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Abstract

The undesirable impacts of climate change affect not only the environment, but all sectors
of the society and the economy around the world. Technological advances are one of the
factors that can reduce pollutants emissions relative to the amount of economic production.
The index of economic complexity is one of the indicators that show the level of knowledge
and skills required in the production of goods and is a measure of economic development.
In this study, the nonlinear relationship between economic complexity index and carbon
dioxide emissions has been investigated using a nonlinear autoregressive distributed lag
(NARDL) model during 1971-2018. The results of the model indicate that by an increase in
economic complexity, carbon dioxide emissions decrease about 2 percent, and by a decrease
in economic complexity, carbon dioxide emissions increase about 12 and 1 percent in the
long and short term, respectively. It is noteworthy that due to the low level of economic
complexity in Iran, this index has a smaller coefficient than other variables. Also, the results
show that the effect of positive and negative shocks of GDP on carbon dioxide emissions
in the long term in Iran is symmetric, while the effect of positive and negative shocks
of economic complexity on carbon dioxide emissions is asymmetric. It should be noted,
the effect of the negative shocks of economic complexity on carbon dioxide emissions is
greater than the positive shocks.
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1. Introduction

Structural changes in energy consumption policies towards efficient technologies have
reduced carbon dioxide emissions in developed countries. As a result of sustainable
technological advances and the implementation of environmental regulations, the amount
of pollutant emissions relative to the amount of production has decreased in developed
countries such as OECD member and the G7 group (Golpira et al., 2018; Shahzad, 2020).

Previous studies show that countries are gradually shifting their economies from
agriculture and also heavy pollution productions to complex knowledge-based economies
(Mealy and Teytelboym, 2020). Hidalgo and Hausman (2009) introduced the Economic
Complexity Index (ECI), which is considered as one of the comprehensive indicators of
economic progress based on knowledge, skills and product diversity. In other words,
economic complexity assesses the productive structure and describes the degree of
complexity in terms of industrial changes (Fang et al., 2021; Neagu and Teodoru, 2019).

The different ranks of ECI indicate the complexity and exports diversity of economies
(Swart and Brinkmann, 2020). The increase in economic complexity will result in product
diversity, which may lead to an increase in the level of environmental pollution. However,
ECI can have a positive effect on the quality of the environment, through research and
development activities, supporting clean technologies, and environmentally friendly
products. Moreover, increasing economic complexity refers to changing the structure of
the economy by diversifying production and producing industrial and complex goods.
Consequently, the more complex production structure increases productivity and reduces
energy consumption and carbon dioxide emissions (Neagu and Teodoru, 2019).

Therefore, this research investigates the relationship between economic complexity and
carbon dioxide emissions in Iran for the period of 1971-2018 using the nonlinear
autoregressive distributed lag (NARDL).

2. Variables and Method

From a general point of view, economic complexity refers to the production structure of a
country, which affects the structure of energy consumption and consequently, has an impact
on the environment. The production structure of a country and the level of complexity of
products can affect the emission of greenhouse gases. In other words, improving
knowledge leads to the emergence of innovation that can produce advanced and
environmentally friendly products (Adedoyin et al., 2021).

On the one hand, with the increase in economic complexity, product diversity increases
and more production leads to an increase in the level of environmental pollution. On the
other hand, ECI can have a positive effect on the quality of the environment, because it
includes research and development activities that can support environmentally friendly
products and clean technologies. Moreover, increasing economic complexity shows
changing the structure of the economy, diversifying production, and focusing on industrial
and more complex goods (Neagu and Teodoru, 2019).
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Important and effective factors on carbon emissions include structural effect, energy
intensity effect, production scale effect and emission coefficient effect (Sun et al., 2011).
In fact, the GDP shows prosperity and the level of economic activity, and energy intensity
shows the level of energy technology (Wang and Lin, 2017). Also, the economic
complexity index implies the effect of structural changing and carbon emission coefficient
(Shahzad et al., 2021). Equation (1) shows the main regression for the modeling approach
of this article.

LCO,, = By + BLLGDP, + B,ECI, + B5LEI, +

&t (1)

while LCO2 is the logarithm of carbon dioxide emissions (million tons of carbon
dioxide), LGDP is the logarithm of real gross domestic product (million Rials), ECI is the
index of economic complexity, LEI is the logarithm of energy intensity (the ratio of energy
consumption to GDP), and ¢ represents the error component.

4. Data

The data related to the GDP was obtained from the economic statistics of the Central Bank
of Iran. The energy consumption and carbon dioxide emission data were obtained from the
statistics of the World Bank. The economic complexity index data is obtained from the
economic complexity atlas database. It should be mentioned that the research variables are
used in logarithmic form. According to the trend of the variables and the conditions of
Iran's economy, a dummy variable has been defined for the years 1978 and 1970.

5. Discussion

The results of the model estimation show that the effect of the positive changes of the GDP
is positive in the long and short term, so that, with a one percent increase of the GDP, the
emissions of carbon dioxide will increase in the long and short term by 0.98. Also, the
effect of negative changes of GDP on carbon dioxide emissions in the long term and short
term has been found to be positive. The coefficients of energy intensity in the long term
and short term are equal to 1.04 and 0.95, respectively, and it implies that with the increase
of energy consumption in the production process, the emissions of carbon dioxide rise. The
estimation of long-term coefficients of economic complexity shows that an increase in
economic complexity index leads to the decrease of the carbon dioxide emissions by 2
percent, and a decrease in economic complexity leads to the increases of carbon dioxide
emissions by 12 and 1 percent in the long and short term.

The results of Wald's test indicate that the effect of positive and negative changes of the
economic complexity index on carbon dioxide emissions in the long term in Iran is
asymmetric. More precisely, the effect of negative changes of economic complexity on
carbon dioxide emissions is more than the effect of positive changes of economic
complexity.
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According to the study of Neagu and Teodoru (2019), the increase in economic
complexity refers to a change in the structure of the economy and diversification of
production. Then, a more complex structure of production can result in an increase of
productivity in the production process, which in turn will reduce energy consumption of
the production sector. Therefore, the effect of positive changes in economic complexity on
carbon dioxide emissions is negative.

6. Conclusion

In this study, using the nonlinear autoregressive distributed lag (NARDL), the asymmetric
relationship between carbon dioxide emissions and explanatory variables including
economic complexity, gross domestic product, and energy intensity in Iran has been
investigated for the time period of 1971-2018.

For better planning of reducing air pollution and improving the quality of the environment,
factors affecting the carbon dioxide emissions and related measures are of particular
importance. In recent decades, the quality of the environment has become one of the main
concerns of policymakers in many countries. Moreover, the movement of countries towards
structural changes in production and knowledge-based economy has led to the
improvement of the quality of the environment. The existence of a long-term relationship
between carbon dioxide emissions and economic variables such as production and
economic complexity is important for policymakers and the government to adopt and apply
sustainable development policies.

According to the results of this research, the economic complexity index is one of the
factors affecting carbon dioxide emissions, so that the production of more complex goods
that contain higher technology can lead to a reduction in energy consumption and carbon
dioxide emissions. In other word, the development of technology, and increasing the level
of knowledge and skills of the labor can reduce carbon emissions in the long term. From
this point of view, moving towards an economy with diverse and knowledge-based
products helps to improve the quality of the environment. So, it is necessary for
policymakers to pay attention to the structure of production, the related process, and
knowledge-based economy, along with other actions and policies in reducing energy
consumption and air pollution.
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Tab. 5: The results of the Wald test to check the symmetry and asymmetry of the explanatory variables
in the NARDL model.
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Tab. 6: The results of diagnostic tests.
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