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This study examines the effect of low-carbon emissions on stock market participation in the
LQ45 index of the Indonesian Stock Exchange. The research sample consists of 90 firms listed
on the LQ45 index from 2023 to 2024. Low-carbon emissions are proxied by the inclusion of
stocks in the LQ45 Low Carbon Leaders (LQ45LCL) index, while stock market participation
is measured by trading volume. The hypothesis is tested using fixed-effect regression models
at the company and industry levels. The results indicate that low-carbon emissions positively
influence stock market participation, suggesting that firms with lower carbon footprints attract
more investor engagement. Moreover, this effect is more pronounced in firms operating in
industries with lower information asymmetry and non-environmentally sensitive sectors. This
study contributes to the literature by expanding empirical evidence on the relationship between
carbon emissions and stock market dynamics. Additionally, it provides novel insights into the
Indonesian market, offering implications for investors, regulators, and policymakers aiming to
promote sustainable investment practices.

1. INTRODUCTION

Climate change becomes an important issue in business
activities [1]. Climate change problems include global
warming, pollution, environmental damage, and carbon
emissions [2, 3]. Indonesia commits to mitigating the climate
change problems by involving in United Nations Framework
Convention on Climate Change (UNFCCC) [4]. In the context
of business, the Indonesian government provides the

regulations of PP no. 98 2021 and PERMEN LHK no. 21 2022.

The regulations arrange the economic value of the carbon
emission and the reduction of greenhouse emissions. Since
stakeholders including regulator give pressure on companies
to reduce carbon emissions, companies consider running low-
carbon businesses [5]. It happens because there is a demand
for a low-carbon business that needs to be run in the long term
without harming environmental and social aspects [6].
Low-carbon businesses can attract investors in the stock
market to participate in stock investments that support low-
carbon businesses. First, a low-carbon business can lead to
green business. Green business provides higher companies’
performance by creating a new market segment of green
products for green customers [7, 8], expenditure saving from
energy efficiency [7-9], and reduction of cost of conflict
between companies and regulators [8, 10]. In this case, higher
companies' performance contributes to stock value and
increases stock market participation. Second, a low-carbon
business can lead companies to have a sustainable business.
Sustainable business is important to ensure that companies are
still profitable in the future. In this case, sustainable business
can also predict future stock returns [11, 12]. Besides future
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stock returns, the sustainable business also helps companies to
provide more cash flow and earnings in the future [13]. Third,
low-carbon businesses can bring more potential for dividends.
Since low-carbon business helps companies get better
performance, including generating more earnings [14], there is
potential for bigger dividends for investors [15, 16]. Rahman
[17] reports that, based on a survey by Katadata Insight Center,
there are 66.1% of Indonesian investors tend to invest in
companies with green businesses. PricewaterhouseCoopers
[18] also reports that most investments with green businesses
attract more investors in the ASEAN stock market. Some
studies find that green business leads to positive reactions from
stock market reactions [12, 19-21]. Based on signaling theory,
the benefits of green business that come from low-carbon
business and the growth of investment in green business are
the signal of low-carbon companies' quality and leads low-
carbon emission to attract more stock market participant,
including investors, to participate in low carbon-based stock
investment.

This research aims to examine the effect of low-carbon
emissions on stock market participation on the stock index of
the Indonesian Stock Exchange LQ45. There are some
considerations why this research examines the companies that
are listed on the index of LQ45. First, stocks of LQ45 are the
most liquid stocks on the Indonesian Stocks Exchange. Liquid
stocks refer to stock that is traded frequently where investors
can easily sell or buy the stock with lower costs since the
tradeable stocks are available [22]. Stock liquidity leads to
stock market participation since the availability of tradeable
stock allows investors to participate more in stock investment
[23, 24]. Second, the Indonesian Stock Exchange, recently,
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publishes the index of LQ45 Low-Carbon Leader (hereafter
LQA45LCL). The index of LQ45LCL refers to the stock index
where the companies reduce weighted average carbon
intensity by 50% compared to the LQ45 (parent index) and
exclude coal production companies [25]. In this case, LQ45 is
the base of carbon emission evaluation used by the Indonesian
Stock Exchange.

This research contributes to extending previous studies that
relate to carbon emissions and the stock market. Some studies
examine the effect of carbon emissions on the market return
and investors' perceptions. Bolton and Kacperczyk [26] find
that carbon emission increase stock risk and leads to a higher
return. Shi et al. [27] and Alsaifi et al. [6] find that carbon
emission reduction is perceived as good news by investors. In
this case, this research examines whether low-carbon emission
increases stock market participation since there are findings
between stock market attributes and carbon emission [6, 26,
27]. This research also contributes to providing new evidence
in Indonesia. This research can be considered by the
Indonesian Stock Exchange or Financial Service Authority
since there will be a launch of the carbon market in Indonesia
in 2023. This research provides evidence of whether carbon
emissions can affect investors to participate in investments
that relate to carbon.

2. LITERATURE REVIEW
2.1 Signaling theory

Signaling theory suggests the condition where companies
publish particular information to give a signal about
companies’ quality and performance to external parties [28,
29]. The main objective of information signaling is to reduce
information asymmetry between companies and external
parties. As one of the external parties, investors need to know
the companies' quality to make an investment decision [30].
On the other hand, companies need to give a signal to investors
because companies have a quality that has to be informed to
investors [31].

Connelly et al. [31] explain the steps of information
signaling. First, there is a company that has specific qualities
as a signaler. Second, the signaler sends the signal. Third, there
are information users as signal receivers. Receivers will
observe and interpret the signal. Fourth, receivers will give
their reaction and send feedback to the signaler. In the context
of low-carbon emissions, companies give a signal to investors
that investors need to invest in the companies' stock since
companies have benefits of green business that lead to
sustainability. The concept of signaling theory in low-carbon
emission can be seen in Figure 1.

SIGNALING THEORY

SIGNALING THEORY IN THE CONTEXT OF LOW-

CARBON EMISSION

Signaler

Companies on the index of LQ45

Send the Signal

Companies includes on the index of LQ45LCL

Signal is Interpreted

Low-carbon businesses have higher stock value,

return, and dividend

Feedback

Higher participation in the stock investment

Figure 1. Signaling theory in the context of carbon emission

Based on Figure 1, the signalers are the companies that are
listed on the index of LQ45. Signalers give a signal that,
among all listed companies on the index of LQ45, signalers
have the quality to reduce carbon emission by entering the
index of LQ45LCL. As a signal, the index of LQ45LCL is
interpreted by stock market participants. Stock market
participants evaluate listed companies on the index of
LQ45LCL have better carbon reduction performance. The
Indonesian Stock Exchange assesses and evaluates the
effectiveness of companies listed on the index of LQ45LCL to
reduce carbon emissions compared to other companies on the
index of LQ45. Stock market participants will give feedback
by making an investment decision. The investment decision is
an indicator of stock market participation.

2.2 Carbon emission
Some studies find that climate change keeps contributing to

temperature increases and global warming [32-34]. One of the
causes of climate change is the existence of greenhouse
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emissions [35]. Greenhouse emission contributes to
generating carbon emissions [36].

Carbon emission refers to the release of carbon gas into the
atmosphere. Carbon gas comes from people's activities such
as the burning process of fuels, coals, etc. Carbon emission
also comes from business activities. Carbon emission happens
since the industrial revolution in the 1750s in developed
countries [37]. Lamb et al. [38] explain that the biggest
contributors to carbon emissions come from fossil fuel and
energy/electricity use where most emissions are carbon
dioxides (CO»). Financial Service Authority [39] also
confirms that the top contributor to carbon emissions in
Indonesia is the energy industry. Lamb et al. [38] report that,
globally, carbon emission keeps grow from 1990-2018 [40].
In 2022, based on data from Energy Institute, total CO,
emissions in the world is 34.37 billion tons which becomes the
biggest amount in history [40].

Indonesia is the top 6 largest CO, emission contributor in
2022 with 692 million tons [40]. In this case, Indonesia needs
to manage carbon emissions from companies by issuing



related regulations. The Indonesian government provides the
regulations of PP no. 98 2021 and PERMEN LHK no. 21 2022.
The regulations arrange the economic value of the carbon
emission and the reduction of greenhouse emissions. Financial
Service Authority also assesses companies’ performance to
reduce carbon emissions by issuing a stock index of LQ45LCL.
The index of LQ45LCL refers to the stock index where the
companies reduce weighted average carbon intensity by 50%
compared to the LQ45 (parent index) and exclude coal
production companies [25].

The main issue of carbon emissions is the effort to reduce
carbon emissions and minimize the risk of climate change.
There are 3 scopes of carbon emission. First, scope 1 refers to
the emissions that come directly from owned or controlled
sources. Second, scope 2 refers to the emission that comes
indirectly from the generation of purchased energy. Third,
scope 3 refers to the emissions that come indirectly from the
value chain of the company [41]. In the case of the index of
LQA45LCL, the carbon emission evaluation includes scopes of
1 and 2.

Bolton and Kacperczyk [26] examine whether carbon risk
is valued by investors in the US stock market. The result shows
that higher carbon risk leads to higher returns. Bolton and
Kacperczyk [26] explain that there is a possibility that
investors ignore the risk of climate change in the future and
still invest in stocks with higher carbon emissions.

Shi et al. [27] examine China’s carbon emission rights price,
energy prices, macroeconomic level, and weather conditions.
The result shows that carbon emission rights price is
determined by historical price and gives impact on crude oil.
Furthermore, there is no relationship between carbon emission
rights price and weather conditions.

Alsaifi et al. [6] examine the effect of carbon disclosure on
market responses on the London Stock Exchange. The result
finds that the market reacts negatively to carbon disclosure.
Furthermore, Alsaifi et al. [6] find that positive reaction to
carbon disclosure during the crisis period.

2.3 Hypothesis development

Carbon emission that comes from companies' business
activities becomes a consideration for investors to make an
investment decision. Carbon emission becomes an indicator
that business cares for the society and environment which
leads to business sustainability. In this case, companies’
performance to reduce carbon emission attract stock market
participants, including investors, to invest more in the
companies with low-carbon emission.

There are some arguments for why low-carbon emission
increases stock market participation. First, low-carbon
business is an indicator of green business. The green business
provides higher companies' performance by creating a new
market segment of green products for green customers [7, 8],
expenditure saving from energy efficiency [7-9], and
reduction of cost of conflict between companies and regulators
[8, 10]. Costs reduction and potential market segment can
improve companies' performance which leads to higher stock
value and increased stock market participation. Jha and
Samudra [42] find that asset value attracts investor
participation to invest in higher value assets to create investors’
wealth.

Second, low-carbon practices support long-term business
sustainability, which enhances future profitability, stock
returns [11, 12], and the generation of cash flows and earnings

[13]. Toannou and Serafeim [43] find that business
sustainability becomes stock analysts' recommendation for
investment since business sustainability creates long-term
returns. Stock analysts' recommendations will be a driver to
make higher stock market participation.

Third, low-carbon businesses tend to deliver stronger
performance and higher earnings [14], increasing the potential
for greater dividend payouts to investors [15, 16]. Higher
return on dividends leads investors to participate more in stock
investment.

Several studies report that green business initiatives
generate positive stock market reactions (e.g., [12, 19-21]). In
line with signaling theory, the benefits associated with low-
carbon practices serve as signals of firm quality, encouraging
greater investor participation in low-carbon investments. The
benefits of low-carbon emissions are the key to creating wealth
for investors. In this case, wealth creation becomes the main
role to increase stock market participation [44].

Ha: Low-carbon emission has a positive effect on stock market
participation.

3. RESEARCH METHOD
3.1 Sample and data

This research uses panel data comprising firms listed on the
LQ45 index during two semiannual periods: August 2023 —
January 2024 and February 2024 — July 2024. The LQ45 index,
published biannually by the Indonesia Stock Exchange (IDX),
consists of the 45 most liquid and actively traded stocks in the
market.

Sample selection follows the LQ45 composition as
determined for each respective period, thereby capturing the
dynamic nature of index rebalancing as conducted by IDX
every six months. This approach reflects a realistic structure
of liquidity-driven investment options and avoids survivorship
bias by not restricting the sample to firms consistently listed
throughout both periods.

Firms with low-carbon emissions are identified using a
dummy variable, taking the value of 1 if the firm is listed in
the LQ45 Low Carbon Leaders (LQ45LCL) index for the
corresponding semester, and 0 otherwise. The LQ45LCL
index, launched by IDX, includes companies that have
reduced their weighted average carbon intensity by at least
50% relative to the parent LQ45 index and excludes firms
engaged in coal-related businesses.

According to the official methodology provided by IDX
[25], selection into the LQ45LCL index is based on
standardized, self-reported emissions disclosures published in
company sustainability reports. While IDX applies a
consistent internal framework to screen eligible firms, no
third-party verification is currently mandated.

Table 1. Sample distribution

Period LQ45LCL Number of
Evaluation Date Companies
August 2023 — "
January 2024 25" July 2023 45
February 2024 — "
July 2024 25™ January 2024 45
Total Sample 9




After aligning LQ45 and LQ45LCL membership with the
availability of complete data, the final sample comprises 90
firm-period observations (45 firms per semester), with
relevant data drawn from the official IDX website, corporate
annual reports, and sustainability reports. The distribution of
the sample across the two observation periods is summarized
in Table 1.

3.2 Research variables

This research employs one main independent variable, one
dependent variable, and several control variables to examine
the relationship between carbon performance and stock market
participation.

The independent variable is low-carbon emission, measured
as a dummy variable equal to 1 if the firm is listed in the LQ45
Low Carbon Leaders (LQ45LCL) index, and O otherwise. As
explained previously, LQ45LCL firms represent companies
that have reduced their weighted average carbon intensity by
at least 50% relative to the LQ45 index benchmark and do not
include coal-producing entities. The classification is based on
self-disclosed emissions data assessed under a standardized
methodology developed by IDX.

The dependent variable is stock market participation,
proxied by the natural logarithm of trading volume (logVVOL)
on the day the LQ45LCL index is announced. Trading volume
is used over other possible metrics such as liquidity ratios or
turnover because it reflects investor reaction more directly and
sensitively, especially in response to ESG disclosures. This
approach aligns with prior studies that associate volume with
investor attention and confidence. As a robustness check, we
also use the natural logarithm of trading frequency (logFREQ)
as an alternative dependent variable to test whether the
observed impact extends to the number of transactions [45].

This research also uses control variables to control that
stock market participation is not only affected by low-carbon
emissions.  Control variables include financial and
governance-related indicators that may influence stock market
participation: leverage, institutional ownership, managerial
ownership, independent commissioner, and sustainability
committee.

Leverage is measured by debt-to-assets ratio [46],
controlling for firms’ financial risk. Leverage may discourage
investors due to risk [46] or attract risk-tolerant investors [47]
and aims to control financial risks by the firms. There are two
possibilities of leverage on stock market participation. First,
financial risk can be bad news for investors [46] which reduces
stock market participation. Second, financial risk can increase
stock market participation in the condition where investors are
risk-takers [47].

Institutional and managerial ownerships aim to control the
types of investors in the stock market. Institutional Ownership
is the proportion of shares owned by institutional investors.
The data are obtained from annual reports and IDX ownership
disclosures. Institutional investors may reduce liquidity
through large block holdings or enhance market confidence
depending on their profile [47]. Higher institutional ownership
indicates the existence of institutional investors that can make
a transaction with a big volume which leads to lower stock
liquidity [48]. In this case, institutional ownership has a
negative effect on stock market participation. Institutional
ownership is measured by stock held by institutions relative to
outstanding stock.

Managerial Ownership is the proportion of shares held by
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executive insiders, also sourced from annual reports and
corporate filings. High insider ownership may reduce market
participation due to information asymmetry [49]. In this case,
managerial ownership has a negative effect on stock market
participation.

Independent commissioners and sustainability committees
aim to control governance mechanisms that relate to carbon
emissions. Carbon emission includes social and environmental
responsibilities. In this case, independent commissioners
ensure companies perform business with low-carbon
emissions to fulfill external parties' interests including stock
market participants [50].

Independent Commissioners is measured by the proportion
of independent members on the board of commissioners, as a
governance mechanism expected to enhance transparency and
investor trust [50]. Independent commissioner has a positive
effect on stock market participation.

Sustainability committee is a dummy variable coded 1 if the
company has an ESG or sustainability committee, and 0
otherwise. The presence of such a committee may signal a
stronger internal commitment to sustainability [51], thereby
functioning as an additional signal in the context of signaling
theory. The sustainability committee has a responsibility to
ensure companies fulfill social and environmental
responsibilities including the reduction of carbon emissions
[52]. In this case, the sustainability committee is an indicator
of good news for investors [51].

3.3 Data analysis

To test the research hypothesis, this study employs a fixed-
effect panel regression model, which accounts for
unobservable heterogeneity across firms and industries. Fixed-
effect estimation is chosen over pooled OLS and random
effects based on the theoretical expectation that time-invariant
firm-specific characteristics (e.g., management style,
disclosure policy) may bias the estimation if uncontrolled.

Specifically, two forms of fixed effects are applied: First,
Firm fixed effects, to control for time-invariant firm-level
characteristics that may affect trading volume, such as
managerial preferences, firm reputation, or disclosure
credibility. Second, Industry fixed effects, to control for
sectoral factors that may influence trading behavior, such as
differences in regulatory exposure or typical emission
intensity levels.

Industries are classified based on the Indonesia Stock
Exchange (IDX) sectoral taxonomy, which categorizes firms
into sectors such as energy, finance, consumer goods,
infrastructure, and others. Although the dataset spans only two
reporting periods, fixed effects still help control for structural
differences across entities and sectors that remain constant
over time.

Given that the study captures cross-sectional variation at
two semiannual event points (July 2023 and January 2024), the
inclusion of firm and industry dummies is intended to absorb
these invariant effects, while emphasizing within-entity
variance in trading response to low-carbon signals.

The regression Eqg. (1) is specified as follows:

PARTit = 30 + 31 CARBONit + B2 LEVit
+ B3 INSit + 4 MANit
+ B5 INDPit + 6 SUSit
+ Z FirmFE + Z IndustryFE

+ €it

(1



Based on Eq. (1), PART is stock market participation,
proxied by log trading volume (logvVOL). CARBON is dummy
variable indicating low-carbon firm (LQ45LCL membership).
LEV is leverage. INS is institutional ownership. MAN is
managerial ownership. INDP is proportion of independent
commissioners. SUS is sustainability committee dummy.
2FirmFE is firm fixed effects. XIndustryFE is industry fixed
effects. ¢ is error term. it is data panel.

The hypothesis is supported if f: is positive and statistically
significant, indicating that inclusion in the low-carbon index is
associated with increased investor participation.

4. RESULT AND DISCUSSION
4.1 Descriptive statistics

Table 2 presents descriptive statistics for all variables used
in the analysis. Panel A reports the mean and standard
deviation of continuous variables, while Panel B shows the
frequency distribution of the binary variable indicating the
existence of a sustainability committee.

The descriptive results show that 52 out of 90 observations
(firm-periods) are classified as low-carbon. On average, these
firms have a slightly higher log trading volume (PART =
17.140) compared to non-low-carbon firms (PART = 16.810),
although the difference is not statistically significant.

Leverage (LEV) is significantly higher among low-carbon
firms, possibly reflecting greater use of financing for green
initiatives or large-scale investments in sustainability. Other
governance-related variables such as institutional ownership
(INS), managerial ownership (MAN), and the proportion of
independent commissioners (INDP) do not differ significantly
between the two groups.

In Panel B, a chi-square test reveals that a significantly
higher proportion of low-carbon firms have a dedicated
sustainability committee (20 out of 52) compared to non-low-
carbon firms (8 out of 38), with a p-value of 0.078. This
suggests that sustainability committees may serve as a
governance signal, consistent with signaling theory. Firms
with such committees are likely to institutionalize their ESG
agenda, increasing the credibility of their environmental
disclosures and improving investor perception.

Table 2. Descriptive statistics

Panel A. Continues Variable

Mean (Non-Low

Variable Mean (All) Mean (Low-Carbon) Carbon) Std. Dev. (All) P-value
PART 17.00 17.14 16.81 1.211 0.226
LEV 0.46 0.524 0.373 0.317 0.002*
INS 0.533 0.511 0.267 0.248 0.334
MAN 0.021 0.02 0.023 0.016 0.86
INDP 0.458 0.472 0.439 0.127 0.235
Total Sample 90 52 38
Panel B. Sustainability Committee (Dummy Variable)
Sustainability Committee All Firms Low-Carbon Non-Low Carbon Chi-Square P-
Emission Firms Emission Firms value
Yes 28 20 8 0.078***
No 62 32 30
Total Sample 90 52 38

Note: p <0.01 (*), p < 0.10 (***)

4.2 Preliminary test
Table 3 presents the results of preliminary diagnostic tests
to ensure that the data meet classical linear regression

assumptions.

Table 3. Preliminary test

Test Result
Kolmogorov-Smirnov Significance value > 0.05
Glejser Significance value > 0.05
Run Significance value > 0.05
VIF VIF < 10, tolerance > 0.1

Prior to regression analysis, a series of preliminary
diagnostic tests were conducted to assess whether the data
meet the classical linear regression assumptions.

Normality was tested using the Kolmogorov—Smirnov test,
which evaluates whether the residuals of the regression model
deviate significantly from a normal distribution. The results
indicate no violation of the normality assumption (p > 0.05).

Heteroscedasticity was examined using the Glejser test,
where the absolute residuals from the OLS model are
regressed on the explanatory variables. Significant
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coefficients would indicate heteroscedasticity. In this study, no
such significance was found, supporting the assumption of
homoscedastic residuals.

Autocorrelation was tested using the Runs test, which
assesses whether the sequence of positive and negative
residuals is random. The null hypothesis of randomness could
not be rejected (p > 0.05), indicating no autocorrelation.

Multicollinearity was checked by calculating the Variance
Inflation Factor (VIF) and tolerance values for each
independent variable. All VIF values were below the
commonly accepted threshold of 10, and tolerance values were
above 0.1, indicating the absence of multicollinearity.

These results suggest that the data meet the assumptions of
the classical linear regression model and are suitable for
further hypothesis testing.

4.3 Regression test

Table 4 presents the main regression results, where stock
market participation (proxied by log trading volume) is
regressed on carbon performance and a set of control variables
using fixed-effect estimation. The model includes firm and
industry fixed effects to account for time-invariant
heterogeneity across firms and sectors.



Table 4. Regression test

Variable Coefficient P-value
CARBON 0.442 0.093***
LEV -2.000 0.002*
INS -1.479 0.010**
MAN -1.494 0.468
INDP 3.463 0.001*
SUS -0.010 0.975
F-Statistic .
(Significance) 4.610 0.000
Adjusted R2 0.196

Note: p < 0.01 (¥), p < 0.05 (**), p < 0.10 (***)

The key finding is that the CARBON variable is positive
and marginally significant (B = 0.442, p = 0.093), suggesting
that firms listed in the LQ45 Low Carbon Leaders index tend
to experience higher trading volumes. While the statistical
significance is marginal, the economic significance is notable.
A coefficient of 0.442 in a log-linear model implies that, on
average, low-carbon firms have approximately 55.6% higher
trading volume than their counterparts (i.e., €°%4? — 1 =~ 0.556),
holding other factors constant.

This result offers preliminary support for the hypothesis that
low-carbon signals are positively received by investors,
consistent with signaling theory. The market appears to
interpret environmental leadership as a proxy for long-term
credibility and value.

Among the control variables, Leverage (B = —2.000, p =
0.002) and Institutional Ownership (B =-1.479, p = 0.010) are
negatively associated with trading volume, suggesting that
higher financial risk and concentrated ownership may deter
participation. On the other hand, Independent Commissioners
(B = 3.463, p = 0.001) have a positive and significant effect,
aligning with the view that strong governance enhances
investor confidence.

Managerial ownership and sustainability committee do not
appear to have a statistically significant effect in this model.
However, the latter may still play a role in interaction effects
or through industry sensitivity, as explored in later sections.

4.4 Robustness check: Trading frequency

To test the robustness of the main findings, we re-estimate
the regression model using an alternative measure of market
participation: the natural logarithm of trading frequency
(logFREQ), which captures the number of individual
transactions executed rather than the volume traded. The
alternative analysis can be seen in Table 5.

Table 5. Alternative regression

Variable Coefficient P-value
CARBON 0.008 0.961
LEV -1.014 0.011**
INS -0.439 0.202
MAN -1.018 0.420
INDP 1.621 0.013**
SUS 0.363 0.059***
F-Statistic -
(Significance) 3.268 0.006
Adjusted R2 0.133

Note: p <0.01 (*), p <0.05 (**), p <0.10 (***)

The results show that the CARBON variable is not
statistically significant in this model (p = 0.961), indicating
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that inclusion in the LQ45LCL index does not significantly
affect trading frequency. This contrasts with the earlier result
using trading volume, where a positive and economically
meaningful effect was observed.

This divergence may stem from differences in how
investors respond to ESG signals. Trading frequency tends to
reflect the number of trades, which may remain stable even
when investors adjust their transaction size. Institutional
investors, who are likely the dominant participants in the
LQ45 index, often trade in large blocks rather than increasing
the frequency of transactions. As such, carbon-related
information may influence volume but not frequency.

Additionally, because trading frequency is measured on the
LQ45LCL publication date, the concentration of events
around two specific days (25 July 2023 and 25 January 2024)
may have reduced variability in the data. This data clustering
may limit the sensitivity of frequency-based analysis in
detecting investor reaction.

Nevertheless, the signs and statistical patterns of the control
variables are largely consistent with prior expectations.
Leverage remains negatively associated with participation,
while independent commissioners and sustainability
committee show positive relationships with trading frequency
though the latter only at a 10% significance level.

4.5 Moderating effect of information asymmetry

To further explore the signaling mechanism, we test
whether the impact of low-carbon emissions on stock market
participation depends on the level of information asymmetry.
Information asymmetry is proxied by the bid-ask spread in Eq.
(2) [53], a widely used market-based indicator that reflects
uncertainty or disagreement about a firm’s value.

Bid — Ask Spread
Lowest ask price; — Highest bid price,

- 2
Lowest ask price; + Highest bid priced/
2

The main concern of signaling theory is information
asymmetry reduction [28-31]. If information asymmetry exists,
then information signaling cannot be done well and the stock
market will give negative responses to the published
information. OuYang et al. [52] suggest that information
asymmetry can reduce the stock market reaction. This research
argues the positive effect of low-carbon emissions on stock
market participation occurs more when there is lower
information asymmetry.

The interaction term between CARBON and SPREAD is
introduced into the regression model. A negative coefficient
on the interaction term would indicate that the effect of low-
carbon signals is stronger when information asymmetry is
lower (i.e., when spreads are narrower). The result can be seen
in Table 6.

Table 6. Moderated regression

Variable Coefficient P-value
CARBON 1.044 0.051***
SPREAD -48.602 0.331
CARBON x SPREAD -348.234 0.002*
F-Statistic 5.095 0.000*
(Significance)
Adjusted R2 0.269

Note: p < 0.01 (%), p < 0.05 (*¥), p < 0.10 (***)



The results show that the interaction between CARBON
and SPREAD is negative and highly significant (p = 0.002),
indicating that the positive effect of low-carbon status on
trading volume is amplified when bid-ask spreads are
narrower. In other words, the sustainability signal is more
effective under lower information asymmetry, when investors
are better positioned to interpret the information.

This finding strongly supports signaling theory, particularly
the often-underemphasized “‘signal reception” stage. While
firms can send high-quality signals (e.g., carbon reduction
disclosures), the signal’s effectiveness depends on the clarity
of the market environment. Narrow bid-ask spreads create a
setting where investors are more confident, analytical, and
responsive leading to stronger market reactions to ESG
information.

To better illustrate this interaction, Figure 2 presents the
marginal effect of low-carbon status on trading volume across
varying levels of bid-ask spread.

Marginal Effects of CARBON at Different Levels of SPREAD
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Figure 2. Marginal effect of low-carbon status on trading
volume at varying levels of bid-ask spread

A marginal effects plot is recommended to visualize the
moderating relationship, illustrating how the effect of
CARBON on trading volume declines as SPREAD increases.
This interaction reflects the conditional nature of ESG
signaling in emerging markets.

4.6 Industry sensitivity analysis

To examine whether the market response to low-carbon
signals differs across sectors, we conduct a sub-sample
analysis based on industry carbon sensitivity. Following the
Indonesia Green Taxonomy issued by the Financial Services
Authority (OJK), we classify firms into: Carbon-sensitive
industries, which include energy, basic materials, agriculture,
land-use, and industrials sectors with high emission intensity
and regulatory exposure. Non-carbon-sensitive industries,
such as technology, banking, retail, and consumer goods
sectors with lower direct environmental impact. An industry
that contributes to high levels of carbon emission is called a
carbon-sensitive industry.

Some studies find that industries that are sensitive to high
levels of carbon emission have different of strategy for carbon
emission reduction (e.g., [50, 54, 55]. In this case, this research
aims to examine the effect of low-carbon emissions on stock
market participation in different conditions of industry
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sensitivity. By following Financial Service Authority [39], this
research determines the industries that are sensitive to high
levels of carbon emission are energy, forestry, used land, and
industrial. This research splits the samples into groups of
samples in sensitive industry and non-sensitive industries. The
result can be seen in Table 7.

Table 7. Subsample analysis by industry sensitivity

CARBON
Subsample Coefficient P-value
Non-carbon-sensitive 0.602 0.020**
Carbon-sensitive 0.103 0.712

Note: p <0.05 (**)

The results indicate that the positive effect of low-carbon
emissions on trading volume is concentrated in non-carbon-
sensitive industries (p = 0.020), while the effect is not
significant in carbon-sensitive sectors (p = 0.712). This
suggests that industry context moderates how investors
interpret ESG signals.

One possible explanation is investor skepticism in carbon-
intensive sectors, where ESG disclosures may be perceived as
compliance-driven rather than voluntary, or vulnerable to
greenwashing. In contrast, firms in low-emission sectors may
face less regulatory pressure and thus their sustainability
efforts are seen as more authentic, enhancing signal credibility.

These findings underscore the conditional nature of ESG
signal effectiveness, aligning with signaling theory. Even a
strong signal like carbon reduction may be discounted in
contexts where investor trust is lower or information
asymmetry is higher. Hence, industry characteristics act as an
important filter in ESG signal reception.

4.7 Endogeneity test

In index of LQ45LCL, carbon performance is evaluated
based on carbon emission disclosure in sustainability report.
In this case, there is a possibility that carbon performance is
also affected by carbon emission disclosure. This research uses
two stage least square regression to anticipate the endogeneity
problem where carbon emission disclosure has an effect on
carbon performance. This research determines that stock
market participation as dependent variable, carbon
performance as independent variable, and carbon emission
disclosure as instrumental variable in the two stage least
square regression. The result of two stage least square
regression is provided as in Table 8.

Table 8. Two stage least square regression test

Variable Coefficient P-value
Constant 16.834
CARBON 0.690 0.033**
LEV -2.167 0.001*
INS -1.479 0.010**
MAN -1.655 0.425
INDP 3.490 0.001*
SUS -0.033 0.916
F-Statistic 4.610 0.000*
(Significance)
Adjusted R2 0.196

Note: p < 0.01 (*), p<0.05 (**)

Table 8 shows that low-carbon emission has a coefficient of
0.690 and a significance value of 0.033 (significant in 0.05). It



shows that low-carbon emission leads to higher stock market
participation. The result is consistent with the main result as in
Table 4.

4.8 Discussion

This research aims to the effect of low-carbon emissions on
stock market participation on the stock index of the Indonesian
Stock Exchange LQ45. This research contributes to extending
previous studies that relate to carbon emissions and the stock
market. This research also contributes to providing new
evidence in Indonesia. This research can be considered by the
Indonesian Stock Exchange or Financial Service Authority
since there will be a launch of the carbon market in Indonesia
in 2023.

Based on data analysis, low-carbon emission has a positive
effect on stock market participation. Companies with low-
carbon emissions attract more stock market participants to
participate in stock investment. This result is consistent with
Leite and Uysal [19], Nyakurukwa and Seetharam [21],
Serafeim and Yoon [12], Yin et al. [20], and Xiong [56] who
find that green business gives a positive reaction to the stock
market. This result is also consistent with Shi et al. [27] and
Alsaifi et al. [6] that find carbon emission reduction is good
news for investors. In this case, companies that are included in
LQ45LCL attract more stock market participation. The effect
of low-carbon emissions improves stock trading volume on the
Indonesian Stock Exchange.

In the context of signaling theory, companies with low-
carbon emissions give a signal of company quality. The
quality includes the ability of companies to have a green
business. Green business proposes higher performance by
providing a green market segment, energy cost efficiency, and
conflict cost reduction. Green business also provides
sustainability where the business contributes to future
performance. High performance and sustainability contribute
to giving higher stock value, return, and potential dividends to
investors. In this case, it will increase stock market
participation.

Further analysis, this research does not find the effect of
low-carbon emissions on stock trading frequency. The effect
of low-carbon emissions on stock market participation occurs
more in the low information asymmetry. It confirms the
signaling concept where the main objective of information is
to reduce information asymmetry. Interestingly, the effect of
low-carbon emissions on stock market participation occurs
more for companies in the industry that are not sensitive to a
high level of carbon emission.

The result only applies to companies that are listed on the
index of LQ45. It implies regulator gives carbon emission
evaluations not just for LQ45 companies but also for all listed
companies on the Indonesian Stock Exchange. It also implies
companies to improve strategies that can reduce carbon
emissions.

5. CONCLUSIONS

This study examines the effect of low-carbon emissions on
stock market participation within the LQ45 index of the
Indonesian Stock Exchange. The analysis reveals that low-
carbon emissions are positively associated with stock trading
volume, indicating that investors are more inclined to engage
with companies demonstrating environmental responsibility.
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This reflects a growing awareness of sustainability and green
investment in the Indonesian capital market.

While the effect is statistically marginal (p = 0.093), its
economic significance is considerable. On average, firms
included in the LQ45 Low Carbon Leaders index experience
approximately 55.6% higher trading volume compared to their
peers. This suggests that investors do respond to carbon-
related disclosures, but the strength of this response depends
on contextual factors such as market transparency and industry
sensitivity.

Further analysis demonstrates that the effect of low-carbon
emissions on stock market participation is more pronounced
when information asymmetry is low as proxied by narrower
bid-ask spreads. This reinforces the signal reception
perspective of signaling theory, emphasizing that the clarity
and credibility of ESG communication shape investor
responses. It highlights that the success of sustainability
signals depends not only on signal quality but also on the
transparency of the information environment in which the
signal is interpreted.

This research contributes to the growing literature on ESG
and financial markets in emerging economies. By
demonstrating that the credibility and impact of ESG
communication are contingent on the surrounding market
environment, the study highlights the importance of
transparency as a moderating factor in the effectiveness of
sustainability disclosures.

6. IMPLICATIONS

From a theoretical perspective, this study contributes to
signaling theory by demonstrating that low-carbon emissions
serve as credible signals that influence stock market
participation. In financial markets, firms use signals to reduce
information asymmetry between internal managers and
external investors. This study finds that firms with lower
carbon emissions effectively communicate their commitment
to sustainability, long-term risk management, and corporate
responsibility, which in turn enhances investor confidence and
market engagement.

Importantly, the study reveals that the effectiveness of these
sustainability signals is conditional, depending on the level of
information asymmetry and industry context. In industries
with higher transparency or where environmental concerns are
perceived as less critical, investors are more responsive to
carbon reduction efforts. These findings enrich the existing
literature by illustrating that ESG signals are not uniformly
interpreted by the market but are shaped by market clarity and
sectoral sensitivity a point that strengthens the role of the
signal reception stage within the signaling process.

From a practical standpoint, the findings offer valuable
implications for regulators, corporate managers, and investors.
For policymakers and stock exchanges, the study suggests that
the Indonesian Stock Exchange (IDX) could expand its
sustainability-focused indices beyond the LQ45 to support
green investment preferences. Enhancing carbon disclosure
frameworks and enforcing more robust sustainability reporting
standards would improve transparency and help investors
better assess firm quality based on ESG criteria.

For corporate managers, these results underscore the
strategic value of environmental disclosures and ESG
integration. Firms that transparently communicate low-carbon
initiatives and embed sustainability into their operations are



more likely to gain investor trust and competitive positioning
in capital markets. For investors, the findings highlight the
financial relevance of ESG metrics. By integrating carbon
performance and disclosure credibility into investment
decisions, investors can improve portfolio sustainability and
long-term value creation.

By connecting signaling theory with empirical insights from
the Indonesian equity market, this study reinforces the
importance of sustainability as a strategic communication tool
and a determinant of investor behavior in emerging markets.

7. LIMITATIONS AND FUTURE RESEARCH

This study has several limitations that open avenues for
future research. First, the analysis focuses exclusively on
companies listed in the LQ45 index, due to the availability of
low-carbon classification via the LQ45 Low Carbon Leaders
(LQ45LCL) index. While this provides a focused lens on
highly liquid and well-governed firms, it limits the
generalizability of the findings. Future research should
broaden the scope to include all listed companies on the
Indonesian Stock Exchange (IDX), particularly small- and
mid-cap firms, to assess whether the relationship between low-
carbon status and market participation holds across different
market segments. Incorporating a cross-sectoral perspective
may also reveal how carbon signaling effectiveness varies
across industries with different sustainability pressures and
regulatory intensities.

Second, the study does not account for investor
heterogeneity. Although we find that low-carbon firms are
associated with increased trading volume, we do not identify
whether this behavior is driven by institutional, retail, or
foreign investors. Understanding the investor profiles behind
this response would offer deeper insight into market dynamics.
Future research could employ investor-level data or integrate
qualitative methods such as surveys or interviews to explore
the role of investor awareness, attitudes, and ESG preferences
in driving trading decisions.

Additionally, several technical limitations warrant attention.

The statistical significance of the main finding is marginal (p
= 0.093), and the event-based research design is constrained
by the availability of only two index announcement dates.
Information asymmetry is proxied using only the bid-ask
spread; other measures such as analyst forecast dispersion,
earnings opacity, or order book depth may offer
complementary insights. Future studies may improve
robustness by incorporating alternative proxies and longer
observation periods. While this study addresses potential
endogeneity using 2SLS regression, it does not report the first-
stage diagnostics for instrument strength. Future research is
encouraged to include formal tests such as the first-stage F-
statistic to rigorously assess the validity and relevance of the
instrumental variable(s) used. Expanding the analytical scope
and integrating behavioral insights would enhance the external
validity of ESG signal research in emerging markets.

As this study is limited to two index announcement dates
and a single ESG index (LQ45LCL), future research is
encouraged to validate the robustness of these findings using
extended timeframes or alternative ESG benchmarks.
Expanding the analytical scope and integrating behavioral
insights would enhance the external validity of ESG signal
research in emerging markets. By combining firm-level
indicators with investor-side perspectives, future work can
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provide a more holistic understanding of sustainable investing
and its relevance for capital allocation, regulation, and firm
strategy.
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