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Abstract: In response to increasing global concern over climate change, Indonesia is preparing to
implement a carbon tax as part of its strategy to reach net-zero emissions by 2060. This study explores
the influence of firm size, foreign ownership, government ownership, and board diversity on carbon tax
liabilities among 23 energy sector companies listed on the Indonesia Stock Exchange (IDX) between 2021
and 2023. Using 69 panel data observations, the study applies multiple linear regression models and
employs Chow, Hausman, and Lagrange Multiplier tests to determine the most suitable model. The
findings reveal that board diversity has a significant negative effect on carbon tax, indicating that
companies with more diverse boards may engage in better environmental governance and cost efficiency
strategies. In contrast, firm size and foreign ownership show no statistically significant relationship with
carbon tax. These results emphasize the importance of board composition in shaping corporate responses
to environmental regulation. Despite limitations related to sample size and data availability, the study
contributes to the understanding of corporate environmental accountability in emerging markets and
suggests implications for both policymakers and corporate leaders.
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1. Introduction

The issue of climate change, widely discussed globally, centers on the rising concentration of
greenhouse gases (GHGs) like carbon dioxide (CO2). These gases trap infrared radiation from the Earth,
significantly impacting global temperatures and weather patterns [17].CO2 was largely emitted through
tossil fuel consumption, is the most significant GHG and is widely acknowledged by the scientific
community as a contributor to warming in the Earth’s troposphere [2, 37].

Addressing global warming requires international cooperation, exemplified by agreements like the
Paris Agreement, established in 2015 to limit global temperature increases to below 2°C from pre-
industrial levels. Developed nations have pledged to provide updated support information every two
years, including public funding projections, with the goal of mobilizing $100 billion annually for climate
action in developing countries [47]. Major emitters, including China, the United States, and the European
Union, contribute heavily to Global GHG emissions, with the energy sector alone responsible for 76% of
global emissions in 2019.

In response to the Paris Agreement, various countries have implemented measures to reduce fossil
fuel reliance. For example, South Korea and Indonesia provide subsidies for electric vehicles, with
Indonesia reducing VAT for electric cars from 11% to 1%. Additionally, carbon taxes are being adopted
as an effective and economical method for reducing emissions [57]. By increasing fossil fuel costs, carbon
taxes encourage energy conservation and shift consumption toward renewables [67]. Indonesia’s carbon
tax policy, initially set from 2022 but was postponed to 2025. The planned rate was 11D30,000/tCO2e ($2)
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for coal-fired plants, remains below the World Bank’s recommended level of $35 - $100 for developing
countries [7].

Indonesia’s carbon tax policy represents a critical step toward aligning national economic strategies
with international climate commitments. However, due to regulatory gaps and external geopolitical
tensions, notably the Russia-Ukraine conflict, the policy’s enforcement has been postponed to 2025. This
delay has prompted the government to refine supporting regulations, including those outlined in
Presidential Regulation No.98 of 2021 on Carbon Economic Value, which governs emission limits, carbon
pricing, and the establishment of supervisory steering committee. Despite this postponement, companies
in high-emissions sectors-especially in energy-have begun to prepare for compliance, responding to
broader environmental governance trends and increasing pressure from stakeholders. The analysis period
of 2021-2023 is thus strategically selected to capture anticipatory behavior by firms prior to the formal
application of the carbon tax. This pre-implementation phase provides valuable insight into how
companies are adjusting to an evolving regulatory environment.

In addition, Law No.7 of 201 mandates a carbon tax for emissions exceeding the established Upper
Emission Limit, with a minimum rate of IDR 30 per kilogram of CO: equivalent. Indonesia’s carbon
trading platform (IDX Carbon) was launched in 2020 to support the carbon tax by facilitating the trading
of carbon certificates. Both the carbon tax and trading mechanisms impact corporate profitability by
increasing operational costs, thereby encouraging companies to adopt low-carbon technologies and
increase renewable energy usage [87.

Indonesia has been a major carbon emitter from over 20 years. According to Indonesia’s Meyer, et al.
[67] the government aims to achieve net-zero emissions by 2060, targeting a 29% GHG reduction below
business-as-usual (BaU) by 2080, or up to 41% with international assistance. The updated Nationally
Determined Contribution (NDC) set an emissions reduction goal in the energy sector of 314 million tons
of COze by 2030 through domestic efforts and 446 million tons with international support. The energy
sector encompasses activities such as oil and gas exploration, production, marketing, and the supply of
related equipment and services [9, 107]. Corporate governance is the institutional framework for
distributing and exercising power within a company, establishing and exercising power within a company,
establishing guidelines for directing and controlling operations. It defines the roles and responsibilities of
key stakeholders, such as the board of directors, managers, and shareholders [117. According to signaling
theory, larger companies often produce more emissions but can influence carbon disclosure due to their
capacity to demonstrate environmental responsibility and commitment to sustainability [127].

Foreign investment also impacts emissions in developing countries, often leading to increased
pollution due to weaker regulatory standards. Many multinational corporations relocate production to
countries with looser environmental controls, benefiting from lower ecological standards [137. Studies
indicate that foreign ownership can reduce GHG growth as companies adopt measures to manage their
environment impact, although foreign direct investment (I'DI) in some countries, like china, initially
raises emissions before moderating as energy intensity processes evolve [14].

The issue of gender diversity on corporate boards has gained global attention, with more woman
holding executive roles, contributing positively to company performance. Studies show the gender-
diverse board of positively correlated with higher ESG scores, particularly in countries with weaker
stakeholder and environmental regulation [157]. A higher proportion of female directors is associated with
improved ESG performance, as women tend to prioritize environmental and social issues, influencing
decision-making related to emissions and sustainability initiative [97].

Prior studies have largely focused on carbon taxation in jurisdictions where policies are already in
effect, often neglecting transitional economies or the preparatory behavior of firms during regulatory
uncertainty. This study fills the gap by analyzing firm-level factors-namely firm size, foreign ownership,
and board diversity-that may influence how companies approach prospective carbon liabilities. By
situating this analysis in the context of Indonesia’s ongoing regulatory evolution, this paper contributes
to literature on corporate environmental accountability and offers practical implications for policy makers
and business leaders operating in emerging markets.
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This study aims to examine the factors influencing carbon tax, utilizing independent variables that
include firm size, foreign ownership, and board diversity. The dependent variable in this study is the
carbon tax. The research population consists of energy sector companies listed on the Indonesia Stock
Exchange (IDX) from 2021 to 2023. Data analysis conducted through classical assumption testing, which
includes tests for normality, multicollinearity, autocorrelation, and heteroscedasticity. Following this,
multiple linear regression analysis will be performed. Hypothesis testing will be conducted using the I'-
test, T-test, and R? test. This paper is organized as follows: the next section reviews that relevant
literature and theoretical background; the third section describes the research design and methodology;
the fourth section presents the results and discussion; and the final section concludes with key findings,
implications, and suggestions for future research.

2. Literature Review
2.1. Legitimacy Theory

Legitimacy Theory suggests that companies seek to maintain legitimacy by aligning with societal
values and norms, particularly through environmental practices, to uphold an implicit social contract with
their communities [167]. The relationship between sustainability performance and disclosure remains
unclear. Voluntary Disclosure Theory proposes a positive relationship, while Legitimacy Theory suggests
anegative one; under the latter, companies with poor sustainability performance may provide low-quality
disclosures to obscure true outcomes and protect their Legitimacy [177]. Research indicates the companies
respond to legitimacy threats from negative media coverage with high-quality assurance measures,
supported by independent boards, to reinforce corporate legitimacy [187.

2.2. Signaling Theory

Signaling Theory posits that companies use certain actions or decisions to convey information to
external parties, such as investors, regulators, or the public. In a study on the effects of carbon tax, capital
expenditure, and company size on carbon emissions disclosure on the Indonesia Stock Exchange,
Signaling Theory was applied to examine the influence of company size. The findings indicated the
company size did not significantly impact carbon emissions disclosure, suggesting a neutral effect [127].
The essence of Signaling Theory lies in the information asymmetry between stakeholders, where
informed parties signal their actions or decisions, and recipients interpret these signals to make informed
decisions.

2.3. Sustainable Development

Sustainable Development emerged to address environmental and social impacts of industrial growth,
aiming to balance current needs with future resources [ 19, 207. Defined by the WCED in Cleveland and
Morris [17] it promoted economic growth, resource conservation, and equitable development, as
emphasize at the 1992 Rio Earth Summit [197. This approach is essential in resource-intensive sectors
like energy, requiring significant investment in sustainable technologies and low-carbon initiatives to
mitigate environmental impact [21, 227].

2.4. Green Economy

A Green Economy is a economic model prioritizing sustainability, environmental protection, and
social well-being through clear technologies, renewable energy, and circular practices [217]. While Green
Economy focuses on eco-economic relations, Sustainable Development is broader, encompassing all
aspects of economic, social, and environmental welfare [237. Popularized by UNEP and UNEEC, the
Green Economy promotes well-being and equity while reducing environmental risks. Studies highlight a
“Green Recovery” post-COVID-19 as a strategic shift towards clean energy and resource efficiency [247].
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2.5. Carbon Emissions

Greenhouse Gases (GHGs), including H20, COz, Os, and N20O, trap heat in the atmosphere, regulating
Earth’s temperature. This natural greenhouse effect is essential for life, but excessive GHG emissions for
human activities, especially COz, from fossil fuels and deforestation, are driving climate change [257]. Each
GHG has a unique heat-trapping potential and atmospheric lifespan. Sectors like transportation
contribute significantly to GHG emission, and electric vehicles (EVs) are seen as sustainable alternatives,
potentially reducing emissions by up to 40% if charged with renewable energy [267. Reducing GHG
emissions is crucial to counter global warming and environmental degradation [27, 287.

2.6. Carbon Tax

Taxation, essential for government revenue, funds public services such as infrastructure, safety,
health, and education [297]. A Carbon Tax, levied per ton of emissions, targets greenhouse gases to drive
a shift toward renewable energy and aligns with the polluter-pays principle by raising the cost of carbon-
heavy fuels, thereby promoting sustainable energy use and conservation [307]. Carbon taxes are core
climate policy tool, commonly known as “Green Taxes” or “Pigouvian Taxes” While they effectively price
emissions, the exact reduction outcomes can vary [317]. Countries like Sweden, Ireland, and Switzerland
have progressively raised carbon tax rate to meet climate goals, demonstrating a global trend in emissions
regulation [307].

2.7. Hypothests
2.7.1. Firm Size’s Impact on Carbon Tax

Total assets, representing a company’s resources, including both fixed and current assets, indicate its
production capacity. Larger firms, with greater operational scale, tend to produce more carbon emissions.
Paying for these emissions signals the company’s commitment to environmental responsibility,
demonstrating a willingness to incur additional costs and enhancing its competitive standing. Research
shows that company size positively and significantly impacts carbon emissions disclosure [32, 337.
According to the given description, the theory put forward is a follow:

H.. Firm Size as a significant positive impact on carbon tax.

2.7.2. Foreign Ownership’s Impact on Carbon Tax

Companies with higher foreign ownership often face increased pressure to maintain social legitimacy,
as multinational companies are typically influenced by foreign investors from developed countries with
ESG policies. These investors prefer companies with strong environmental performance, which can lead
to better tax compliance and competitiveness. Foreign ownership may reduce greenhouse gas emissions,
enhancing competitiveness [137]. Additionally, both government and foreign ownership positively impact
carbon emissions disclosure in mining companies [347]. Therefore, the company is likely to report more
accurate carbon emissions, influencing carbon tax. According to the given description, the theory put
forward is a follow:

H.. Foreign Ownership has a negative impact on carbon tax.

2.7.8. Board Duversity’s Impact on Carbon Tax

The presence of woman at the top levels of a company is linked to a more collaborative, inclusive,
socially responsible, and long-term-oriented leadership style, which enhances management quality and
risk management. Woman are perceived as more transparent and accountable, making carbon emission
reporting a priority. Gender diversity in management, especially when woman play prominent roles
outside the company, has a stronger impact on mitigating climate change. Studies show that companies
by 5% more than those with male-dominated leadership 357 and have lower emissions overall [36].
According to the given description, the theory put forward is a follow:

H:. Board Diversity has a negative impact on carbon tax.
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3. Methodology

This study focuses on companies listed in the Energy sector on the Indonesia Stock Exchange (IDX)
during the period of 2021-2023. A total of 87 companies will be included in the sample, based on specific
criteria, which exclude companies that were delisted between 2021 and 2023 and companies that did not
provide complete reports on carbon emissions for specified period. The inclusion criteria are as follows:

1. Companies listed on the IDX in the Energy sector during 2021-2023.

2. Companies that have published complete financial reports for the years 2021-2023.

3. Companies that have reported their carbon emissions for the period 2021-2023.

Table 1.

Research Sample.
No. | Description Total
1 Companies listed on IDX in the Energy sector during 2021-2023. 87
2 Companies that did not provide their financial report consecutively for 2021-2023. 0
3 Companies that did not provide a consecutive report needed in the report 2021-2023. -64
Number of Companies Included in the Sample 23
Observation Period 3
Number of Companies Analyzed 69

To gather the required company data, this study will utilize the LSEG (Refinitiv) tool, which will be
instrumental in retrieving and veritying the relevant data for the analysis.

3.1. Operational Variable
3.1.1. Carbon Tax

Carbon Tax is a levy imposed on carbon emissions that negatively impact the environment. It is
applied to emissions exceeding a set threshold, as outlined in Presidential Regulation Number 98 of 2021
and detailed in Law Number 7 of 2021 concerning the Harmonization of Tax Regulations. This tax targets
Carbon Dioxide (COz2) and other Greenhouse Gas emissions to reduce carbon output and promote the use
of cleaner energy sources [307]. In Indonesia, the Carbon Tax it set at IDR 30 per kilogram of CO2
equivalent (COze). The formula for calculating the tax is as follows:
CT (Carbon Tax) = Total Carbon Emissions x Tax Rate

3.1.2. Firm Size

Company size refers to the scale of a company, measured by total assets, number of employees, sales
or revenue, and market capitalization. Larger companies typically attract greater public attention and
possess more substantial resources [37]. The formula for calculating company size is as follows:
IS (Firm Size) = Total Assets

3.1.8. Foreign Ownership

Ownership structure is a key indicator of a company’s performance. According to Law Number 25 of
2017 concerning Investment, foreign ownership includes investments mare by foreign individuals,
business entities, and foreign governments within the Republic of Indonesia. The formula of calculating
foreign ownership is as follow:

) ) Total Shares Owned by Foreigners
FO (Foreign Ownership) = Total Shares Outstanding x 100%

3.1.4. Board Duiversity

The impact of female directors on company carbon emissions may differ from that of male directors
due to variations in value and risk preferences. Women are generally considered more pro-social and
altruistic, and are more likely to prioritize stakeholder interests, leading to a reduces tendency to make
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decisions driven solely by personal financial gain [387. The formula for calculating board diversity is as
tollow:
BD (Board Diversity) = Number of Female Board Members / Total Board Members

3.2. Regression Model
After the collection is done, the data will be analyzed with a regression model as:
CT=a+ B1FS+ B FO+ B3GO+ B4BD +e
CT = Carbon Tax
A = Constant
B1, B2, B3, Bs = Regression Coefficient
IS = Firm Size
FO = Foreign Ownership
GO = Government Ownership
BD = Board Diversity

e = Error

4. Result
4.1. Statistical Analysis Descriptive

Table 2.
Statistic Test Descriptive Result.
Obs. Mean Std. Dev. Min. Max.
Carbon Tax 69 198348.9 321108.8 696.9 1386954
Firm Size 69 2.70e+08 3.566e+08 9890609 1.68e+10
Foreign Ownership 69 27.66326 25.64202 0638276 97.87926
Board Diversity 69 11.73852 13.34174 [0) 50

Source: Stata 15 data processing result, secondary data processed (2024).

The total number of observations (N) in this study is 69, following the removal of outliner data.
Initially, the dataset contained 111 observations, but after outliner removal, the unable data was reduced
to 69, as shown in the descriptive statistical test results table. The investigation into the variables revealed
the following findings: The Carbon Tax variable has a mean value of 198,848.9, with a minimum value of
696.9, a maximum value of 1,386,964, and a standard deviation value of 321,108.8. The Firm Size variable
has a mean of 2.70e+08, minimum value of 9,890,609, highest value of 1.68e+10, and standard deviation
value 3.56e+08. For the Foreign Ownership variable, the mean value is 27.66326, minimum value of
0.0638276, maximum value of 97.37926, and standard deviation value of 25.64202. Lastly, the Board
Diversity variable has a mean of 11.73852, minimum value of 0, maximum value of 50, and standard
deviation value of 13.84174.

4.2. Normality Test

Table 3.
Normality Test Result.
Obs. w Vv z Prob>z
Carbon Tax 69 0.98524 0.993 -0.013 0.50512
Firm Size 69 0.98832 0.786 -0.465 0.67912
Foreign Ownership 69 0.96630 2.268 1.580 0.05708
Board Diversity 69 0.98469 1.030 0.057 0.47740

Source: Stata 15 data processing result, secondary data processed (2024).

The normality test was conducted using the Shapiro Francis W’ test method, as presented in Table
3. According to this method, data is considered to have a non-normal distribution if the prob>z value is
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below 0.05. Conversely, data is considered to follow a normal distribution if the prob>z value is above
0.05. The result indicate that the Carbon Tax variable has a prob>z value of 0.50512, the Firm Size
variable has a prob>z value of 0.67912, the Foreign Ownership variable has a prob>z value of 0.05708,
and the Board Diversity variable has a prob>z value of 0.47740. Based on these findings, it can be
concluded that all variables, consisting of total of 69 observations, are normally distributed.

4.8. Multicollinearities Test

Table 4.
Multicollinearities Test Result.
VIF 1/VIF
Foreign Ownership 1.07 0.932981
Board Diversity 1.07 0.925349
Firm Size 1.00 0.996936
Mean VIF 1.05

Source: Stata 15 data processing result, secondary data processed (2024).

The multicollinearity test result presented in Table 4, adheres to following criteria: if the tolerance
value (1/VIF) is greater than 0.10 and the VIF value is less than 10, it indicates no symptoms of
multicollinearity. Conversely, if the tolerance value (1/VIF) is less than 0.10 and VIF value exceeds 10,
multicollinearity symptoms are present, and the model fails the multicollinearity test. In this analysis, the
Foreign Ownership variable has a VIF value of 1.07<10 and a 1/VIF value of 0.932981, the Board
Diversity variable has a VIF value of 1.07<10 and a 1/VIF value of 0.924349, while the Firm Size variable
has a VIF of 1.00<10 and a 1/VIF value of 0.996936. The mean VIF is 1.05, indicating that all three
variables exhibit no symptoms of multicollinearity.

4.4. Heteroscedasticity Test

Table 5.
Heteroscedasticity Test Result.
Breusch-Pagan / Cook-Weisberg test for heteroskedasticity
Ho : Constant variance
Variables : fitted values of CT
Chig (1) = 105.62
Prob > chi2 = 0.0000
Source: Stata 15 data processing result, secondary data processed (2024)

In the heteroskedasticity test, if the result of Prob > Chi2 is less than 0.05, is indicates the presence
of heteroskedasticity in the research data. Conversely, if the value of Prob > Chi2 is grater than 0.05, it
suggests that there is no heteroskedasticity. In this study, the Breusch-Pagan test was conducted, yielding
a Prob > Chi2 value of 0.0000, which less than 0.05. This indicates that the data analyzed in this study
exhibit heteroskedasticity, leading to the rejection of HO. Consequently, a robust standard error test will
be performed to provide more valid results despite the presence of heteroskedasticity.

4.5. Autocorrelations Test

Table 6.
Autocorrelations Test Result.

Dublin- Watson d-statistic (4, 69) = 1.885906
Source: Stata 15 data processing result, secondary data processed (2024).

In the autocorrelation test, the Dubin-Watson (DW) test is used. If the value of falls between -2 and
+2, it indicates that there is no autocorrelation, and the test is passed. However, if the Durbin-Watson
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value is outside this range, it suggests the presence of autocorrelation. In this study, the DW value is
1.885906, which indicates that there is no autocorrelation in the data.

4.6. Common Effect Model (CEM), Fixed Effect Model (FEM), and Random Effect Model (REM)

Table 7.
Common Effect Model Test Result.
Source SS fd MS Number of obs = 69
Model 2.8185e+12 3 9.3783%e+11 F (3, 65) = 14.52
Residual 4.1980e+12 65 6.4585e+10 Prob > F = 0.0000
Total 7.0115e+12 68 1.0311e+11 R-squared = 0.4013
Adj R-squared = 0.3736
Root MSE = 2.5e+05
CT Coef. Std. Err. t P>|t| [95% Conf. Interval]
FS 0.0005717 0.0000867 6.59 0.000 0.0003984 0.0007449
FO 870.5418 1244.297 0.70 0.487 -1614.49 3355.574
BD 247.0241 2388.434 0.10 0.918 -4524.007 5017.056
_cons 17151.67 63731.44 0.27 0.789 -110128.8 1444382.1

Source: Stata 15 data processing result, secondary data processed (2024)

In the Common Effect Model, the variables Firm Size, Foreign Ownership, and Board Diversity

exhibit a positive influence, with coefficient values of 0.0005717, 870.5418, and 247.0241, respectively.
However, only the Firm Size variable demonstrates a significant influence, as its probability value is below
0.05, specifically 0.000. In contrast, the other two variables, Foreign Ownership dan Board Diversity, do
not have a significant influence, as their probability value are 0.487 and 0.918, respectively, both of which

exceed the 0.05 threshold.

Table 8.

Fixed Effect Model Test Result.

Fixed-effects (within) regression Number of obs. =| 69
Group variable : ID Number of groups =| 23
R-sq: Obs. per group:
Within = 0.1439 Min. =| 3
Between = 0.0738 Avg. =] 3.0
Overall = 0.0614 Max. =|3
corr (u_i, Xb)  =-0.5008 I (8,43) =] 2.41
Prob > F =| 0.0801
CT Coef. Std. Err. t P>|t| [95% Conf. Interval]
FS -0.0001121 0.0001046 -1.07 0.290 -0.0003231 0.0000988
FO -361.2961 825.6265 -0.44 0.664% -2026.4:3 1303.638
BD -6902.082 3087.214 -2.2% 0.031 -13128.0% -676.1217
_cons 319617.9 50393.18 6.34 0.000 217990.4 421245.5
sigma_u 360089
sigma_2 62874.327
rho 0.97041427 | (Fraction of variance due to u_i)

F test thatall u i=0: F(22. 43) = 46.32 Prob > F = 0.000

In the Fixed Effect Model, the variables I'S (Firm Size), FO (Foreign Ownership), BD (Board
Diversity) exhibit negative coefficients of -0.0001121, - 361.2961, and -6902.082, respectively. Among
these, only the variable BD has a significant influence, as it probability value is below 0.05, specifically at
0.031. Conversely, the variables I'S and IFO do not have a statistically significant effect, with probability
values of 0.290 and 0.664, both exceeding the 0.05 threshold.

Additionally, the Prob > I value of 0.0810 indicates that Fixed Effect Model is not significant at the
5% significance level. This implies that the independent variables, collectively, do not have a sufficiently
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strong influence to explain the variability of the dependent variables (Carbon Tax) at the specified level
of significance.

Table 9.
Random Effect Model Test Result.
Random-eftect GLS regression Number of obs. = 69
Group variable : ID Number of groups = 23
R-sq: Obs. per group:
Within = 0.0491 Min. = 3
Between = 0.0860 avg = 3.0
Overall = 0.0847 Max. = 3
corr (u_i, X) =0 (assumed) Wald chi2 (3) = 4.81
Prob > chi2 = 0.2299
CT Coef. Std. Err. z P>|z]| [95% Conf. Interval]
FS 0.0000967 0.0000953 1.01 0.810 -0.000901 0.0002836
FO -112.7668 856.946 -0.138 0.895 -1791.186 1565.652
BD -51938.336 2725.946 -1.91 0.057 -10586.09 149.4194
_cons 236338.8 76456.98 3.09 0.002 86485.86 386191.7
Sigma_u 255586.28
Sigma_2 62874.327
rho 0.94293704 | (Fraction of variance due to u_i)

In the random effect model, the variable Firm Size (FS) has a positive influence, with a coefficient
value of 0.0000967. Conversely, the variables Foreign Ownership (FO) and Board Diversity (BD) exhibit
negative influences, with coefficient value of -112.7668 and — 5193.336, respectively. However, all
variables demonstrate an insignificant effect, as their probability values exceed the 0.05 significance level.
Specifically, the probability values for FS, FO, and BD are 0.310, 0.895, and 0.057, respectively.
Furthermore, the Prob > chi2 value of 0.229, which is greater than 0.05, indicates that the null hypothesis
cannot be rejected. In other words, where is insufficient statistical evidence to conclude that the
independent variable collectively has a significant influence on the dependent variable.

4.7. Chow Test, Hausman Test, and Lagrange Test

Based on the three previously conducted model tests, namely the Common Effect Model (CEM), Fixed
Eftect Model (FEM), and Random Effect Model (REM)), further testing will be carried out using the Chow
test, Hausman test, and Lagrange Multiplier test. These tests aim to determine the most appropriate
model for this study.

Table 10.

Chow Test Result.
F (22, 43) = 46.32
Prob > F = 0.0000

Source: Stata 15 data processing result, secondary data processed (2024).

Based on the result of the Chow Test, the Prob > F value is 0.0000, which is smaller than the
significance level of 0.05. This indicate that the null hypothesis (Ho), which states that the Common Effect
model is more appropriate than the Fixed Effect Model, is rejected. Therefore, the Fixed Effect Model
(FEM) is more suitable for data in this study.
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Table 11.
Hausman Test Result.
————— Coefficients --—-—-
(b) (B) (b-B) Sqrt (diag (V_b-V_B))
FEM REM Difference S.E.

FS -0.0001121 0.0000967 -0.0002089 0.0000431

FO -361.3961 -122.7768 -248.6292 .

BD -6902.082 -5193.336 -1708.746 1449.176

b = consistent under Ho and Ha; obtained from xtreg
B = inconsistent under Ha, efficient under Ho; obtained from xtreg
Test:  Ho: difference in coefficients not systematic
Chi2(2) (b-BY[(V_b-V_B)*(-1)] (b-B)
= -0.72

Based on the results of the Hausman test, where the chi-square value obtained is -0.72, it indicates
that the data does not meet the asymptotic assumption required for the Hausman test. Consequently, the
test cannot provide valid results due to the negative chi-square value. As a result, it is not possible to
determine whether the Fixed Effects Model (FEM), or the Random Effect Model (REM) should be used
based on this test.

Table 12.

Lagrange Test Result.
Breusch and Pagan Lagrangian multiplier thest for random eftects
CTTID,t] = Xb + u[ID] + e[ID,t]
Estimated Result:

Var Sd = sqrt (Var)
CT 1.03e+11 321108.8
E 3.95e+09 62874.33
U 6.53¢+10 255586.3
Test: Var(u) = 0
Chibarg(01) = 51.19
Prob > chibar2 = 0.0000

Based on the results od the Breusch and Pagan Lagrangian Multiplier test, the chi-square value is
51.19, with a probability value (Prob > chibar2) of 0.0000. This indicates that the result is higher
significant at the 1%, 5%, or 10% significance level. Therefore, the test results demonstrade that Random
Effect Model is more appropriate to use compared to the Ordinary Least Squares (OLS) model.
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4.8. Hypothests Test

Table 13.

T Test, F Test, and R? Test Result.
Fixed-effects (within) regression Number of obs. = 69
Group variable : ID Number of groups = 23
R-sq: Obs. per group:
Within = 0.1439 Min. = 3
Between = 0.0733 Avg = 3.0
Overall = 0.0614 Max. = 3
corr (u_i, Xb) = -0.5008 F (3,43) = 2.41

Prob > F = 0.0801

CT Coef. Std. Err. t | P>t [95% Contf. Interval]
FS -.0001121 .0001046 -1.07 0.290 -.0003231 0.0000988
FO -361.2961 825.6265 -0.4% 0.664 -2026.4:3 1303.638
BD -6902.082 3087.214 -2.24 0.031 -13128.04 -676.1217
_cons 319617.9 50393.18 6.34 0.000 217990.4 421245.5
sigma_u 360089
sigma_2 62874.327
rho 97041427 (Fraction of variance due to u_i)

I test thatall ui=0: I (22. 43) = 46.32 Prob > F = 0.000

Based on several tests conducted, including the Chow test, Hausman test, and Lagrange Multiplier
test, this study utilizes a Fixed Effects model for hypothesis testing, specifically the t-test, I'-test, and R?
test. The F-test results show a value of IF(8,43) = 2.41 with p-value > I = 0.0801, indicating that the
overall model is insignificant at the 0.05 significance level. This suggests that the independent variables
(FS, FO, and BD) do not jointly explain the dependent variable (CT) well.

For the t-test, the effect of each independent variable on the dependent variable is assessed
individually. The result for Firm Size (F'S) shows a coefficient of -0.0001121 and p-value of 0.290,
indicating the I'S does not have a significant influence on CT. The negative coefficient suggests a negative
relationship, but the influence is not statistically significant. For Foreign Ownership (FO), the coefficient
is -361.2961 with a p-value of 0.664, implying that FO does not significantly affect CT. The negative
coefficient indicates a negative relationship, but it is not statistically significant. IFor Board Diversity (BD),
the coefficient is -6902.082 with a p-value of 0.031, suggesting the BD has a significant negative eftect on
CT at the 5% significance level. The negative coefficient implies that an increase in BD leads to a decrease
in CT.

Regarding the R? test, the results show R* = 0.1429, Between R* = 0.0733, and Overall R* = 0.0614-
This means that approximately 14.39% of the variation in the dependent variable (CT) is explained by the
variation in the independent variable (F'S, FO, BD) within the group. Only 7.33% of variation between
groups in explained by the model, and overall, the model explains just 6.14% of the variation in the
dependent variable. The low R? value indicates that the model has limited explanatory power.

Table 14.
Hypothesis Testing Result.

No. | Variable Independent Hypothesis Coefficient P-Value Decision

1 Firm Size (FS) Firm Size as a significant positive | -0.0001121 0.290 Rejected  (Not
impact on carbon tax Significant)

2 Foreign Ownership (FO) | Foreign Ownership has a negative | -361.2961 0.664 Rejected  (Not
impact on carbon tax Significant)

3 Board Diversity (BD) Board Diversity has a negative impact | -6902.082 0.031 Accepted
on carbon tax (Significant)
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5. Discussion
5.1. Firm Size’s Impact on Carbon Tax

With a coeflicient of -0.0001121, which is a negative value, it indicates a negative relationship between
firm size and carbon tax. However, with a p-value of 0.290, firm size has no significant eftect on carbon
tax. In other words, company size, as measured by total assets, does not directly influence the tax burden
paid. According to Signaling Theory, larger companies are typically considered more transparent in
financial reporting, aiming to provide positive signals to investors and stakeholders. When the results are
not significant, it suggests that the size of a company is not strong enough to serve as a robust signal
regarding differences in tax policies or tax management.

In the context of Legitimacy Theory, larger companies tend to maintain their reputation in society
by complying with tax regulations. This insignificance may indicate the larger companies have the
potential to behave similarly to small companies in terms of tax compliance. These finding constant with
previous studies, such as those by Maharani, et al. [327] and Adi Pratama, et al. [337] which found that
firm size have a positive effect on carbon emission disclosure because larger companies typically operate
a larger scale, which can result in higher carbon emission. Paying for carbon emission serves as a signal
to stakeholders that the company is committed to environmental responsibility by willingly bearing the
additional. This commitment can enhance the company’s competitive advantage over others.

5.2. Foreign Ownership’s Impact on Carbon Tax

The coefficient of -361.2961 indicates a negative relationship between foreign ownership and carbon
tax. However, with a p-value of 0.664, foreign ownership does not significantly influence the level of
carbon tax paid. According to signaling theory, foreign ownership is often associated with higher
governance standards to provide a positive signal to the global market. However, the insignificance of
this result suggests that foreign ownership alone is insufficient to signal a company’s tax strategy. From
the perspective of legitimacy theory, companies with foreign ownership are expected to comply with
stricter global standards, including taxation.

The lack of significance may indicate that foreign ownership does not directly affect carbon tax
compliance or payment. However, it can still play a role in reducing greenhouse gas emissions, enhancing
competitiveness [137] and positively influencing carbon emissions disclosures, particularly in mining
companies suggesting its indicated impact on environmental and sustainability practices.

5.8. Board Diversity’s Impact on Carbon Tax

With a coefficient of -6902.082 and p-value of 0.031, Board Diversity has a negative and significant
effect on Carbon Tax. This indicates that the more diverse the board of directors, the lower carbon tax
paid by company. Based on Legitimacy Theory, diversity within the board of directors reflects a
company’s efforts to gain social legitimacy through inclusive representation. Companies with diverse
boards tend to focus more on social and environmental issues, including carbon tax, to maintain their
reputation and build public trust. The negative effect on carbon tax suggests that companies with diverse
board may prioritize direct carbon emission reduction strategies or cost efliciencies, leading to a low
carbon tax burden.

In context of signaling theory, board diversity serves as a positive signal to investors and
stakeholders, highlighting that the company has good governance, is innovative, and is committed to
sustainability issues. However, this negative result implies that board diversity not only serves as a
symbolic gesture but also plays a critical role in efficient strategic decision-making social responsibilities,
including carbon tax management. The reduced carbon tax payments could signal that companies are
actively managing carbon emissions through non-monetary approaches, such as adopting green
technologies or implementing sustainability programs.

Previous studies have found that companies with greater gender diversity on the boards reduced
carbon emission by about 5% mode than those with predominantly male board [357] and tend to have
lower overall carbon emissions [36]. These findings suggest that diverse boards enhance legitimacy and
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send strong sustainability signals while achieving tangible results in reducing carbon footprints. Thus,
the negative relationship between board diversity and carbon tax reflects effective board leadership in
balancing reputational legitimacy with strategic environmental management.

6. Conclusion

The analysis reveals the board diversity has a significant and negative effect on carbon tax, suggesting
that companies with diverse boards prioritize strategies for reducing emissions or improving cost
efficiency, which leads to lower carbon tax burdens. In contrast, firm size and foreign ownership show no
significant impact on carbon tax, indicating that these factors alone are insufficient to influence tax
compliance or payment. These findings highlight the importance of effective governance structures, such
as diverse boards, in balancing environmental management with reputational and competitive advantages,
in line with both Signaling and Legitimacy Theories.

This study is limited by the small sample size, which may affect the generalizability of the results.
Furthermore, the lack of a formal, written mandate requiring carbon emissions reporting has resulted in
many companies not disclosing such data, with more than half of the initial sample being excluded from
the analysis. This significantly restricts the availability of comprehensive and reliable data. Additionally,
the study’s reliance on carbon tax as a proxy for environmental responsibility may not fully capture the
boarder sustainability initiatives of companies. The use of secondary data also limits the exploration of
qualitative factors influencing corporate environmental strategies.

Future research should focus on obtaining a larger and more representative sample to enhance the
reliability and applicability of the findings. Policymakers are encouraged to establish clear regulations
mandating carbon emission reporting to improve data availability and transparency. Expanding the
analysis to include other sustainability metrics, such as carbon reduction targets or green initiatives, can
provide a more holistic view of corporate environmental efforts. I'inally, incorporating qualitative
approaches, such as interviews or case studies, could uncover deeper insights into how board
characteristics and ownership structures influence environmental strategies.

Transparency:

The authors confirm that the manuscript is an honest, accurate, and transparent account of the study;
that no vital features of the study have been omitted; and that any discrepancies from the study
as planned have been explained. This study followed all ethical practices during writing.

Copyright:
© 2025 by the authors. This open-access article is distributed under the terms and conditions of the
Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

References

1] C. J. Cleveland and C. Morris, "Climate change," Handbook of Energy, pp. 805-820, 2014
https://doi.org/10.1016/B978-0-12-417013-1.00045-5

re] T. Harrison, M. R. Jones, and D. Lawrence, "The production of low energy cements," Lea’s Chemistry of Cement and

Concrete, pp. 341-861, 2019. https://doi.org/10.1016/B978-0-08-100773-0.00008-3

[s] S. C. Lee, B. Y. Choi, S.J. Lee, S. Y. Jung, C. K. Ryu, and J. C. Kim, "CO 2 absorption and regeneration using Na and K
based sorbents," Studies in Surface Science and Catalysis, vol. 158, pp. 527-530, 2004. https://doi.org/10.1016/S0167-
2991(04)80307-0

[47] V. Kapoor and M. Malviya, "Assessment of mechanisms and instruments of climate finance: A global perspective,"
Environmental Sustainability and Economy, pp. 297-324, 2021. https://doi.org/10.1016/B978-0-12-822188-4.00004-X

[5] A. Blanton et al., "The status of forest carbon markets in Latin America," Journal of Environmental Management, vol. 352,
p. 119921, 2024.

[e] N. I. Meyer, F. Hvelplund, and J. S. Nergard, "Equity, Economic Growth, and Lifestyle," Energy, sustainability and the

environment, pp. 89-118, 2011.

Edelweiss Applied Science and Technology
ISSN: 2576-8484

Vol. 9, No. 7: 704-718, 2025

DOI: 10.55214/25768484.v917.8719

© 2025 by the authors; licensee Learning Gate


https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/B978-0-12-417013-1.00045-5
https://doi.org/10.1016/B978-0-08-100773-0.00008-3
https://doi.org/10.1016/S0167-2991(04)80307-0
https://doi.org/10.1016/S0167-2991(04)80307-0
https://doi.org/10.1016/B978-0-12-822188-4.00004-X

7]

[8]
[9]
[10]
[
[12]

[18]
1]
[15]
[16]
[17]

18]
[19]
[20]
[21]
[22]

28]
[24]

[25]
[26]

[27]
[28]

[29]

[s0]
[s1]

717

D. P. Ramadhani and Y. Koo, "Comparative analysis of carbon border tax adjustment and domestic carbon tax under
general equilibrium model: Focusing on the Indonesian economy," Journal of Cleaner Production, vol. 877, p. 134288,
2022.

D. Pajak, K. Terhadap, K. Bisnis, A. Salim, and M. Sidiq, "The impact of carbon tax on business continuity," Remattance:
Jurnal Akuntansi Keuangan Dan Perbankan, vol. 3, no. 1, pp. 74-81, 2022.

Y. Fan, S. Li, and W. Yang, "The impact of the percentage of female directors on corporate ESG score," Finance Research
Letters, vol. 63, p. 105376, 2024..

R. Kahsar, "Governance and sustainability in distributed energy systems," Energy Democracies for Sustainable Futures,
pp. 1722, 2023. https://doi.org/10.1016/B978-0-12-822796-1.00002-4

Y. Tan, "Corporate governance in the banking sector," Performance, Risk and Competition in the Chinese Banking Industry,
pp. 39—64, 2014. https://doi.org/10.1533/9781780634463.39

A. P.Salmahabi, N. Apriani, and Janiman, "The effect of carbon tax, capital expenditure and firm size on carbon emission
disclosure on the Indonesia stock exchange," Indonesian Journal of Advanced Research, vol. 3, no. 7, pp. 1005-1016, 2024
https://doi.org/10.55927/ijar.v3i7.10046

A. Rokhmawati, "The nexus among green investment, foreign ownership, export, greenhouse gas emissions, and
competitiveness," Energy Strategy Reviews, vol. 37, p. 100679, 2021.

Y. Wang, M. Liao, L. Xu, and A. Malik, "The impact of foreign direct investment on China's carbon emissions through
energy intensity and emissions trading system," Energy Economics, vol. 97, p. 105212, 2021.

A. Alkhawaja, F. Hu, S. Johl, and S. Nadarajah, "Board gender diversity, quotas, and ESG disclosure: Global evidence,"
International Review of Financial Analysis, vol. 90, p. 102823, 2023.

P. Velte, "Determinants and financial consequences of environmental performance and reporting: A literature review
of European archival research," Journal of Environmental Management, vol. 340, p. 117916, 2023.

K. Hummel and C. Schlick, "The relationship between sustainability performance and sustainability disclosure—
Reconciling voluntary disclosure theory and legitimacy theory," Journal of accounting and public policy, vol. 85, no. 5, pp.
455-476, 2016

G. M. Emma, R. B. Emiliano, and M. F. Jennifer, "High-quality assurance, ESG legitimacy threats and board
effectiveness," The British Accounting Review, p. 101385, 2024. https://doi.org/10.1016/J.BAR.2024.101385

Y. Darvishi, H. Karami, and F. Goodarzian, "Sustainable development in oxygenated fuels," Advancement in Oxygenated
Fuels for Sustainable Development, pp. 315-330, 2023. https://doi.org/10.1016/B978-0-323-90875-7.00013-7

O. Ortiz, F. Castells, and G. Sonnemann, "Sustainability in the construction industry: A review of recent developments
based on LCA," Construction and Building Materials, vol. 23, no. 1, pp. 28-39, 2009.

S. O. Oyedepo, "On energy for sustainable development in Nigeria," Renewable and Sustainable Energy Reviews, vol. 16,
no. 5, pp. 2583-2598, 2012.

M. Panait, E. Hysa, and L. Raimi, "Catching up with sustainable development in emerging markets through financial
innovation,"  Innovation and Sustainable Manufacturing: Research —and Development, pp. 125-149, 2023.
https://doi.org/10.1016/B978-0-12-819513-0.00003-2

S. Verma and D. Kandpal, "Green economy and sustainable development: a macroeconomic perspective," Environmental
Sustainability and Economy, pp. 325—384:3, 2021. https://doi.org/10.1016/B978-0-12-822188-4.00016-6

P. Gautam, D. Salunke, and S. Lokandwala, "Environmental policies and strategies for COVID-19," COVID-19 in the
Environment: Impact, Concerns, and Management of Coronavirus, pp. 297-308, 2022. https://doi.org/10.1016/B978-0-
323-90272-4.00011-7

N. Borduas and N. M. Donahue, "The natural atmosphere," Green Chemistry: An Inclusive Approach, pp. 131-150, 2018.
https://doi.org/10.1016/B978-0-12-809270-5.00006-6

S. Shahid and M. Agelin-Chaab, "Battery thermal management through simulation and experiment: Air cooling and
enhancement," Handbook of Thermal Management Systems: E-Mobility and Other Energy Applications, pp. 221-254, 2023.
https://doi.org/10.1016/B978-0-443-19017-9.00008-8

P. Tyagi, D. Singh, N. Malik, S. Kumar, and R. S. Malik, "Metal catalyst for CO2 capture and conversion into cyclic
carbonate: Progress and challenges," Materials Today, vol. 65, pp. 133-165, 2023.

M. E. Korkmaz, M. Gupta, N. S. Ross, and V. Sivalingam, "Implementation of green cooling/lubrication strategies in
metal cutting industries: A state of the art towards sustainable future and challenges," Sustainable Materials and
Technologies, vol. 36, p. 00641, 2023.

N. Javed, E. Saqib, A. Razaq, and U. Saeed, "Revamping urban immovable property tax system by using gis and mis: A
case study of reforming urban taxation systems using spatial tools and technology," Comprehensive Geographic
Information Systems, vol. 3, pp. 272—296, 2018. https://doi.org/10.1016/B978-0-12-409548-9.09691-3

A. E. Yeldan, "Economic instruments of greening," Handbook of Green Economics, pp. 153—162, 2019.
https://doi.org/10.1016/B978-0-12-816635-2.00009-2

S. Acar, E. Voyvoda, and A. E. Yeldan, "Policy analysis: Toward a green development pathway for the peripheral
world," Macroeconomics of Climate Change in a Dualistic Economy, pp. 117—140, 2018. https://doi.org/10.1016/B978-0-
12-813519-8.00005-4

Edelweiss Applied Science and Technology
ISSN: 2576-8484

Vol. 9, No. 7: 704-718, 2025

DOI: 10.55214/25768484.v917.8719

© 2025 by the authors; licensee Learning Gate


https://doi.org/10.1016/B978-0-12-822796-1.00002-4
https://doi.org/10.1533/9781780634463.39
https://doi.org/10.55927/ijar.v3i7.10046
https://doi.org/10.1016/J.BAR.2024.101385
https://doi.org/10.1016/B978-0-323-90875-7.00013-7
https://doi.org/10.1016/B978-0-12-819513-0.00003-2
https://doi.org/10.1016/B978-0-12-822188-4.00016-6
https://doi.org/10.1016/B978-0-323-90272-4.00011-7
https://doi.org/10.1016/B978-0-323-90272-4.00011-7
https://doi.org/10.1016/B978-0-12-809270-5.00006-6
https://doi.org/10.1016/B978-0-443-19017-9.00008-8
https://doi.org/10.1016/B978-0-12-409548-9.09691-3
https://doi.org/10.1016/B978-0-12-816635-2.00009-2
https://doi.org/10.1016/B978-0-12-813519-8.00005-4
https://doi.org/10.1016/B978-0-12-813519-8.00005-4

[s2]
[33]
[84]

[85]
[s86]
[37]
(58]

718

D. A. Maharani, A. A. Arofah, I. S. Fatimah, and T. Latifah, "Company size moderates the eftect of industry sensitivity
and profitability on carbon emission disclosure.," Jurnal Ilmiah Akuntansi Kesatuan, vol. 10, no. 8, pp. 541-550, 2022.

B. Adi Pratama, A. R. Muhammad, M. L. Putri, and F. Amrie, "Implementation of carbon tax in Indonesia: Potential
state revenue and reduction in carbon emissions," Jurnal Pajak Indonesia, vol. 6, no. 2, pp. 368—374, 2022.

S. Novita, S. Telaumbanua, A. Puspitasari, J. M. Bisnis, and P. N. Batam, "The influence of shopping lifestyle, fashion
involvement, and hedonic shopping motivation on impulse buying behavior," Jurnal Ilmiah Poli Bisnis, vol. 14, no. 1, p.
749, 2022. https://doi.org/10.30630/jipb.v14i1.749

Y. Altunbas, L. Gambacorta, A. Reghezza, and G. Velliscig, "Does gender diversity in the workplace mitigate climate
change?," Journal of Corporate Finance, vol. 77, p. 102308, 2022.

H. Rjiba and T. Thavaharan, "Female representation on boards and carbon emissions: International evidence," Finance
Research Letters, vol. 49, p. 103079, 2022.

K. Ardillah and Y. M. Rusli, "The effect of corporate governance structures, environmental performance, and media
coverages to carbon emissions disclosure," Ultimaccounting Jurnal Ilmu Akuntansi, vol. 14, no. 2, pp. 246-263, 2022.

R. Barroso, T. Duan, S. S. Guo, and O. Kowalewski, "Board gender diversity reform and corporate carbon emissions,"
Journal of Corporate Finance, vol. 87, p. 102616, 2024..

Edelweiss Applied Science and Technology
ISSN: 2576-8484

Vol. 9, No. 7: 704-718, 2025

DOI: 10.55214/25768484.v917.8719

© 2025 by the authors; licensee Learning Gate


https://doi.org/10.30630/jipb.v14i1.749

