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Abstract: One thing that should be considered in environmental considerations and climate change
is the transportation sector’s contribution to producing carbon dioxide. Unfortunately, in developing
countries such as Iran, due to high tariff support, manufacturers have no incentive to improve the
combustion quality of their products. Most likely, significant restrictions on CO, emissions will be
applied in the coming years, and companies whose activities or products are related to high-level
greenhouse gas emissions will be affected by these restrictions. Therefore, due to the application of
these restrictions, investors are most concerned about the risk associated with the return of purchased
shares. Considering these cases, it can be expected that the risk related to carbon emissions will
be reflected in the yield level and, thus, the stock price. Therefore, the present study deals with
the effect of CO, gas emissions on the market value, price and stock returns of Iranian automobile
companies. The data collected as tabular data include six automobile companies from 2018-2019. By
conducting various tests and panel data estimations, especially the dynamic panel data method, it
was determined that CO, emissions reduce stock prices, returns and market value of automobile
companies. In addition, the results of the causality test indicate that the direction of causality is only
from CO, emissions to stock returns.

Keywords: market value; stock price; stock yield; CO, emissions; dynamic panel data

1. Introduction

The human need for energy and the increase in the consumption of fossil fuels such as
oil, natural gas and coal, as well as economic growth and industrial development in the past
decades, have created changes in the climate of the Earth, one of the prominent examples of
which is the increase in greenhouse gas emissions in the atmosphere. One thing that should
be considered in environmental considerations is the transportation sector’s contribution
to producing carbon dioxide from fuel combustion. Examining the global approach of the
automobile industry based on fuel consumption and pollution shows that fuel consumption
must be reduced to reduce the amount of pollutants and greenhouse gases.

Previous studies on reducing CO, and other greenhouse gas emissions and energy
consumption have been conducted from the fleet perspective [1,2]. These concerned
the launch and use of zero-emission vehicles (ZEVs) and lightweight vehicles, which
require attention to the material and energy flows associated with developing high-tech
vehicles [3,4]. Reducing CO, emissions depends on the number of vehicles registered as in
use. Projections for different countries, regions and cities show an increase in the number
of vehicles used in the future, highlighting the importance of initiatives aimed at reducing
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emissions by the automotive sector. This is particularly important for developing countries
such as Iran. Projections conducted for the megacity of Tehran using multiple econometric
and emission models show that the passenger car (PC) stock will grow 70% by 2035 and
reach 5.4 million [5]. Similar conclusions can be drawn from research conducted using
auto-regressive moving-average (ARMA) models in Turkey, where the annual increase in
the number of passenger cars (M1) category is over 6% per year. This scenario corresponds
to an increase in road-transport profiles from 16.7 million to 28 million in the 2019-2030
period. Unfortunately, despite the tax advantage given to EVs, the share of the number of
electric vehicles is minimal due to their high price and insufficient infrastructure (0.03% in
2018) [6].

Iran is ranked as the 12th largest car producer in the world and the largest car manufac-
turer in the Middle East [7]. Iran is a major car manufacturer in the Middle East. However,
despite its high production and import of cars to the Iranian market, the demand is far
beyond its supply [8]. The importance of cars to Iran is related to the existing barriers
imposed on the transfer of modern technologies, which inhibits the development of low-
emission vehicles. The research shows the need for the Iranian automotive industry to
develop appropriate strategies for successful technology transfer [9]. In this context, it
should be emphasized that the sectoral environment (i.e., technological regimes, market
regimes and government policies) of Iran’s automobile industry (IAl) is characterized by
ineffective technology transfer, diverse technological areas, high tacit knowledge, extensive
backward linkages, under-developed domestic supply chain, oligopolistic structure and a
homogeneous market [10,11].

Unfortunately, in developing countries such as Iran, due to the high tariff support and
the creation of an exclusive space in the car market, manufacturers have no incentive to
improve the combustion quality of their products, while domestically produced engines
are one of the most critical and widespread energy consumers. Therefore, in such countries,
cars produce more pollution and affect the decisions of investors to invest in the car
industry. Carbon dioxide emissions, as an essential measure of companies’ environmental
impacts, affect stock pricing decisions because a large number of investors claim to consider
non-financial information in their investment decisions.

Research based on a sample of companies listed on the London Stock Exchange from
2016 to 2020 shows that environmental innovation can lead to lower carbon emissions. Mul-
tivariate regression analysis supported the hypothesis about the impact of environmental
innovation on CO; emissions, including Scope 1 and Scope 2 emissions. It also proved that
environmental innovation leads to lower CO, emissions in firms with better environmental
governance [12].

Most likely, significant restrictions on CO, emissions will be applied in the coming
years, and companies whose activities or products are related to high-level greenhouse gas
emissions will be affected by these restrictions [13].

The average cost of CO, emissions in Europe is growing rapidly, which is a big problem
for companies [14-16]. The highest cost increases in the EU were recorded in countries such
as Poland and Estonia. It is difficult for enterprises in these countries because production
costs increase significantly, lowering their competitive position [17-22]. These units are
becoming less attractive to investors.

Due to the production specificity, the automotive sector must meet strict regulations
to increase mobility while reducing emissions to demonstrate environmental stewardship.
Trust in the promise of a sustainable Fahrvergniigen was broken with scandals such as
“Dieselgate” [23]. Volkswagen (VW) used illegal means to hide the fact that their vehicles
did not meet emission levels required by the Clean Air Act. Fraud committed by the
German automaker spread to surrounding companies within the industry, contaminating
market values and costing American firms around USD 6.44 billion [24]. In addition, there
is rich empirical evidence that the announcement of environmental regulation violations
and poor environmental performance substantially damages a firm'’s stock [25-27]. Ta-
lay et al. [28] have shown a link between short-term stock market returns to new product
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preannouncements (NPPA) and the post-launch new product performance under various
industry and firm conditions. This is crucial for the automotive industry, which is moving
towards producing zero-emission cars in the future. According to the efficient market
hypothesis (EMH), market value is an unbiased estimate of the net present value of a
firm’s future cash flows and stock prices. EMH fully reflects all publicly available informa-
tion. Therefore, the information provided to investors about environmental innovations
in the area of CO, reduction can contribute significantly to the increase in the value of car
manufacturing companies.

The situation is different for countries that do not produce cars, such as Norway, where
corporate stakeholders are not penalized for non-compliance with environmental regulations.
However, it is a strong political signal in favor of accelerated market uptake of low- and
zero-emission cars in general and battery electric vehicles (BEVs) in particular [27,28].

Therefore, due to the application of these restrictions, investors are most concerned
about the risk associated with the return of purchased shares. Considering these cases, it
can be expected that the risk related to carbon emissions from all economic activities will
be reflected in the yield level and, thus, the stock price. In addition, due to the unique and
dangerous conditions of the emission of CO, in developing countries, one of the leading
causes of which is vehicle pollutants, we focus on the effects of greenhouse gas emissions.
Therefore, in this study, we collect Iranian automobile companies” data and investigate
the effect of CO, gas emissions on the market value, price and yield of shares in the panel
data concept.

The study consists of six parts. Section 2 discusses the study’s theoretical background
and provides an in-depth description of the relationship between CO, emissions and
stock markets. Section 3 presents models used to investigate the effect of CO, emissions
on automobile companies” market value, price and stock return. Section 4 contains the
methodology, i.e., the database used and the methods applied for further analysis. Section 5
discusses the results, while the final section provides general conclusions and indicates
further research directions.

2. Literature Review

Many studies seek to explain the cross-sectional pattern of stock returns based on
exposure to aggregate risk factors such as size and book-to-market ratios or firm-specific
risk associated with observable firm characteristics [29] One of the variables that has been
missing in the analysis so far is the carbon dioxide emissions of companies. This omission
may be for historical reasons, as concerns about global warming due to greenhouse gas
emissions as a result of human activities have gained attention. It is generally accepted
in the scientific community that carbon dioxide emission, which is the cause of global
warming, is due to the use of fossil fuels such as coal, oil and gas as energy sources.
Therefore, reducing the effects of global warming and climate change requires significantly
reducing fossil fuel energy use.

Tamazian et al. [30] investigated the relationship between stock markets and CO,
emissions in BRIC countries from 1992 to 2004. They concluded that developing financial
systems reduce CO, emissions per capita in developing countries. Such an approach
requires a negative correlation between stock market returns and CO, emissions. This
negative effect drives financial decisions in a direction that contributes to higher stock
returns and lower CO, emissions. In a study of 22 developing countries, Secker [31] found
a positive relationship between stock market growth and energy demand. In addition, it
has been reported in several studies that the increase in energy demand leads to a rise in
CO, emissions [31-33]. Additionally, Ziaei [34] found that stock market returns have a
one-way and positive effect on energy consumption.

However, Paramati et al. [35] investigated the relationship between stock market
growth and renewable energy production in G20 countries from 1991 to 2012. They found
that using renewable energy sources reduces CO, emissions and increases economic growth.
Shahbaz et al. [36] investigated bidirectional causality between financial development
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variables and CO, emissions in Malaysia from 1971 to 2011. Their results show that
financial development reduces CO; emissions. In addition, energy consumption and
economic growth increase CO, emissions. Omri [37], by examining the two-way causal
relationship between energy consumption and CO, emissions using the data of several
developing countries from 1990-2011, shows a two-way causal relationship between energy
consumption and economic growth. This study shows that environmental and energy
policies should consider the relationship between energy consumption and economic
development to maintain sustainable economic growth in the Middle East and North
Africa. Ren et al. [38] also investigated the relationship of causality and found that the
causality was from financial investments to CO, emissions in China from 2000 to 2010.
Additionally, Su et al. [39] reached similar results between China’s GDP and CO, emissions
between 1992 and 2010. Staples et al. [40] also argue that if fossil fuels are replaced with
environmentally sustainable energy sources in heat production and electricity production,
greenhouse gas emissions will be reduced by 9-68%.

Chang et al. [41] used a financial market-based approach to investigate whether
positive stock returns cause changes in CO; emissions or vice versa. Additionally, they
used the Granger causality test to determine the effect path. Their results show that when
stock returns increase by 1 percent, CO, emissions from coal combustion decrease by
9 percent among countries included in the MSCI World Index. Moreover, when stock
returns increase by 1%, CO, emissions from oil combustion increase by 2%, but stock
returns do not significantly affect CO, emissions from gas combustion.

Bolton and Kakperzic [42] studied the effect of carbon emissions on stock returns using
cross-sectional data from the United States. They concluded that companies that expect
higher carbon dioxide have higher returns. Using data from 51 developed and emerging
countries, Bhutto et al. [43] concluded that small businesses experience a greater decrease
in efficiency due to carbon dioxide emissions. The effect of company size is dominant
with profitability and the amount of investment. Therefore, with the increase in carbon
dioxide emissions, high profitability and investment will also result in a sharper return
decrease. Castro and others [44], using the panel data of 16 European countries during the
years 20052017, which were collected at the company level, showed a positive relationship
between the environmental performance of companies and the company’s market value.
Tang et al. [45] examined Chinese companies’ stocks and concluded that the plan to limit
carbon emissions in this country has significantly increased the value of companies through
innovative activities.

Shobande and Ogbeifun [46] used the annual data of the World Bank of developed
countries from 1980 to 2019 and applied the fixed effects and the dynamic methods of
Arellano-Bover and Blundel-Bond to conclude that the stock market affects carbon emis-
sions. Additionally, Usman Khurram [47] concluded that reducing carbon emissions has a
positive and significant effect on stock prices by studying the shares of the Shanghai Stock
Exchange. In their study, Rohhelder and others [48] concluded that decarbonization is the
reason for the decrease in stock prices.

Ferrat [49] said that the relationship between environmental and financial performance
had been a source of great debate. He reexamined the impact of carbon emission perfor-
mance (CEP) on corporate financial performance (CFP) by studying the moderating effect
of CFP horizon, CEP materiality and regional attributes. Using an international sample of
firms between 2015 and 2020, the results suggested that short-term CFP was negatively
affected by CEP and solely high materiality firms would derive heightened CFP in the long
run. Radu and Maram’s [50] study sheds light on the role of industrial-sector polluting
levels and the influence of firms” environment or sustainable development committee on
the market valuation of their reported carbon emissions. Their results for Canadian firms
from 2004 to 2017 show a negative association between GHG emissions and firm value.
Moreover, companies with an environment or sustainable development committee have,
on average, higher levels of GHG emissions than companies with no similar committee.
Aswani et al. [51] believe emissions, stock returns and operating performance are strongly
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correlated. Still, associations between emissions and returns disappear after accounting
for firm size, industry clustering and vendor estimation. In contrast, Lee and Cho [52]
used 841 Korean firms between 2013 and 2017 and showed a positive relationship between
carbon emissions and firm value.

3. Theoretical Principles

Considering what was said about the importance of greenhouse gas emissions on stock
returns, in this research, we used three models to investigate the effect of CO; emissions
on the market value, price and stock return of automobile companies listed on the Tehran
Stock Exchange. In the first model, the effect of CO, emissions on the stock prices of
automobile companies has been investigated. So, the dependent variable in the first model
is the stock price of automobile companies (PRICE), and the most important explanatory
variable is CO, emissions (kg per USD Dollar 2015 of GDP). In the second model, the
dependent variable is the stock returns of automobile companies (RETURN), and the effect
of CO, gas emissions on the stock returns of automobile companies has been examined.
In the third model, the dependent variable is the market value of automobile companies
(MARKETVALUE), and we examine the relationship between CO, gas emissions and the
market value of automobile companies’ stocks. The other yearly elementary variables are
the number of vehicles (VEHICLES), total accidents (TOTALACCIDENT), firm size (SIZE),
annual percent of consumer prices inflation (INFLATION), board independence (BLND),
management duality (DUALITY), institutional investors (OWN), management ownership
(COE_SHARE), audit effort (ACM), board effort (BMS), audit committee expertise (CLNDP),
audit committee independence (ACI), board expertise (BSN) and CEO expertise (CEO). We
use the dummy variable LOSS if there is a one-year loss equaling one; otherwise, it equals
zero. Furthermore, by adding a year and industrial dummy variables, we control the year
and industrial fixed effects. The error term is €. These three models are:

Model (1)

PRICE jy = a9+ a; CO,EMISSIONS j; + a» VEHICLES ;; + a3 TOTALACCIDENT  +as SIZE ; + a5 LOSS j
+a¢ INFLATION j; +ay; BLND ;; +ag DUALITY j; +a9 OWN ;; +a19 CEO_SHARE ;; +a;;1 ACM j;
+lllZBMSit + LZ]3CLNDP” + ﬂ14AC1it + ﬂ15BSNit + ﬂl()CEO“ +ayy Z Yearit

t

+ag Y. Industry i + €

Model (2)

RETURN j; = ag+ay CO,EMISSIONS j; +ay; VEHICLES j; + a3 TOTALACCIDENT j; + a4 SIZE ;; + as LOSS j
+a¢ INFLATION j; +ay BLND j; +ag DUALITY j; +a9 OWN ;; +a19 CEO_SHARE j; +a11 ACM
+a12BMSj; + a13CLNDP;; + a14ACI; + a15BSNj + a14CEO;; + aq7 Y Yearj;

t

+a1g )., Industry i +¢€j

MARKETVALUE j; =

Model (3)

ao +a; CO,EMISSIONS ;; + ay VEHICLES j; + a3 TOTALACCIDENT j; + as SIZE ;4 + a5 LOSS
+a¢ INFLATION j; +ay; BLND ;; +ag DUALITY j; +a9 OWN ;; +a19 CEO_SHARE ;;
+a ACM it + EllzBMS,'r + 1113CLNDP,} + 1114ACI” + ulSBSNit + alGCEO,-, +ayy Z Year,-t

t

+ag Y. Industry i + €

3.1. Normality Test of Variables

To use parametric tests such as t, z, F, etc., we have to check the variables’ normality
before running the models. So, the normality of the research variables was checked. In
non-parametric statistics, one of the measurements and test methods related to distribution
is the Kolmogorov-Smirnov test. With the help of this test, it is possible to determine
whether the statistical population follows the desired distribution. Additionally, using this
test, it is possible to check the co-distribution between two societies.
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3.2. Correlation of Research Variables

This test examines the relationship between the variables used in the models two by
two. The diameter of this matrix is always one since it examines the correlation of each
variable with itself, which means perfect correlation. The closer these numbers are to one,
the more direct the correlation; the closer to zero, the smaller the correlation. Negative
numbers also indicate an inverse correlation. So, we use the Pearson correlation coefficient
to show the direct effect of co, emissions on dependent variables.

The other tests include autocorrelation, heteroskedasticity, and the Ramsey RESET
test. Autocorrelation analysis measures the relationship of the observations between the
different points in time and thus seeks a pattern or trend over the time series. We use the
Wooldridge autocorrelation test. There are many tests for heteroscedasticity, but, in this
paper, we use the Breusch-Pagan test. We use GMM and ABB dynamic panel data models
to evaluate the result of these tests.

4. Statistical Resources

In order to estimate the above three models, the current research has included the
panel data method, including six companies from 2010 to 2019 in its database. In Figure 1,
we present these companies’ market values and stock prices in 2021. Iran Khodoro (IKCO)
is the biggest automobile company in Iran, and its value is 1.19 percent of the Tehran Stock
Exchange value. Saipa is the second company. Its value is about half of IKCO. The other
companies are listed in Figure 1. The data’s primary sources are World Bank, the Tehran
Stock Exchange website and Iran Statistics Center. In Tables 1 and 2, the information related
to the variables of the model is shown in a nutshell, separately from the quantitative and
qualitative variables, as well as the source of the data.

B IRR Price
«=@==|\|arket Value Price

700,000 5,000

574,956
600,000 4,446 4200
3,978 4,000
500,000 3,500
400,000 3,000
2,500

332,368 ’
300,000 2,171 1,649 2,000
200,000 1,620 1,500
1,000
100,000 188,897
58,672 500
Zamyad  Parskhodro IKD Bahman Saipa lkco

Figure 1. The market value of Iranian automobile companies. Source: Codal website [53].

As seen in Table 1, the lowest average with the number 0.0109 is related to the stock
return variable, and the highest average with the number 34.811 is related to the market
value variable. Additionally, the CO, emission variable equal to 0.077 has the lowest
standard deviation, and the market value variable with 59.838 has the highest standard
deviation. Among the variables, the lowest value belongs to stock returns with a value
of —0.686, and the highest value is related to the market value variable with a value of
351.719. Among the model variables, the loss of the company, the CEO’s duality, the audit
committee’s expertise, the board of directors” expertise and the CEO’s expertise are zero
and one. Information about these variables is reported in Table 2.
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Table 1. Descriptive statistics of quantitative research variables.

Sing Variable Observations Mean ]SDt an.da.r d Minimum Maximum Unit Source
eviation
CO, CO, kg per USD
Emissions emissions 60 1.491 0.077 1.371 1.589 2015 of GDP World Bank
Vehicles ~ Vehicles 60 20111 4381 20.606 34.849 Million/year ialtrl:gcal Center
Ten thou- L
Fatal Fatal Statistical Center
Accident accidents 60 1723 0.138 1540 2.007 ;22;1 /per of Iran
Total Total s Statistical Center
Accident accidents 60 0.770 0.577 0.357 2.108 Million/year of Iran
. . IRR One .
Price Stock price 60 26.103 30.193 5.56 193.92 Codal website
hundred
Return Stock returns 60 0.109 0.294 —0.686 1.097 IRR Codal site
Market IRR Ten
Value Market value 60 34.811 59.383 1.118 351.719 Thousand Codal website
million
Logarithms
Size Firm size 60 17.537 1.158 15.859 20.307 of Compa- Codal website
nies Assets
Inflation Inflation 60 2..886 11.619 7.245 39.907 Percent World Bank
Bind Board Inde- ¢, 0.490 0213 0 1 Percent Codal website
pendence
Own Institutional = ¢, 0.268 0.208 0 0.78 Percent Codal website
ownership
CeoShare ~ Management ¢, 0.201 0.270 0 0.78 Percent Codal website
ownership
ACM Audit effort 60 13.067 3.409 1 18 Meetings Codal website
BMS Board effort 60 27.533 10.813 12 48 Persons Codal website
Audit
ACI Committee o, 0.653 0.226 0 1 Percent Codal website
Indepen-
dence

Source: Authors’ own computation based on data.

Table 2. Descriptive statistics of qualitative research variables.

Total Standard Number Number

Sing Variable Observations Mean Deviation of 0 of 1 Source
Loss Firm loss 60 0.583 0.497 35 25 Codal
website

Duality ~ Vanagement 60 0.300 0.462 18 42 Codal
duality website

Cindy ~ Audit committee 60 0.267 0.446 16 14 Codal
expertise website

BSN  Board expertise 60 0.850 0.360 51 9 Codal
website

Ceo CEO expertise 60 0.567 0.450 34 26 Codal
website

Source: Authors” own computation based on data.

4.1. Normality Test of Variables

According to the results of the normality test, Table 3, it can be seen that all the
variables of the research models, except the price and CEO-Share variables, have a normal
distribution. According to the central limit theorem, the studied sample is from either a
normal society or a non-normal. If non-normal is selected, it will have a normal distribution
despite the number of observations being more than 30 within the selected sample. Hence,
parametric tests, t, z, F, etc., can be used to perform various tests.
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Table 3. The results of the normality test of the variables.

Variable p-Value Variable p-Value
CO; Emissions 0.870 Blnd 0.963
Vehicles 0.954 Duality 0.984
Fatal Accident 0.954 Own 0.995
Total Accident 0.972 Ceo-Share 0.033
Price 0.090 ACM 0.833
Return 0.215 BMS 0.931
Market Value 0.614 Clndp 0.705
Size 0.441 ACI 0.795
Loss 0.637 BSN 0.963
Inflation 0.660 CEO 0.569

Note: The null hypothesis is the existence of a normal distribution of variables. Source: Authors’ own computation

based on data.

4.2. Correlation of Research Variables

Using the Pearson correlation coefficient, when we check the relationship between CO,
emissions and the stock market of automobile companies variables, there is no significant
effect. So, we check it in the context of panel data within the regression models and check
for time-trend effects to obtain pure effects. The other correlations are shown in Table 4.
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Table 4. Correlation matrix results.

ceo Bsn Aci Clndp bms Acm Ceo~Are Own Duality Blnd Inflat~n Loss Size Fatala~t Totala~t Vehi~es COze~s Mark~e Return Price
1.000 price
1.000 0.215* rturn
1.000 —0.043 0.105 mark~e
1.000 0.075 0.072 0.246* co2e~s
1.000 0.054 0.354 *** 0.121 0.336 *** vehi~es
1.000 0.697 *** 0.125 0.349* 0.225 0.447 *** totala~t
1.000 —0.357 *** 0.886 *** —0.020 —0.257 ** —0.022 0.267 ** fatala~t
1.000 —0.290 0.311%+* 0.349 *** —0.046 * 0.261* —0.044 0.279 ** size
1.000 —0.076 0.2 0.084 —0.104 0.227* 0.205 0.029 0.064 loss
1.000 0.256 0.089 0.274 0.548 *** 0.002 0.480 *** 0.175 0.177 0.433 *** inflat~n
1.000 —0.135 0.072* 0.174 0.108 —0.291 ** 0.192 0.062 0.065 —0.080 0.103 bind
1.000 —0.313 0.017 0.184 —0.155 —0.255 0.134 0.201 0.028 0.169 —0.192 0.055 * duality
1.000 —0.120 —0.223 0.08 0.298 0.459 *** —0.313 0.432 *** 0.458 *** —0.096 0.206 0.055 0.001 own
1.000 0.558 *** —0.076 —0.143 0.029 —0.093 *** 0.419 *** —0.418 ** 0.470 *** 0.565 *** —0.152 0.055 0.326 *** 0319 ceo~are
1.000 0.346 *** 0.013 —0.185 —-0.125 0.004 —0.133 0.174 —0.329 *** 0.269 ** 0.372 *** —0.037 0.310 ** 0.364 *** 0.108 acm
1.000 —0.151 —0.099 —0.026 —0.303 0.450 *** —0.033 —0.285 0.201 0.043 —0.197 —0.141 0215 —0.106 —0.018 0.17 bms
1.000 —0.009 —0.056 —0.228 0.429 *** 0.181 —0.150 0.074 —0.101 —0.273 ** 0.300 ** —0.319 *** 0.398 *** 0.197 —0.266 0.082 —0.134 cIndp
1.000 0.374 *** —0.089 —0.156 0.093 0.0243— 0.393 ** —0.108 0.044 —0.203 0.027 —0.124 0.168 0.167 —0.051 —0.025 —0.015 0.11 aci
1.000 —0.026 0.253 ** —0.292 *** 0.284 *** 0.174 0.0214 0.275 ** —0.572 *** 0.072 0.023 —0.251* —0.233 ** 0.264 ** 0.304 ** 0.064 0.05 0.144 —0.132 bsn
1.000 0.480 *** —0.380 ** —0.157 —0.088 0.29 5+ 0.172 0.358 —0.161 —0.073 0.086 0.216 -0.191 —0.225 0.19 0.253 ** 0.057 0.263 0.175 0.089 ceo

Note: *, ** and *** indicate the significance level of 90, 95, and 99%, respectively. Source: Authors’ own computation based on data.
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5. Empirical Results and Discussion
5.1. Model One Estimation

By the first model, the effect of CO, gas emission on the stock price of the mining com-
panies has been measured. According to the integration test results, this model should be
estimated by the panel data method. Additionally, according to the result of the Hausman
test, it was determined that the random effects data method should be used to achieve
the best regression fit. Therefore, the first model includes four estimation methods. The
first model is the fixed effects method of panel data. In the second model, the variable of
fatal accidents has been used instead of the total number of accidents. The dynamic GMM
method is used in the third model due to heterogeneity variance. The fourth estimation
model is the dynamic panel data method of ABB due to the high correlation of the stock
price with the stock price of the previous year and the use of annual data.

According to the estimation results of the first model in Table 5, the variable coefficient
of CO, emission is equal to —0.535. Hence, CO, emission will decrease the company’s stock
price at the 99% confidence level. The negative correlation between CO, emissions and
stock prices is in line with the results of the studies of Usman Khurram [47] and Rohleder
et al. [30]. Additionally, the variable coefficient of total accidents equal to —90.316 has
been obtained, which at the 99% confidence level is the reason for the company’s decrease
in the stock price. Contrary to that, the variable coefficient of the number of vehicles
has been obtained equal to 8.710, which at the 99% confidence level is the reason for the
company’s stock price increase. Among the control variables of the model, size, inflation
and CEO-share variables increase the stock price, and own and clndp variables decrease
the stock price of automobile companies. Among the research years, 2013, 2014 and 2016
have lower average stock prices than other years, and 2018 has higher average stock prices
than other years.

In the second model, the number of fatal accidents was used instead of the total
number. According to the results of this model, the number of fatal accidents compared
to the total number of accidents has caused a decrease in stock prices. Therefore, at 99%
certainty, an accident leading to death more than twice as much as other accidents reduces
the stock price of the automobile company. After that, in the third model using the GMM
method, the variable intercept coefficient of the stock price at the 99% confidence level is
equal to 0.717. Therefore, this variable’s gap in the previous year values more than 70% of
the stock price each year. Similarly, with the ABB method, the variable intercept coefficient
of the stock price at the 99% confidence level has been obtained as 0.610.

Table 5. The results of the effect of CO, emissions on stock prices of automotive companies.

ABB Model GMM Model RE Model 2 RE Model 1
p-Value Coef. p-Value Coef. p-Value Coef. p-Value Coef.

0 —0.558 0 0.323 0 —0.762 0 —0.535 CO, Emissions
0.034 12.705 0.007 2.121 0 16.705 0.001 8.71 Vehicles

0 —139.3 0 14.532 0.003 -90.316 Total Accident

0.012 —189.84 Fatal Accident

0.092 13.0333 0.068 0.255 0.453 3.171 0 0.348 Size
0.212 11.862 0.132 6.101 0.66 4.043 0.639 4.144 Loss

0 54 0.09 0.095 0 1.986 0 3.894 Inflation
0.385 18.582 0.688 6.418 0.92 2.17 0.924 1.989 Blnd
0.054 —20.63 0.001 —0.048 0.078 —36.926 0.142 —14.969 Duality

0 —118.68 0.033 —0.314 0.006 —77.583 0.001 —96.894 Own
0.029 42.848 0.859 —1.749 0.005 46.252 0.002 52.077 Ceo-Share
0.843 0.271 0.9 0.074 0.318 —1.145 0.361 -1.013 Acm
0.561 —0.33 0.004 0.458 0.798 —0.099 0.721 —1.134 Bms
0.077 —-22.11 0.053 —0.391 0 —8.433 0 —4.426 Clndp
0.566 —13.614 0.039 —0.245 0.976 0.625 0.891 2.732 Aci
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Table 5. Cont.

ABB Model GMM Model RE Model 2 RE Model 1
p-Value Coef. p-Value Coef. p-Value Coef. p-Value Coef.
0.699 —6.892 0 —32.139 0.376 ~14.015 0.584 —8.621 Bsn
0.192 15.377 0.059 7.048 0.347 9.404 0.236 11.182 Ceo
0.012 —0.543 0.04 —0.157 0.099 —-21.112 Y91
0.003 —106.81 0.037 28.828 0 —73.154 Y92
0.012 —42.776 0 —0.62 0.001 —0.559 Y96
0.035 48.554 0 17.188 0.034 41.222 Y98
0 0.61 0.001 0.717 Price t—1
0.065 —4438.98 0.076 —93.102 0.129 368.901 0.045 —204.107 Constant
0 98.65 0 88.92 0 66.65 0 73.28 Wald Chi?
0.63 0.653 R?
54 54 60 60 Obs
0.887 Normality of Resid
0 3.83 Leamer Test
0.172 15.23 Hausman Test
Source: Authors” own computation based on data.
5.2. Model Two Estimation

By the second model, the effect of CO, gas emission on the stock returns of micro-
processing companies has been measured. According to the integration test results, this
model should be estimated by the panel data method. Additionally, according to the result
of the Hausman test, it was determined that the random effects data method should be
used to achieve the best regression fit. The second model is similar to the first regression
model and includes four estimation methods.

According to the estimation results of the first random effects model in Table 6, the
variable coefficient of the effect of CO, emission is equal to —0.073. Therefore, carbon diox-
ide emission is the reason for the reduction of stock returns of automotive companies at the
99% confidence level. This result is in line with the results of studies by Tamazian et al. [30],
Chang et al. [41], Bhutto et al. [43] and Sadorsky [29]. Contrary to that, the variable coeffi-
cient of vehicles equal to 2.405 has been obtained, which is the factor of increasing stock
returns at the 99% confidence level. Among the control variables of the model, the size
and own variables are the factors for reducing the stock returns, and the ceo-share, bsm,
acm, and cIndp variables are the factors for increasing the stock returns. In addition, the
results of the Granger causality test show that the direction of causality is from the side
of CO, emissions to the stock returns of automobile companies, and the opposite of this
relationship is not true.

Table 6. The results of the effect of CO, emissions on stock returns of automotive companies.
ABB Model GMM Model RE Model 2 RE Model 1
p-Value Coef. p-Value Coef. p-Value Coef. p-Value Coef.

0.004 —0.173 0 —0.76 0.006 —0.62 0 0.073 CO, Emissions
0 0.17 0.018 2227 0 0.129 0.006 2.405 Vehicles
0.585 0.102 0.701 0.057 0.229 0.098 Total Accident

0.996 —0.007 Fatal Accident

0.009 —0.048 0.068 —0.068 0 —0.093 0.019 —0.057 Size
0.128 0.201 0.395 0.063 0.154 0.148 0.119 0.138 Loss
0.931 —0.006 0.284 0.006 0.164 0.004 0.815 0.0009 Inflation
0.304 —0.348 0.943 0.012 0.267 —0.141 0.43 -0.122 Blnd
0.474 —0.099 0.51 —0.064 0.125 —0.166 0.162 —0.155 Duality
0.033 -0.314 0.002 -0.122 0.033 —0.306 0.034 —0.303 Own
0.004 0.775 0 0.273 0.02 0.448 0.002 0.443 Ceo-Share
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Table 6. Cont.

ABB Model

GMM Model RE Model 2 RE Model 1

p-Value

Coef.

p-Value Coef. p-Value Coef. p-Value Coef.

0

0
0.46
0.571
0.728
0.956
0.016

0.002

0.058
0.123
0.1
—-0.291
—0.169
—0.136
0.292

38.18

54

0

0.131 0.058 0.023 0.061 0.023 Acm

0.046 0.007 0.199 0.003 0.001 0.369 Bms
0.069 0.225 0.004 0.165 0 0.01 Clndp
0.102 -0.213 0.889 —0.015 0.627 —0.035 Aci
0.755 —0.053 0.745 0.037 0.241 —0.051 Bsn
0.689 —0.039 0.851 —0.022 0.871 —0.012 Ceo

0

0.636 Return t—1

0.278 1.286 0.878 0.822 0.478 0.826 Constant
0.003 37.52 0 40.95 0 44.57 Wald Chi?

0.335 0.341 R?
54 60 60 Obs
0.592 Normality of Resid
0.896 0.32 Leamer Test
0.172 15.23 Hausman Test

Source: Authors” own computation based on data.

According to the second fitting, the number of fatal accidents was used instead of the
total number. Neither of the two variables of the total number of accidents and the number
of accidents leading to death affect the stock returns of automobile companies. After that,
in the third fit using the GMM method, the variable intercept coefficient of stock returns at
the 99% confidence level is equal to 0.636. Therefore, more than 60% of stock returns each
year are valued by the previous year’s lag of this variable. Similarly, the ABB method’s
variable intercept coefficient of stock returns at the 99% confidence level equals 0.292.

5.3. Model Three Estimation

By the third model, the effect of CO, emissions on the market value of micro-processing
companies has been measured. According to the integration test results, this model should
be estimated by the panel data method. Additionally, according to the result of the Haus-
man test, it was determined that the random effects data method should be used to achieve
the best regression fit. The third model, similar to the previous two models, includes four
estimation methods.

According to the results in Table 7 of the first fitting of the third model, the variable
coefficient of CO, emission is equal to —4.563. Therefore, carbon dioxide emission causes a
decrease in the company’s market value at the 95% confidence level. Therefore, contrary to
the studies of Castro et al. [44] and Tang et al. [45], there is a negative correlation between
market value and CO, emissions. In addition, the variable coefficient of the number of
vehicles equal to 7.334 has been obtained, increasing the company’s market value at the
99% confidence level. Among the control variables of the model, ceo, aci, size, duality and
acm variables increase the market value, and the ceo-share variable decreases the market
value of companies. Among the years of research data, 2012 has a higher average market
value, and 2015 has a lower average market value than the average of other years.

Table 7. The results of the effect of CO, emissions on the market value of automobile companies.

ABB Model

GMM Model RE Model 2 RE Model 1

p-Value

Coef.

p-Value Coef. p-Value Coef. p-Value Coef.

0
0
0.316

0

—2.347
10.032
22.427

3.692

0.033 —8.194 0 —-5.924 0.029 —4.563 CO, Emissions

0

10.885 0 10.533 0 7.334 Vehicles

0.15 70.144 0.588 23.605 Total Accident

0.409 148.693 Fatal Accident

0.014 17.531 0.023 21.644 0.025 21.75 Size
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Table 7. Cont.

ABB Model GMM Model RE Model 2 RE Model 1
p-Value Coef. p-Value Coef. p-Value Coef. p-Value Coef.

0.836 2.585 0.921 1.252 0.896 2.646 0.829 4.366 Loss
0.422 —0.79 0.081 —2.508 0.833 —0.211 0.738 —0.619 Inflation
0.584 14.499 0.447 27.265 0.685 19.672 0.691 19.414 Blnd
0.004 0.602 0.062 43.102 0.017 54.5 0.021 51.409 Duality
0.55 —22.8 0.439 23.484 0.577 —34.805 0.544 —38.018 Own

0 —0.641 0.002 —59.169 0.042 —73.791 0.049 —71.36 Ceo-Share
0.002 0.344 0.02 4.714 0.016 6.024 0.021 5.844 Acm
0.698 —0.228 0.982 —0.009 0.735 —0.288 0.694 —0.336 Bms
0.479 —10.611 0.174 —16.833 0.359 24.202 0.317 —26.408 Clndp
0.062 54.916 0.093 51.454 0.609 23.463 0 4.995 Aci
0.845 4211 0.033 —35.724 0.379 —29.875 0.433 —26.528 Bsn

0 6.372 0.002 56.27 0.008 58.457 0.011 57.405 Ceo
0.045 42.983 0.008 0.244 0 2.013 Y92
0.005 —47.834 0.029 4.563 0.083 —53.145 Y95

0.1 1.153 0.758 Market Value; 1

0.814 51.697 0.848 43.01 0.156 —814.01 0.132 —350.018 Constant

0 4491 352.58 0.002 39.58 0.003 38.83 Wald Chi?

0.491 0.486 R?
54 54 60 60 Obs
0.151 Normality of Resid
0 9.36 Leamer Test
0.208 9.67 Hausman Test

Source: Authors” own computation based on data.

For the second fitting, the number of fatal accidents was used instead of the total
number. The total number of accidents and accidents leading to death increase automobile
companies’ market value. Since the increase in car production, the total number of accidents
and the number of accidents leading to death has increased; as a result, the company’s
market value has also increased. After that, in the third fit using the GMM method, the
company’s market value variable intercept coefficient was obtained at the 99% confidence
level equal to 0.785. Therefore, more than 75% of the company’s market value every year
is valued by this variable’s gap in the previous year. Similarly, with the ABB method,
the variable intercept coefficient of the market value at the 90% confidence level is equal
to 1.153.

5.4. Tests after the Estimation of Regressions

According to the results of Table 8, in the first model and the third model, the variance
of the heterogeneity and the second model of the variance are the same. Additionally, there
is a serial correlation in all three models. To solve these two problems, the econometric
methods of ABB, GMM and robust random effects were used, and the problem of serial
autocorrelation and heterogeneity was solved. In addition, according to the results of the
model specification test, Ramsey RESET, all three models do not have omitted variables, so
the results are not biased.

Another test that should be checked after estimating the model is the collinearity
between explanatory variables. Table 9 shows the results of the VIF collinearity test of
three regression models. Since these three models have the same explanatory variables, the
collinearity results of these three models are also the same. According to the obtained VIF
statistic, which is less than 10 for all variables, there is no collinearity between any of the
variables of these models. Therefore, there is no problem with collinearity in the regressions.



Energies 2022, 15,9221

14 of 17

Table 8. The results of the tests after estimating the regressions.

p-Value Chi® or F
Model 1
0 105.41 Heteroskedasticity Test
0.004 9.531 Autocorrelation Test
0.404 0.97 Ramsey RESET test
Model 2
0.263 1.25 Heteroskedasticity Test
0 171.283 Autocorrelation Test
0.858 0.25 Ramsey RESET test
Model 3
0 65.09 Heteroskedasticity Test
0.0005 65.87 Autocorrelation Test
0.185 1.63 Ramsey RESET test

Note: The null hypotheses of the three tests are, homogeneity variance, absence of serial correlation and absence
of omitted variable, respectively. Source: Authors” own computation based on data.

Table 9. VIF collinearity test of three main models.

Variable VIF VIF/1 Variable VIF VIF/1
Vehicles 6.98 0.143 ACI 2.39 0.418
Total Accident 6.49 0.154 COy Emissions 2.33 0.430
Inflation 414 0.242 Blnd 2.32 0.430
Own 3.80 0.263 Loss 2.21 0.453
BSN 3.12 0.320 Ceo-Share 2.13 0.469
Clndp 3.06 0.327 Duality 2.10 0.476
Size 2.64 0.378 BMS 1.93 0.517
CEO 2.48 0.403 ACM 1.65 0.604
Mean VIF 3.11

Source: Authors” own computation based on data.

6. Conclusions

Unfortunately, in developing countries such as Iran, due to high tariff support and
the creation of an exclusive space in the car market, manufacturers have no incentive
to improve the combustion quality of their products. Most likely, significant restrictions
on CO, emissions will be applied in the coming years, and companies whose activities
or products are related to high-level greenhouse gas emissions will be affected by these
restrictions. Therefore, due to the application of these restrictions, investors are most
concerned about the risk associated with the return of purchased shares. Considering these
cases, it can be expected that the risk related to carbon emissions will be reflected in the
yield level and, thus, the stock price.

In this research, we used three main models to investigate the effect of CO, gas
emissions on the market value, price and yield of automobile companies listed on the Tehran
Stock Exchange. The data collected in the form of tabular data include six automobile
companies. By conducting various tests and panel data estimations, especially the dynamic
panel data method, it was determined that CO, emissions reduce stock prices, returns and
market value of automobile companies. These findings are in line with Tamazian et al. [30],
Shahbaz et al. [36], Chang et al. [41], Bhutto et al. [43], Tang et al. [44], Lee et al. [52] and
Usman Khurram [47]. The number of vehicles also positively affects these companies’ price,
efficiency and market value. In addition, the results of the causality test show that the
direction of causality is from CO; emissions to the efficiency of automobile companies.

The results of our research refer only to one stock exchange in Tehran. In the future, we
plan to examine the impact of CO, gas emissions on the market value in the example of car
manufacturers in highly developed countries in the context of energy policies promoting
the production of electric cars.
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