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This research aims to examine the moderating role of financial sustainability in the effect of 

carbon emission reduction on firms’ value. In detail, this research examines the moderating 

role of solvency performance, firms’ growth, and business risk reduction between the effect of 

carbon emission reduction on firms’ value. The research sample includes 171 firm-years listed 

on the index of LQ45 in 2022-2024. Firms’ value is measured by Tobin’s Q. Carbon emission 

reduction is measured by a dummy variable. Financial sustainability includes solvency 

performance, firms’ growth, and business risk reduction. Data analysis uses firm-fixed and 

industry-fixed effects regression. Based on data analysis, carbon emission increases firms’ 

value when firms have better solvency performance, higher growth, and lower business risk. 

This research gives a literature contribution by capturing signaling theory comprehensively. It 

also provides new evidence of financial sustainability as a moderating role between carbon 

emission reduction and firms’ value and fills the previous gap of findings.  

Keywords: 

carbon emission, firms’ value, financial 

sustainability 

1. INTRODUCTION

Climate change has become one of the most pressing global 

challenges of the 21st century, manifesting in issues such as 

global warming, pollution, environmental degradation, and 

carbon emissions [1, 2]. These issues have spurred 

international efforts to mitigate the adverse effects of climate 

change, with global bodies such as the United Nations 

spearheading initiatives like the United Nations Framework 

Convention on Climate Change (UNFCCC) [3]. This 

convention plays a crucial role in guiding countries toward 

adopting policies aimed at reducing carbon emissions, with the 

ultimate goal of preventing further environmental damage. 

Indonesia, as a signatory to the UNFCCC, has been actively 

involved in these international efforts. The government has 

introduced a series of regulatory measures designed to align 

with global environmental goals, such as Presidential 

Regulation (PP) No. 98 of 2021 and Ministry of Environment 

and Forestry Regulation (PERMEN LHK) No. 21 of 2022. 

These regulations are part of a broader framework for reducing 

carbon emissions, specifically addressing the economic value 

of carbon emissions and promoting the reduction of 

greenhouse gases. The pressure from international bodies, 

coupled with the increasing scrutiny from local stakeholders, 

has pushed Indonesian businesses to engage in carbon 

emission reduction initiatives [4]. 

Carbon emission reduction gives benefits to firms’ value. 

Based on signaling theory, carbon emission reduction is a 

signal of business development such as green customer 

segment creation [5, 6], expense efficiency for energy usage 

[5-7], and conflict reduction between firms and regulators [6, 

8]. Carbon emission reduction also can compose business 

sustainability [4]. Some studies find that value creation by 

carbon emission reduction only happens in Western countries 

such as in the US [9-12] and Europe [13]. On the other hand, 

carbon emission reduction promotes investment risk in Asian 

countries [14], including India [15]. 

In Indonesia, the relationship between carbon emission 

reduction and firms’ values is also mixed. Kurnia et al. [16] 

found a positive relationship between carbon emission 

reduction and firms’ values while Mahmudah et al. [17] found 

the negative one. Furthermore, Ramadhan et al. [18] did not 

find a significant relationship between carbon emission 

reduction and firms’ values. 

Zheng and Jin [19] suggested that carbon emission 

reduction can create value for firms if carbon emission 

reduction constructs the development of business 

sustainability, including sustainable finance. In this case, 

inconsistent findings of carbon emission reduction and firms’ 

value [9-18] come from the absence of a financial 

sustainability factor to determine whether carbon emission 

reduction promotes financial sustainability to create value for 

the firms. Since carbon emission reduction relates to financial 

sustainability [4], it is important to explain carbon emission 

reduction contribution to value creation by improving 

financial sustainability. This research determines that financial 

sustainability is an important factor to explain the relationship 

between carbon emission reduction and firms’ value. 

This research follows Gleißner et al. [20] to determine 

financial sustainability factors including solvency 

performance, firms’ growth, and business risk reduction. 

Solvency performance suggests financial sustainability as the 
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aspect of firms’ ability to fulfil the future obligation to pay the 

liabilities so that in the future, firms have no financial 

problems [21]. In the context of firm’ growth, growing firms 

promote financial sustainability by creating expense efficiency 

and revenue growth persistently [22, 23]. Business risk is an 

indicator of financial sustainability since business risk 

captures uncertainty and losses in the future [24]. 

There are some urgencies for carbon emission reduction in 

Indonesia. First, there are regulations of PP no. 98 2021 and 

PERMEN LHK no. 21 2022 that regulate firms to reduce 

carbon emissions. Second, in 2016, Indonesia contributed to 

5% of total carbon emissions globally, or 1,841.14 MtCO2 

that put Indonesia in the top five most carbon emission 

producers after Russia. Third, Sustainable Development 

Goals (SDGs) No. 13 suggests climate change mitigation by 

reducing carbon emissions. Fourth, there are inconsistent 

findings of carbon emissions reduction and firms’ value 

between Western countries [9-13], and Asian countries 

[14, 15], including Indonesia [16-18]. 

This research aims to examine whether solvency 

performance, firms’ growth, and business risk reduction 

moderate the effect of carbon emission reduction on firms’ 

values in the index of LQ45, Indonesian Stock Exchange. 

First, the Indonesian Stock Exchange launched the index of 

Low Carbon Leader LQ45 in 2022 as a derivative index from 

the index of LQ45. Index of Low Carbon Leader LQ45 aims 

to accommodate green investors to invest in stocks where the 

firms have commitment in carbon emission reduction. Second, 

the index of LQ45 provides stocks that have the most liquid 

transactions. It leads to the update of shareholders’ wealth 

changes since stock transaction leads to the stock price change 

and shareholders’ wealth indicator to capture firms’ value 

[25]. 

This research has some contributions. First, this research 

gives a literature contribution by capturing signaling theory 

comprehensively. Financial sustainability is examined as an 

interpretation of signal of carbon emission reduction for firms’ 

value improvement. Second, this research provides new 

evidence of financial sustainability as a moderating role 

between carbon emission reduction and firms’ value. Third, 

this research fills the previous gap of findings in Western 

countries [9-13] and Asian ones [14-18]. 

2. LITERATURE REVIEW

2.1 Signaling theory 

Signaling theory is widely utilized in corporate finance and 

organizational studies to explain how firms communicate 

information about their quality, prospects, and intentions to 

external stakeholders, particularly investors. Initially 

developed in the context of labor markets [26], signaling 

theory has since been adapted to various fields, including 

corporate governance, sustainability, and environmental 

responsibility. 

In the context of environmental management, firms that 

engage in activities such as carbon emission reduction send 

positive signals to the market, reflecting their commitment to 

sustainability and responsible corporate practices. These 

signals are intended to differentiate the firm from competitors, 

thereby enhancing its reputation, attracting socially conscious 

investors, and potentially improving financial performance. 
This research captures the relationship among carbon 

emission reduction, financial sustainability, and firms’ value 

by using signaling theory. Lee et al. [27] explained signaling 

theory as a concept to shows the signaling process by the firms 

to give information of firms; quality to the external parties. 

Signaling process consists of signal creation by signaler, signal 

interpretation by external parties, and external parties’ 

responses [28-31]. In this case, firms give signal of financial 

sustainability to create values for the firms [27].  

According to signaling theory, firms convey important 

information about their quality through their actions, including 

carbon emission reduction efforts. These actions signal to 

investors and stakeholders that the firm is committed to long-

term sustainability and financial health [32]. This study 

expands on the current understanding by showing how 

financial sustainability acts as a moderating factor in this 

signaling process. 

The impact of such signals is influenced by external 

elements, including the company's financial health and the 

overall market environment. Matsumura et al. [9] observed 

that in Western markets, investors tend to reward companies 

for reducing carbon emissions, as it aligns with long-term 

environmental objectives and helps manage risks. Likewise, 

Clarkson et al. [13] suggest that cutting carbon emissions 

boosts a firm's value by decreasing the likelihood of regulatory 

disputes and minimizing the risk of environmental fines. 

2.2 Financial sustainability 

In general, financial sustainability captures firms’ 

performance in the fields of economics, society, environment, 

and governance [33]. In the context of this research, financial 

sustainability relates to how carbon emission reduction can 

give financial benefit to firms to ensure that firms can generate 

sustain and persistent good financial performance in the future 

[20]. 

In this research, financial sustainability includes solvency 

performance, firms’ growth, and business risk reduction [20]. 

Solvency performance shows that firms can fulfil future 

obligation to pay liabilities in the future and can mitigate the 

default risk. Roy and Bandopadhyay [33] find that better 

solvency can mitigate financial risk and increase firms’ value. 

Gleißner et al. [20] explains that firms that always grow 

persistently indicates that firms can ensure business 

sustainability in the future. Yadav et al. [34] suggest that 

growing firms can generate more profits. Business risk shows 

that there are uncertainties in the future, so firms that can 

reduce the business risk can mitigate uncertainties in the future 

and increase firms’ value. Roy and Bandopadhyay [33] find 

that risk reduction is followed by value creation. This research 

argues that carbon emission reduction that promotes solvency 

performance, firms’ growth, and business risk reduction can 

increase firms’ value. 

2.3 Carbon emission and firms’ values 

In the context of firms’ and stocks’ values, there are some 

studies of carbon emissions. Figure 1 shows the scheme of 

carbon emission studies based on the last 1,000 researches. 

Figure 1 shows bibliometric analysis with the keywords of 

“carbon emission”, “stock value”, and “firm value”. Studies of 

carbon emissions mostly relate to stock valuation on the stock 

market. Most topics that have been examined are carbon 

emission reduction, carbon exchange, carbon-based stock, 

sustainability, and corporate social responsibility. 
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Figure 1. Carbon emission studies 

Some studies of carbon emission and value creation lead to 

inconsistent findings, especially the gap between Western 

countries and Asian ones. Matsumura et al. [9] examine carbon 

emissions and firms’ value in the US. Matsumura et al. [9] 

found that for every carbon emission reduction of 1,000 metric 

tons, firms can maintain firms’ value as 212,000 USD. 

Clarkson et al. [13] examine European firms and find that 

carbon emission reduction leads to efficiency of conflict 

expenditure. Cooper et al. [11] find that carbon emission 

reduction in the US can increase firms’ value through the 

improvement of firms’ reputation. Griffin et al. [10] found that 

carbon emission disclosure in the US gets a positive response 

from investors. Ott and Schiemann [12] also found the positive 

relationship between carbon emission reduction and firms’ 

value. 

On the other hand, in Asian countries, carbon emission 

reduction is not followed by value improvement. Feng et al. 

[14] found that carbon emission reduction in Asia increases

investment risk. Manchiraju and Rajgopal [15] also find that

carbon emission reduction in India gets a negative response

from investors. In Indonesia, there are inconsistent findings,

for example, Kurnia et al. [16] found the positive relationship

between carbon emission reduction and firms’ value while

Mahmuda et al. [17] found the negative relationship,

moreover, Ramadhan et al. [18] find no significant

relationship between carbon emission reduction and firms’

value. Han et al. [35] explained that Asian investors still

consider carbon emission reduction only to give benefits to

other stakeholders that relate to social and environmental

aspects, while investors get no benefits from carbon emission

reduction. This research considers financial sustainability as a

signal that investors can get benefits from carbon emission

reduction.

2.4 Hypotheses development 

On one hand, carbon emission reduction can increase firms’ 

value. First, carbon emission reduction captures the mitigation 

of damage risk to the environment [36]. Environmental 

damage can disturb firms’ business in the future and lead to 

potential losses. The potential of losses can reduce the 

potential of dividends and gain in the future for investors. 

When investors experience potential losses, firms’ value will 

be reduced. In contrast, when firms mitigate the environmental 

damage by carbon emission reduction, investors can get more 

potential profits. 

Second, carbon emission reduction can reduce conflict 

expenses. The conflict can come from the regulator and 

society [37]. Carbon emission reduction can reduce penalties 

and punishment from regulators. Carbon emission reduction 

can also mitigate the protests from society and the community. 

Firms can avoid expenses from the conflict and generate more 

profits that can lead to more potential investors' gains. 

Third, carbon emission reduction can promote a good 

reputation for the firms [38]. Good reputation can increase 

stock price in the market. Higher stock price promotes more 

shareholders’ wealth for investors and increases firms’ value. 

Matsumura et al. [9], Clarkson et al. [13], Cooper et al. [11], 

Griffin et al. [10], and Ott and Schiemann [12] find that carbon 

emission reduction improves firms’ value. 

On the other hand, carbon emission reduction can also 

reduce firms’ value. First, firms pay more expenses for carbon 

emission reduction [39]. Higher expenses can generate lower 

profits. Second, investors assume that carbon emission 

reduction gives benefits more to other stakeholder (regulators 

and society) than investors [35]. Third, the main motivation 

for carbon emission reduction, especially in Indonesia, is only 

to avoid punishment and penalty for regulation violations [40]. 

Feng et al. [14], Manchiraju and Rajgopal [15], and Mahmuda 

et al. [17] find that carbon emission reduction has a negative 

effect on firms’ valuation. 

One of the benefits of the implementation of carbon 

emission reduction is financial sustainability. Matsumura et al. 

[9] explained that carbon emission reduction is responded

positively by investors because carbon emission reduction

promotes risk reduction. However, Matsumura et al. [9] do not

examine the risk reduction that leads to financial

sustainability. Conflict reduction and reputation only occur in

the current period and do not ensure the sustain and persistent

performance in the future. In this case, conflict reduction and
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reputation fail to capture benefits of carbon emission in the 

future. Han et al. [35] explain that carbon emission reduction 

can only give benefit when financial sustainability occurs, 

especially for value creation. 

This research argues that carbon emission reduction with 

financial sustainability can increase firms’ value. First 

indicator of financial sustainability in solvency performance. 

Solvency level shows the ability to pay liabilities in the future 

to mitigate default risk and ensure sustain and persistent 

financial performance in the future. Firms with green 

investment and reduce carbon emission can increase long-term 

profits and ensure future payment of liabilities [41]. 

Magnanelli and Izzo [42] and Oware et al. [43] find that 

environmental responsibility without better solvency 

performance gives no benefits to firms’ performance. Roy and 

Bandopadhyay [33] also find that better solvency performance 

reduces financial risk and creates firms’ value. 

H1: Solvency performance moderates the effect of carbon 

emission reduction on firms’ value. 

Second indicator of financial sustainability is firms’ growth. 

Gleißner et al. [20] explain that growing firms can bring better 

performance in the future. Carbon emission reduction that is 

based on growth can bring competitive advantages for the 

firms including a new market segment of green customers [5, 

6] and efficiency of energy [5-7]. Growing segment and

energy efficiency lead to higher profits [44, 45]. Yadav et al.

[34] find that firms’ growth increase firms’ value.

H2: Firms’ growth moderates the effect of carbon emission 

reduction on firms’ value. 

Third indicator of financial sustainability is business risk 

reduction. Business risk capture business uncertainty in the 

future that can disturb firms’ sustainability. If carbon emission 

is not managed sufficiently, firms can bear higher 

environmental risk in the future and interfere firms’ business 

[46]. This research argues that carbon emission reduction can 

increase firms’ value if firms can get benefit of business risk. 

Ding et al. [46] find that carbon emission reduction relates to 

risk mitigation. Roy and Bandopadhyay [33] also find that 

business risk reduction can improve firms’ value.  

H3: Business risk reduction moderates the effect of carbon 

emission reduction on firms’ value. 

2.5 Theory framework 

Figure 2. Theory framework 

Figure 2 captures the theory framework of this research. 

Based on signaling theory, signaler gives signal to external 

parties to be interpreted and responded to. Previous research 

examines the effect of carbon emission reduction as a signal 

of firms’ quality and responded by investors as firms’ value. 

Previous finding gap is that there is no interpretation of 

financial sustainability from signal of carbon emission 

reduction. In this case, previous findings give mixed and 

inconsistent evidence. In the context of this research, signalers 

are LQ45 firms that give signal of carbon emission reduction. 

Carbon emission reduction is interpreted as financial 

sustainability (solvency performance, firms’ growth, and 

business risk reduction). If carbon emission reduction is 

followed by financial sustainability, firms’ value will be 

increased. This argument is taken down to research hypotheses 

that argue solvency performance, firms’ growth, business risk 

reduction moderates the effect of carbon emission reduction 

on firms’ value. 

3. RESEARCH METHOD

3.1 Research sample 

This research uses purposive sampling method to choose 

research sample. Purposive sampling method allows this 

research to choose sample with certain criteria. First, this 

research chooses firms listed on the Indonesian Stock 

Exchange, especially those listed on the index of LQ45. The 

Indonesian Stock Exchange launched Low Carbon Leader 

LQ45 as a derivative index of LQ45. The index of Low Carbon 

Leader LQ45 facilitates green investors to invest in firms that 

are involved in implementation of carbon emission reduction. 

Index of LQ45 also accommodates stocks with active and 

liquid transactions that can reduce bias firms’ value 

determination [25]. Second, this research chooses firms listed 

on the index of LQ45 in the period of 2022-2024. The index 

Low Carbon Leader LQ45 is launched in 2022. Based on 

purposive sampling method, there are 171 firm-years as 

research sample. Sample selection can be seen in Table 1. 

Table 1. Research sample 

Criteria 

Period of Index LQ45 

Total Aug. 

2022 

Feb. 

2023 

Aug. 

2023 

Jan. 

2024 

Listed firms on 

the LQ45 
45 45 45 45 180 

Incomplete data - - - (9) (9)

Net sample 45 45 45 36 171

Table 1 shows there are 4 periods of index of LQ45 in 2022-

2024 which are August 2022, February 2023, August 2023, 

and January 2024. Each period consists of 45 firms where the 

total listed firms on the index of LQ45 are 180 firm-years. In 

the period of January 2024, there are 9 firms which have no 

interim financial report. Net samples are 171 firms-years. 

3.2 Research variables 

Full Dependent variable is firms’ value. Firms’ value is an 

indicator of shareholders’ wealth that can be seen by stock 

value. Firms’ value is measured by Tobin’s Q. Based on Yoon 

and Chung [47] Tobin’s Q is an indicator that determine 

investors’ perception of the firms in the future. In this research, 

investors’ perception on future firms’ performance captures 

the firms’ sustainability valuation by the investors. Tobin’s Q 

Signaling 
Theory

Signaler Signal Interpretation Response

Previous 
Findings

Firms
Carbon 

Emission 
Reduction

???

Firms' Value

• Positive

• Negative

• No effect

Research 
Context

LQ45 Firms
Carbon 

Emission 
Reduction

Financial 
Sustainability

• Solvency

• Growth

• Risk

Firms' Value

Hypothesis LQ45 Firms
Carbon 

Emission 
Reduction

Moderating 
Role of 

Solvency, 
Growth, and 

Risk 

Firms' Value
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is calculated as in equation 1 [47]. 

𝑇𝑜𝑏𝑖𝑛′𝑠 𝑄

=
𝑀𝑎𝑟𝑘𝑒𝑡 𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝐸𝑞𝑢𝑖𝑡𝑦 +  𝐵𝑜𝑜𝑘 𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦

𝐵𝑜𝑜𝑘 𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝐴𝑠𝑠𝑒𝑡𝑠
(1) 

Based on Eq. (1), market value of equity is calculated by 

stock price multiplied by number of outstanding stocks. Stock 

price refers to the price when the list of Low Carbon Leaders 

LQ45 is published with consideration of investors’ valuation 

of carbon emission reduction to the future firms’ performance 

happens when investors know the list of Low Carbon Leaders 

LQ45. 

Independent variable is carbon emission reduction. Carbon 

emission reduction is measured by a dummy variable where 

score 1 for firms that are listed on the Low Carbon Leaders 

LQ45 and score 0 if otherwise. Listed firms on the Low 

Carbon Leaders LQ45 show that firms already implement 

carbon emission reduction above average of all listed firms on 

the index of LQ45. 

Moderating variable is financial sustainability. Financial 

sustainability includes solvency performance, firms’ growth, 

and business risk reduction [20]. Solvency performance is 

measured by debt-to-equity ratio. Firms’ growth is measured 

by sales growth in the last 5 years. Business risk is measured 

by volatility of net income in the last 5 years. Measurements 

of solvency performance, firms’ growth, and business risk 

reduction can be seen in Eqs. (2)-(4) [20]. 

𝐷𝑒𝑏𝑡 𝑡𝑜 𝐸𝑞𝑢𝑖𝑡𝑦 𝑅𝑎𝑡𝑖𝑜 =
𝐵𝑜𝑜𝑘 𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦

𝐵𝑜𝑜𝑘 𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝐸𝑞𝑢𝑖𝑡𝑦
(2) 

𝐹𝑖𝑟𝑚𝑠′𝐺𝑟𝑜𝑤𝑡ℎ = (
𝑆𝑎𝑙𝑒𝑠𝑡

𝑆𝑎𝑙𝑒𝑠𝑡−5

)

1
5

− 1 (3) 

𝐵𝑢𝑠𝑖𝑛𝑒𝑠𝑠 𝑅𝑖𝑠𝑘

=
𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑁𝑒𝑡 𝐼𝑛𝑐𝑜𝑚𝑒𝑡 𝑡𝑜 𝑁𝑒𝑡 𝐼𝑛𝑐𝑜𝑚𝑒𝑡−5

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑓 𝑁𝑒𝑡 𝐼𝑛𝑐𝑜𝑚𝑒𝑡 𝑡𝑜 𝑁𝑒𝑡 𝐼𝑛𝑐𝑜𝑚𝑒𝑡−5

(4) 

Based on Eq. (2), lower debt-to-equity ratio leads to better 

solvency performance and better financial sustainability. 

Based on Eq. (3), higher firms’ growth leads to better financial 

sustainability. Based on Eq. (4), lower business risk leads to 

better financial sustainability. 

3.3 Data analysis 

Full Data analysis uses moderating regression analysis by 

considering firm-fixed effect and industry-fixed effect. Firm-

fixed effect aims to control that each firm has a different 

strategy to reduce carbon emission. Industry-fixed effect aims 

to control that each industry has different business 

characteristics that lead to different levels of carbon emission. 

Regression model is as shown in Eq. (5).  

𝑉𝑎𝑙𝑢𝑒 = 𝑎 + 𝑏1 𝐶𝐴𝑅𝐵𝑂𝑁
+ 𝑏2 𝐶𝐴𝑅𝐵𝑂𝑁 𝑥 𝑆𝑂𝐿𝑉𝐸𝑁𝐶𝑌
+ 𝑏3 𝐶𝐴𝑅𝐵𝑂𝑁 𝑥 𝐺𝑅𝑂𝑊𝑇𝐻
+ 𝑏4 𝐶𝐴𝑅𝐵𝑂𝑁 𝑥 𝑅𝐼𝑆𝐾
+ 𝑏5 𝑆𝑂𝐿𝑉𝐸𝑁𝐶𝑌 + 𝑏6 𝐺𝑅𝑂𝑊𝑇𝐻

+ 𝑏7 𝑅𝐼𝑆𝐾 + ∑ 𝐹𝑖𝑟𝑚

+ ∑ 𝐼𝑛𝑑𝑢𝑠𝑡𝑟𝑦 + 𝑒

(5) 

Value is firms’ value. CARBON is carbon emission 

reduction. SOLVENCY is solvency performance. GROWTH is 

firms’ growth. RISK is business risk. Firm is firm-fixed 

effect. Industry is industry-fixed effect. Hypothesis of H1 is 

accepted if coefficient of b2 is negative and significant. 

Hypothesis of H2 is accepted if coefficient of b3 is positive 

and significant. Hypothesis of H3 is accepted if coefficient of 

b4 is negative and significant. 

4. RESULTS

4.1 Descriptive statistics 

Table 2 shows that the lowest firms’ value (Value) is 0.43 

and the highest is 10.24. On average, firms’ value is 1.72 with 

a deviation of 1.49. There are 64% of all 117 firm-years that 

have carbon emission reduction (CARBON). The highest 

solvency performance (SOLVENCY) is 0.03 while the lowest 

performance is 14.52. On average, solvency performance is 

1.72 with a deviation of 2.49. The lowest firms’ growth 

(GROWTH) is -0.65 while the highest is 1.14. On average, 

firms’ growth is 0.15 with a deviation of 0.86. The lowest 

business risk (RISK) is -5.78 while the highest is 10.67. On 

average, business risk is 0.86 with a deviation of 1.19.  

Table 2. Descriptive statistics 

Statistics Value CARBON SOLVENCY GROWTH RISK 

Minimal 0.43 0.00 0.03 -0.65 -5.78

Maximal 10.24 1.00 14.52 1.14 10.67

Average 1.72 0.64 1.72 0.15 0.86

Standard Deviation 1.49 0.48 2.49 0.34 1.19

4.2 Classical assumption 

Table 3 shows that significance value of Jarque Bera is 

above 0.05 which indicates that there is no normality 

problem. Significance value of Glejser is above 0.05 

which indicates that there is no heteroscedasticity 

problem. Values of VIF are below 10 which indicates that 

there is no multicollinearity problem. Significance value 

of Serial Correlation LM is above 0.05 which indicates 

that there is no autocorrelation problem. 

Table 3. Classical assumption 

Test Result Notes 

Jarque Bera > 0.05 There is no normality problem 

Glejser > 0.05
There is no heteroscedasticity 

problem 

VIF < 10 
There is no multicollinearity 

problem 

Serial 

Correlation LM 
> 0.05

There is no autocorrelation 

problem 
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4.3 Regression analysis 

Table 4 shows the interaction of carbon emission reduction 

and solvency performance (CARBON x SOLVENCY) has a 

coefficient value of -0.883 with a t-statistic of -3.435 

(significant in 0.01). It indicates that H1 is accepted where 

solvency performance moderates the effect of carbon emission 

reduction on firms’ value. Interaction of carbon emission 

reduction and firms’ growth (CARBON x GROWTH) has a 

coefficient value of 0.831 with a t-statistic of 3.289 (significant 

in 0.01). It indicates that H2 is accepted where firms’ growth 

moderates the effect of carbon emission reduction on firms’ 

value. Interaction of carbon emission reduction and business 

risk (CARBON x RISK) has a coefficient value of -0.163 with 

a t-statistic of -1.888 (significant in 0.05). It indicates that H3 

is accepted where business risk reduction moderates the effect 

of carbon emission reduction on firms’ value. 

Table 4. Regression analysis 

Variable Coefficient 
T-

Statistics 
Significance 

CARBON 0.630 1.579 0.116 

CARBON x 

SOLVENCY 
-0.883 -3.435* 0.001 

CARBON x 

GROWTH 
0.831 3.289* 0.001 

CARBON x 

RISK 
-0.363 -1.888** 0.041 

SOLVENCY -0.659 -0.957 0.340 

GROWTH 0.411 0.800 0.425 

RISK -0.312 -2.068** 0.040 

Constant 1.217

Adjusted R-

Squared 
0.073 

F-Statistics 2.915* 
Notes: *Significant in 0.01, **Significant in 0.05. 

4.4 Discussion 

This research aims to examine the moderating role of 

financial sustainability in the effect of carbon emission 

reduction on firms’ value. Financial sustainability includes 

solvency performance, firms’ growth, and business risk 

reduction.  

First, this research shows that solvency performance 

moderates the effect of carbon emission reduction on firms’ 

value. Carbon emission reduction can improve firms’ value if 

carbon emission reduction promotes better solvency 

performance. Carbon emission reduction that promotes better 

firms’ ability to fulfil future obligation can reduce default risk 

and increase firms’ value. This result is consistent with Roy 

and Bandopadhyay [33] who find that solvency performance 

can reduce firms’ risk and create value. 

Second, this research finds that firms’ growth moderates the 

effect of carbon emission reduction on firms’ value. Carbon 

emission reduction can improve firms’ value if carbon 

emission reduction promotes better firms’ growth. Carbon 

emission reduction leads firms to grow and ensure business 

sustainability in the future. This result is consistent with Yadav 

et al. [34] who find that firms’ growth can improve firms’ 

value. 

Third, this research finds that business risk reduction 

moderates the effect of carbon emission reduction on firms’ 

value. Carbon emission reduction can improve firms’ value if 

carbon emission reduction promotes better business risk 

reduction. Carbon emission reduction allows firms to mitigate 

uncertainty in the future and improve value creation. This 

result is consistent with Roy and Bandopadhyay [33] who find 

that risk reduction leads to better firms’ value. This research 

confirms signaling theory where carbon emission reduction is 

interpreted as a signal of financial sustainability to improve 

firms’ value. 

Research findings contribute to the growing body of 

literature on the financial implications of carbon emission 

reduction by highlighting the moderating role of financial 

sustainability. Firms that demonstrate strong solvency and 

growth prospects while reducing carbon emissions tend to 

experience enhanced firm value, suggesting that investors 

should prioritize companies with robust sustainability 

frameworks. 

5. CONCLUSION

This research aimed to investigate the moderating role of 

financial sustainability—specifically solvency performance, 

firm growth, and business risk reduction—in the relationship 

between carbon emission reduction and firm value. By 

analyzing firms listed on the LQ45 index of the Indonesian 

Stock Exchange from 2022 to 2024, the study sheds light on 

the factors that influence the value creation potential of carbon 

emission reduction efforts. 

The results indicate that carbon emission reduction can 

positively affect firm value, but only when accompanied by 

strong financial sustainability. Firms that demonstrate high 

solvency performance, consistent growth, and effective 

management of business risk are better positioned to capitalize 

on the benefits of carbon emission reduction initiatives. These 

findings emphasize that carbon emission reduction is not an 

isolated effort but should be integrated into a broader 

framework of financial and operational sustainability to 

enhance firm value. 

Furthermore, this study provides new empirical evidence 

that supports the notion of carbon emission reduction as a 

signal of financial sustainability. Investors and stakeholders 

respond positively to firms that align their environmental 

strategies with long-term financial health, indicating that 

sustainability initiatives must be backed by sound financial 

practices to generate tangible benefits. By incorporating 

financial sustainability into the analysis, this research 

contributes to resolving the mixed findings reported in 

previous studies, particularly in the context of developing 

economies such as Indonesia. 

6. IMPLICATIONS

From a theoretical perspective, this study extends the 

application of signaling theory by demonstrating that carbon 

emission reduction can act as a signal of financial 

sustainability, which in turn enhances firm value. The findings 

suggest that investors and stakeholders interpret carbon 

emission reduction efforts not only as a means of fulfilling 

regulatory obligations but also as an indicator of a firm’s 

overall financial health and future profitability. This expanded 

understanding helps reconcile the divergent results found in 

previous studies, particularly those that focused exclusively on 

the environmental aspects of carbon reduction without 

considering the financial context. 
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In practical terms, the findings of this research carry 

significant implications for corporate managers, 

policymakers, and investors. For corporate managers, the 

results highlight the importance of embedding carbon 

emission reduction within a larger strategy of financial 

sustainability. Firms that successfully align their 

environmental goals with strong solvency, growth, and risk 

management practices are more likely to achieve enhanced 

firm value and attract investor support. This underscores the 

necessity of integrating environmental, social, and governance 

(ESG) considerations into corporate strategy, particularly as 

global market trends increasingly favor sustainable business 

models. 

Policymakers can also benefit from these insights by 

recognizing the critical role that financial sustainability plays 

in enabling firms to realize the full value of their carbon 

emission reduction efforts. Regulatory frameworks should, 

therefore, be designed to incentivize not only carbon reduction 

but also the adoption of broader financial sustainability 

practices. This would help ensure that firms are not only 

meeting environmental targets but are also building a solid 

foundation for long-term growth and resilience. 

For investors, the study suggests that firms demonstrating 

both environmental responsibility and financial sustainability 

should be prioritized in investment portfolios. This alignment 

signals a firm’s commitment to sustainable development and 

provides greater assurance of long-term returns. Green 

investors, in particular, can use this framework to identify 

firms that balance carbon reduction with financial soundness, 

maximizing both environmental impact and financial 

performance. 

7. LIMITATIONS AND FUTURE RESEARCH

Despite its contributions, this research has several 

limitations that should be acknowledged. First, the study 

focuses on firms listed on the LQ45 index of the Indonesian 

Stock Exchange, which may limit the generalizability of the 

findings to other contexts. The LQ45 index primarily consists 

of large, liquid firms that may have better access to resources 

for implementing carbon emission reduction and financial 

sustainability strategies. As such, the results may not be fully 

applicable to smaller firms or those operating in less developed 

markets. Future research should aim to include a broader range 

of firms, both in terms of size and sector, to validate and 

expand upon these findings. 

Second, this study examines a relatively short time frame, 

from 2022 to 2024. While the findings provide valuable 

insights into the short-term impact of carbon emission 

reduction on firm value, they may not capture the long-term 

effects of such initiatives. Future research could benefit from 

longitudinal studies that track the long-term financial 

performance of firms engaging in carbon emission reduction 

over extended periods. This would provide a more 

comprehensive understanding of the sustainability benefits 

and financial implications of carbon reduction efforts. 

Lastly, the study's reliance on Tobin's Q as a measure of 

firm value, while widely used, may not fully capture all 

dimensions of firm performance, particularly those related to 

non-financial metrics such as corporate reputation or 

stakeholder engagement. Future research could incorporate 

alternative measures of firm value, such as market 

capitalization or earnings per share, as well as qualitative 

assessments of firm reputation and stakeholder satisfaction to 

provide a more holistic view of the impacts of carbon emission 

reduction. 
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