. The air pollutants also have access to clean water sources and wetlands that poison or damage 66 

marine life and pollute clean water.  67 

Economic growth has been described as causing the disastrous impact of pollution amongst several measures 68 

considered. Several economic practices, both directed at and based on economic growth, contribute to pollutants' 69 

emissions (Bekun & Agboola, 2019). Such economic activity from multiple sectors (agriculture, petroleum, energy 70 

mining, and manufacturing sector), as summed up in economic growth, are all triggers for pollution (Udemba, 2020). 71 

Moreover, it impacts public wellbeing with various forms of diseases, such as cancer, gaseous disease and heart 72 

disease (Pope and Dockery, 2006). The global prevailing expert viewpoint is that economic expansion is reliant on 73 

energy due to its position in improving income generation and development, stimulating employment, and accelerating 74 

productivity. Likewise, the literature on energy economics shows that the two major influences impacting the climate 75 

are economic growth and energy use. For instance, Kirikaleli et al. (2020), Olanrewaju et al. (2021), Rjoub, (2020), 76 

and Akinsola and Adebayo (2021) establish that the main cause of environmental degradation in various country and 77 

regions is energy usage and economic growth. The studies of Adebayo (2021a), (2020), Kirikaleli et al. (2020), and 78 

Zhang et al. (2021) established that the use of energy from nonrenewable sources increases CO2, which in turn decrease 79 

environmental sustainability. This stance is reinforced by the optimistic association between fossil fuel consumption 80 

and economic growth, which implies that GDP growth contributes to higher energy utilization and higher CO2 81 

emissions, respectively (Asongu et al. 2020; Umar et al. 2020; Adebayo, 2020; Dogan et al. 2020). Also, emissions 82 

are created by agricultural activities, such as bush burning, herding activities, land reclamation, application of 83 

fertilizers and other chemicals, etc.  84 

Indonesia's economy, dominated by the agriculture and energy sectors, is perceived to be an encouraging forum for 85 

dirty industrial activities.  Minerals, electronic equipment, oil and gas, rubber goods, and crude palm oil are Indonesia's 86 

https://www.sciencedirect.com/science/article/pii/S004896972032787X?casa_token=qv8JF3wRW6gAAAAA:RKruui9CkBB-VLPEgTONghJ758BkVs2Trbf2rZlmcg-g4Yzj3UKMw24JUnt7YfAVl2U-b-yqoE4n#bb0170
https://www.sciencedirect.com/science/article/pii/S004896972032787X?casa_token=qv8JF3wRW6gAAAAA:RKruui9CkBB-VLPEgTONghJ758BkVs2Trbf2rZlmcg-g4Yzj3UKMw24JUnt7YfAVl2U-b-yqoE4n#bb0220


most essential export commodities. Nevertheless, as a percentage of GDP, Indonesia's exports of goods and services 87 

are comparatively low, at 20%. Indonesian exports in 2019 peaked at US$206 billion (World Bank, 2020). Moreover, 88 

it should be remembered that most of the emerging economies (including Indonesia) that are expanding economic 89 

activity are increasing greenhouse gas (GHGs) emissions in the same way. In 2019, Indonesia is recognized as the 8th 90 

largest GHGs emitter (EIA, 2020). This illustrates that economic activity and GHGs emissions are rising at almost the 91 

same time. If proper LCDIs1 are not taken into account to make economic growth more eco-friendly, they will likely 92 

be in the same up-surging direction. No wonder this warning has encouraged the nation to peg its carbon reduction 93 

goal to 43% by 2030 whereas striving to produce GDP growth of 5.6 to 6.0% yearly over the next 25 years. 94 

Nonetheless, if the nation ever slacks in curbing the unnecessary use of coal, the nation's dream of transitioning to a 95 

low-carbon economy will lead to nothing. At present, to maintain its economy, the nation still depends on fossil fuels. 96 

Coal, gas, and oil generate 59%, 23%, and 6.2% of electricity, correspondingly, whilst green energy contributes only 97 

13% of electricity (Andersen, 2019) 98 

Over the years, numerous studies are done regarding the association between GDP and trade openness. However, 99 

mixed results have surfaced. For instance, some studies (Udemba, 2019; Demet Kalmaz and Adebayo, 2020; Bekun 100 

et al. 2020) found insignificant interaction between and GDP and trade,  while the studies of Kong et al. (2020), 101 

Raghutla (2020), and Hdom & Fuinhas, (2020) and Alam & Sumon (2020). Also, Rahman et al. (2020) and Amna 102 

Intisar et al. (2020) disclosed a negative association between trade and GDP. Recently, several scholars have assessed 103 

the association between urbanization and GDP growth. However, their outcomes are mixed, making it difficult to 104 

explore urbanization's exalt effect on economic growth. For instance, the study of Nathaniel and Bekun (2020), Bekun 105 

et al. (2019), and Udemba et al. (2021) established that urbanization increase economic growth, while some studies 106 

(Nathaniel & Bekun, 2020; Kong et al. 2020) found a negative connection between population and economic 107 

development.  108 

Given this progress, there has been limited emphasis on examining this pattern's importance in the midst of the 109 

Indonesian economy's optimistic and substantial growth. Despite this, this research is intended to explore the economic 110 

performance in Indonesia amidst CO2 emissions. The current research is distinct from the existing studies because it 111 

accounts for other economic growth determinants such as urbanization, agriculture, energy usage, CO2 emissions, and 112 

energy use. This report expands/complements the Indonesian economy discussion on the growth-energy and pollution 113 

nexus and expands on the research of Udemba et al. (2019). The research is inspired by the Sustainable Development 114 

Goals (SDGs-7, 8, 12, and 13). It discusses specific energy use concerns (SDG-7) with a particular emphasis on green 115 

and sustainable energy use (SDGs 7 and 12) to meet the 2020 Agenda. This is to avoid problems associated with 116 

economic growth (SDGs-8) and climate change (SDGs-13). The present research is especially timely and deserving 117 

of inquiry, particularly in the current age in which responsible energy use and environmental protection are 118 

increasingly being targeted.  119 

 
1 low-carbon development initiatives 



This research is distinctive in its growth-based approach that is constructed following the EKC theory. This EKC is 120 

based merely on the trade-off between environmental degradation and economic performance. Most research on 121 

Indonesian emissions' involvement has considered an environmental paradigm that often gives a different 122 

understanding of the nation's emissions without any reference to its economic growth. Indonesia is anticipated to 123 

induce emissions through its economic growth operations as an emerging economy. That is why it is important to 124 

explore the growth-linked emissions of the nation with the growth-based framework. The importance of this research 125 

can also be seen from Indonesia's stance in the world in geography, economics, politics, and agriculture. However, 126 

the nation's distinctiveness means that some of the ramifications in the current analysis specific to Indonesia are 127 

relatively important to several nations in East Asia and the Pacific region. Table 1 presents recent studies on the 128 

variables of interest. 129 

The concluding part of this report is planned in the following ways: Section 2 presents the methodology and data, 130 

Section 3 presents analytical outcomes. Section 4 concludes the research. 131 

 132 

Table 1: Summary of Related Studies 

Authors Timeframe Nation(s) Methods Findings 

Economic Growth and CO2 

Bouznit & Pablo-Romero 

(2016) 

1970-2010 Algeria ARDL CO2  GDP (+) 

Adebayo (2020b) 1971-2016 Mexico ARDL &Wavelet Coherence CO2GDP 

Gyamfi et al. (2020) 1990–2018 Emerging nations Kao cointegration, Panel DOLS, 

FMOLS, D-H Causality 

CO2  GDP (+) 

CO2  GDP 

Akinsola and Adebayo, 

(2020) 

1971-2016 Thailand ARDL &Wavelet Coherence, 

Granger and Toda-Yamamoto 

causality 

CO2GDP 

Zhang et al. (2021) 1970-2016 Malaysia ARDL, FMOLS, DOLS, Wavelet, 

Gradual shift causality 

CO2  GDP (+) 

GDP  CO2 

Awosusi et al. (2020) 1980-2018 MINT Nations Panel ARDL. D-H Causality CO2 ≠ GDP 

GDP  CO2 

Adebayo (2021) 1980 to 2016 Thailand ARDL, FMOLS, DOLS, Wavelet, Positive Comovement 

between CO2 and GDP 

Udemba et al. (2021) 1981–2018 India ARDL, Granger Causality CO2  GDP (+) 

CO2  GDP 

Gao & Zhang (2021) 1980–2010 13 Asian developing 

countries 

FMOLS and Panel Granger 

causality tests 

CO2 GDP 

Economic Growth and Energy use 



Emir & Bekun, (2019). 1990Q1–2014Q4 Romania ARDL, Toda Yamamoto 

Causality 

EC  GDP (+) 

EC  GDP 

Balcilar et al. (2019) 1971–2014 Pakistan ARDL, TY Causality EC  GDP (+) 

GDP EC 

Bekun & Agboola, (2019) 1971–2014 Nigeria Maki (2012) cointegration,  

DOLS, FMOLS) 

EC  GDP (+) 

EC  GDP 

Saint Akadiri et al. (2019) 1973–2014 South-Africa ARDL, TY Causality EC  GDP 

Udi et al. (2020) 1973–2014 South -frica ARDL, TY Causality EC  GDP (+) 

EC  GDP 

Nathaniel & Bekun, 

(2020). 

1971–2014. Nigeria DOLS, FMOLS, CCR, VECM EC ≠ GDP 

Sharma et al. (2020) 2000–2017 10 emerging and 

developing Asian 

countries 

DOLS, FMOLS, Panel D-H 

Causality 

EC GDP 

EC ≠ GDP 

Economic Growth and Urbanization 

Shahbaz et al. (2015) 1970–2011 Malaysia ARDL, Causality URB  GDP(+) 

Yang et al. (2017) 2000–2010 China Panel OLS URB  GDP (+) 

Nguyen (2018) 1971–2014 ASEAN D-GMM and PMG URB  GDP(+) 

Nathaniel & Bekun 

(2020) 

1971–2014 Nigeria FMOLS, DOLS, CCR, VECM 

Granger Causality 

URB GDP(-) 

URBGDP 

Kong et al. (2020). 1981-2017 Top 10 mineral-rich 

countries 

NARDL Mixed Findings 

Talbi et al. (2020) 1980–2018 Tunisia ARDL, Granger Causality URB  GDP(+) 

GDP  URB 

Economic Growth and Trade Openness 

Keho, (2017) 1965–2015 Ivory Coast ARDL, Toda and Yamamoto 

Granger causality 

TO  GDP(+) 

TO  GDP 

Elfaki et al. (2020). 1975–2014 Sudan ARDL, Granger Causality TO  GDP(+) 

Demet and Adebayo, 

(2020) 

1980-2018 Nigeria ARDL, Granger Causality TO ≠ GDP 

TO  GDP(+) 

Zheng & Walsh (2019) 2001–2012 China GMM TO≠GDP 

Adebayo (2021b) 1970-2015 Japan ARDL, Wavelet Coherence TO≠GDP 

Economic Growth and Agriculture 

Awan & Aslam (2015). 1972–2012 Pakistan ARDL, Granger Causality AGRIC  GDP (+) 

Matthew & Mordecai, 

(2016). 

1981–2014 Nigeria Johansen cointegration, ECM AGRIC  GDP (+) 



Udemba, (2020). 1981–2018 Nigeria ARDL, Granger Causality AGRIC  GDP (+) 

AGRIC  GDP 

Sertoglu et al. (2017) 1981–2013 Nigeria Johansen cointegration, ECM AGRIC  GDP (+) 

Matandare (2017) 1980–2016 Zimbabwe OLS AGRIC  GDP (+) 

Matandare, (2017). 1990–2016 India VECM AGRIC  GDP (+) 

Note EC: Energy use, CO2: Carbon Emission,  (+): Positive relationship,  (-): Negative relationship,  One-way causality,: 

Bidirectional causality, Urban: Urbanization, TO: Trade Openness, AGRIC: Agriculture, GDP: Economic Growth, TY: Toda Yamamoto 
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 134 

2. Data and Methodology 135 

2.1. Data 136 

The study examines the impact of agriculture (AGRIC) and CO2 emissions (CO2) on economic performance 137 

(GDP) and also consider the role of urbanization (URB), trade openness (TO), and energy use in Indonesia utilizing 138 

data stretching between 1965 and 2019. In Indonesia's case, the current paper was apprehended to assess the 139 

interactions between GDP, CO2 pollution, urbanization, energy use, agriculture, and trade openness. The empirical 140 

modeling is based on the ARDL technique. This analysis is centered on Udemba et al.'s (2021) research by adjusting 141 

for further growth facilitators that have been overlooked in prior studies, including growth theory caused by the urban 142 

population. As shown in the model of Solow growth regarding capital and labor contribution. For Indonesia's cases 143 

with the same economic characteristics, urban populations are included in our sample scenario. The parameters utilized 144 

are transmuted into a logarithm. This was conducted to ensure data is normally distributed (Adebayo and Demet 2020; 145 

Adedoyin et al. 2020). Table 2 portrays the data unit of measurement and source. Also, the flow of analysis is depicted 146 

in Figure 1. The study function and econometric model are presented in Equations 1 and 2: 147 𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡 = 𝑓𝑓(𝐶𝐶𝐶𝐶2𝑡𝑡,𝐸𝐸𝐶𝐶𝑡𝑡 ,𝑇𝑇𝐶𝐶𝑡𝑡 ,𝑈𝑈𝑈𝑈𝑈𝑈𝑡𝑡 ,𝐴𝐴𝐺𝐺𝑈𝑈𝐴𝐴𝐶𝐶𝑡𝑡)                                                                                      [1] 148 

𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡 = 𝜗𝜗0 + 𝜗𝜗1𝐶𝐶𝐶𝐶2𝑡𝑡 + 𝜗𝜗2𝐸𝐸𝐶𝐶𝑡𝑡 + 𝜗𝜗3𝑇𝑇𝐶𝐶𝑡𝑡 + 𝜗𝜗4𝑈𝑈𝑈𝑈𝑈𝑈𝑡𝑡  + 𝜗𝜗5𝐴𝐴𝐺𝐺𝑈𝑈𝐴𝐴𝐶𝐶𝑡𝑡 + 𝜀𝜀𝑡𝑡                                    [2] 149 

In Equation 1, CO2, EC, TO, AGRIC, GDP, and URB represent CO2 emissions, energy use, trade openness, 150 

agriculture, economic growth, and urbanization. Also, "t" illustrate the period of study (1965-2019), the parameters 151 

are depicted by 𝜗𝜗1,𝜗𝜗2,𝜗𝜗3,𝜗𝜗4, and  𝜗𝜗5while the error term is represented by 𝜀𝜀.  152 

Constant expansion of the economy has contributed to an upsurge in GDP, leading to higher energy demand, 153 

contributing more to emissions (Adebayo, 2021). Furthermore, output expansion and CO2 emissions are positively 154 

linked with ecological footprint because of constant natural resource misuse. Thus, CO2 is projected to lead to 155 

increasing economic growth�𝛽𝛽1 =
𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝐶𝐶𝐶𝐶2 > 0�. Furthermore, energy use is projected to impact GDP positively, which 156 

indicates that an upsurge in EC will increase GDP �𝛽𝛽2 =
𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝐶𝐶 > 0�. Moreover, following the research of Udemba et 157 

al. (2020) and Kalmaz and Adebayo (2020) we incorporate trade openness into our model. It is anticipated that trade 158 



openness will exert a positive impact on economic growth which infers that an upsurge in trade openness will increase 159 

GDP �𝛽𝛽3 =
𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝐶𝐶 > 0�. Following the study of Zhang et al. (2021) and Udemba et al. (2021), the investigators 160 

introduced urbanization into the model. Thus, an upsurge in urban population is projected to exert a positive impact 161 

on GDP, which infers that an upsurge in urban population will trigger GDP�𝛽𝛽4 =
𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿 > 0�. Agriculture is 162 

anticipated to impact GDP positively, which infers that an upsurge in agriculture will lead to an increase in GDP 163 �𝛽𝛽5 =
𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝐶𝐶 > 0�. 164 

 165 

 166 

 167 

 168 

 169 

 170 

 171 

 172 

 173 

 174 

 175 

 176 

 177 

 178 

 179 

 180 

 181 

 182 

 183 

 184 

 185 

Table 2: Variables Units and Sources 

Variable Description Units Sources 

GDP Economic Growth GDP Per Capita Constant $US, 2010 WDI, (2021) 

TO Trade Openness Trade % of GDP WDI, (2021) 

URB Urbanization Urban Population WDI, (2021) 

AGRIC Agriculture Agriculture, fishing, and  forestry, 

value-added 

WDI, (2021) 

CO2 CO2 emissions Metric tonnes Per Capita BP (2021) 

EC Energy Use Energy consumption per capita (kWh) BP (2021) 
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 212 

Figure 1: Analysis Flow Chart 213 
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 217 

2.2. Methodology 218 

Correlation Test 219 

Analysis of correlation is used to verify the comovement between the two series. The correlation can be defined as 220 

follows: 221 

Corr (X, Y) =  
𝐶𝐶𝐶𝐶𝐶𝐶 (𝑋𝑋,𝑌𝑌)�𝑉𝑉𝑉𝑉𝑉𝑉(𝑋𝑋)𝑉𝑉𝑉𝑉𝑉𝑉(𝑌𝑌)

                                                                                        (3) 222 

where: the covariance between the two-time series (X,Y) is denoted as Cov(X,Y) while Var (X) and Var(Y) represent 223 

the value of the two time series of X and Y, respectively. 224 

Stationarity Test 225 

This research's primary motive is to explore the impact of trade openness, CO2, energy use, urbanization, and AGRIC 226 

on GDP in Indonesia. The study utilized both the PP and KPSS unit root tests initiated by Phillips & Perron (1988) 227 

and Kwiatkowski et al. (1992) to investigate the order of integration in which the parameters are arranged. If the 228 

parameters are stationary at I(0) or I(1) or both I(0) and I(1) further analysis can be conducted. However, if the series 229 

are stationary at I(2), the ARDL test which is the core test of the study analysis can not be applied. 230 

 231 

ARDL Approach 232 

Bounds Auto-Regressive Distribution Lag Model (ARDL) to capture the long-run association between the dependent 233 

and independent parameters. The benefits of the ARDL bounds model over the other traditional cointegration 234 

techniques are: (i) it can be used when there is a mixed integration order; (ii) it incorporates both the short and long-235 

run coefficients concurrently; (iii) it is perfectly fit for small sample size (Odugbesan and Adebayo, 2020); (iv) 236 

accommodating different lag length (Olanrewaju et al. 2021); and (v) autocorrelation problem is removed. The 237 

calculated F-statistics are compared to the lower and upper bound critical values. When the calculated F-statistics is 238 

below the critical value, the alternative hypothesis is rejected; when the calculated F-statistics is greater, the null 239 

hypothesis is rejected, showing evidence of a long-run interaction among the variable. Equation 3 below explains the 240 

ARDL bounds model; 241 

𝛥𝛥𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡 = 𝛼𝛼0  + �𝛼𝛼1𝑡𝑡
𝑖𝑖=1 𝛥𝛥𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡−𝑖𝑖 + �𝛼𝛼2𝑡𝑡

𝑖𝑖=1 𝛥𝛥𝐶𝐶02𝑡𝑡−𝑖𝑖  + �𝛼𝛼3𝑡𝑡
𝑖𝑖=1 𝛥𝛥𝐸𝐸𝐶𝐶𝑡𝑡−𝑖𝑖 + �𝛼𝛼4𝑡𝑡

𝑖𝑖=1 𝛥𝛥𝑇𝑇𝐶𝐶𝑡𝑡−𝑖𝑖 + �𝛼𝛼5𝑡𝑡
𝑖𝑖=1 𝛥𝛥𝑈𝑈𝑈𝑈𝑈𝑈𝑡𝑡−𝑖𝑖242 

+ +�𝛼𝛼6𝑡𝑡
𝑖𝑖=1 𝛥𝛥𝐴𝐴𝐺𝐺𝑈𝑈𝐴𝐴𝐶𝐶𝑡𝑡−𝑖𝑖 + 𝛽𝛽1𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡−1 + 𝛽𝛽2𝐶𝐶𝐶𝐶2𝑡𝑡−1 +  𝛽𝛽3𝐸𝐸𝐶𝐶𝑡𝑡−1 +  𝛽𝛽4𝐺𝐺𝐶𝐶𝐺𝐺𝑡𝑡−1 + 𝛽𝛽5𝑈𝑈𝑈𝑈𝑈𝑈𝑡𝑡−1243 

+ 𝛽𝛽6𝐴𝐴𝐺𝐺𝑈𝑈𝐴𝐴𝐶𝐶𝑡𝑡−1 + 𝜀𝜀𝑡𝑡                                                                                         (4) 244 

The Equations 5 and 6 illustrate the null and alternative hypotheses correspondingly;  245 𝐻𝐻0 = 𝜗𝜗1 = 𝜗𝜗2 = 𝜗𝜗3 = 𝜗𝜗4 = 𝜗𝜗5 … … … … … …                         …    …         . . (5) 246 



𝐻𝐻𝑎𝑎 ≠ 𝜗𝜗1 ≠ 𝜗𝜗2 ≠ 𝜗𝜗3 ≠ 𝜗𝜗4 ≠ 𝜗𝜗5 … … … … … …                                                   (6) 247 

Where 𝐻𝐻0 portrays the null hypothesis and 𝐻𝐻𝑎𝑎 stand for the alternative hypothesis. After the long-run interaction is 248 

established, the ARDL model derives the ECM.  It is derived by estimating the model's short-run parameters by 249 

applying ECM. Hence, the ARDL framework is transformed into as follows: 250 

𝛥𝛥𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡 = 𝛼𝛼0  + �𝛼𝛼1𝑡𝑡
𝑖𝑖=1 𝛥𝛥𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡−𝑖𝑖 + �𝛼𝛼2𝑡𝑡

𝑖𝑖=1 𝛥𝛥𝐶𝐶02𝑡𝑡−𝑖𝑖  + �𝛼𝛼3𝑡𝑡
𝑖𝑖=1 𝛥𝛥𝐸𝐸𝐶𝐶𝑡𝑡−𝑖𝑖 + �𝛼𝛼4𝑡𝑡

𝑖𝑖=1 𝛥𝛥𝑇𝑇𝐶𝐶𝑡𝑡−𝑖𝑖 + �𝛼𝛼5𝑡𝑡
𝑖𝑖=1 𝛥𝛥𝑈𝑈𝑈𝑈𝑈𝑈𝑡𝑡−𝑖𝑖251 

+ +�𝛼𝛼6𝑡𝑡
𝑖𝑖=1 𝛥𝛥𝐴𝐴𝐺𝐺𝑈𝑈𝐴𝐴𝐶𝐶𝑡𝑡−𝑖𝑖 + 𝛽𝛽1𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡−1 + 𝛽𝛽2𝐶𝐶𝐶𝐶2𝑡𝑡−1 +  𝛽𝛽3𝐸𝐸𝐶𝐶𝑡𝑡−1 +  𝛽𝛽4𝐺𝐺𝐶𝐶𝐺𝐺𝑡𝑡−1 + 𝛽𝛽5𝑈𝑈𝑈𝑈𝑈𝑈𝑡𝑡−1252 

+ 𝛽𝛽6𝐴𝐴𝐺𝐺𝑈𝑈𝐴𝐴𝐶𝐶𝑡𝑡−1 +  𝜌𝜌𝐸𝐸𝐶𝐶𝑇𝑇𝑡𝑡−𝑖𝑖 + 𝜀𝜀𝑡𝑡                                                                (7) 253 

Where: 𝜃𝜃i=5 denote coefficients in the short run, εt signifies the error term, βi=5 denote coefficients in the long-run, t 254 

denotes the lags lengths, ECTt-i  denotes error correction term. 𝜌𝜌 denotes ECM coefficients, which will be negative 255 

and significant.  256 

 257 

DOLS and FMOLS 258 

To ascertain the ARDL long-run outcomes, the present study utilized FMOLS and DOLS to catch the long-run 259 

interaction between CO2 and its regressors. Though several techniques can be utilised to catch the long-run interaction 260 

between parameters, the FMOLS and DOLS techniques are used in this empirical analysis. These methods enable 261 

asymptotic coherence to be collected by putting into account the serial correlation effect. Before conducting these 262 

techniques, it is essential to establish cointegration amongst the series. The FMOLS estimator is depicted by Equation 263 

8 as follows.  264 

𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡 =  𝜗𝜗0 + 𝜗𝜗1𝐶𝐶𝐶𝐶2𝑡𝑡 + 𝜗𝜗2𝐸𝐸𝐶𝐶𝑡𝑡 + 𝜗𝜗3𝑇𝑇𝐶𝐶𝑡𝑡  + 𝜗𝜗4𝑈𝑈𝑈𝑈𝑈𝑈𝑡𝑡 + 𝜗𝜗5𝐴𝐴𝐺𝐺𝑈𝑈𝐴𝐴𝐶𝐶𝑡𝑡 + �𝛽𝛽1𝑞𝑞
𝑖𝑖=q 𝛥𝛥𝐶𝐶𝐶𝐶2𝑡𝑡−𝑖𝑖 +�𝛽𝛽2𝑞𝑞

𝑖𝑖=q 𝛥𝛥𝐸𝐸𝐶𝐶𝑡𝑡−𝑖𝑖  265 

+�𝛽𝛽3𝑞𝑞
𝑖𝑖=q 𝛥𝛥𝑇𝑇𝐶𝐶𝑡𝑡−𝑖𝑖 + �𝛽𝛽4𝑞𝑞

𝑖𝑖=q 𝛥𝛥𝑈𝑈𝑈𝑈𝑈𝑈𝑡𝑡−𝑖𝑖 + �𝛽𝛽5𝑞𝑞
𝑖𝑖=q 𝛥𝛥𝐴𝐴𝐺𝐺𝑈𝑈𝐴𝐴𝐶𝐶𝑡𝑡−𝑖𝑖266 

+ 𝜀𝜀𝑡𝑡                                                                                                                     (8) 267 

Where the lag order is chosen by utilizing SIC and time trend is illustrated by t. FMOLS has the benefit of addressing 268 

endogeneity, auto-regression, and the bias arising from the prejudice of the sample (Narayan & Narayan, 2005). 269 

 270 

 271 

 272 



Wavelet Approach 273 

Wavelets coherence is employed to detect the time-frequency dependence of energy consumption, CO2 emissions, 274 

urbanization, and agriculture on economic growth. Time-frequency dependence considers the changes over time, and 275 

how the relationship varies from one frequency to another becomes essential (Adebayo, 2020). The Morlet wavelet 276 

function was employed since it brings balance between phase and amplitude. Morlet wavelet function is defined as 277 

follows: 278 

𝓌𝓌(𝓃𝓃) =  𝜋𝜋−14𝑒𝑒−𝑖𝑖𝓌𝓌𝓃𝓃𝑒𝑒−12𝓃𝓃2                                                                                (9) 279 

Where non-dimensional frequency was used by 𝓌𝓌; i denotes √−1 p(𝓃𝓃). Using the time and space, with 𝓃𝓃 = 0,1, 2, 280 

3……N-1, the time series continuous wavelet transformation (CWT) is defined as: 281 

𝓌𝓌𝑘𝑘,𝑓𝑓(𝓃𝓃 ) =  
1√ℎ𝓌𝓌 �𝑛𝑛 − 𝑘𝑘𝑓𝑓 � ,   𝑘𝑘, 𝑓𝑓 ∈ ℝ, 𝑓𝑓 ≠ 0                                           (10) 282 

where: k and f symbolize time and frequency, respectively. CWT helps the cross wavelet analysis to interrelate 283 

between two variables (Kirikkaleli, 2019). The CWT is depicted in Equation 11: 284 𝔴𝔴𝑝𝑝(𝑘𝑘, 𝑓𝑓) =  ∫ 𝑝𝑝(𝑛𝑛)
1�𝑓𝑓∞−∞ 𝓌𝓌�𝑛𝑛−𝑘𝑘������𝑓𝑓 � 𝑑𝑑𝑛𝑛,                                                          (11)                                                            285 

The local variance was revealed using the wavelet power spectrum (WPS). The equation defining the WPS is as 286 

follows:  287 𝑊𝑊𝐺𝐺𝑊𝑊𝑝𝑝(𝑘𝑘, 𝑓𝑓) =  �𝑊𝑊𝑝𝑝(𝑘𝑘, 𝑓𝑓)�2                                                                       (12) 288 

The wavelet coherence approach (WTC) is defined in the Equation below: 289 𝑈𝑈2(𝑘𝑘,𝑓𝑓) =  
�𝑆𝑆�𝑓𝑓−1𝑊𝑊𝑝𝑝𝑝𝑝(𝑘𝑘,𝑓𝑓)��2𝑆𝑆�𝑓𝑓−1�𝑊𝑊𝑝𝑝(𝑘𝑘,𝑓𝑓)�2�𝑆𝑆�𝑓𝑓−1�𝑊𝑊𝑝𝑝(𝑘𝑘,𝑓𝑓)�2�                               (13)                                                                   290 

where: the time and scale smoothing operators with 0 ≤ R2(k,f) ≤ 1 is denoted as S. WTC can also detect the phase 291 

difference 𝜙𝜙𝑝𝑝𝑞𝑞 of the two time series, it defined in this form: 292 

         𝜙𝜙𝑝𝑝𝑞𝑞(𝑘𝑘, 𝑓𝑓) = tan−1 �L�𝑆𝑆�𝑓𝑓−1𝑊𝑊𝑝𝑝𝑝𝑝(𝑘𝑘,𝑓𝑓)��𝐶𝐶�𝑆𝑆�𝑓𝑓−1𝑊𝑊𝑝𝑝𝑝𝑝(𝑘𝑘,𝑓𝑓)���                                                                     (14)                                                              293 

where: L and O stand for the imaginary and real part operators.  294 

 295 

Gradual Shift Test 296 

Apart from the wavelet coherence approach, we utilized the Gradual shift causality test developed by Nazlioglu et al. 297 

(2016) was utilized to establish the direction of causation between two variables. The Toda and Yamamoto (1995) 298 

and Fourier approximation captures the structural changes during the period of coverage in this technique 299 

(Gokmenoglu et al., 2019). This technique helps to overcome the inaccuracies and inconsistencies associated with the 300 

VAR model. Using the modified VAR model stated in the equation below: 301 



𝑦𝑦𝑡𝑡  =  σ(t) +  𝛽𝛽1𝑦𝑦𝑡𝑡−1 + ⋯+ 𝛽𝛽𝑝𝑝+𝑑𝑑𝑑𝑑𝑎𝑎𝑑𝑑𝑦𝑦𝑡𝑡−(𝑝𝑝+𝑑𝑑𝑑𝑑𝑎𝑎𝑑𝑑) + 𝜀𝜀𝑡𝑡                          (15) 302 

Where: 𝑦𝑦𝑡𝑡 symbolizes variable used; σ symbolizes intercept; β symbolizes coefficient matrices; ε symbolizes the error 303 

term; t symbolizes time function.  The Fourier approximation with cumulative frequencies is defined as: 304 

σ(t)  =  𝜎𝜎0 + �𝛾𝛾1𝑘𝑘𝑛𝑛
𝑘𝑘=1 sin �2𝜋𝜋𝑘𝑘𝜋𝜋𝑇𝑇 �+ �𝛾𝛾2𝑘𝑘𝑛𝑛

𝑘𝑘=1 cos �2𝜋𝜋𝑘𝑘𝜋𝜋𝑇𝑇 �                              (16) 305 

Where: 𝛾𝛾2𝑘𝑘 and 𝛾𝛾1𝑘𝑘 measure the displacement and frequency amplitude, respectively; the number of frequencies is 306 

denoted as n. Fourier Toda-Yamamoto causality with cumulative frequencies (CF) is defined as follows in: 307 

𝑦𝑦𝑡𝑡 =  𝜎𝜎0 + �𝛾𝛾1𝑘𝑘𝑛𝑛
𝑘𝑘=1 sin �2𝜋𝜋𝑘𝑘𝜋𝜋𝑇𝑇 �+ �𝛾𝛾2𝑘𝑘𝑛𝑛

𝑘𝑘=1 cos �2𝜋𝜋𝑘𝑘𝜋𝜋𝑇𝑇 �+ 𝛽𝛽1𝑦𝑦𝑡𝑡−1 + ⋯+ 𝛽𝛽𝑝𝑝+𝑑𝑑𝑑𝑑𝑎𝑎𝑑𝑑𝑦𝑦𝑡𝑡−(𝑝𝑝+𝑑𝑑𝑑𝑑𝑎𝑎𝑑𝑑)308 

+ 𝜀𝜀𝑡𝑡                                                                                                                                  (17) 309 

Where: approximation frequency is symbolized as k. For the Fourier Toda-Yamamoto causality with single 310 

frequencies, single-frequency components are defined in Equation (9) as follows: 311 

σ(t) =  𝜎𝜎0 + 𝛾𝛾1 sin �2𝜋𝜋𝑘𝑘𝜋𝜋𝑇𝑇 �+ 𝛾𝛾2 cos �2𝜋𝜋𝑘𝑘𝜋𝜋𝑇𝑇 �                                                            (18) 312 

The Fourier Toda-Yamamoto causality with single frequencies (SF) is defined as follows: 313 

𝑦𝑦𝑡𝑡  =  𝜎𝜎0 +  𝛾𝛾1 sin �2𝜋𝜋𝑘𝑘𝜋𝜋𝑇𝑇 �+ 𝛾𝛾2 cos �2𝜋𝜋𝑘𝑘𝜋𝜋𝑇𝑇 �+ 𝛽𝛽1𝑦𝑦𝑡𝑡−1 + ⋯+ 𝛽𝛽𝑝𝑝+𝑑𝑑𝑦𝑦𝑡𝑡−(𝑝𝑝+𝑑𝑑) + 𝜀𝜀𝑡𝑡  (19)  314 

 315 

3. Findings and Discussions 316 

This segment of this study depicts the discussion of the outcomes in a stylized manner. We set off with initial analysis 317 

by the investigation into the basic summary statistics properties. The basic summary statistical properties that report 318 

the measure of central tendencies and dispersion outlined in Table 3 shows that agriculture has the highest average 319 

followed by urbanization, energy consumption, GDP, trade openness and CO2. All series shows negative skewness 320 

with light tail. Furthermore, all the series mirror normal distribution as reported by the kurtosis which is less than 3 321 

for all examined series with the exemption is of trade openness. Moreover, the outcomes of the Jarque-Bera 322 

(Probability) show that all the series conform to normality with the exemption of both energy consumption and trade 323 

openness. Also, the correlation amongst the series is illustrated by the correlation box in Figure 2. Subsequently, we 324 

proceed to explore the unit root features of the series under analysis. Table 4 outlined the traditional unit root test of 325 

ADF and KPSS that shows the mix order of integration. This research proceeds to explore the long-run interaction 326 

between the study parameters as reported by the ARDL bounds testing in Table 5 in conjunction with the Kripfganz 327 

and Schneider (2018) critical and P-values which confirm cointegration among variable under review. The bounds 328 



test confirms a long-run association between these indicators. This is indicative that the explanatory variable converges 329 

to the dependent variable. 330 

 331 

Table 3: Descriptive statistics 

 GDP CO2 EC AGRIC TO URB 

Mean 3.2396 -0.0517 3.5018 10.788 1.6638 7.7474 

Median 3.2739 0.0211 3.588 10.817 1.6909 7.7881 

Maximum 3.6484 0.3582 3.9612 11.173 1.9831 8.1804 

Minimum 2.8175 -0.6441 2.8912 10.402 1.0418 7.1995 

Std. Dev. 0.2414 0.2916 0.3478 0.2192 0.1395 0.3086 

Skewness -0.1339 -0.4858 -0.4540 -0.0536 -1.7455 -0.2646 

Kurtosis 1.9457 2.1530 1.8373 1.9583 9.0199 1.7290 

Jarque-Bera 2.7118 3.8071 4.9871 2.5173 110.98 4.3437 

Probability 0.2577 0.1490 0.0826 0.2840 0.0000 0.1139 

Observations 55 55 55 55 55 55 

 332 

 333 

Figure 2: Correlation Box 334 

 335 

 336 

Table 4: Traditional Unit root Tests 

ADF Unit Root Test 



 At Level I(0) First Difference I(1) Decision 

GDP -2.5260 -5.6531* I(1) 

CO2 -2.2541 -7.6144* I(1) 

EC -0.5753 -6.5170* I(1) 

AGRIC -1.8105 -9.3066* I(1) 

TO -5.0579* -14.655* I(0), I(1) 

URB -0.8968 -3.2010*** I(1) 

KPSS Unit root Test 

GDP 0.1235*** 0.0591 I(0) 

CO2 0.1565** 0.0253 I(0) 

EC 0.4040* 0.1128 I(0) 

AGRIC 0.1057 0.1581** I(1) 

TO 0.2048** 0.0952 I(0) 

URB 0.2987* 0.1418*** I(0), I(1) 

Note: 1% and 5% level of significance is illustrated by  and ** correspondingly 

 337 

Table 5: Bound Test 

Kripfganz and Schneider (2018) critical and P-values 

 F-statistics 7.21*  

 T-statistics -5.25*  

 10% 5% 1% 

F-statistics CV 2.204 3.320 2.615 3.891 3.572 5.112 

T-Statistics CV -2.495 -3.798 -2.843 -4.207 -3.54 -5.021 

Note: Note * represent a 1% level of significance, and both F-stat and T-stat are greater than critical values. 

 338 

After the bounds test confirms the cointegration, we proceed to estimate the ARDL model. The results of the ARDL 339 

model is portrayed in Table 6. The values of the R2 and adj-R2 are 0.98 and 0.97 correspondingly. This outcome 340 

illustrates that the regressors (EC, CO2, TO, AGRIC and URB) can explain 98% variation in GDP while the remaining 341 

1% variation is attributed to the error term.  The value of the DW is 2.04, which is within the anticipated range to 342 

affirm autocorrelation absence. This outcome shows that there is no issue of autocorrelation in the model. The serial 343 

correlation and heteroscedasticity results depicted in Table 6 show that the research framework is free from serial 344 

correlation and heteroscedasticity problems. 345 

Furthermore, the RESET test reveals that there is no misspecification in the model. Also, both the CUSUM Square 346 

and CUSUM outcomes in Figures 3a and 3b show that the model is stable and reliable. Appropriate Lag selection is 347 



essential when applying the ARDL. Thus, we utilized the AIC criteria proposed by Akaike (1987). Akinsola and 348 

Adebayo (2021) stated that the AIC is ideal for selection lag due to its superior characteristics. The speed of adjustment 349 

is seen to facilitate long-term convergence between the parameters with a significant and negative error correction 350 

term (ECT) coefficient. The outcome of the ECT is 0.33, which illustrates evidence of cointegration amongst the 351 

parameters, and this signifies the capability of the model to witness 33% speed of adjustment to verify the alignment 352 

to equilibrium in the long run on GDP due to the effect of the regressors (URB, EC, CO2, TO, and AGRIC). The 353 

outcomes of the ARDL model are as follows:  354 

a. The study discloses that EC exerts a positive and significant impact on GDP. Thus, energy consumption 355 

enhances economic growth as we observe that a 1 % upsurge in energy consumption increases GDP growth 356 

by a magnitude of 0.15%. This outcome gives credibility to the energy-induce growth hypothesis, which 357 

resonates with the study of Ali et al. (2020) for Nigeria, Udemba et al. (2019) for Indonesia, and Shahbaz et 358 

al. (2012) for Pakistan. This outcome implies that the Indonesian economy is energy-driven and cannot 359 

embark on conservative energy strategies, compromising GDP. 360 

b. There is evidence of a positive (elasticity) and significant interaction between GDP growth and CO2 361 

emissions. This deduces that pollution is inducing GDP growth. This means that emissions cause economic 362 

growth. This may be the case because, with less care for environmental sustainability, the host nation is 363 

focused on pursuing economic growth. This may be found where the use of unsustainable nonrenewable 364 

energy in Indonesia's economic operations positively affects economic development while affecting the 365 

climate negatively. The result revealed that, according to the EKC postulation, Indonesian economic 366 

development is still at a scale-effect phase where both environmental degradation and economic growth are 367 

growing at the same time. This infers that a 0.13% increase in GDP growth is due to a 1% rise in CO2 368 

emissions. This outcome complies with the findings of He et al. (2021) for Mexico, Udemba et al. (2021) for 369 

India, and Bekun et al. (2019) for Nigeria. 370 

c. Moreover, we see that urbanization influences Indonesia's economic growth, which implies that a 1% 371 

increase in urbanization increases GDP growth by 3.40%. Based on the empirical revelation, we claim that 372 

the teaming growing population in Indonesia is productive to her economic trajectory. However, there is a 373 

need for caution on policymakers to match urban infrastructure and amenities in rural areas. This is to avoid 374 

the rush to urban cities, given that most government officials develop urban areas more than rural areas. 375 

Otherwise, the urban infrastructure might be overwhelmed and might impede economic growth in the long- 376 

run. 377 

d. Additionally, government officials need to encourage public-private partnerships (PPP) to build 378 

infrastructure in other less urbanized regions to balance the infrastructural deficit in rural and urban areas. 379 

This alludes to the fact that small and medium enterprises (SME) are a key driver of any economy, which 380 

will have a ripple effect on the pace of other macroeconomic indicators and economic development at large. 381 

This outcome is in line with the findings of Udemba et al. (2021), Bekun et al. (2020). 382 

e. There is a negative and insignificant interaction between trade openness and GDP growth in Indonesia. 383 

Therefore, signifying that trade in Indonesia has an insignificant effect on economic growth, suggesting that 384 



the Mexican economy's openness to the outside world does not promote economic progress. This explains 385 

the nature of Indonesia's trade pattern and the rest of the world due to Indonesia's economic size and structure.  386 

f. A positive and significant interaction between GDP growth and agriculture infers that holding other 387 

indicators constant, a 0.57% increase in GDP growth is associated with a 1% increase in agriculture. This 388 

outcome is not surprising because the agricultural sector offered employments to roughly 49 million 389 

Indonesians in 2015. Presently, nearly 30% of land in Indonesia is utilized for agriculture. This result agrees 390 

with the study of Sertoglu et al. (2017), Udemba (2020), Matthew and Mordecia (2016), and Awan & Aslam 391 

(2015). 392 

The current study utilized both FMOLS and DOLS estimators to check ARDL outcomes. The results of the DOLS 393 

and FMOLS estimators are represented in Table 7. The results show that energy use, CO2 emissions, agriculture, and 394 

urbanization exert a positive and significant impact on GDP growth which implies that all the regressors with the 395 

exemption of trade openness enhance economic growth. These outcomes correspond with the results of the ARDL 396 

long run. 397 

 398 

 399 

Table 6: ARDL Long-run and Short-run Results 

Regressors Coefficient t-Statistic Prob 

Short Run Results ∆CO2 0.1370* 4.0286 0.000 ∆EC 0.1560** 2.6527 0.012 ∆AGRIC 0.5705* 2.9061 0.006 ∆TO 0.0387 1.3253 0.195 ∆URB 3.4096*** 1.8497 0.074 

ECM(-) -0.3317* -5.4582 0.000 

Long-run Results 

CO2 0.1370** 2.4709 0.019 

EC 0.1560*** 1.8770 0.070 

AGRIC 0.5705** 2.4788 0.019 

TO -0.0453 -1.3558 0.185 

URB 4.0669** 2.2662 0.031 

R2 0.98   

Adj R2 0.97   

F-statistic 1737.4   

Prob(F-statistic) 0.0000   

DW 2.0578   
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 409 

Table 7: FMOLS and DOLS Outcomes 

 FMOLS DOLS 

Regressors Coefficient t-Statistic Prob. Coefficient t-Statistic Prob. 

CO2 0.1365* 3.7332 0.000 0.1370 2.7154** 0.011 

EC 0.1655* 2.8188 0.008 0.1560 2.0627** 0.048 

AGRIC 0.5502* 3.8741 0.000 0.5705 2.7241* 0.010 

TO -0.06381 -1.1520 0.259 -0.0453 -1.4899 0.147 

URB 4.0848* 3.5409 0.001 4.0669 2.4904** 0.018 

R2 0.98 0.98 

Adj R2 0.97 0.98 

Note: , *, ** and *** depicts 1%, 5% and 10% level of significance 

  410 

 411 

Post Estimation Tests 

χ2 ARCH 0.23 (0.63)   

χ2 RESET 0.15 (0.88)   

χ2 Normality 2.35 (0.30)   

χ2 LM 0.22 (0.79)   

Note:  *, ** and *** signifies 1%, 5% and 10% level of significance. 
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In addition, the present research further utilizes the wavelet coherence (WTC) test to catch the causality and correlation 420 

between economic growth and the regressors. This technique is created from physics to gather formerly unseen 421 

information. Thus, the research explores the connection in the short, medium, and long-run between GDP and its 422 

regressors. The cone of influence (COI) is the white cone where discussion is carried out in the WTC. The thick black 423 

contour illustrates a level of significance based on simulations of Monte Carlo. Figures 4a-4e, 0-4, 4-8, and 8-16 show 424 

short, medium, and long term correspondingly. 425 

Furthermore, the vertical and horizontal axis in Figures 4a-4e depicts frequency and time respectively. The blue and 426 

yellow colors represent low and high dependence between the series. In-phase and out-of-phase connections are 427 

depicted by rightward and leftward arrows correspondingly. Moreover, the rightward-down (leftward-up) illustrates 428 

that the first variable lead (cause) the second parameter while the rightward-up (leftward-down) depicts that second 429 

parameter lead (cause) the first parameter. Figure 4a illustrates the WTC between AGRIC and GDP between 1965 430 

and 2019. At various frequencies between 1970 and 2016, the arrows are rightward-up, showing the positive 431 

interconnection between the series with AGRIC leading. Figure 4b depicts the WTC between CO2 and GDP between 432 

1965 and 2019 in Indonesia. The majority of the arrows are rightward-up, which illustrates a strong connection 433 

(dependency) at different frequencies with CO2 leading. Figure 4c illustrates the WTC between EC and GDP in 434 

Indonesia between 1965 and 2019. At different scales, from 1970 to 2016, the bulk of arrows are facing rightward-435 

down, which show positive association (dependency) at different frequencies. Furthermore, the rightward-down 436 

arrows indicate that GDP lead (cause) EC. Figure 4d illustrates the WTC between URB and GDP in Indonesia between 437 

1965 and 2019. At different frequencies, from 1970 to 1993 and from 2000 to 2016, the bulk of arrows are facing 438 

rightward-down, which shows a positive association (dependency) between GDP and URB. Furthermore, the 439 

rightward-down arrows indicate that GDP lead (cause) URB. Figure 4e shows the WTC between TO and GDP in 440 

Indonesia between 1965 and 2019. From 1970 to 1977 the bulk of arrows are facing rightward-up at different high 441 

and medium frequencies, which shows a positive association (dependency) with TO leading. However, between 1995 442 

and 2005 at high frequency, most arrows are leftward-down, which indicates a negative connection (dependency) 443 

between GDP and TO with TO leading. The outcomes from the wavelet coherence test comply with the results of 444 

DOLS, FMOLS, and ARDL. 445 



  446 

Fig 4a: WTC between GDP and AGRIC                               Fig 4b: WTC between GDP and CO2 447 

  448 

Fig 4c: WTC between GDP and EC                               Fig 4d: WTC between GDP and URB 449 
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 451 



 452 

Fig 4e: WTC between GDP and TO 453 

 454 

In Table 8, the causality analysis of the Gradual -Shift is reported. The causality test outcomes offer support for the 455 

results of the ARDL-bound (long-run) and ECT (short-run) estimations in Table 5.  The outcomes of the causality test 456 

revealed; (i) neutrality hypothesis between GDP and EC. This outcome is backed by the findings of Udemba et al. 457 

(2019) for Indonesia; (ii) no evidence of causal linkage between GDP and TO in Indonesia between the period of 458 

study. This outcome is in line with the findings of Kalmaz and Adebayo (2020) for Nigeria, Udemba et al. (2019) for 459 

Indonesia, (iii) unidirectional causality from AGRIC to GDP at a 1% significance level which implies that AGRIC 460 

can significantly predict GDP. This outcome resonates with the findings of Odetola & Etumnu (2013) for Nigeria but 461 

contradicts the conclusion of Raza et al. (2012) for Pakistan; (iv) one-way causality from GDP to URB at a significance 462 

level of 1% which infers that GDP can predict significant variation in URB. This illustrates that economic reform in 463 

Indonesia promotes urbanization. This finding resonates with the findings of Rahman & Vu, (2020) for Canada and 464 

Narayan, (2016) for India; (v) unidirectional causality from GDP to EC, which illustrates that GDP can predict EC. 465 

Based on this finding, it is conceivable to apply energy conservation policies with slight detrimental or no economic 466 

expansion effects. This finding aligns with the results of Akinlo, (2008) for 11 Sub-Sahara African countries and 467 

Aqeel & Butt (2001) for Pakistan. 468 

Table 8: Causality Test 

Causality Path Wald-stat No of Fourier P-Value Decision 

GDP CO2 7.166269 3 0.411776 Do not Reject Ho 

CO2  GDP 4.772503 3 4.772503 Do not Reject Ho 

GDP  TO 1.586617 2 0.979159 Do not Reject Ho 

TO  GDP 4.878288 2 0.674813 Do not Reject Ho 

GDP  URB 54.02239 4 0.00000* Reject Ho 

URB  GDP 1.368549 4 0.986515 Do not Reject Ho 



 469 

 470 

4. Conclusion 471 

The present research adds to the prior existing studies by evaluating the impact of CO2 emissions and agriculture on 472 

economic growth and taking into consideration the effect of urbanization, energy use, and trade openness in Indonesia 473 

utilizing data spanning between 1965 and 2019. The impetus behind this is attributable to the fact that Indonesia's 474 

economy primarily depends on two primary sectors that are regarded as pollution-induced sectors. These sectors 475 

(agricultural and petroleum sectors) are distinguished by the extreme usage of nonrenewable energy sources in 476 

operations. As an emerging country, Indonesia is believed to be operating the economy at the detriment of the 477 

environment concerning EKC postulations on economic growth and the environment. To accomplish the stated 478 

objectives, ARDL bounds, Gradual shift causality, and the novel wavelet coherence tests are utilized. The outcomes 479 

show a mix (significant and insignificant) of interactions between economic growth and the regressors. The outcome 480 

of the bounds test reveals that all the indicators have long-run interconnection. Furthermore, the outcomes of the 481 

ARDL long-run and short-run estimations show that agriculture, urbanization, energy consumption, and CO2 482 

emissions promote the economic performance of Indonesia while trade openness exerts a negative and insignificance 483 

impact on the economic performance of Indonesia. Furthermore, we applied the novel wavelet test to capture the 484 

correlation and causal association between GDP growth and the regressors. The wavelet analysis findings revealed a 485 

positive interaction between GDP growth and the regressors with the exemption of trade openness, which has a weak 486 

connection with Indonesia's economic performance. Further, the wavelet coherence test outcomes provide further 487 

support for the ARDL, FMOSL, and DOLS tests.  The results of the Fourier Toda-Yamamoto causality test provide 488 

intuition and credibility for the linkage among economic growth and urbanization, energy usage, trade openness, and 489 

CO2 emissions 490 

Based on the findings mentioned above, it is vital to explore policies that include a national sustainable development 491 

plan focused on social, economic, and environmental aspects. The goal should be to ensure best practice by combining 492 

the three dimensions to minimize trade-offs between economic growth and the environment's quality. There is a desire 493 

to understand the consequences of population change and the necessity for birth control in Indonesia. Besides, with 494 

the aid of modern agricultural technology and the availability of good seeds and other agricultural inputs, the 495 

productivity of agriculture and its value-added component can be increased at a higher level. Renewable sources, 496 

including hydropower, ocean power, geothermal, wind power, and solar, should be considered cleaner and substitutes 497 

to utilize nonrenewable energy in economic activities. 498 

GDP EC 12.62092 3 0.081901*** Reject Ho 

EC GDP 2.834950 3 0.899839 Do not Reject Ho 

GDP AGRIC 0.002475 2 0.153681 Do not Reject Ho 

AGRIC GDP 22.06522 2 0.002475** Reject Ho 

Note: *, ** and *** represents 1%, 5% and 10% level of significance correspondingly 



In summary, as a nation, Indonesia has more opportunities to maintain sustainable growth in both economic and 499 

environmental operations. This study's outcome would positively impact neighboring countries willing to take the 500 

steps suggested in this paper to strengthen their sustainable growth. Conclusively, this study has examined the nexus 501 

between energy use, urbanization, trade openness, and Indonesia's economic growth using recent time-series data. 502 

Additional research should be conducted for the other developing and advanced nations while considering asymmetric 503 

in the econometrics modeling or the use of micro disaggregated data. Furthermore, other studies can account for other 504 

growth drives not explore in this study. 505 
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