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Abstract: Carbon accounting is an evolving approach to support decision-making for climate action
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1. Introduction

There is now an urgent imperative for organizations and cities to help address climate change
(IPCC, 2006; Isman et al., 2018; Salon et al., 2010). Accurate accounting of greenhouse gas emissions
(GHGs) endeavor to inform decision-making on climate actions, budgeting, reporting and disclosure
(Simpson, 2018; Greenhouse Gas Protocol, 2021b). Carbon accounting continues to be a growing
approach to support mitigating climate change that more and more companies, governments, and
organizations are pursuing to varying degrees (CDSB & SASB, 2019; CPA Canada, 2021; IFRS, 2017;
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Linton et al., 2021; Sun et al., 2020). The topic of carbon accounting is relatively new to the field of
accounting, having emerged in the last 10-20 years, though greenhouse gas measurement and
inventories have existed for longer (Greenhouse Gas Protocol, 2021a; Salon et al., 2010). With the
recent increase in demand for net-zero targets and pathways, accurate carbon accounting will be needed
to ensure a standardized, transparent, and auditable approach (Value Reporting Foundation, 2021). Due
to carbon accounting being an evolving topic, there is a growing need to increase clarity through
enhanced research in this area.

The term, carbon accounting, has not been widely defined. This claim is supported by
Stechemesser & Guenther (2012) who conclude that there is no comprehensive definition of carbon
accounting available. However, through their semantic analysis, Stechemesser & Guenther (2012)
define carbon accounting as follows: “carbon accounting comprises the recognition, the non-monetary
and monetary evaluation and the monitoring of greenhouse gas emissions on all levels of the value
chain and the recognition, evaluation and monitoring of the effects of these emissions on the carbon
cycle of ecosystems” (Stechemesser & Guenther, 2012). In other words, carbon accounting considers
inventories of GHGs, and the monitoring and decision-making related to mitigating and offsetting
emissions. It potentially also includes monitoring climate impacts and related adaptation actions. This
article is interested in organizational-level and city-level carbon accounting.

Two common methodologies used within carbon accounting include consumption-based emission
inventories and production-based emission inventories. Kramers et al. (2013) state that the choice of
whether to use consumption-based or production-based is one of the most fundamental decisions in
accounting for emissions within a city. Studies support a large disparity of results between each option,
with consumption-based resulting in a much higher emission value (Baltar de Souza Ledo et al., 2020).
Harris et al.’s (2020) summary of literature concludes that the ability to select production-based instead
of consumption based, allows stakeholders to underestimate their impact on consumption. A common
framing that incorporates both production and consumption-based emissions is scope 1, 2, and 3
emissions (Linton et al., 2022). Yet, typically these studies are only focused on the GHGs measurement
and not on the other aspects of carbon accounting from an accounting perspective.

As the area of the research is relatively new to accounting, this study follows a qualitative systematic
literature review (SLR) methodology approach (Popay et al., 2006). The SLR was chosen to identify
what current research exists in the area of city-level and organizational-level carbon accounting; followed
by, undergoing both an inductive and deductive analysis, with an overall goal of detecting the current
conversations and gaps in the literature for identification of the future research needed to enhance
understanding of carbon accounting. The study was driven by the following research questions: how
transparent, reliable, and comparable measurement systems are in the carbon accounting field? how
integrated are greenhouse gas inventories and monitoring, decision-making, reporting and disclosure
systems? and what is the role the accounting profession has in carbon accounting?

2. Methods

SLR’s proven ability to work well in practice will aid in achieving the objectives of this study,
such as where Siemieniako et al. (2021) conduct a SLR to summarize the current state of their field of
study through an extensive descriptive overview of the literature that exists in their area. The approach
has been further proven, as Davis et al. (2014) note that through a SLR all available information will
be located systematically and collated on an effect. Popay et al. (2006) explain that the use of evidence
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synthesis in a SLR will aid in providing answers to what the current state of knowledge is in a certain
area. A SLR enables the author to assess if an effect is constant over all studies and enables the
identification of future studies that are needed in the area (Snyder, 2019).

The SLR completed follows the Popay et al. (2006) approach of a narrative synthesis. This
approach pulls the evidence from the literature within the study to provide convincing conclusions and
recommendations. Popay et al. (2006) discuss the need for a narrative synthesis approach when, unlike
meta-analysis, there is a lack of understanding and no authoritative body of knowledge. Due to the
nature of how new the research field surrounding carbon accounting is, the narrative synthesis is
applied to this SLR on carbon accounting.

2.1. Information sources

Through a detailed title word search, a total of 27 relevant academic articles were obtained using
the Scopus and ProQuest databases. Scopus and ProQuest were selected as databases due to their vast
access to academic literature. Scopus is the main database in support of the Research Intelligence
portfolio and is noted to be the preferred database for academic researchers that provides “unparalleled
and continuous access to critical research output from around the world” (Elsevier, 2021). ProQuest is
a credible scholarly database that is relied on by 99% of the top 400 universities globally; the database
includes content that spans disciplines, time, and geography (ProQuest, 2021).

The keyword strings used in a title search for both databases are outlined in section 2.3, illustrating
the number of results, replications, and duplications within each database. Each search result was
reviewed through an assessment of title, abstract and where necessary a full review to assess relevancy.
Relevancy was determined based on the details provided in section 2.3 below.

2.2. Inclusion/exclusion criteria

The study focused on city-level and organizational-level carbon accounting, including budgeting
and targets. Information sources included journal articles exclusively, and therefore excluded book
chapters, thesis papers, reports, and industry documents from public and private organizations. There
were no constraints on geography or discipline of the study, as the study seeks to provide the research
that is available globally in English within the database search undertaken.

2.3. Keyword search and screening results

Several keywords and strings were selected that were identified as relevant to the research
question defined in the study. The following first 7 strings were all paired with string 8 using a title
search to identify relevant literature:

1. “climate AND budget*” OR “carbon AND budget*” OR “emission* AND budget*”

2. ‘“climate AND measure*” OR “carbon AND measure*” OR “emission* AND measure*” OR

“climate AND budget* AND measure*” OR “carbon AND budget* AND measure*” OR

“emission® AND budget* AND measure*”

3. ‘“account®* AND for AND carbon” OR “account®* AND for AND climate” OR “account®* AND

for AND emission*” OR “climate AND accounting” OR “carbon AND accounting” OR

“emission* AND accounting”
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“climate AND target*” OR “carbon AND target*” OR “emission* AND target*”

“climate AND baseline*” OR “carbon AND baseline*” OR “emission* AND baseline*”

“energy AND finance*” OR “energy AND accounting”

“green AND budget*” OR “green AND accounting”
+AND “city” OR “cities” OR “town*”” OR “municipalit*’ OR “region*” OR “communit*” OR
“organization®™”’” OR “business*” OR “Itd.” OR “npo*”” OR “non-profit*”” OR “ngo*” OR “Compan*”
To implement effective screening, all literature results were first assessed based on title and

O N Ok

abstract followed by a full review of the article to assess relevancy. Relevancy was determined based
on the professional judgement of the authors, defined as a clear relation to the research question
identified within the study.

Based on the title keyword search conducted on May 28, 2021, 422 results were obtained, 184
from Scopus and 238 from ProQuest. Through screening, there were 27 items of literature that were
assessed to meet the objective of the research question defined and 395 noted as irrelevant. Results
are shown in Figure 1. Excluded items within the title and abstract review included 20 duplicates

and/or repeated items.
PROQUEST
N=238

Titles &
Abstracts

Include
N=8

SCOPUS
N=184

Titles & Exclude
Abstracts N=153

Exclude
N=230

Include
N=31

Full
Articles

Include
N=25

Not Found
N=2

Total Included Articles, n=27

Figure 1. Search and screening results.

As shown in Figure 1, 39 articles were included after the title and abstract review, however,
during the detailed full review of relevant articles obtained, 10 additional items were excluded, five
did not meet the definition of being an article and five were determined to be out of scope as they did
not focus on city-level or organizational-level carbon accounting. Two articles were unable to be
obtained as they were only available in hard copy at a location not accessible to the authors.
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2.4. Literature coding

Through identification of the research that exists in the area using the approach outlined in
section 2.3 above, the 27 articles selected in the SLR were coded using NVivo. The coding process
followed both a deductive and inductive approach.

The deductive approach used a predefined list of descriptive codes, such as the journal
publication and year of publication, to aid in an understanding of a current overview of the research
being published.

A full inductive thematic approach was taken to identify the themes that were in the literature.
Popay et al. (2006) outlines the thematic analysis as a way to systematically identify the important
reoccurring themes through a review of literature without a clear predefined list to extract data, but
rather identify themes through pulling together similar concepts and findings across the literature.
Through the authors knowledge in the carbon accounting field, sub questions were developed to aid
in guiding the thematic analysis and were used to aid in identifying reoccurring themes.

*  Sub-question 1: Is there measurement certainty in the field of carbon accounting?

*  Sub-question 2: What level of governance and policy guidance exists in the field of

carbon accounting?

*  Sub-question 3: What is the role of accountants in the field of carbon accounting?

*  Sub-question 4: What are the research gaps in the field of carbon accounting?

The approach outlined enabled the coding process to explore and identify the major themes
across the SLR.

3. Literature analysis and results
The SLR included 27 published journal articles in the field of carbon accounting, including
budgeting and targets. The title word string search produced eight articles from the Journal of Cleaner

Production, three articles from Energy Policy and six from journals with the term accounting within
the journal name. See Figure 2.

10

0o

Contains Energy Poficy Journal of Cleaner

"Accounting” Production

Figure 2. Distribution of articles published in the field of carbon accounting among journals.
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Research in carbon accounting, is a new area that has only recently began to gain momentum.
This is illustrated through the year of publication of the 27 articles, all of which were within the last
13 years. See Figure 3. As indicated in Figure 3, more than 50% of the literature has been published
within the last 5 years.

1 1 1 1

2008 2009 2011 2012 2013 2014 2016 2017 2018 2019 2020

Figure 3. Year of articles published in the field of carbon accounting among journals.

Articles published consist of authors from 12 countries that span much of the globe including
seven from China, four from the United Kingdom and three from the United States of America. For
this analysis, only the location of the first author’s institution was used. Each article was coded
separately. See Table 1.

Table 1. Author’s Domicile.

Country

China

United Kingdom (UK)

United States of America (USA)
Australia

Brazil
Canada
Sweden
France
Germany
Japan
Italy
UAE

—_— = = = = NN NN W R H

Research conducted also spans across much of the globe as outlined in Table 2. The table also
illustrates that more than 50% of the articles were focused on research within one country.
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Table 2. Country of Research.

Country #
China 6
Australia |
Brazil |
Canada |
France 1
Germany 1
Malaysia 1
UK 1
USA 1
Multiple

General 4

3.1. Major themes

Throughout the review of the 27 articles, overarching themes were identified through inductive
coding, following a narrative synthesis approach outlined by Popay et al. (2006). Through
consideration of the sub-questions outlined and identifying reoccurring results within the SLR, several
themes have been identified and supported within this study.

The supported themes consist of the (1) increasing carbon emissions seen across the globe, (i1)
carbon accounting faces a critical amount of measurement uncertainty, (ii1) there is a lack of ability to
compare reporting results, (iv) there is a need for the implementation of policy and integrated
procedures surrounding carbon accounting and (v) there is immense opportunity for the accounting
profession to act to make a difference within the field of carbon accounting.

3.1.1. Increasing carbon emissions

During the SLR several instances conclude that carbon emissions are increasing across the globe.
Within the literature review of Liu et al. (2015), it outlines a study looking at aggregate CO2 emissions
published by Du et al. (2012), which confirms emissions have been on the rise in all provinces assessed
within China since 1995. Le Breton and Aggeri (2018) equate the results of their study to the constant
in increasing GHGs being experienced across the globe and Wang and Chen (2018) attribute the
increase in carbon emissions currently seen to the accelerating urbanization and highlights the strong
need for climate mitigation to be implemented. Fong et al. (2008) state that emissions across Malaysia
have been increasing without regard to the city size and conclude that without aggressive action, by
2050 there could be emissions seven times their current levels.

With the rise in carbon emissions illustrated, the literature also supports the need to act in unity.
Livermore (2019) highlights the importance of the need for allegiance in the fight against the climate
crisis noting “In a sense, all the countries in the world are in a car together, with each country and its
component organizations having a foot on the accelerator, speeding toward a cliff—a climate tipping
point. If we go over, we go over together, and we all lose” (Livermore, 2019).
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3.1.2.  Measurement uncertainty

Majority of the literature within the SLR highlights the vast uncertainty surrounding the
measurement within carbon accounting. Bowen and Wittneben (2011) notes the tension in accuracy
and consistency within carbon accounting, and Sperling and Ramaswami (2018) note the patterns of
inconsistency in the methodologies of carbon accounting for cities.

Under-counting emissions is of concern. Harris et al.’s (2020) study had to scope out emission
measurement from many items due to lack of data available for water, waste, and agriculture, which if
was included, would change their results. José Célio Silveira Andrade et al. (2018) study concludes
that if urban supply chains and final consumers were taken into account for the GHGs measured, the
GHGs inventories reported for Madrid may be twice of what was reported.

* Defining boundaries

Kennedy and Sgouridis (2011) state that it is essential to clarify boundaries to monitor and manage
urban carbon emissions and Kramers et al. (2013) note that there are different system boundaries that
exist for different cities increasing the complexity of carbon accounting. Chen et al. (2019) highlight that
many protocols being used in city carbon accounting include different requirements for out-of-boundary
emissions that impact in-boundary activities that skew results, concluding that within the same city a
change in protocols can lead to a different result.

Haslam et al. (2014) discuss the difficulty due to the great amount of judgment that is needed when
defining boundaries in determining whether or not the emissions should be included based on the
ownership, control or the overall responsibility which leads to a lack of reconciliation consistency. Chen
et al. (2019) use scope 1, 2 and 3 emissions as a way to help illustrate uncertainty within boundaries.

* Consumption-based versus production-based inventories

Two common methodologies used within carbon accounting include consumption-based emission
inventories (CB) and production-based emission inventories (PB). José Célio Silveira Andrade et al.
(2018) summarize the definition of PB as an allocation of GHGs to producers and CB as an allocation
of GHGs to consumers. Kramers et al. (2013) state that the choice of whether to use CB or PB as one
of the most fundamental decisions in accounting for emissions within a city.

Baltar de Souza Ledo et al. (2020) conclude that existing studies that assess CB versus PB found
that depending on the city’s economic profile, CB results in a much higher value. This is supported
through Harris et al.’s (2020) summary of literature that highlights a large disparity when comparing
CB versus PB, as CB allows stakeholders to underestimate the impact on consumption as there is
flexibility that increases risk of bias. Harris et al. (2020) went on to support the differences between CB
and PB through noting the study by Meng et al. (2017) that compares CB and PB in Beijing, Shanghai,
Tianjin and Chongqing, and Sudmant et al. (2018) who examine CB and PB in China, United Kingdom
and USA; both studies conclude that most cities result in a higher emissions when using CB rather than
PB. Based on one study, Beijing’s CO2 emissions were 1.47 times higher under CB (Xue et al., 2019)
and Harris et al.’s (2020) study concludes that CB emissions were twice as much as PB on average.

Chen et al. (2019) discuss the scope 1, 2 and 3 emissions under different methods and provide a
recommendation to avoid adding up scope 2 and 3 as there is a risk of double counting within the
boundary “since one city’s imports can be another city’s exports” (Chen et al., 2019, p. 5549). In
comparison, instances of under-counting emissions are occurring under PB. For example, as Harris et
al. (2020) noted an exclusion of PB emissions related to agriculture, waste and water within scope 1
and 2 due to a lack of data available.
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Chen et al. (2019) determine that even though CB is an option, it is not being used as often as the
alternatives as it is found to be quite complex and lacks data to enable application. With the known
lack of data, increased complexity and less favorable results of CB, Chen et al. (2019) conclude CB is
not as commonly used as the PB alternative. With the large differences between the use of PB versus
CB, where Harris et al.’s (2020) study concludes that CB emissions could be twice as much compared
to PB, it easy to conclude that if given the choice, many will prefer to use PB.

*  Gaps identified

Baltar de Souza Ledo et al. (2020) note that even though there are multiple studies published on
methods to improve the accuracy of carbon accounting, there still exists the risk of inventory
uncertainty. Baltar de Souza Ledo et al. (2020) highlight the two main reporting gaps for carbon
accounting are incompleteness and a lack of transparency.

Baltar de Souza Ledo et al. (2020) support the first gap relating to incompleteness as it was found
that in their study within Brazil, some GHGs inventories did not include emissions related to some
economic sectors; the second gap relating to transparency was supported noting a lack of backing for the
input data, emission factors or how it was measured, therefore making it impossible to verify or replicate.

Baltar de Souza Ledo et al. (2020) quote that a study by Parvez et al. (2019), which assess 24
mega cities’ GHGs disclosures, has results that were consistent with theirs, as the research also
concludes that inventories were incomplete by not including all emission sources in their measurement
and there is a lack of transparency.

3.1.3. Comparability shortcomings

Due to the measurement uncertainty supported within the above section, carbon accounting
inventories and disclosures are not comparable. Kramers et al. (2013) note multiple obstacles that make
comparability of carbon accounting related to a city’s target setting difficult, including the difference
in boundaries used, incomplete data availability, and lack of knowledge within administration.

Many alternative decisions around the approach exist for carbon accounting in addition to just
considering CB versus PB approaches, as 13 of the 27 articles within the SLR use, apply or recommend
an alternative or approach to accounting for carbon, such as FML Model illustrated by Fong et al.
(2008), the Social Accounting Matrix (SAM) price model illustrated by Xue et al. (2019), the input-
output approach illustrated by Liu et al. (2015), Wang et al. (2018) and Pulselli et al. (2019), the three
tier and Economic Input-Output Life Cycle Assessment (EIO-LCA) illustrated by Song et al. (2012)
and Mahmoudian et al. (2021) use data collected by CDP (formerly known as Carbon Disclosure
Project). Each alternative presents a different approach to measurement and thus may result in a
different outcome.

3.1.4. Need for policy and integrated decision-making, budgeting, reporting and disclosure procedures

Livermore (2019) quotes Peter Drucker who is known for often saying “What gets measured gets
managed”, which Livermore (2019) conclude to be highly relevant when considering the invisible
carbon emissions, as there is a need to ensure they are quantified and effectively managed.

Salon et al. (2010) note that many cities have climate action plans, however, most include a high
level of voluntary guidance versus mandatory implementation. Mandatory policies have been proven
to be effective in a number of instances outlined within the literature review by Salon et al. (2010).
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In their literature review, Bowen and Wittneben (2011) draw out conclusions based on the article
from Randjelovic et al. (2003), and note a need for governments to act though implementing carbon
reduction measures, a need for regulatory measures to be implemented to encourage investment and a
need to reduce consumption towards decreased climate impacts.

* Reporting need for policy and integration

Baltar de Souza Ledo et al. (2020) note that there is a clear lack of transparency in 20 GHGs
reports on inventory reviews surrounding assumptions, data, emission factors measurement and overall
limitations. Kennedy and Sgouridis (2011) conclude that due to the lack of clarity surrounding defining
terms of carbon accounting, there is a lack of usefulness to be able to quantify targets and clarification
of boundaries is needed for effective monitoring and management of carbon emissions.

Mahmoudian et al. (2021) note that there is limited research assessing the correlation of GHGs
performance and GHGs reporting. Baltar de Souza Leao et al. (2020) find that research on the quality
analysis of GHGs reporting from cities is rare. Burritt et al. (2011) literature review states that practice
undertaken at the corporate level on collecting, managing and the communication of carbon related
information is limited and little research has been done on sustainability management accounting
related to practical implementation. José Célio Silveira Andrade et al. (2018) note that evidence of a
city’s carbon footprint is scarce.

Le Breton and Aggeri (2018) discuss that France passed a law in 2012 requiring major listed
companies to disclose at least one indicator of carbon within their external reporting. This may allow
for increased risk of bias, as the company can select which to disclose, therefore only disclosing the
indicator that highlights their results in a favorable manner (Le Breton & Aggeri, 2018). Jia et al. (2018)
determine the need for government to act and support research to advance the understanding of
monitoring and verification of emissions.

3.1.5.  Accounting professionals’ ability to contribute

Accountants are recognizing the opportunity to be a contender in the field of carbon accounting
as Lovell and Mackenzie (2012) note the technical working group for the Climate Disclosure Standards
Board (Board) is largely made up of accountants, with the Board focused on the development of
international voluntary carbon reporting standards. Engels (2009) note that big four accounting firms,
Deloitte and PWC, are active in the development and shaping of the field surrounding carbon
accounting requirements and Cook (2009) note the IASB (International Accounting Standards Board)
is actively seeking to embed carbon accounting into current accounting practice.

Mahmoudian et al. (2021) highlight that accountants will take on a leading role related to GHGs
challenges and their financial expertise will aid in supporting strategic initiatives towards reducing GHGs.
Engels (2009) find through their qualitative study, specialized private consulting firms are the constant
leading source of expertise pursued by companies for obtaining advice towards carbon accounting.

José Célio Silveira Andrade et al. (2018) conclude that it is crucial toward effective environmental
management strategies that city-level carbon accounting standards are developed to aid in development
of effective environmental policies. Engels (2009) also conclude that a system to reporting COz is
needed, and to both understand and compare carbon accounting, a generic and comprehensive
framework is critical.

Bowen and Wittneben (2011) support that accounting tools are not fully developed for reporting
on carbon emissions, but there is an opportunity present as accountants have adequate experience and
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knowledge to embrace the uncertainty within climate accounting through tools available, such as
sensitivity analysis and hedging.

Chen et al. (2019) concludes that there is a need to prioritize future research towards
understanding and defining standards in carbon accounting to support practitioners and Engels (2009)
notes the need for more qualitative research to understand how companies learn to do carbon
accounting and the three tier model should be researched from an urban carbon accounting perspective.
Mahmoudian et al. (2021) acknowledge there has been little research focused on carbon disclosure
using the CDP database to assess the association between carbon disclosure and performance.

4. Conclusions and future research directions

Carbon emissions are continuing to rise across the globe. The need to act is now, as without action
we will continue to see a surge in carbon emissions worldwide (IPCC, 2006). This systematic literature
review of research conducted in numerous different countries illustrates that carbon accounting is a
key procedure for inventorying GHGs, and then embedding that information into decision-making,
budgeting, and reporting systems. As identified through this thematic summary of the literature
conversations, numerous gaps remain.

4.1. Identified gaps and future research direction

Building on the categories found through the inductive thematic results, suggestions for areas of
future research are detailed here.

4.1.1. Relevance of carbon accounting to addressing increasing carbon emissions

The importance of addressing climate change is well understood. The extent that city-level and
organizational-level carbon accounting is already playing a role in the measurement systems,
reporting and disclosure systems, and even decision-making systems is less understood. Which
accounting procedures are key to ensuring accurate, and transparent measurement, reporting and
disclosure? How can assurance be added to these systems? How can carbon accounting support green
bonds and other climate finance mechanisms? How is carbon disclosure relevant to financial
stakeholders? Do carbon accounting, reporting and disclosure systems actually improve decision-
making and climate mitigation progress?

4.1.2. Measurement uncertainty and comparability

GHGs inventories are often determined to be incomplete across the globe due to a lack of data
available, which is one of the many reasons outlined in the study of why carbon accounting has a high
amount of measurement uncertainty. Due to the uncertainty, there is an inability to compare results of
carbon accounting as there is no one specific way to account for carbon emissions, such as how to
determine the boundaries or the framework to apply. The result is a lack of comparability, transparency,
and reliability as there is an increased risk of bias to strategically select a carbon accounting approach
that is most economical, efficient or showcases the entity or region in a positive light. Further research
could determine accessible data and the most relevant indicators and science-based measurement
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techniques that are emerging from practice, and how these can best inform standardized city-level and
organizational-level reporting and disclosure. Also, what should the organizational boundaries be for
net-zero carbon accounting to avoid double-counting by numerous organizations? How should carbon
sequestering and sinks be calculated in these accounting systems?

4.1.3. Policy and regulation

Due to the current regulation and policy for external reporting of carbon emissions, there is an ability
for companies and organizations to only highlight their strengths versus their weaknesses. Thus, there is
an inability to be confident in the accuracy of carbon accounting measurement within reports, therefore,
limiting their ability to be useful or comparable. What government policy is most effective for
incentivizing standardized, transparent, and reliable reporting and disclosure for accounting for carbon?

4.1.4. Links between city-level and organizational-level GHGs measurement, budgeting, decision-
making, reporting and disclosure

Carbon accounting is much broader than measurement, though much of the current research is
still focused on this step. Even with accurate data on GHGs, how can that information best be integrated
into decision-making processes, including budgeting decisions, to ensure that the organization is
effectively integrating a climate lens into all relevant decisions? How does GHGs reporting link to
financial reporting? How can climate-related financial disclosure be reliable enough to be audited by
a third-party? Is it possible to link decisions to how much of the organization’s remaining carbon
budget will be used in this fiscal year? How can scenarios be used to project how climate actions will
reduce carbon emissions over time, and reach net-zero by 2050 or sooner?

Sustainable development has long understood the need to consider social, ecological and
economic considerations in an integrated way. How can carbon accounting incorporate social equity
or other social sustainability indicators within decision-making systems to ensure that climate action
does not result in furthering social concerns?

4.1.5. Climate impacts, adaptation and risk

Risk assessment and disclosure of climate risk is an important topic. It is directly tied to carbon
accounting, and yet the emphasis of the literature found under the title carbon accounting had a strong
emphasis on mitigation. How can organizations account for both risk/resilience and action/mitigation
in their carbon accounting, including measurement, decision-making, reporting and disclosure?

4.1.6. The role of the accounting profession

The big four accounting firms, and IASB are already actively seeking to embed carbon accounting
into current accounting practice. What training is needed for professional accountants on carbon
accounting? What guidance is needed for an organization to best embed carbon accounting in their
measurement, budgeting, decision-making, reporting and disclosure systems? Which approaches to
dissemination have been most effective? What are the barriers to adoption?
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4.2. Limitations and future research directions

The systematic literature review performed is based on the approach presented in Section 2. As
with any systematic literature review, there are limitations introduced through the design. Thus, the
gaps identified in the categories above may not illustrate a definitive depiction of literature available
globally. Specifically, potential limitations are a result of: the title word search; the use of two databases
including a language constraint; and, the search criteria used. These gaps we have identified highlight
understudied areas, but this does not mean they are unstudied by authors in other disciplines, writing
in other languages, or using other terminology. We encourage others to look deeper at keywords such
as disclosure and reporting, for example.

To illustrate, additional research not captured include existing literature on the following gaps:
relevance of carbon accounting addressing increasing carbon emissions (Griffin et al., 2017;
Matsumura et al., 2014); measurement uncertainty and comparability (Dragomir, 2012; Wegener et al.,
2019); policy and regulation (European Union, 2013; Greenhouse Gas Protocol, 2021a; Value
Reporting Foundation, 2021); links between city-level and organizational-level GHGs measurement,
budgeting, decision-making, reporting and disclosure and the role of the accounting profession (Knox,
2014; Lippert, 2015; Vesty et al., 2015).

In closing, these emerging research directions offer high level thoughts on emerging research
needs related to carbon accounting. Leading companies, governments, and organizations are thinking
about these topics and they proactively work to address climate change and provide the accounting
systems needed to support that. Researchers have the potential to help design these systems, evaluate
their effectiveness, and disseminate best practice. Climate change is global, and so must this effort to
update accounting systems to incorporate carbon accounting.
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