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Introduction
The emission of greenhouse gases and the consequent pollu-
tion of the environment are important issues that are the con-
cern of many policy makers in many countries. To reduce air 
pollution, the emission of greenhouse gases must be prevented; 
therefore, first, it is necessary to know the factors affecting the 
emission of greenhouse gases. By accurately knowing the fac-
tors affecting the emission of greenhouse gases and determin-
ing the effectiveness of each, in the next step, effective policies 
can be adopted to reduce environmental pollution; Therefore, 
in the continuation of this research, firstly, the reason for the 
importance of paying attention to greenhouse gas emissions 
and the factors affecting it will be discussed in detail, then the 
innovation of the research and the difference of the current 
research compared to the previous studies will be stated, and at 
the end of the introduction, the method and the way to respond 
to the questions are stated.

According to the National Aeronautics and Space 
Administration (NASA) research study, greenhouse gas 
emissions in the world are increasing, which has led to 
numerous environmental problems, including global warm-
ing. Environmental problems are one of the main problems 
around the world, which have been studied from different 
angles, including the Kuznets Curve Hypothesis. According 
to the environmental Kuznets curve hypothesis, there is an 
inverted U-shaped relationship between economic growth 
and environmental quality National Aeronautics and Space 

Administration (NASA).1 Many studies such as Pita et al2 
and Rahman et al3 have confirmed the impact of economic 
growth and development indicators on the environmental 
quality of countries. Sustainable economic growth and devel-
opment have always been considered by governments and 
policymakers in most advanced developing countries, but 
despite its many benefits, it generally has its problems, of 
which pollution is one of the most important. In other words, 
as economic growth is usually accompanied by increased use 
of resources and factors of production such as energy, it can 
also lead to environmental degradation by increasing the 
emission of pollutants and eventually posing a serious  
challenge to long-term economic growth and sustainable 
economic development. According to the World Health 
Organization (WHO), about 7 million people worldwide die 
each year from air pollution-related diseases. It is noteworthy 
that about 88% of these people live in low and middle-
income countries.4

Iran is one of the developing countries facing severe air pol-
lution, and in most populous cities, air pollution has caused 
irreparable damage to public health and the economy. 
Therefore, studying the factors affecting pollution seems very 
necessary given the issues raised.5 It is noteworthy that accord-
ing to studies conducted by the Environmental Research 
Institute of Tehran University of Medical Sciences, and also 
according to the findings of other researchers, the air quality in 
various parts of Iran deviates significantly from the global 
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standard values. Every year, about 40 000 people die in the 
country due to contact with particulate matter, which is about 
10% of all deaths in the country.6 Pollution in Iran has increased 
over time, so one of the biggest challenges facing the country in 
the last 2 decades has been environmental problems. The prob-
lems related to pollution in Iran, especially in urban areas, are 
much greater and this problem has led to air pollution becom-
ing a major socio-economic challenge for planners and people. 
It is also noteworthy that the group most affected by air pollu-
tion is the elderly and their proportion in the country will 
increase in the coming years, so the problem of pollution may 
have a much greater impact in the future. It is noteworthy that 
among the types of greenhouse gases, carbon dioxide gas is one 
of the most important because according to the latest national 
report of Iran’s greenhouse gases, CO2, and methane account 
for 77.5% and 18.9% of the total mass emission, respectively. 
allocated; An increase in greenhouse gas emissions can cause 
environmental destruction and subsequent air pollution; 
Therefore, it is very important to investigate the variables that 
affect the emission of greenhouse gases and also the extent of 
their influence, and this is the main goal of this research. It is 
worth noting that the emission of carbon dioxide (CO2) in Iran 
has continued to increase from 1991 to 2022, which can lead to 
sustainable economic growth in the face of major problems. 
Statistical data show that the quality of the environment and 
the amount of pollution in the air in Iran are not in a good 
condition compared to other countries in the world. Figure 1, 
shows the increasing trend of carbon dioxide emissions and it 
can be seen that the growth of carbon dioxide emissions in Iran 
is continuously increasing during the studied years.

The role of housing sector activities in economic growth 
and development by adding value as a contributor to gross 
domestic product (GDP) and creating jobs and employment 

opportunities is critical for many developing countries. The 
impact of housing sector activities on other macroeconomic 
variables such as employment, public expenditure, GDP, and 
many other variables have been examined in most empirical 
studies and have found that despite the significant benefits of 
housing sector activities, the development of this sector also 
poses problems.8 It should be noted that activities related to the 
construction of buildings and their implementation generally 
have a high share of GDP in developing countries; this has also 
led to the housing sector being economically more important 
in this group of countries. For example, in Iran, between 5% 
and 10% of the national income is related to the added value of 
the housing sector. Figure 2 shows the share of the added value 
of the housing sector in the national income. As shown in the 
graph, despite its high fluctuations, is always a significant per-
centage of the national income related to the share of the hous-
ing sector.

The housing sector is one of the leading economic sectors in 
most developing countries due to the creation of various jobs 
and poverty reduction.9 One of the most important problems 
in the development of the housing sector is the high consump-
tion of natural resources and energy in this sector. For example, 
the housing sector in China is the second-largest producer of 
carbon. The high energy consumption in the housing sector 
has led to an increase in greenhouse gas emissions, which may 
also result in increased pollution.10-12

The housing sector in Iran is more important than in any 
other developing country because many people in Iran invest in 
the housing sector. In other words, due to high inflation in Iran, 
the housing sector is considered a durable goods investment 
sector in addition to meeting people’s consumption needs. 
Therefore, the housing sector in Iran has not only met people’s 
consumption needs but has always been considered an effective 
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Figure 1.  The rate of growth in carbon dioxide emissions‎ 1990 to 2019.
Source: World Bank Database.7
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option for preserving the value of assets compared to other 
investments.13 Despite the great importance of the housing 
sector, this sector is also known as one of the sectors that pol-
lute the environment. Regarding the impact of the housing 
sector on environmental pollution, important cases can be 
mentioned such as improper disposal of construction waste 
through demolition, non-compliance with laws and regulations 
related to energy conservation, and conversion of natural for-
ests and agricultural land into residential areas. He pointed out 
that problems that are not addressed will lead to significant 
environmental pollution.

Another area that seems to be related to pollution is the 
structure of production. In recent studies, the relationship 
between the structure of CO2 production and emissions has 
been investigated and confirmed by many researchers.14,15 An 
economic complexity index can be used to show the structure 
of production. This index was developed by Hidalgo and 
Hausmann and is an indicator of the complexity of economies. 
In other words, this index is considered one of the determi-
nants of production structure in terms of technology use. 
Economic complexity determines the productive capacity of a 
country with the aim of sustainable growth and development 
of human capital, institutional quality and innovation pro-
cesses, and concentration on export goods based on technology 
and technical knowledge. Typically, countries with higher 
rankings in the economic complexity index export more com-
plex products and also have higher GDP, per capita income, 
and growth rates.16-19

Given the given definition, we can say that countries with 
higher economic complexity are likely to have more complex 
production structures. Accordingly, we expect that a country 
with higher economic complexity will practically use newer 
technologies and techniques in the production of its products. 
In other words, because countries with higher economic com-
plexity are likely to use newer techniques and methods in man-
ufacturing products, we expect emissions of environmental 
pollutants to decrease in this group of countries.20

Experimental and field studies in Iran have shown that in 
Iran, due to the special conditions of environmental quality and 
severe pollution beyond global standards, especially in densely 
populated cities, it is necessary to pay more attention to effec-
tive factors. While until now, few coherent kinds of research 
have been done in terms of examining the effective factors at 
the macroeconomic level. Since many developing countries 
such as Iran, it is necessary to conduct such studies at the inter-
national level to reduce environmental problems. While previ-
ous studies have examined the effect of various variables on 
environmental pollution from different aspects, it seems that 
these studies are not comprehensive enough. For this purpose, 
in this research, while paying attention to the previous studies, 
we contribute to the development of the existing literature with 
a comprehensive model and investigate and analyze the varia-
bles affecting environmental pollution. This study uses the 
ARDL method to examine the relationship between the hous-
ing sector, economic complexity, household energy consump-
tion, and environmental pollution indicators (CO2 emissions). 
It is noteworthy that the purpose of this study is to investigate 
the impact of different variables on the amount of greenhouse 
gas emissions. In order to achieve this goal, we are trying to 
take a comprehensive look at variables affecting environmental 
pollution by developing previous studies and aggregating pre-
vious studies, so that we can take a step toward improving the 
literature of this important field by presenting a more compre-
hensive model than previous studies. According to the stated 
purpose, the results of this study can be useful for economic 
planners in the housing sector and related activities, so that the 
opinion of economic politicians could be directed to identify 
the effective factors in environmental pollution by using tech-
nical knowledge and the use of economic complexity in the 
production of goods and services and housing, to control the 
level of environmental pollution.

Following, we will examine the issue first from a theoretical 
point of view and then from an experimental point of view; 
Therefore, the continuation of the article is as follows: the 
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Figure 2.  The ratio of added value of the housing sector to national income 2010 to 2020.
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second part is related to the review of theoretical literature, the 
third part is the review of the research method, the fourth part 
is the review and statistical analysis, and the fifth part is the 
conclusion and policy recommendations based on the results 
obtained in the research.

Theoretical Background
Global warming and climate change and increasing awareness 
of the problems caused by it have increased the importance of 
knowing and investigating the factors affecting this problem. 
This issue has also led to the creation of extensive literature 
related to the effects of greenhouse gas emissions, especially 
carbon dioxide. Due to the high importance of the issue, almost 
all countries have agreed to implement policies to reduce car-
bon dioxide emissions. Global warming, environmental degra-
dation and climate change are still considered the most 
dangerous issues in the world. To control these problems, many 
efforts have been made to identify the main factors of environ-
mental degradation.21-23 To reduce carbon dioxide emissions, 
we must first identify the factors affecting it; Therefore, in the 
following, we will examine the effect of different variables on 
the emission of carbon dioxide:

Economic growth and the environment

The phenomenon of economic growth and development in 
countries is statistically significant, and higher numbers indi-
cate that countries are more suitable in terms of growth, but on 
the other hand, points in this direction, what has been the 
effect of economic growth on the environment? The develop-
ment of studies began with Grossman and Krueger,24 who 
studied the impact of economic growth on environmental pol-
lutants and confirmed the existence of an inverted U-shaped 
relationship between per capita income and the emission of 
particulate matter and other pollutants in the air. Previous 
studies show that economic growth in its initial phase leads to 
environmental degradation. Galbraith25 studied the relation-
ship between energy consumption in the early stages of eco-
nomic growth and carbon emissions in France, and the result 
showed the impact of energy consumption on carbon emis-
sions. Given the great importance of economic growth and the 
destructive effects of pollution, it seems very necessary to study 
the relationship between economic growth and the environ-
mental degradation index.26,27 From the previous studies, a sig-
nificant part of greenhouse gases emitted worldwide is in the 
form of carbon dioxide, which is also caused by fossil fuels; 
therefore, the energy sector has the largest share of environ-
mental problems. In other words, based on the cases, it was 
found that energy policy and environmental policies are closely 
related.28 Regarding the previous studies, it can be briefly stated 
that these studies focused more on the relationship between 
energy consumption, environment, and economic growth, 
while this study focuses on economic complexity and the hous-
ing sector and related factors.

Housing sector and the environment

Buildings are 1 of the 7 major drivers of resource use, and 
empirical studies show that the intensity of resource use in 
buildings is such that, on average, buildings account for one-
sixth of the world’s freshwater and one-fourth of the world’s 
harvested wood.29-32 In addition, they are considered an impor-
tant cause of environmental pollution. It is estimated that the 
construction industry alone consumes 25% of the world’s vir-
gin wood and 40% of raw stone and sand each year. It is also 
noteworthy that the residential construction sector consumes 
40% of the materials imported into the global economy and is 
responsible for 40% to 50% of global greenhouse gas (GHG) 
production.33 The major and minor activities associated with 
the housing industry emit carbon dioxide throughout their 
supply chain. Babak34 studied the impact of construction activ-
ities on the Russian environment. The results of this study 
showed that the production phase of materials has the greatest 
negative impact on the construction of a building. Ametepey 
and Ansah35 conducted a similar study in Ghana. The results of 
this article also showed that the group of energy consumption, 
including the consumption of electricity and fossil fuels, has 
the greatest impact. The destructive impact of economic activi-
ties on the environment increased over time so since the first 
decade of the 18th century, the destructive impact of economic 
activities on the environment was considered a major challenge 
by planners and policymakers of different societies. This issue 
also led some economists to consider government intervention 
necessary.36

Developing countries have always faced the problem of how 
to achieve economic growth and environmental protection at 
the same time. Many experts believe that housing can help in 
this regard. Through the intelligent design of the city and 
buildings, economic growth, and environmental protection can 
be achieved simultaneously.37 The results of many studies in 
this field have also confirmed the reduction of CO2 emissions 
through smart city design. Building a smart city can improve 
CO2 emissions by improving productivity and reducing energy 
consumption; therefore, the importance of the housing sector 
is quite clear due to its significant impact on economic growth 
and greenhouse gas emissions.38 It is worth noting that at the 
international level, housing is in short supply and approxi-
mately 2 billion homes will need to be built by the end of the 
21st century.39

Given the great importance of the housing sector, it is very 
important to maximize efficiency in this sector. Wilson and 
Boehland40 pointed out that resource efficiency can be 
achieved by designing small dwellings. Similarly, a study by 
Kumardar pointed out the importance of flexibility in housing 
design. In this context, and to reduce the negative impact of 
housing on the environment, planners focused on the industri-
alization of housing production. Industrial housing construc-
tion (IHC) is a broad term that encompasses approaches such 
as prefabricated construction, modular construction, off-site 
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construction, or modern methods of construction (MMC). 
IHC is a strategy for using innovations for resource-efficient 
housing construction.41 Examples include product innova-
tions such as cross-section lumber (CLT) and process innova-
tions such as lean manufacturing. Although resource efficiency 
should be an integral part of comparing IHCs to conventional 
housing, there is little evidence of this.42 In this context, 
Sandanayake et  al43 studied the impact of the construction 
sector on environmental emissions such as CO2. The results of 
their study showed that the construction sector plays a signifi-
cant role in energy consumption and environmental emissions. 
Jiang et al44, investigated ways to reduce CO2 emissions in the 
building sector of Shenzhen. The results of this study showed 
that CO2 emissions in Shenzhen’s building sector can be lim-
ited from 2022 to 2025 (by 2030, it is possible to reduce CO2 
emissions by up to 60%).

This study emphasized the importance of accelerating 
the retrofitting of existing buildings and paying attention to 
increasing energy efficiency and its implementation. 
Managing energy savings in the building sector and pro-
moting the use of renewable energy can enable a rapid 
downward trend in greenhouse gas emissions. The signifi-
cant impact of the housing sector on economic growth has 
been investigated and confirmed in several studies, includ-
ing Enshassi et  al,45 Hossain and Poon,46 and Yan et  al.47 
Also, Odugbesan and Rjoub48 conducted a study to investi-
gate the relationship between economic growth, CO2 emis-
sions, energy consumption, and urbanization in Mexico, 
Indonesia, Nigeria, and Turkey (MINT countries) from 
1993 to 2017, and the results showed that there is a causal 
relationship between energy consumption and economic 
growth for all MINT countries.

Energy consumption and the environment

The level of energy consumption in developing countries, like 
other factors of production, depends on the level of economic 
activity and is strongly influenced by economic growth.49-51 
Energy is considered one of the most important inputs for pro-
duction. The level of energy consumption is also a function of 
the level of production and also depends on the production 
technology.49-51 The impact of private and public spending in 
the construction sector on the environment can be studied 
from 2 perspectives. From the first perspective, it is expected 
that with the increase and growth of the capital factor, the vol-
ume of economic activities will also increase; therefore, the 
growth of the country’s GDP will also increase. According to 
this view, as the volume of GDP increases, so does energy con-
sumption and, consequently, emissions.52 The second view, also 
known as the optimistic and compensatory view, assumes that 
increasing investment and GDP will be accompanied by  
technological changes and the use of new technologies in the 
construction process. According to this view, as investment 

expands, environmentally friendly technologies will be created 
in place of old technologies, emitting fewer pollutants, and 
improving the quality of the environment.53,54

Soytas and Sari55 studied the relationship between energy 
consumption and carbon emissions in the United States and 
confirmed the relationship between energy consumption and 
carbon emissions. Subsequent studies by Halicioglu,56 Iwata 
et al,57 Jalil and Feridun,58 Shahbaz et al,59 etc. have partially 
confirmed the impact of energy consumption on carbon 
emissions. Majeed et al22 and Bekun et al60 respectively and 
in separate articles examined and confirmed the impact of 
energy consumption on greenhouse gas emissions in 16 
economies of the European Union and the Persian Gulf 
Cooperation Council countries.

The construction industry is one of the industries with the 
highest energy and material consumption in the world. If cur-
rent construction methods are maintained, the world expects 
significant environmental challenges in the future given the 
increasing prospects for global demand. In other words, the use 
of current construction methods and procedures will lead to a 
significant increase in pollution in the future; therefore, a 
change in construction methods seems to be urgently needed.

Economic complexity and the environment

In general, production technology is expected to affect energy 
consumption and thus the environment.61 Due to increasing 
energy conservation and efficiency, as well as the active use of 
clean energy technologies (such as solar panels and hydro-
power), the reallocation of production factors from traditional 
to modern activities may be beneficial to the environment. 
Over time, we expect the increasing economic complexity to 
improve the quality of green technologies and innovations in 
environmental technologies that can pave the way for reducing 
CO2 emissions.62,63 In recent years, the production system of 
countries has undergone significant changes. The diversity of 
production has increased and economies have changed from 
traditional to modern systems. The production structure of 
countries, also known as economic complexity, has increased 
with economic growth. Experimental results show that eco-
nomic complexity reduces greenhouse gas emissions. For 
example, Romero and Gramkow15 indicated in their study that 
increasing economic complexity reduces CO2 emissions by 
23% and leads to an improvement in environmental quality. In 
this context, Can and Gozgor64 investigated the impact of eco-
nomic complexity on CO2 emissions and confirmed the impor-
tance of the environmental Kuznets curve (EKC) hypothesis 
using second-generation dynamic unit tests and conventional 
dynamics. Doğan et al,14 Bashir et al,65 Chen and Zhao,66 and 
Marco et al67 confirmed the impact of economic complexity on 
CO2 emissions in their study. Balsalobre-Lorente et al68 also 
confirmed the relationship between economic complexity and 
pollution in PIIGS countries.
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The main focus of the present study is to examine the 
impact of determinant macroeconomic variables, including 
economic complexity (ECCI), housing (RBCN), and house-
hold energy consumption (HENC), as well as the logarithm of 
housing sector expenditures (HEXP), on environmental 
changes in Iran during 1991 to 2019; using the autoregressive 
distributed lag model (ARDL).

Material and Methods
Based on the objective of the study and the literature review of 
the previous empirical studies investigating the impact of the 
determinant macroeconomic variables on environmental 
changes in Iran considering the volume of carbon dioxide 
emissions as the dependent variable and the index of economic 
complexity, housing units produced, household energy con-
sumption and housing sector expenditure as independent 
descriptive variables. For this purpose, the ARDL model has 
been used to estimate the model. One of the suitable methods 
for analyzing long-term and short-term relationships between 
variables is the ARDL approach. This method estimates the 
long-term and short-term patterns of the model at the same 
time and solves the problems related to the elimination of vari-
ables and autocorrelation. In the auto-regression distributed 
lag model developed by Pesaran et al,69 the ARDL approach is 
suitable for smaller samples, while larger samples are required 
to trust the results of the VAR and VECM approaches. In this 
model, the dependent variable is affected by the lag of these 
variables and other independent variables. ARDL method esti-
mates are sparse and efficient due to avoiding problems such as 
autocorrelation and endogeneity. Finally, we include the error 
correction component resulting from the long-term relation-
ship estimation as an explanatory variable in the existing mod-
els. There is a close relationship between clustering and error 
correction models. In ECM, information related to data is use-
fully used to model short-term and long-term relationships. 
For this reason, despite the different interpretations of correc-
tion models, their use has been widely accepted in applied 
econometrics. The main reason for the popularity of these 
models is that they relate short-term fluctuations to long-term 
equilibrium values of variables. These models are actually a 
type of partial adjustment models in which by entering the sta-
ble residual from a long-term relationship, the effective forces 
in the short term and the speed of approaching the long-term 
equilibrium value are measured. Based on the stated cases and 
the following estimation model was developed following the 
study of Lavagna et al70 as equation (1) for the years 1991 to 
2019; using the autoregressive distributed lag model (ARDL).

lCO = + LECCI + LHENC + LHEXP

+ LRBCN + u
2 1 2 3 4

5 t

ββ ββ ββ ββ
ββ

	 (1)

Where LCO2 is the logarithm of environmental effects in 
terms of CO2 emissions, LECCI is the logarithm of economic 

complexity, LHENC is the logarithm of residential energy 
consumption, LHEXP is the logarithm of residential spending, 
and LRBCN is the logarithm of construction in terms of the 
number of building units constructed. It should be noted that 
the sample of the study is Iran and the study period is between 
1991 and 2019 (Appendix 1).

Carbon Dioxide Emissions (CO2) are the main cause of 
global climate change. Many researchers believe that green-
house gas emissions must be reduced immediately to prevent 
the worst effects of climate change in the world. The relevant 
data collected shows the amount of carbon dioxide emissions.

Economic Complexity Ranking (ECCI) is a measure of a 
given country’s capabilities and knowledge based on the diver-
sity, scale, and complexity of the products it exports.

Households Energy consumption (HENC) is used for a 
variety of purposes, including space and water heating and 
cooling, cooking, lighting, and electrical appliances, among 
other uses; therefore, the data in this section show household 
energy consumption.

Housing Sector Expenditures (HEXP) is used to empha-
size the importance of the housing sector and its relationship 
with macroeconomic variables of other sectors’ economic activ-
ities. The housing sector is always considered one of the drivers 
of economic growth, and any investment in the housing sector 
is measured by the number of expenditures on the construction 
of buildings.

Residential Building Construction (RBCN) shows the 
number of new buildings constructed each year, and its value-
added is counted annually in the gross domestic product.

The sources of data collection are reliable, as the data for 
CO2 emissions are from the World Bank database, the data for 
economic complexity are from the Atlas of Economic 
Complexity, the data for energy consumption are from the 
World Energy Balance, and the data for housing and building 
construction expenditures are from the Central Bank of Iran 
database. Table 1 shows the descriptive statistics of the varia-
bles over the period 1991 to 2019.

Finding and Results
This study aimed to investigate the impact of the determinant 
macroeconomic variables on environmental changes in Iran. 
For this purpose, the auto-regression distributed lag (ARDL) 
model and time-series data for the period 1991 to 2019 were 
used. In the auto-regression distributed lag model developed 
by Pesaran et al,69 the ARDL approach is suitable for smaller 
samples, while larger samples are required to trust the results of 
the VAR and VECM approaches. In this model, the dependent 
variable is affected by the lag of this variable and other inde-
pendent variables. This model has advantages compared to 
other statistical models. Considering that the ARDL method 
can be used only when the independent variables are stationary 
at level I(0) or I(1); therefore, the stationary of the variables 
should be checked first.
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The stationary test of the variables

To avoid false regressions in model estimation, the significance 
of variables was examined using the extended Dickey-Fuller 
unit root test. The Schwartz-Bayes method was used to deter-
mine the optimal lag due to the small amount of data. Based on 
the results of the stationary test presented in Table 2, all varia-
bles are non-stationary at the level and all are stationary with 
the first difference. The results obtained confirm the use of the 
ARDL method. Since the variables are not stationary at the 
level, if general econometric models are used, there is a possi-
bility of spurious regression. But studies show that there is no 
spurious regression problem in ARDL models if all variables 
are stationary at level I(1) level. Ghouse et  al71 showed in a 
study that the ARDL model can be used as an alternative tool 
to avoid the spurious regression problem.

ARDL model estimation

After making sure that the conditions for using the ARDL 
method are met, Table 3 shows the model estimation along with 
the summarized results in terms of the extracted coefficients. It 
is noteworthy that the probability level of less than 5% indicates 
that the studied variables have a significant impact on the envi-
ronment. Considering that the probability of F statistic is less 
than 5%, the whole model is significant and the coefficient of 
determination of 98% indicates the adequacy of the variables 
examined in this study. As can be seen in Table 3, the increase in 
economic complexity causes a decrease in pollution, so for a 1% 
increase in economic complexity, pollution decreases by 0.22%. 
It should be noted that the increase in energy consumption and 

investment in housing also causes an increase in pollution; the 
results of Table 3 also show that when energy consumption  
and investment in housing increase by 1%, pollution increases 
by 0.51% and 0.09%, respectively. The effect of the number of 
buildings produced on pollution is also positive but not statisti-
cally significant.

Diagnostic tests

As with any other econometric model estimation method, the 
ARDL requires testing the best fit and goodness of the model 
using tools and indicators to ensure that it is appropriate. To 
this end, the fit of the model is tested and the results are sum-
marized in Table 4. The test results, which can be seen in 
Table 4, confirm the goodness of the model. In other words, 
considering that the confidence level of all diagnostic tests is 
above 5%, the functional form of this model is appropriate, 
and this model is normal and does not have the problem of 
autocorrelation and heterogeneity of variance.

Table 1.  Descriptive statistics of the variables, years 1991-2019.

Variable Number observation Average value Min value Max value Std. dev value

CO2 (Metric-ton) 29 78.44 35.16 106.69 22.99

ECCI (Index) 29 −0.21 −0.59 0.11 0.19

HENC (Million barrels) 29 269.60 139.60 402.30 86.10

HEXP (Billion Rials) 29 215 310 2944 810 562.6 267 726.9

RBCN (Building Units) 29 166 662 94 232 263 491 43 956.45

Table 2.  Results of augmented Dickey-Fuller test.

Variable Stationary 
level

5% critical Statistic Prob.

LCO2 I1 −2.99 −7.08 .00

LECCI I1 −3.01 −3.30 .02

LHEXP I1 −2.99 −3.07 .04

LHENC I1 −2.99 −8.13 .00

LRBCN I1 −2.99 −3.84 .00

Table 3.  Model estimation results of ARDL (1,0,0,0).

Variable Coefficient Statistic Prob.

LCO2(−1) −0.218 −1.52 .15

LECCI −0.222 −2.55 .02

LHENC 0.517 3.82 .00

LHEXP 0.091 2.71 .01

LRBCN 0.025 0.83 .41

C 1.074 1.95 .07

R2 = 0.98 D.W = 2.02 F = 140.62 Prob. (.00)

Table 4.  Diagnostic tests.

Statistical test Statistic Prob.

Ramsey Reset F (19,1) = 2.89 .11

ARCH 0.54 .46

Serial Autocorrelation 0.27 .76

Normality (Jarque–Bera) J-B = 2.77 .24
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Long-run relationship test

The results of the long-term relationship of the variables are 
examined and summarized in Table 5. This shows that the 
variables of economic complexity, energy consumption, and 
housing expenditures affect the environment in the long run, 
and their effects are fully consistent with the theoretical basis. 
The results also show that CO2 emissions in the previous year 
and the number of building units constructed in the long term 
do not have a significant impact on the environment, consider-
ing the technological improvement in construction in the long 
term. Therefore, this variable was omitted in the calculation of 
the long-term relationship.

The results of Table 5 show that the increase in economic 
complexity leads to a decrease in pollution in the long run; 
thus, for a 1% increase in economic complexity, pollution will 
decrease by 0.18% in the long run. The effects of increasing 
energy consumption and housing investment on pollution, in 
the long run, are similar to those in the short run, so for a 1% 
increase in the above variables, pollution increases by 0.42% 
and 0.07%, respectively.

Error correction model estimation (ECM)

After estimating the long-run pattern, we estimate the error 
correction model (ECM). The error correction model repre-
sents the fit of the short-term fluctuations to the long-term 
relationship. In other words, the error correction model relates 
the short-term fluctuations of the variables to their long-term 
values. The result of the error correction test can be seen in 
Table 6. The coefficient (ECM = −0.65) is negative, less than 
one, and significant, confirming the existence of convergence 
in the model and indicating that about 65% of the disequilib-
rium is corrected to approach a long-term relationship in each 
period.

Discussion and Conclusions
With the emergence and spread of environmental problems, 
both in developed and developing countries, the importance of 

environmental protection has been felt more than in the past. 
Since the early 1960s, the environment has prompted leaders 
and thinkers in Western countries to consider how to escape its 
dire consequences. It is noteworthy that more attention has 
been paid to the environment in the last 2 decades than in the 
past, which shows the great importance of the environment for 
sustainable development. The study of factors affecting envi-
ronmental pollution is important and necessary in all societies, 
but it should be noted that the environment in Iran has gone 
through difficult times in the last decade due to the imposition 
of extensive financial and economic sanctions. Increased pollu-
tion in Iran, especially in densely populated cities, has caused 
many problems, including threats to people’s health and the 
closure of many polluting factories.

Economic complexity is an important variable whose rela-
tionship with pollution has recently received much attention. It 
is believed that the more complex the economy, the less it pol-
lutes the environment because it uses newer technologies. The 
estimation results of the model show that economic complexity 
has a negative and significant impact on environmental change. 
In other words, the results of this research show that the 
increase in economic complexity reduces environmental pollu-
tion in both the short and long term.

The results of the statistical tests conducted in this study 
showed that with a 1% increase in economic complexity, envi-
ronmental pollution decreases by 0.22% and 0.18% in the short 
term and long term, respectively. It is noteworthy that in the 
study of You et  al,72 the existence of a causal relationship 
between economic complexity and environmental pollution 
was confirmed. In the study of Caglar et al,73 as well as Khezri 
et al,74 the existence of a relationship between economic com-
plexity and environmental quality was confirmed. In the pre-
sent study, in addition to confirming the existence of the 
relationship between the mentioned variables, the degree of 
relationship in the short and long term has also been deter-
mined. In other words, in this study, the same as the study of 
You et al, Caglar et al, and Khezri et al the effect of the eco-
nomic complexity variable on environmental pollution was 
confirmed; In addition, in this study, the impact of economic 
complexity on the environment has been separated in 2 short-
term and long-term period. Considering the significant influ-
ence that economic complexity has on pollution, special 
attention should be paid to this variable to reduce pollution. In 
other words, the use of advanced technologies in the produc-
tion of goods can play an important role in reducing pollution 
in both the short and long term. In the study of Qin et al,21 the 
positive effect of increasing research and development (a key 
variable on the increase of economic complexity) on the reduc-
tion of carbon dioxide emissions was confirmed.

On the other hand, research results show that with an 
increase in energy consumption in the residential sector, pollu-
tion also increases. In other words, energy consumption in the 
residential sector increases pollution both in the short term and 
in the long term. It should be noted that the impact of energy 

Table 5. L ong-run ARDL model estimation.

Variable Coefficient Statistic Prob.

LECCI −.182 −2.74 .01

LHENC .424 3.94 .00

LHEXP .074 3.06 .00

C 1.07 2.11 .05

Table 6.  Error correction model estimation (ECM).

Variable Coefficient Statistic Prob.

Coint. Eq (−1) −.65 −3.71 .00
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consumption in the residential sector on the environment is 
significant both in the short term and in the long term. The 
results of the statistical tests concluded in this study showed 
that with a 1% increase in energy consumption, environmental 
pollution increases by 0.51% and 0.42% in the short term and 
long term, respectively. The obtained result is consistent with 
the studies of Khezri et al74. Also, the study of Majeed et al22 
also confirmed the negative impact of energy consumption on 
environmental pollution. Considering the large impact of 
energy consumption in the residential sector on pollution, this 
is one of the sectors that should be paid special attention to 
reduce pollution. In conclusion, efforts to increase the effi-
ciency of energy consumption in the residential housing sector 
can reduce pollution in the short and long term.

The housing sector is very important in the Iranian econ-
omy for several reasons, including the high inflation in the 
country. This sector not only meets the consumption needs of 
people but also meets the needs of investors. In the Iranian 
economy, the housing sector is a leading sector whose prosper-
ity can also affect other sectors of the country’s economy. 
Despite many advantages of housing sector activities in eco-
nomic growth and development, it is considered one of the 
most important sectors in the field of environmental pollution. 
The results show that the impact of housing expenditures on 
pollution is positive and significant in both the short run and 
the long run.

The results of the statistical tests in this study showed that 
with an increase of 1% in spending on housing construction, 
environmental pollution increases by 0.09% and 0.07% in the 
short term and long term, respectively. This means that with 
the increase in spending on housing construction, pollution 
increases both in the short and long term. According to the 
results extracted, it can be said that despite the great impor-
tance of housing sector activities on other macroeconomic vari-
ables in the economy, their negative effects should not be 
neglected. In other words, through complementary policies to 
the investments and while maintaining the positive effects of 
the investments, their negative effects on the environment 
should be reduced as much as possible. Special attention to the 
materials used in the construction of buildings, the building 
architecture, the control of heating and cooling systems, and 
similar factors can have a significant impact on reducing energy 
consumption and, consequently, on reducing environmental 
impact. Among the cases mentioned, the role of building mate-
rials in reducing pollution caused by construction is very 
impressive.

Research limitations and recommendations

The main limitation of the current study was the lack of access 
to data for other neighboring countries of Iran. Considering 
the great impact of economic complexity and energy con-
sumption on environmental pollution, a comparative panel 

study is strongly recommended to include some other coun-
tries facing the same problem of the impact of macroeconomic 
variables on environmental changes, especially concerning the 
index of economic complexity of countries. Considering that a 
significant part of the income in developing countries such as 
Iran is obtained from the production of goods with less tech-
nology and in this production process, negative external con-
sequences are brought to the environment, it is recommended 
that in these countries, technology and higher technology 
should be used that have fewer negative effects. Because in an 
action of moving toward economic complexity and producing 
goods with superior technology level, in addition to creating 
higher added value, we can also try to reduce environmental 
pollution. Finally, it is necessary to mention the housing and 
construction sector in the increase of excessive energy con-
sumption in Iran, which in its place causes a lot of environ-
mental pollution in the society. Since the housing sector in 
Iran plays a pioneering role in the country’s economic activi-
ties, it is necessary to conduct a separate study in this regard so 
that basic measures can be taken by changing the housing pro-
duction process in the direction of the harmful environmental 
effects of housing production.

Limitations of the current study

One of the important limitations in this study is not having 
access to the complete data of the variables used in this research 
before 1991. In statistical topics, the longer the data, the more 
reliable results can be obtained; Also, longer data allows us to 
examine the impact of more variables on environmental pollu-
tion without fear of reducing the degree of freedom. But unfor-
tunately, in Iran, it is not possible to access the data before 
1991. In other words, the lack of data made us unable to exam-
ine the impact of more variables on environmental pollution. In 
subsequent studies and in other countries, due to the availabil-
ity of the data of the studied variables for longer periods of 
time, it is possible to examine the impact of more variables on 
environmental pollution.

In Iran, due to the current special conditions (sanctions), the 
results may have been slightly affected by the conditions. In the 
next studies in Iran, the impact of sanctions can also be included 
in the model. In the study of other countries, due to the lack of 
sanctions or the lower intensity of sanctions, more reliable 
results can be achieved.

One of the important things in the results of the current 
study is the specific conditions of the housing sector in Iran 
compared to other countries. In Iran, due to high inflation, 
the housing sector is considered a capital good in addition to 
consumer goods, and a significant part of investors invest in 
this sector with the aim of maintaining the value of the 
national currency and escaping high inflation. In subsequent 
studies in Iran, the effect of inflation can also be considered 
in the model.
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Suggestions for future studies

In this study, an attempt was made to cover the existing study gap 
as much as possible by presenting a more comprehensive model 
than previous studies. It is noteworthy that in this study, an 
attempt was made to investigate the effect of various variables on 
environmental pollution only in Iran. In future studies, this study 
can be extended to all countries by expanding the studied sample. 
To achieve a better result, it is suggested to separate the countries 
into different groups, for example, high-income countries, mid-
dle-income countries, and low-income countries. Also, in another 
survey, countries can be divided into oil and non-oil groups.
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Appendix 1.  Explanation and definition of terms used in this research.

Reference Definition Concepts

Cesar A. Hidalgo, Ricardo Hausmann (2009). 
“The Building Blocks of Economic Complexity.” 
Proceedings of the National Academy of 
Sciences. PNAS. 106 (26): 10570–10575. 
arXiv:0909.3890. Bibcode:2009PNAS.10610570H. 
doi:10.1073/pnas.0900943106. PMC 2705545. 
PMID 19549871.

The Economic Complexity Index (ECI) is a holistic measure of 
the productive capabilities of large economic systems, usually 
cities, regions, or countries. In particular, the ECI looks to 
explain the knowledge accumulated in a population and that is 
expressed in the economic activities present in a city, country, 
or region. To achieve this goal, the ECI defines the knowledge 
available in a location, as the average knowledge of the 
activities present in it, and the knowledge of an activity as the 
average knowledge of the places where that economic activity 
is conducted. The product equivalent of the Economic 
Complexity Index is the Product Complexity Index or PCI.

Economic 
Complexity

Atlas of Economic Complexity

Climate Watch. 2020. GHG Emissions. 
Washington, DC: World Resources Institute. 
Available at: https://www.climatewatchdata.org/
ghg-emissions. See SP.POP.TOTL for the 
denominator’s source. World Bank database

Carbon dioxide emissions are those stemming from the burning 
of fossil fuels and the manufacture of cement. They include 
carbon dioxide produced during consumption of solid, liquid, 
and gas fuels and gas flaring.

Carbon Dioxide 
Emissions

United Nations General Assembly (1987) Report 
of the World Commission on Environment and 
Development: Our Common Future. Transmitted 
to the General Assembly as an Annex to 
document A/42/427 – Development and 
International Co-operation: Environment. And 
United Nations General Assembly (20 March 
1987). “Report of the World Commission on 
Environment and Development: Our Common 
Future; Transmitted to the General Assembly as 
an Annex to document A/42/427 – Development 
and International Co-operation: Environment; Our 
Common Future, Chapter 2: Towards Sustainable 
Development; Paragraph.” United Nations 
General Assembly. Retrieved March 2010.

Sustainable development is an organizing principle for meeting 
human development goals while also sustaining the ability of 
natural systems to provide the natural resources and ecosystem 
services on which the economy and society depend. The 
desired result is a state of society where living conditions and 
resources are used to continue to meet human needs without 
undermining the integrity and stability of the natural system. 
Sustainable development was defined in the 1987 Brundtland 
Report as “Development that meets the needs of the present 
generation without compromising the ability of future 
generations to meet their own needs.” As the concept of 
sustainable development developed, it has shifted its focus 
more towards the economic development, social development 
and environmental protection for future generations.

Sustainable 
Development
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Reference Definition Concepts

World Energy Balance Households Energy consumption (HENC), is used for a variety 
of purposes, including space and water heating and cooling, 
cooking, lighting, and electrical appliances, among other uses; 
therefore, the data in this section show household energy 
consumption.

Households Energy 
consumption 
(HENC)

Central Bank of Iran Housing Sector Expenditures (HEXP), is used to emphasize the 
importance of the housing sector and its relationship with 
macroeconomic variables of other sectors’ economic activities. 
The housing sector is always considered one of the drivers of 
economic growth, and any investment in the housing sector is 
measured by the number of expenditures on the construction of 
buildings.

Housing Sector 
Expenditures 
(HEXP)

Central Bank of Iran Residential Building Construction (RBCN), shows the number of 
new buildings constructed each year, and its value-added is 
counted annually in the gross domestic product.

Residential Building 
Construction 
(RBCN)
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