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	Abstract

This study aims to synthesize and critically evaluate the current state of carbon accounting research, focusing on its definition, disclosure practices, and assurance mechanisms. A systematic literature review analyses 125 articles published between 2000-2023 in ABDC A*, A, and B-ranked journals employing comprehensive keyword searches, inclusion criteria application, and manual screening for relevance.

This review makes three key contributions to carbon accounting literature. First, we identify the persistence of definitional fragmentation despite calls for interdisciplinary approaches, revealing urgent need for standardized frameworks. Second, we reconcile contradictory findings on disclosure determinants by documenting that while firm size, governance quality, and industry carbon-intensity consistently drive disclosure practices, ownership structures, financial characteristics, and board committees remain inconclusive due to methodological inconsistencies. Third, we reveal significant gaps in carbon assurance research, particularly regarding quality measurement and methodology assessment.

This study uniquely integrates definition, disclosure, and assurance research streams while systematically identifying measurement inconsistencies that explain contradictory prior findings. Future research should develop standardized disclosure quality frameworks, investigate moderating factors, expand geographical coverage, and explore carbon assurance quality standards.


1. Introduction

The growing global climate concerns have brought carbon accounting to the front line. Evolving from environmental accounting, carbon accounting addresses the growing demand for transparency and accountability in organisations' environmental performance. Initially defined within the field of science, carbon accounting has expanded to incorporate traditional accounting concepts, focusing on quantifying and valuing carbon emissions (Ascui & Lovell, 2011; Kolk et al., 2008). 

As the regulatory landscape evolves and stakeholder expectations heighten, organisations face growing pressure to disclose their carbon footprint and mitigate environmental impact. Consequently, carbon disclosure has become a significant concern for strategic decision-making, prompting extensive research into its determinants, adequacy, quality, and associated benefits (He et al., 2022; Huggins et al., 2011). Furthermore, the need for robust assurance mechanisms has emerged to enhance the credibility and reliability of carbon disclosures (Borghei, 2021; Simnett et al., 2009). 

This review paper aims to capture the advancement of carbon accounting research to date. While He et al. (2022) conducted a comprehensive review on carbon accounting, it only covered papers up to 2018, leaving a gap for recent advancements. Additionally, prior studies have explored various aspects of carbon accounting, including definition (Stechemesser & Guenther, 2012), disclosure  (Borghei, 2021), risk and financial effects (Wang, 2023), performance (Velte et al., 2020), assurance (Zhou, 2022), and regulatory development (Martinov‐Bennie, 2012). Considering this progress, this study covers various carbon accounting studies within the accounting literature, focusing on the current state of research on its definition, disclosure practices, and assurance mechanisms. Our methodology involved comprehensive keyword searches in major databases with inclusion criteria based on publication date and journal rankings, resulting in a final sample of 125 articles from A*, A, and B-ranked journals (ABDC 2022 journal list) published between 2000-2023.

The following sections are organised into five parts: methodology; carbon accounting, including its evolution and definition; carbon disclosure, focusing on its determinants, adequacy, quality, and benefits; Carbon Assurance; and the conclusion.

2. Methodology

Following He et al. (2022), the literature search was conducted in three main steps. First, a comprehensive keyword search was conducted in the ScienceDirect database, DiscoverEd (library resource), and Google Scholar, targeting published articles within the accounting discipline (see Figure 1). Second, the search was narrowed down from 2000 to 2023 and filtered based on the Australian Business Deans Council (ABDC) 2022 journal rankings, considering A*, A, and B ranked journals only. Third, studies within accounting discipline that were not solely focused on carbon accounting definition, disclosure, or assurance were manually excluded, omitting papers on sustainability, CSR, and ESG reporting.
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First Step:   Search Keywords   &   Scan Title and Abstract  

Second   Step:   Time Frame    &   Screening Criteria  

  Third   Step:   Manual Exclusion  

Key Words:     " C arbon  A ccounting , "   " G reenhouse  G as (GHG)  R eporting," "GHG  E mission  D isclosure," " C arbon  D isclosure," " C arbon  E mission  D isclosure," " C limate  C hange  R eporting," " C limate  C hange  D isclosure," " C arbon  A ssurance,"  "GHG  A ssurance," " G lobal  W arming  D isclosure,"  " E nvironmental  D isclosure," and  " E nvironmental  I mpact  D isclosure."  

Year:   2000 - 2023     Type:   Journal Article     Criteria:   ABDC ranked journals  with A*, A, & B ranking .  

Papers focusing on Sustainable  Reporting, CSR Reporting, and  ESG Reporting were  manually  excluded , as this review is  concentrated solely on Carbon  Accounting literature.  

  Final Papers:     125 Journal Article s  

Figure 1: Methodological Approach  
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Figure 2: Distribution of Jounral Rankings
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Figure 3: Trend of Publications






Figure 2 depicts the ranking distribution of the 125 included papers, with the A group having the highest representation (64 papers), followed by A* (32 papers) and B (29 papers).

Figure 3 reveals an increasing trend in carbon accounting publications since 2000, with a significant surge post-2013, likely attributable to the Paris Agreement 2015, for which discussion began a few years earlier, particularly in the Doha Amendments 2013.
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Figure 4: Group-wise Trend




Figure 4 illustrates publication trends across three themes: carbon accounting definition and evolution (predominant until 2006), carbon disclosure (emerging after 2006), and carbon assurance (growing interest from 2009). Recent studies have primarily focused on carbon disclosure, while carbon assurance studies are increasing at a slower pace. For more details, please refer to the appendix. 

Table A1 summarises the theoretical foundations, sample area, top journals, research methods, and question types employed in the reviewed studies. Group 1 indicates that 54 studies did not utilise explicit theories, predominantly exploring normative and descriptive research questions. Empirical studies identifying motivational factors behind carbon disclosures and carbon assurance mostly used theoretical foundations to develop explanatory research questions. Among them, legitimacy theory was the most commonly used (26 studies), suggesting that greenhouse gas (GHG) reporting primarily aims to gain legitimacy (Chu et al., 2012), followed by stakeholder, institutional, signalling, and agency theories. Group 2 and 5 reveal that quantitative empirical methods addressing explanatory research questions were predominant in studies on determinants of carbon disclosure. Conceptual studies on carbon accounting definition and evolution commonly employed normative research questions are the lowest. Studies on carbon disclosure benefits and assurance moderately utilised qualitative or quantitative empirical methods with descriptive research questions.

Additionally, Group 3 and 6 highlight the top journals and most cited articles, respectively used in this review paper. Group 4 showcases the sample countries, with cross-country or conceptual studies being the most common (35%), followed by the US, Australia, UK, Europe, and China. Given the world's highest carbon emitter, studies using China as a sample have increased since 2018. However, studies covering major emitters like India, Russia, and Brazil remain absent.
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Group 1:    Theory   Number of  times used  Group  4 :    Sample Area  Frequency  

Legitimacy Theory  26  US  25  

Stakeholder Theory  19  Australia  17  

Institutional Theory  11  UK  12  

Signalling Theory  9  China  10  

Agency Theory  6  Europe  8  

Resource Based Theory  4  Common or Cross - country  43  

Information Asymmetry Theory  3  Canada  2  

No Theory  54  New Zealand  2  

Other theories   9  Other (Japan, Malaysia, Korea,  Saudi Arabia, & South Africa)  6  

Group  2 :    Research Methods  Frequency  Group  5 :   Research Question  Frequency  

Conceptual  9  Normative  8  

Qualitative   Empirical  22  Descriptive  55  

Quantitative   Empirical  94  Explanatory  63  

Group  3 :    Top Ten Journals  Number of  Publications  Group  6 :   Top Ten Cit ations   in Google  Scholar  Number of  Citations  

Business Strategy and the  Environment   (A)  14  Clarkson et al. (2008)  3958  

Accounting & Finance   (A)  8  Al - Tuwaijri et al. (2004)  3111  

Accounting, Auditing &  Accountability   (A*)  7  Bolton and Kacperczyk (2021)  1569  

Journal of Business Ethics   (A)  7  Liao et al. (2015)  1483  

The  European Accounting Review   (A*)  5  Matsumura et al. (2014)  1334  

Sustainability Accounting,  Management and Policy Journal   (B)  5  Walls et al. (2012)  1143  

Accounting Forum   (B)  4  Aerts and Cormier (2009)  1015  

Accounting Research Journal   (B)  4  Kolk et al. (2008)  1002  

British  Accounting Review   (A*)  4  Ben - Amar et al. (2017)  934  

Accounting, Organizations and  Society   (A*)  3  Allegrini and Greco (2013)  931  

Australian Accounting Review   (B)  3    



3. Carbon Accounting

The concept of carbon accounting has evolved from the broader field of environmental accounting. Traditional accounting primarily focuses on communicating economic performance, while environmental accounting centres around environmental performance (Schaltegger & Burritt, 2000). As a specialised subset, carbon accounting involves identifying, evaluating, and interpreting information about a company's carbon emissions and related activities (Burritt et al., 2002; Stechemesser & Guenther, 2012).

Early developments include the establishment of the Toxic Release Inventory (TRI) in 1986 by the United States Congress, mandating manufacturers to report toxic releases annually (Patten, 2002). The US also issued the Energy Policy Act 1992 for voluntary greenhouse gas emission reporting (Section 1605(b)). However, global environmental concerns persisted due to the absence of uniform and comparable guidelines (Lee & Hutchison, 2005). The Kyoto Protocol, ratified in December 1997 and effected in 2005, marked a significant reform to address these environmental concerns. The United Nations advocated the protocol to limit GHG emissions from developed countries. The Clean Development Mechanism (CDM) introduced by Article 12 of the treaty enabled countries to earn tradable Certified Emission Reduction (CER) credits, attracting attention to carbon accounting. Freedman and Jaggi (2005) is among the early publications on carbon accounting, revealing that firms from Kyoto ratifying countries tend to disclose higher greenhouse gas emissions than others. In 2005, the European Union (EU) initiated the Emission Trading System (ETS) to manage greenhouse gas (GHG) emissions in compliance with the Kyoto Protocol. Furthermore, the Carbon Disclosure Project (CDP), initiated in 2000 for voluntary carbon disclosures, later emerged as the global leader in carbon data collection (Andrew & Cortese, 2013). These initiatives sparked carbon reporting and disclosures at the beginning of the 21st century (Stechemesser & Guenther, 2012).

Initially, Carbon accounting was defined within the field of science to measure GHG emissions from land use and deforestation (
 ADDIN EN.CITE 

(Cacho et al., 2003; Galik et al., 2009; Murray et al., 2004)
. Kolk et al. (2008) later expanded the definition to include traditional accounting concepts, stating carbon accounting involves quantifying carbon emissions that can be traded within a specific legal framework. Bebbington and Larrinaga-González (2008) highlighted the significance of carbon assets (allowable pollution rights) and liabilities (excess usages of pollution rights) valuation for reporting. However, the definition of carbon accounting remained vague due to a lack of coordination and reconciliation between various fields, such as social, financial, and physical.
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Figure 5: Carbon Accounting Definition Framework
 Source: Ascui and Lovell (2011)
Ascui and Lovell (2011) made a notable contribution to the literature suggesting a combined approach. Rather than compartmentalising into different fields, they put forward a framework (see Figure 5), allowing different parties to develop precise definitions by combining reference fields.

While Ascui and Lovell (2011) proposed an interdisciplinary framework, limited empirical research has tested or operationalized this integrated approach in practice. Most studies remain siloed within specific disciplines. Later, Stechemesser and Guenther (2012) conducted a systematic literature review to develop a uniform definition using accounting and non-accounting publications from 1994 to 2011 and proposed carbon accounting is associated with- 

‘Measuring, collation, assessment, and communication of GHG emissions emitted by a source or sequestered in a sink and the monetary valuation of GHG emissions (as assets and liabilities) to provide this information to internal or external audiences’ (Stechemesser & Guenther, 2012, p. 25).
On the accounting front, Bowen and Wittneben (2011) suggest that carbon units can only be included in financial statements at their monetary value when translated using the carbon price set by a regulatory body in the commodity market. Tang (2017) proposes a more tangible accounting-based definition in a working paper, which has been used as a referenced definition by some recent studies 
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(Hazaea et al., 2023; He et al., 2022; Tang, 2019)
. The author defines carbon accounting as a systematic method that utilises accounting practices to quantify and report carbon-related financial information to internal and external stakeholders for better decision-making. 

Recent studies have shifted focus towards carbon disclosures, determinants, effectiveness, benefits, and assurance, following the market mechanism established by the Kyoto Protocol, which was later replaced by the Paris Agreement in 2015, including all developing and developed countries. 

4. Carbon Disclosure

The global regulatory reforms are intensifying pressure on organisations to disclose more climate-related information to stakeholders such as investors, customers, suppliers, society, and regulators 
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(Borghei, 2021; Cadez et al., 2019; Eleftheriadis & Anagnostopoulou, 2015)
. Due to this mounting pressure, carbon disclosure has become an organisational strategic priority (Alsaifi et al., 2020a). However, the divergence in carbon disclosure approaches among companies persists due to the lack of mandatory standards. While some disclose carbon information to regulators, others opt for voluntary disclosures through annual reports or platforms like CDP (He et al., 2022; Huggins et al., 2011). Companies prefer voluntary carbon disclosure using CDP questionnaires due to its flexibility (Depoers et al., 2016). Nevertheless, this reporting divergence raises concerns about consistency, comparability, and reliability.

Carbon disclosure is extensively studied within carbon accounting literature, which can be broadly categorised into determining factors, disclosure sufficiency and appropriateness, and disclosure benefits.

4.1 Determining Factors

Prior studies have used several theories to identify motivational factors behind diverse carbon disclosure practices (see Table A1). Legitimacy theory is most commonly used, followed by stakeholder, institutional, signalling, and agency theories. Using these theories, researchers developed explanatory research questions examining how organisations avoid internal and external pressures through emission disclosures. Inspired by Luo et al. (2013), the following sections are divided into firm-specific internal and external factors influencing carbon disclosure practices.

4.1.1 Firm-specific Internal Factors

Among the financial characteristics, the majority of the literature 
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(Al-Qahtani & Elgharbawy, 2020; Alrazi et al., 2016; Choi et al., 2013; Chu et al., 2012; Döring et al., 2023; Freedman & Jaggi, 2005; Peters & Romi, 2014; Rankin et al., 2011; Rao et al., 2012; Román et al., 2021; Tingbani et al., 2020)
 consistently find larger firms measured by total assets disclose more carbon information due to their greater stakeholder visibility and public scrutiny. However, the relationship between leverage and carbon disclosures remains inconclusive. Studies report positive (Grauel & Gotthardt, 2016; Tang & Luo, 2016; Walls et al., 2012), negative (Ben-Amar et al., 2017; Chithambo & Tauringana, 2014; Matsumura et al., 2014; Tingbani et al., 2020), and insignificant (Peters & Romi, 2014; Rankin et al., 2011) associations. Román et al. (2021) find positive effects only for scope 1 emissions.

Regarding profitability, most studies 
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(Boulouta, 2013; Chithambo & Tauringana, 2014; Choi et al., 2013; Chu et al., 2012; Freedman & Jaggi, 2005; Román et al., 2021)
 find no significant relationship with carbon disclosures, while a few reports positive (Ott et al., 2017) or negative (Grauel & Gotthardt, 2016; Peters & Romi, 2014) links, suggesting complex dynamics influenced by industry, regulatory, or stakeholder factors. Among other financial variables, one study (Döring et al., 2023) documents a positive association between carbon disclosure and market valuation measured by Tobin’s q using cross-country samples. About financial slack, a ratio of cash and cash equivalents to total assets, mix results persist as both positive (Chithambo & Tauringana, 2014) and negative (Tingbani et al., 2020) association is documented using the same sample but different periods in the UK. Finally, with liquidity, no significant association has been detected 
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(Chithambo & Tauringana, 2014; Peters & Romi, 2014; Tingbani et al., 2020)
. 

Concerning corporate governance characteristics, board size and independence positively influence carbon disclosures 
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(Liao et al., 2015; Rankin et al., 2011; Tauringana & Chithambo, 2015)
. Female directors change the nature and balance of board compositions, enhancing decision-awareness (Gul et al., 2011). Consequently, gender-diverse boards show positive associations with carbon disclosure 
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(Al-Qahtani & Elgharbawy, 2020; Ben-Amar et al., 2017; Boulouta, 2013; Elsayih et al., 2018; Hollindale et al., 2019; Houqe & Khan, 2023; Lahyani, 2022; Liao et al., 2015; Román et al., 2021; Tingbani et al., 2020)
. Board/audit committee meeting frequency (Allegrini & Greco, 2013) and the presence of the Chief Sustainable Officer (Peters & Romi, 2014) also enhance disclosures. These findings align with the theoretical notion that diverse and independent boards promote transparency and accountability. 

However, the impact of specific board committees (environmental, risk management, CSR) remains ambiguous, highlighting the need for further research to clarify their roles and potential contingencies. While Liao et al. (2015) and Peters and Romi (2014) suggest that having an environmental committee influence positively firms GHG disclosures in the UK and the US, respectively, Tingbani et al. (2020) later document no such relationship in the UK. This discrepancy may be attributed to differences in sample composition, as Tingbani et al. (2020) excluded banks and financial institutions due to their distinct regulatory requirements and governance characteristics, while Liao et al. (2015) did not. Moreover, the impact of the risk management committee is nonsignificant (Krishnamurti & Velayutham, 2018). On the other hand, an independent CSR committee (Román et al., 2021) and the number of board standing committees (Ben-Amar et al., 2017) positively influence GHG disclosures. 

Additionally, directors' overseas experience has a positive (Fei, 2022), but financial and institutional background experience has a negative (Al-Qahtani & Elgharbawy, 2020) relationship with carbon disclosure. Furthermore, a company’s management decision to participate in CDP, ETS, or adoption of GRI increases the likelihood of their climate change disclosures 
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(Grosbois & Fennell, 2022; Luo et al., 2012; Ott et al., 2017; Rankin et al., 2011)
.

The influence of ownership structure remains unclear. Studies report both negative 
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(Ghazali, 2007; Tauringana & Chithambo, 2015; Tingbani et al., 2020)
 and positive (Elsayih et al., 2018) associations between management ownership and carbon disclosure. Ownership concentration shows similarly mixed evidence: negative (Tauringana & Chithambo, 2015) or insignificant 
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(Elsayih et al., 2018; Ghazali, 2007; Tingbani et al., 2020)
 relationships are documented. Institutional ownership positively impacts disclosure level (Grauel & Gotthardt, 2016; Rao et al., 2012) but may be valid only for domestic institutional ownership (Wegener et al., 2013). These conflicting results suggest that the impact of ownership structure on carbon disclosure may be context-specific, potentially moderated by factors such as corporate governance mechanisms, institutional environments, or political and cultural characteristics.

4.1.2 External factors

Studies have also examined various external factors influencing corporate carbon disclosure practices. 

Empirical evidence suggests government environmental legislation and regulations increase emissions disclosures in Australia 
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(Choi et al., 2013; Cowan & Deegan, 2011; Liu et al., 2017)
, the UK (Tauringana & Chithambo, 2015) and China (Yang & Farley, 2016). Firms based in common-law countries or those subject to stringent climate regulations tend to disclose more carbon information through platforms like CDP 
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(Alrazi et al., 2016; Choi & Luo, 2021; Grauel & Gotthardt, 2016; Luo et al., 2012; Mateo-Márquez et al., 2020)
. Companies operating in highly carbon-regulated markets disclose more due to their emissions targets, non-compliance penalties, or market reactions (Luo, 2019). While most studies suggest common-law origin and environmental frameworks drive voluntary disclosures, Döring et al. (2023) introduce a nuanced perspective, suggesting foreign institutional investors with civil-law origins influence GHG disclosures significantly rather than common-law origins.

Regarding industry sectors, empirical evidence remains heterogeneous. Most studies 
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(Al-Qahtani & Elgharbawy, 2020; Alrazi et al., 2016; Ben-Amar et al., 2017; Chithambo & Tauringana, 2014; Hrasky, 2011; Peters & Romi, 2014; Rankin et al., 2011; Tang & Luo, 2016; Tingbani et al., 2020)
 indicate that carbon-intensive sectors like energy, mining, electricity, and industrial disclose more information due to regulatory pressure and stakeholder expectations. However, Román et al. (2021) find no such relationship, while Wegener et al. (2013) suggest that low-carbon emitting firms disclose more, highlighting the need to reconcile these conflicting findings. Additionally, the disclosure quality of large and small firms should be considered because many firms employ symbolic rather than action-oriented practices to avoid stakeholder pressure (see section 4.2).

Economic and social pressures also play a significant role in shaping carbon disclosure practices. Firms in competitive and small economies are more likely to publish carbon information through CDP to tackle lower entry barriers challenges (Ott et al., 2017). Economic resource shortage in developing countries may reduce disclosure propensity compared to developed nations (Luo et al., 2013). Social pressures, emit through public scrutiny and comprehensive policies induce firms to use environmental disclosure as a legitimacy tool (Luo et al., 2012; Patten, 2002). Media attention has also been identified as a social influencing mechanism that positively impacts voluntary emission disclosure (Li et al., 2018).

Cho et al. (2006) introduced a political dimension, suggesting environment-sensitive US firms use political contributions to manage climate regulatory risks, finding a positive relationship between environmental disclosure level and political contributions, but a negative relationship with environmental performance. State-owned enterprises (SOEs) report less GHG emissions data than private Chinese companies because of the political interventions and less independent management (Chen et al., 2023; Chu et al., 2012). Furthermore, developing countries report less carbon information due to political and regulatory environment differences and economic resource shortages (Román et al., 2021). National culture also plays a meaningful role, with masculine societies and high power distance exhibiting lower disclosure tendencies, while uncertainty avoidance, individualism, and long-term orientation correlate positively with emission disclosures (Luo & Tang, 2016). 

While these studies provide valuable insights into carbon disclosure's internal and external determinants, inconsistencies and gaps remain. For example, the impact of economic factors, such as GDP growth, market capitalisation, and foreign direct investment, on carbon disclosure practices warrants further investigation. Additionally, the moderating effect of corporate governance mechanisms and institutional environmental needs should be explored.

4.2 Sufficiency and Appropriateness of the Disclosures

Despite the growing awareness and regulatory pressures, studies consistently indicate the inadequacy of carbon disclosures for effective stakeholder decision-making (Andrew & Cortese, 2010; Kolk et al., 2008).  Factors contributing to this inadequacy include reactive practices driven by media coverage rather than proactive actions (Aerts & Cormier, 2009), selective positive disclosure (Kim & Lyon, 2011), regulatory compliance focus instead of addressing stakeholder concerns (Lodhia & Martin, 2011), and managerial nonaccountability (Haque et al., 2016). However, firms from Kyoto Protocol ratifying countries provide more detailed carbon disclosures (Freedman & Jaggi, 2005), and the US companies also disclose more voluntarily, potentially due to positive cost-benefit analyses and higher market valuations of emission-disclosing firms (Matsumura et al., 2014).

Moreover, while voluntary GHG disclosures increased in some countries like the US, the UK and Australia (Luo & Tang, 2014), firms remain reluctant to improve quality despite government initiatives such as carbon tax, performer awards, and participation in CDP and ETS (Pitrakkos & Maroun, 2020). Self-developed indices are commonly used in previous disclosure quality measurement studies. Studies suggest that low-carbon emitters like financial and banking companies make symbolic disclosures due to less regulatory oversight (Hrasky, 2011). Although large firms made more voluntary environmental disclosures, their disclosures are often less action-oriented and raise greenwashing concerns (Kim & Lyon, 2011; Wedari et al., 2021). Unaudited emission amount, inadequate technical explanations, and methodological variety in countries such as the US (Stanny, 2018) and New Zealand (Khan et al., 2023) further impair the reliability, comparability, and decision-usefulness of carbon disclosures (Andrew & Cortese, 2011; Cotter et al., 2011).

In response to the prior literature (He et al., 2022; Khan et al., 2023) call, Houqe and Khan (2023) recently documented improved disclosure quality in New Zealand. The authors suggest that factors like participation in ETS, adoption of GRI, board size, and gender diversity positively influence the quality of carbon disclosure. Additionally, firms with ISO 14001-certified environmental management systems and making public disclosures to CDP provide more credible information (Rankin et al., 2011).

Overall, while progress has been made, gaps persist in the sufficiency and appropriateness of carbon disclosures, hindering effective decision-making by stakeholders. More contextual studies should explore motivational factors influencing credible carbon disclosures. 

4.3 Benefits of Carbon Disclosures

Numerous studies highlight capital market implications of carbon emissions and disclosures. Investors are increasingly aware of corporate carbon footprints (He et al., 2022), with stock markets reacting negatively to high-emitting firms in Europe (Clarkson et al., 2015), US 
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(Aswani et al., 2023; Griffin et al., 2017; Johnston et al., 2008; Matsumura et al., 2014)
, UK (Baboukardos, 2017), Australia (Chapple et al., 2013; Choi et al., 2021), Japan (Saka & Oshika, 2014), and globally (Choi & Luo, 2021). However, some suggest emissions affect firm value only when exceeding allowable limits (Clarkson et al., 2015) or document a positive emissions-returns relationship, representing a potential carbon premium (Bolton & Kacperczyk, 2021).

Conversely, comprehensive carbon disclosures are generally associated with positive market reactions or mitigating adverse emission effects on firm value 
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(Baboukardos, 2017; Choi et al., 2021; Griffin & Sun, 2013; Jiang et al., 2022; Saka & Oshika, 2014)
. Notably, markets punish inadequate disclosures more than high GHG emissions (Jiang et al., 2022). However, Alsaifi et al. (2020b) suggest positive stock market reactions to carbon disclosures during economic crisis (2007-2008) only, while some report adverse reactions during stable market conditions in the UK (Alsaifi et al., 2020b), Korea (Lee et al., 2015), and Saudi Arabia (Alsahlawi et al., 2021), or little to no impact on investor decision-making (Kolk et al., 2008; Tang & Demeritt, 2018). Beatty and Shimshack (2010) suggest adverse market reactions to disclosure apply only to poor climate performers.

Beyond market implications, carbon disclosures are linked to improved financial performance in the UK (Alsaifi et al., 2020a), China (Yan et al., 2020), and cross-country evidence suggest a positive long-term but negative short-term impact (Siddique et al., 2021). Financial reporting quality measured by discretionary accruals also improves (Tan et al., 2022). Furthermore, voluntary carbon disclosure is associated with reduced cost of capital (Albarrak et al., 2019; Lemma et al., 2019), although this relationship may be non-linear, with benefits diminishing beyond a certain point (Gerged et al., 2021; Long et al., 2023). While investors penalise high carbon emitting firms by increasing the cost of capital, comprehensive carbon disclosure reduces these penalties (Bui et al., 2020; Morrone et al., 2022). Other financial benefits include improved stock liquidity, decreased price volatility (Krishnamurti & Velayutham, 2018), and lower agency costs (Zhou et al., 2018).

Non-financial benefits include aiding analyst predictions and gaining organisational legitimacy (Cormier & Magnan, 2015), reduced information asymmetry (Adhikari & Zhou, 2021; Schiemann & Sakhel, 2019), enhance environmental performance 
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(Al-Tuwaijri et al., 2004; Clarkson et al., 2008; Siddique et al., 2021)
, and building reputation and transparency 
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(Alsahlawi et al., 2021; Alsaifi et al., 2020a; Wang, 2023)
. Notably, high-quality disclosures enable differentiation from poor performers, mitigating adverse selection (Luo & Tang, 2014) and reducing the expectation gap for greater legitimacy (Jiang et al., 2022).

Overall, comprehensive and transparent disclosures generally have a positive impact on firm value, financial performance, cost of capital, and stakeholder perceptions. However, the complexity of quality measurement and potential non-linear relationships highlight the need for continued research to inform effective practices and policies.

5. Carbon Assurance   
Independent carbon assurance is widely regarded as the best way to improve the reliability and transparency of climate information (Simnett et al., 2009). It demonstrates a company's commitment to stakeholders and enhances disclosure credibility (Simic et al., 2023). However, carbon audits differ from financial audits, requiring a multidisciplinary team with scientific and regulatory experts in emission recording and reporting (Tang, 2019). 

Studies observe an upward trend in carbon assurance adoption, led by the UK, the US, Japan, France, and Australia (Green & Zhou, 2013; Zhou et al., 2016). Consistent with the legitimacy theory, carbon-intensive industries, larger firms, and those with more emission risks and higher carbon information asymmetry tend to use assurance services more 
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(Datt et al., 2018; Datt et al., 2019; Fan et al., 2021; Green & Zhou, 2013; Simnett et al., 2009)
. Institutional pressures and government green initiatives can also drive the emergence of carbon auditing (Tang, 2019). Although, most of these firms opt for a limited level of assurance (Green & Zhou, 2013). 

Regarding the carbon assurance market, the current market is dominated by accounting and consultancy firms (Huggins et al., 2011; Simnett et al., 2009), with both excessively emphasising science-based expertise over financial audit expertise (Kim et al., 2016). Companies from stakeholder-oriented countries are likely to adopt carbon assurance services and prefer accounting firms 
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(Huggins et al., 2011; Simnett et al., 2009; Zhou et al., 2016)
. While accounting firms are increasingly used, specialist consultancy firms still dominate the market (Datt et al., 2022; Green & Zhou, 2013). Interestingly, carbon-intensive firms tend to use accounting firms, whereas companies with better carbon management initiatives prefer consultancy firms for carbon assurance (Datt et al., 2020). Given the subjectivity and complexity surrounding carbon disclosures, prior studies suggest forming multi-disciplinary assurance teams with accounting and specialised backgrounds to improve the credibility of emission disclosures (Boiral & Heras-Saizarbitoria, 2020; Huggins et al., 2011).

In terms of benefits, independent carbon assurers can identify errors, omissions, and misstatements of carbon disclosures, thus increasing the quality of carbon reporting (Luo et al., 2023). External users prioritise assurance for credible GHG information and reduce managers’ opportunistic behaviour (Bui et al., 2021). Thus, companies can use voluntary assurance to improve the transparency and reliability of their carbon information (Datt et al., 2020; Fan et al., 2021), defend management's strategic position and enhance the company’s reputation (Edgley et al., 2010). However, similar to financial audits, an expectation gap exists between preparers, shareholders, and assurers regarding carbon responsibilities (Green & Li, 2012; Green & Zhou, 2013). 

While earlier literature covers practice, determinants, and benefits, the current literature lacks information on carbon audit methodologies, such as carbon risk and internal control assessment. Furthermore, although there is extensive research on financial audit quality, research on carbon assurance quality is still to emerge.

6. Conclusion

This literature review synthesised carbon accounting research within the accounting discipline, focusing on definition, disclosure practices, and assurance mechanisms. While no universally accepted definition exists, carbon accounting could be defined as the process of measuring, processing, and reporting GHG information to limit emissions.

Early conceptual studies focused on carbon accounting's practice and definitions, but the literature progressively shifted towards empirical studies covering disclosure determinants and assurance. Findings indicate that larger firms, stronger governance mechanisms, and carbon-intensive companies tend to disclose more. However, the influence of ownership structure, financial characteristics, and effects of environment and risk management committees remains inconclusive. While a country's legal origin and regulatory framework positively influence emission disclosures, the effects of political, cultural, and economic factors are mixed, suggesting potential moderating factors.

This review advances carbon accounting research by systematically reconciling contradictory empirical findings and identifying measurement inconsistencies as their root cause. For policymakers, our findings highlight the urgent need for standardized disclosure frameworks to enhance cross-jurisdictional comparability. Firms should prioritize governance mechanisms—particularly board diversity and independence—as consistent drivers of disclosure quality, while recognizing that ownership structure effects remain context-dependent. Assurance providers must develop carbon-specific methodologies and quality standards to address identified credibility gaps. By integrating definition, disclosure, and assurance research streams, this review provides a consolidated foundation for advancing both scholarly inquiry and professional practice in carbon accounting.

Many top emitting countries remained untouched in empirical studies. Despite increased carbon disclosures, concerns persist regarding sufficiency, quality, and decision-usefulness. Previous studies employed divergent approaches to measure disclosure quality, using case studies, quality score indices, counting carbon information frequency, or coding carbon statements, potentially explain mixed effect of carbon disclosure on market outcomes. Gaps persist in carbon assurance methodologies and quality measurement studies, with only a few covering assurance impacts on disclosure practices.

Future research should consider top-emitting countries like Russia, India, and Brazil. Investigating the moderating effect of firm ownership structure, financial characteristics, board committees, and country-specific characteristics on carbon disclosures could provide valuable insights. Developing a widely accepted approach to measure disclosure quality and relevance, as well as addressing existing research inconsistencies, is essential. Furthermore, exploring carbon assurance benefits, quality, and their influence on disclosure practices is needed to address literature gaps. Finally, investigating carbon assurance methodologies and quality measurement frameworks could enhance carbon disclosure credibility and reliability. 

A major limitation of this literature review is its narrow focus within accounting discipline and consideration of only peer-reviewed journal articles from a specific ranking system (ABDC ranked journals from A* to B. While this approach ensures quality and rigour, it may inadvertently exclude contributions from other sources like non-ranked journals, conference proceedings, industry reports, or government publications. Future research acknowledging and addressing these limitations could be beneficial.
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