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A framework for compiling a
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value accounts
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Blue carbon ecosystems are critical natural assets in mitigating climate change

and advancing sustainable development. However, the lack of standardized

accounting and reporting frameworks has impeded a comprehensive

assessment of their full economic and ecological value and has complicated

the clear assignment of management responsibilities. To bridge this gap, this

study proposes a systematic framework for compiling a balance sheet for blue

carbon resources. The framework operationalizes core accounting concepts,

including the reporting entity, assets, liabilities, and net assets. Then, it establishes

a dual-track reporting system that integrates physical volume and value. This

system initiates with baseline condition reports and physical statements of

ecological functions. Subsequently, it employs environmental economic

valuation techniques to translate heterogeneous physical data into monetary

equivalents, thus enabling their consolidation into a comprehensive statement of

total asset value. A detailed implementation roadmap is provided, tracing the

entire process from data acquisition through to the delivery of the final report.

The proposed framework supports systematic assessment, dynamic tracking,

and a clear asset-liability structure for the blue carbon asset base, which

establishes a scientific foundation for ecological performance auditing and

sustainable blue economy governance, and unlocks the potential for

assetization and strategic oversight of blue carbon resources. In the future,

some challenges need to be solved, such as the refinement of liability

accounting standards, the development of robust accounting methodologies

for mobile ecosystems, and the establishment of authoritative valuation

standards and unified databases through interdisciplinary collaboration.
KEYWORDS

accounting, balance sheet, blue carbon resources, monetary accounting,
physical accounting
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1 Introduction

Natural resources provide the material basis for human survival

and the spatial basis for socio-economic development. They are one

of the key factors determining the development and prosperity of

human civilization. How to examine the resource status and

utilization efficiency from an economic perspective is crucial to

promoting development. The Natural Resource Balance Sheet

(NRBS) applies economic principles to natural resource accounting.

Through statistical analysis of resource types, stocks, flows, and their

driving factors, it supports the transition to a regional green economy

(Jiao et al., 2018). The systematic compilation of NRBS is a global

goal, with nations and regions including Norway, Finland, the

European Union, the United States, and China having established

environmental accounting systems (Kong et al., 2016; Wang A. G.

et al., 2023). The United Nations’ System of Environmental-

Economic Accounting (SEEA) central framework provides the

most authoritative guidance in this field (Edens et al., 2022).

Existing NRBS research focuses on terrestrial and freshwater

resources, such as land, forests, water, grasslands, and minerals (Li

and Liu, 2019; Obst et al., 2020; Cui and Kong, 2021; King et al.,

2024), while research on marine natural resource balance sheets

remains relatively limited. As a crucial subset of marine resources,

blue carbon resources offer significant potential for climate change

mitigation. Healthy blue carbon ecosystems are vital for sustaining

fisheries and provide immense, often inestimable, comprehensive

ecosystem service value (Chen et al., 2025). However, the compilation

of blue carbon resource balance sheets in marine natural resource

balance sheets is extremely rare, and research on key aspects such as

asset definition, liability classification and accounting content is still

in the exploratory stage, which hinders effective ecosystem protection

and restoration (Wang et al., 2024). Therefore, specialized research to

scientifically compile a blue carbon resource balance sheet is essential.

Such a balance sheet, by clearly presenting resource stocks and flows

through the correspondence between assets and liabilities, would

enable the auditing of the blue carbon asset base, clarify property

rights responsibilities, and establish a robust asset accounting system.

This, in turn, facilitates the assessment of the comprehensive

economic-resource-environmental costs of blue carbon utilization,

ensuring the green and sustainable development of the

marine economy.

Researchers have conducted relevant studies on natural

resource accounting systems, accounting classifications and

measurement methods (Huang and Zhao, 2015; Hu and Shi,

2015; Yang and Yan, 2018; Han et al., 2025). Methodologically,

research has evolved from physical stock accounting toward

monetary valuation and has expanded from a focus on economic

value to include ecological value. Early studies predominantly

established physical stock accounts for resources (Gao et al.,

2023). With advancements in valuation techniques, scholars

began to integrate methods such as market pricing and

replacement cost to monetize the “triple value” (economic,

ecological, and social) of ecosystems (Guo et al., 2021). At the

application level, case studies focusing on specific resource types

and regions continue to emerge. In fields like forestry, grassland,
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land, and water resources, scholars have undertaken specific balance

sheet compilations by combining methods such as ecological

footprint and energy analysis (Zhang, 2020; Huang et al., 2020;

Wang, 2021; Xie et al., 2022). Currently, a core theoretical

controversy in NRBS frameworks concerns the definition of

liabilities. Some scholars advocate emulating corporate

accounting, defining liabilities as future economic obligations

arising from the need to remediate ecological damage or fulfill

environmental responsibilities (Huang and Zhao, 2015; Pan et al.,

2019). Conversely, other scholars contend that such future

governance costs are fraught with uncertainty and are difficult to

measure reliably (Liu et al., 2020). They propose instead that

liabilities should be linked directly to resource depletion, framing

excessive consumption as a “debt” to natural capital (Song and Han,

2025). These theoretical debates result directly in ambiguity and

inconsistency in the definition, categorization, and measurement of

natural resource liabilities in accounting practice.

The recognition, measurement, and reporting of blue carbon

assets are fundamental to constructing a blue carbon resource

balance sheet. Asset recognition begins with defining the scope of

blue carbon resources, a concept that originated in the 2009 United

Nations Environment Programme (UNEP) report “Blue Carbon:

The Role of Healthy Oceans in Binding Carbon”, which formally

identified the carbon sequestration capacity of marine ecosystems

(United Nations Environment Programme, 2009). Initially, the

scientific consensus defined blue carbon as encompassing three

coastal ecosystems: mangroves, seagrass beds, and salt marshes

(Macreadie et al., 2021; Wang F. et al., 2023; Lee and Lee, 2025). As

research has advanced, this scope has expanded. Scholars, notably

Lovelock and Duarte (2025), advocate for the inclusion of

additional coastal and marine ecosystems, encompassing two

broad categories: those with significant carbon sequestration

potential, such as seaweed beds and supratidal forests, and those

with substantial carbon storage capacity, such as marine sediments

and coral reefs. This evolving and refined understanding of the blue

carbon scope directly determines the asset boundaries within the

balance sheet, demands greater comprehensiveness and accuracy in

accounting, and provides the scientific foundation for the continued

improvement and application of the reporting system.

Research on the marine NRBS is progressively advancing. Gao

et al. (2023) proposed a framework incorporating both physical and

value accounts, suggesting the measurement of physical quantities

at the start and end of a period with monetary valuation based on

market prices. From the perspective of natural resource property

rights reform, Li et al. (2019) examined the classification of marine

resource assets and liabilities. Kong et al. (2023) developed physical

measurement indicators for marine natural resource liabilities,

focusing on the dimensions of overconsumption, environmental

pollution, and ecological degradation. Concurrently, with

increasing focus on blue carbon resources, scholars have begun to

address the compilation of a dedicated blue carbon balance sheet.

For instance, Liu et al. (2024) designed an accounting system for

coastal blue carbon ecosystems based on the SEEA. Yu and Li

(2020) explored a mangrove resource asset-liability accounting

system using Guangxi’s mangroves as a case study. Furthermore,
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Song et al. (2025) conducted a prospective study on the recognition,

measurement, and reporting framework for blue carbon resource

assets, clarifying the accounting entity, asset classification, and a

system of value accounting indicators.

In summary, while existing research provides a valuable theoretical

foundation for blue carbon resource accounting, significant gaps persist

in constructing a comprehensive blue carbon resource balance sheet

framework. As shown in Figure 1, the transition from theory to

practical application is hindered by three primary limitations. The

persistent lack of a unified conceptual framework, particularly

concerning the definitions of key concepts such as “assets” and

“liabilities” and the identification of reporting entities, continues to

result in ambiguous accounting boundaries. Moreover, a clear

disconnect remains between accounting practices and reporting

systems. Existing studies seldom integrate assets, liabilities, and net

assets into a coherent structure, and standardized templates capable of

simultaneously presenting both physical and monetary values are still

underdeveloped. Furthermore, most research remains theoretical in

nature, focusing on indicator construction without establishing a

systematic operational pathway that guides practitioners from data

collection through physical andmonetary accounting to final reporting.

This absence of a clear workflow hinders practical implementation.

Addressing these gaps is essential to develop standardized and

applicable blue carbon accounting systems.
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To address these gaps, this study proposes a systematic framework

for compiling and reporting the blue carbon resource balance sheet.

The research is structured in three parts: Firstly, it clarifies the core

concepts of assets, liabilities, and the reporting entity to establish a solid

conceptual foundation. Secondly, it develops a dual-track accounting

and reporting system that integrates physical quantities with monetary

values, enabling a complete mapping from the resource baseline to its

comprehensive economic-ecological value. Finally, it delineates a

standardized compilation pathway from data preparation to report

generation. This framework aims to provide an operational guide for

the precise accounting and responsible management of blue carbon

resources, thereby facilitating their transformation from a natural stock

into standardized, institutionalized ecological capital.

2 Definition of prerequisite concepts
for the blue carbon resource balance
sheet

2.1 Reporting entity

The reporting entity for the blue carbon resource balance sheet

is defined as the institution responsible for compiling the balance

sheet and ensuring the accuracy and completeness of its
FIGURE 1

Challenges in blue carbon balance sheet compilation.
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information. Since blue carbon ecosystems often function as public

goods, their management typically spans multiple administrative

levels and government departments. Consequently, the reporting

entity usually constitutes a multi-tiered, collaborative system, which

can be broadly categorized into macro and micro levels from a

functional hierarchy perspective. The macro-level reporting entity

typically comprises national or federal governments and highly

autonomous regional governments. This entity oversees the

inventory, valuation, and liability assessment of blue carbon

resources within its jurisdiction. It is responsible for compiling a

comprehensive balance sheet to inform national strategic planning,

ecological performance evaluations, and policy audits. The micro-

level reporting entity primarily includes local governments and

their associated natural resource or marine management

departments. This entity undertakes the routine monitoring, data

collection, and accounting for jurisdictional blue carbon resources.

It compiles local balance sheets, thereby providing reliable data for

higher-level aggregation and analysis (Song et al., 2025). Depending

on the national context, non-governmental research institutions

and international organizations may also serve as significant

collaborators, contributing to methodology development and

data verification.
2.2 Blue carbon resource assets

The academic community has yet to reach a consensus on the

definition of blue carbon “assets”, resulting in vague concepts and

unclear accounting boundaries (Li and Kou, 2024; Liu et al., 2024).

The definition of this core concept can be derived from basic

accounting principles. The blue carbon assets are defined as the

components of blue carbon ecosystems that are owned or controlled

by a specific management entity, typically a government or

authorized agency, and are expected to deliver economic,

ecological, and social benefits through their ecosystem services.

For recognition, blue carbon assets must satisfy several core criteria:

(1) a clearly defined resource type and ownership; (2) the capacity

for the management entity to exercise effective control through

legal, administrative, or technical means; (3) demonstrable scarcity

within a specific spatiotemporal context; (4) the ability to directly or

indirectly yield multiple benefits; and (5) the reliable measurability

of both physical stock and monetary value using contemporary

technologies and methods (Hu and Shi, 2015; Chen and

Wang, 2017).
2.3 Blue carbon resource liabilities

The blue carbon resource liabilities are defined as present

obligations arising from past unsustainable development or

mismanagement that has caused a reduction in quantity,

degradation in quality, or functional impairment of blue carbon

ecosystems. A specific entity is obligated to undertake future

restoration or compensation for these obligations (Li et al., 2019).

The blue carbon liability must satisfy the following criteria: (1) the
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obligation originates from a past event; (2) a future outflow of

economic resources is probable, and its trend is clear; and (3) the

obligation’s magnitude can be reliably measured.

Based on their manifestation, these liabilities are categorized as

quantity depletion liabilities and quality impairment liabilities.

Quantity depletion liabilities reflect the restoration costs required

due to a past reduction in ecosystem area or a direct decline in

carbon stocks. Quality impairment liabilities refer to the restoration

obligations arising from the degradation of ecosystem functions,

even without a significant reduction in area (Pan et al., 2019). For

measurement, both types are typically valued based on the extent of

resource depletion or functional impairment, multiplied by the

corresponding unit restoration cost.

Currently, accounting for blue carbon resource liabilities lacks a

standardized framework, with no consensus on key dimensions

including scope, measurement methodologies, and disclosure

protocols. Given the nascent stage of both theoretical and

practical development in this domain, the present study defers a

systematic accounting of these liabilities. Subsequent research will

address this gap following the establishment of more robust and

widely accepted accounting standards.
2.4 Blue carbon resource net assets

Existing studies often focus narrowly on asset accounting or

discuss liabilities in a fragmented manner, failing to integrate assets,

liabilities, and net assets within a cohesive reporting structure

(Ashournejad et al., 2019; Lin et al., 2022; Michael-Bitton et al.,

2022). Based on the preceding definitions of assets and liabilities,

blue carbon resource net assets represent the residual value of blue

carbon assets after subtracting corresponding liabilities. This metric

characterizes the net stock and long-term sustainability of regional

blue carbon resources. Ecologically, net assets serve as a key

indicator for assessing the health of the blue carbon system and

management performance. A positive and increasing value signifies

robust resource stocks and enhanced resilience, indicating potential

for sustainable utilization. Conversely, a negative value reveals a

state of “ecological insolvency”, where historical degradation has

exceeded the ecosystem’s carrying capacity. This situation

necessitates urgent interventions such as protection, restoration,

and development restriction to promote asset recovery and debt

reduction, thereby rebuilding the overall sustainability of

the system.
3 Framework for compiling and
reporting the blue carbon resource
balance sheet

3.1 Approach to compilation and reporting

Currently, most research remains theoretical, focusing on

indicator construction without providing a systematic, integrated

process guiding practitioners from data collection through physical
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and monetary accounting to final report generation. This lack of a

clear workflow leaves compilation efforts without practical guidance

(Han and Song, 2024). Furthermore, standardized report templates

that simultaneously present physical quantities and monetary

values are lacking (Kong et al., 2023). The Blue Carbon Resource

Balance Sheet developed in this study systematically reports the

status of blue carbon resource assets, liabilities, and net assets,

adopting a format analogous to financial accounting statements. Its

compilation follows a sequential pathway: it begins by constructing

baseline statements that reflect resource stocks and spatial

distribution; subsequently integrates statements assessing

ecological functions; and finally consolidates these into a

comprehensive value statement. This process establishes a

complete accounting system encompassing both physical and

monetary dimensions. The framework is designed to scientifically

represent the status and dynamics of regional blue carbon resources,
Frontiers in Marine Science 05
thereby providing a decision-making basis for ecological protection

and sustainable management. The specific framework and involved

concepts are shown in Figures 2, 3.
3.2 Physical accounting of blue carbon

The blue carbon resource physical quantity statement

constitutes the foundational data layer of the blue carbon

resource balance sheet system. It is compiled from specialized

monitoring data, coastal environmental statistical yearbooks, and

management archives. Functionally, this statement employs

primarily carbon stocks and ecosystem coverage area to

characterize the asset status of regional blue carbon resources.

The core value lies in its ability not only to statically reflect

resource stocks at the beginning and end of a period but also to
FIGURE 2

Blue carbon resource balance sheet compilation framework.
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dynamically track changes and analyze their underlying drivers.

Structurally, the physical quantity statement comprises two main

components: the basic condition statement of blue carbon resource

and the blue carbon ecological function statement. The basic

condition statement fulfills the fundamental role of resource

inventory, systematically recording the quantity, scale, and spatial

distribution of resources. It serves as the logical starting point

and data cornerstone of the entire reporting system, forming the

basis for all subsequent ecological function analysis and

monetary valuation.

3.2.1 Basic condition report of blue carbon
resource

The Basic Condition Statement is structured around two

complementary dimensions: resource stock and spatial coverage

area, reflecting the intrinsic linkage between blue carbon and its

ecosystem carriers. The primary data for this assessment comprises

two core statements, which delineate the Blue Carbon Resource

Stock (Table 1) and the Blue Carbon Ecosystem Spatial Coverage

(Table 2). The former quantifies the carbon stock within ecosystems

like mangroves and seagrass beds, while the latter records their

spatial extent. These statements are interlinked and mutually

verifiable, together constituting a complete physical asset

inventory. The included ecosystem types are mangroves, salt

marshes, seagrass beds, high intertidal salt flats, sabkha, supratidal

forests, and other blue carbon ecosystems (e.g., macroalgae, coral

reef (limited to lagoons), low intertidal mudflats, coralline algae,

marine sediments) (Lovelock and Duarte, 2024).

The proposed compilation employs dual logic of horizontal and

vertical analysis. The vertical dimension follows the stock-flow

balance principle, satisfying the formula “Opening Stock + New

Increase - Decrease = Closing Stock”, where changes are categorized
Frontiers in Marine Science 06
into natural and anthropogenic drivers to track the forces of change.

The horizontal dimension adopts an ecosystem-based classification to

aggregate data, maintaining a complete balance where the total equals

the sum of all categories. This design allows managers to pinpoint

dominant asset types and areas experiencing significant change. This

structure ensures that reports not only quantify total stock but also

reveal structural changes and their potential drivers, thus providing

reliable data support for the precise management and protection of

blue carbon resources. This structure ensures the statements not only

quantify total stocks but also reveal structural changes and their

underlying drivers, thereby providing robust data support for precise

management and conservation of blue carbon resources.

3.2.2 Blue carbon ecological function statement
The main goal of the blue carbon ecological function statement is

to quantify the physical output of ecosystem services provided by blue

carbon ecosystems. The compilation is derived from baseline

condition statements, utilizing the inventoried ecosystem areas and

carbon stocks as the foundational data for the accounting. Unlike the

baseline description of resources, this statement focuses onmeasuring

functional intensity. Through the establishment of characteristic

functional accounts for processes such as carbon sequestration,

oxygen release, wave attenuation, shoreline protection, water

purification, and biodiversity maintenance (Macreadie et al., 2021;

Bhavesh et al., 2024; Samadder et al., 2025), the ecosystem service

capacity of blue carbon resources is systematically characterized.

A salient feature and primary compilation challenge of this

statement arises from the disparate measurement units and

indicators required for different ecological functions. For example,

carbon sequestration is measured in tons per year, wave attenuation

as wave height reduction in centimeters or meters, and water

purification in kilograms per hectare per year. This fundamental
FIGURE 3

Core concepts of blue carbon resource balance sheet.
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TABLE 1 Blue carbon resource statement.

Vertical dimension
(Main column)

Mangrove
Tidal
marsh

Seagrass
High intertidal salt

flats, sabkha
Supratidal
forests

Other blue carbon
ecosystems

Total

1. Opening Stock

(% of Total Stock) 100%

2. Current Period Flux

2.1 Increase for current period

Natural factors (e.g., natural
carbon sequestration)

Anthropogenic factors (e.g.,
artificial restoration)

2.2 Decrease for current period

Natural factors (e.g., vegetation
decline)

Anthropogenic factors (e.g.,
development occupation)

2.3 Net Flux (Increase -
decrease)

3. Closing Stock

(% of Total Stock) 100%

Report explanation Opening stock + Increase - Decrease = Closing stock (Applicable to all columns)
F
rontiers in Marine Science
 07
 fronti
Units are to be specified based on the actual context (e.g., tons of carbon, Tg C).
TABLE 2 Blue carbon ecosystem spatial coverage statement.

Vertical dimension (Main
column)

Mangrove
Tidal
marsh

Seagrass
High intertidal
salt flats, sabkha

Supratidal
forests

Other blue
carbon

ecosystems
Total

1. Opening Coverage

(% of Total) 100%

2. Area change for current period

2.1 Area increased for current
Period

Natural factors (e.g., ecological
restoration expansion)

Anthropogenic factors (e.g.,
constructed wetland construction)

2.2 Area decreased for current
period

Natural factors (e.g., damage
caused by natural disasters)

Anthropogenic factors (e.g.,
occupation by construction land)

2.3 Net change in area for this
period (Increase - decrease)

3. Closing Coverage

(% of Total) 100%

Report explanation Opening Coverage + Increase - Decrease = Closing Coverage (Applicable to all columns)
The unit of measurement (e.g., hectares, km²) should be specified based on the actual context of the data.
ersin.org

https://doi.org/10.3389/fmars.2025.1741363
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org


Lu et al. 10.3389/fmars.2025.1741363
heterogeneity prevents the horizontal summation of data across

functions to produce a unified “total ecological function” value,

unlike in the basic condition statement. Consequently, the

statement’s design must accommodate this objective reality. Its

purpose is not to generate a single aggregate figure but to

accurately characterize the independent intensity and dynamics of

each function through the parallel presentation of multi-

dimensional indicators.

Blue carbon ecological function statement (physical quantity) is

structured with the four core ecological function types along its

vertical axis as shown in Table 3. The horizontal axis comprises

three key dimensions: “opening functional quantity”, “periodic

change in quantity” and “closing function quantity”. This

structure clearly represents the physical quantity of each function

at the beginning and end of the accounting period. Furthermore, the

“changes during the period” column is augmented by a “notes on

causes of change” section, providing direct insight into the drivers

of functional fluctuations. Crucially, the statement specifies that the

accounting object must be the “intact blue carbon ecosystem”. This

underscores that ecological functions result from the integration of

resources, environment, and processes; when divorced from a

specific, intact ecosystem carrier, these functions cannot be

meaningfully assessed.
3.3 Asset valuation of blue carbon resource

The valuation of blue carbon resource assets is a pivotal step in

constructing the blue carbon resource balance sheet. This process
Frontiers in Marine Science 08
entails converting heterogeneous physical data, measured in

disparate units, into comparable monetary values using scientific

accounting methods. To ensure that the final monetary value

accurately reflects the multifaceted inherent value of blue carbon

resources, the data is divided into baseline resource data and data

characterizing ecosystem services, with differentiated valuation

methods applied to these two types of data. Baseline resource

data includes mangrove area, seagrass bed carbon storage, etc.,

and its direct economic value is typically assessed using market

price or income approaches. Data characterizing ecosystem services

includes carbon sequestration, coastline protection, etc., and its

indirect ecological value is typically quantified using replacement

cost or engineering cost approaches. This differentiated valuation

approach enables a more precise and comprehensive assetization of

blue carbon resources by aligning the valuation methodology with

the distinct economic and ecological attributes of each data type.

The valuables are listed in Table 4.

Blue carbon resource asset economic value statement as shown

in Table 5 delineates the mapping from physical quantities to

economic value. Categorized by ecosystem type (e.g., mangroves,

seagrass beds, salt marshes), the valuation in this table is directly

derived from the physical statements. For instance, the economic

value of carbon sequestration is calculated as “Carbon Stock ×

Carbon Market Price”, while values for forest land and aquaculture

synergy are determined by “Ecosystem Area × Corresponding

Market Price or Revenue Share Ratio”. Employing a dynamic

structure that tracks the components from opening stock to

closing stock via changes during the period, the table

comprehensively captures the trajectory of economic value. The
TABLE 3 Blue carbon ecological function statement (physical quantity).

Vertical dimension
(core column)

Horizontal dimension
(function type)

Carbon
sequestration and
Oxygen release
function

Wave attenuation
and Coast
protection
function

Water
purification
function

Biodiversity
maintenance
function

1. Opening function quantity

Accounting indicators and Units Carbon stock increment
(ton C/year), O2 release
(ton O2/year)

Wave height reduction
(cm), coast protection
length (m)

Nitrogen removal (kg/
ha·year), phosphorus
removal (kg/ha·year)

Coastal species quantity
(species), habitat area
(ha)

2. Periodic change in quantity

Change reason notes (optional) E.g., mangrove area
increase/degradation,
seagrass bed restoration
projects, etc.

E.g., storm surge damage,
synergistic effect of
artificial seawalls, etc.

E.g., changes in
watershed pollution
input, enhanced
purification from
ecological restoration, etc.

E.g., habitat restoration,
alien species invasion,
etc.

3. Closing function quantity

Accounting indicators and Units Carbon stock increment
(ton C/year), O2 release
(ton O2/year)

Wave height reduction
(cm), coast protection
length (m)

Nitrogen removal (kg/
ha·year), phosphorus
removal (kg/ha·year)

Coastal species quantity
(species), habitat area
(ha)

Report explanation (1) This table is compiled based on the basic status statement of blue carbon resources and does not exist
independently; (2) Due to differences in unit attributes, each functional indicator does not support horizontal
aggregation and only reflects the initial, final, and changes of a single function; (3) The “period change amount”
does not subdivide “natural factors/human factors” temporarily, and “notes on change reasons” can be
supplemented according to monitoring data; (4) The accounting object is the complete blue carbon ecosystem; (5)
The ecosystem service functions in the table are only examples and do not cover all.
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balancing relationship, “Closing Value = Opening Value + Net

Value Change during Period”, ensures accounting rigor, as the

period change reflects the combined effects of variations in both

physical stocks and market prices.

Blue carbon resource asset ecological value statement as shown

in Table 6 systematically presents the monetized outcomes of key

ecological functions, including carbon sequestration and oxygen

release, shoreline protection, water purification, and biodiversity

maintenance, culminating in a total ecological value. For each

function, the table lists the opening value, value change during

the period, and closing value. The valuation of each function strictly

adheres to the replacement cost principle, with its basis and method

clearly stated. For instance, the value of carbon sequestration and

oxygen release is calculated from the physical quantity (from the

Ecological Function Statement) multiplied by the carbon emission

reduction cost and industrial oxygen production cost, respectively.

Similarly, the shoreline protection value is derived via the

engineering cost method, using the wave attenuation data

multiplied by the corresponding seawall construction cost and the

protected coastline length. The total ecological value represents the
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sum of all individual functional values. The closing value is derived

from the equation: Closing Value = Opening Value + Net Value

Change. This net change reflects both alterations in the physical

quantities of ecological stocks and updates to the applied valuation

parameters. Through this structured approach, the table provides a

systematic and operational framework for quantifying the

ecological value of blue carbon assets, thereby supporting

scientific assessment and ecosystem service management decisions.

The blue carbon resource asset value summary statement as

shown in Table 7 serves as the top-level report by aggregating the

total values from Tables 5, 6. It consolidates disparate economic

value accounts (e.g., for mangroves, seagrass beds) and ecological

value accounts (e.g., for carbon sequestration and oxygen release,

wave attenuation and shoreline protection) within a unified

monetary framework to calculate the “total value of blue carbon

resource assets”. The framework of the statement organizes value

into two primary accounts, “economic value” and “ecological

value”, with specific sub-accounts categorized under each. The

horizontal axis presents the opening stock, changes during the

period, and closing stock. This structure tracks the dynamic

integration from categorized values to the total asset value. This

accounting system, culminating in the value Summary Statement,

not only mirrors the form of corporate financial statements but also

establishes a solid asset-side foundation for a complete “blue carbon

resource balance sheet”, pending future advances in liability

accounting. The framework is explicitly designed to be extensible,

allowing for the future integration of a “liabilities” section once

corresponding accounting standards are established.
4 Discussion

4.1 Architecture for a dual-track physical
quantity and monetary value mapping
system

The Blue Carbon Balance Sheet employs a dual-accounting

framework that integrates physical quantity and monetary value

accounts. The physical quantity statements can systematically

document ecosystem baseline conditions and ecological functions.

In contrast, the monetary value statements perform more than a

simple unit conversion; they translate physical indicators into a

unified monetary scale using established valuation methods such as

carbon pricing and replacement cost. This mapping-based

framework retains the granular physical details of ecological

attributes while overcoming the aggregation limitations posed by

disparate physical units. Consequently, it establishes a foundation

for a comprehensive asset assessment.
4.2 Going beyond physical quantities for
integrated assessment

The main advantage of monetary valuation is to overcome the

inherent limitations of physical quantity data, which resist
TABLE 4 Variables List.

Symbol Description

Sbcs Seagrass bed carbon stock from Baseline Status Statement

Ctmp Carbon trading market price

Ma Mangrove area from Spatial Coverage Statement

Celtp Coastal ecological land transfer price

Iaisba Increase in aquaculture income within seagrass bed area

Psr Profit sharing ratio

Tmcs Tidal marsh carbon stock

Tmsiov Tidal marsh salt industry output value

Ecc Ecological contribution coefficient

Acpq
Accounting based on corresponding physical quantities (carbon
stock, area)

Ampim Applicable market price or income method

Acs Annual carbon sequestration from ecological function statement

Cersc Carbon emission reduction substitution cost

Aor Annual oxygen release

Iopc Industrial oxygen production cost

Whr Wave height reduction (from Ecological Function Statement)

Ucccs Unit construction cost of corresponding seawall

Lpc Length of protected coastline

Npr
Nitrogen and phosphorus removal (from Ecological Function
Statement)

Uocstp Unit operation cost of sewage treatment plant

Ha Habitat area (from Regional Coverage Statement)

Espc Endangered species protection cost
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aggregation and comparison due to inconsistent measurement

units. The assignment of monetary values allows for three critical

functions: (1) Additivity, enabling the summation of heterogeneous

values from different ecosystems and functions to quantify the total

asset base; (2) Comparability, providing a unified benchmark for

analyzing changes in blue carbon resources across regions and over

time; and (3) Reconfigurability, allowing for the flexible

restructuring of reports to meet specific decision-making needs,

thereby offering more targeted information support.
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4.3 Existing challenges and future
directions

Current research confronts several critical challenges. Firstly, the

liability accounting framework remains underdeveloped, requiring

clear definitions for restoration obligations arising from

anthropogenic damage, as well as standardized methods for their

measurement and reporting. Secondly, existing accounting methods

lack the adaptability needed for mobile ecosystems, creating an urgent
TABLE 5 Blue carbon resource asset economic value statement.

Blue carbon ecosystem type/
Value dimension

Opening
stock

Change in resource value for
the period

Closing
stock

Basis and method of value
accounting

Mangroves

Carbon sink
economic value

Sbcs × Ctmp

Forest land value Ma × Celtp

Seagrass beds

Carbon sink
economic value

Sbcs × Ctmp

Aquaculture
synergy value

Iaisba × Psr

Tidal Marshes

Carbon sink
economic value

Tmcs × Ctmp

Salt industry
synergy value

Tmsiov × Ecc

Other blue carbon ecosystems (e.g., salt
flats)

Acpq × Ampim

Total economic value
Sum of opening

values
Sum of current period changes

Sum of closing
values

——

Report explanation
Closing value stock = Opening value stock + Current period value change. Current period value change includes:
(1) Value change caused by carbon stock increase/decrease;
(2) Value change caused by fluctuations in carbon price/land price.
TABLE 6 Blue carbon resource asset ecological value statement.

Blue carbon ecological function
type/Value dimension

Opening
functional
stock

Net change in resources
during the period

Closing
functional
stock

Basis and method of
value accounting

Carbon sequestration and
oxygen release function

Carbon
sequestration
value

Acs × Cersc

Oxygen release
value

Aor × Iopc

Wave attenuation and coast protection
function

Whr × Uccc × Lpc

Water purification function Npr × Uocstp

Biodiversity maintenance function Ha × Espc

Total ecological value Sum of opening
values

Sum of current period changes Sum of closing
values

——

Report explanation Closing value stock = Opening value stock + Current period value change. Current period value change includes:
(1) Value change caused by increase/decrease in ecological function quantity; (2) Adjustment of accounting parameters.
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need for dynamic boundary accounting and cross-scale integration

approaches. Finally, the underlying data foundation is inadequate,

underscoring the necessity to establish authoritative valuation

standards and to construct a unified, high-quality blue carbon

database through interdisciplinary collaboration to support robust

balance sheet compilation.

Future research must address the fundamental challenges of

ambiguous liability attribution and poorly defined property rights

regimes in blue carbon ecosystems. The current lack of clarity in

property rights significantly impedes sustainable development.

Given that blue carbon resources constitute public goods, it is

imperative to clearly identify legitimate rights-holders in

accordance with core principles of property rights protection.

Therefore, subsequent studies should prioritize the elaboration of

precise legal definitions, the delineation of entitled entities, and the

clarification of liability boundaries. Resolving these legal
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uncertainties is essential for accurately determining the liability

scope of blue carbon resources. Such progress is indispensable

for constructing credible natural capital balance sheets and

establishing a transparent blue carbon trading framework.

Ultimately, these efforts will lay the institutional groundwork for

realizing the full ecological and economic potential of blue

carbon ecosystems.
5 Conclusion
1. To address the current limitations in blue carbon resource

accounting, this study systematically develops a

comprehensive framework for compiling and reporting a

blue carbon resource balance sheet. The framework is

characterized by conceptual clarity, methodological
TABLE 7 Blue carbon resource asset value summary statement. .

Value account
category/Value
dimension

Opening value stock Current period value change Closing value stock Data source

1. Blue carbon
economic value
account

Opening “total economic value” in
Table 5

Current period “total economic value” in
Table 5

Closing “total economic value” in
Table 5

Table 5 Blue carbon
resource asset
economic value
statement

1.1Mangrove economic
value

Corresponding opening value in
Table 5

Corresponding current period change in
Table 5

Corresponding closing value in
Table 5

——

1.2Seagrass bed
economic value

Corresponding opening value in
Table 5

Corresponding current period change in
Table 5

Corresponding closing value in
Table 5

——

1.3Tidal marsh
economic value

Corresponding opening value in
Table 5

Corresponding current period change in
Table 5

Corresponding closing value in
Table 5

——

1.4Economic value of
other blue carbon
ecosystems

Corresponding opening value in
Table 5

Corresponding current period change in
Table 5

Corresponding closing value in
Table 5

——

2. Blue carbon
ecological value
account

Opening “total ecological value” in
Table 6

Current period “total ecological value” in
Table 6

Closing “total ecological value” in
Table 6

Table 6 Blue carbon
resource asset
ecological value
statement

2.1Carbon
sequestration and
oxygen release value

Corresponding opening value in
Table 6

Corresponding current period change in
Table 6

Corresponding closing value in
Table 6

——

2.2Wave attenuation
and coast protection
value

Corresponding opening value in
Table 6

Corresponding current period change in
Table 6

Corresponding closing value in
Table 6

——

2.3Water purification
value

Corresponding opening value in
Table 6

Corresponding current period change in
Table 6

Corresponding closing value in
Table 6

——

2.4Biodiversity
maintenance value

Corresponding opening value in
Table 6

Corresponding Current period change in
Table 6

Corresponding closing Value in
Table 6

——

Total blue carbon
resource asset value

Opening value of “economic value
account” + Opening value of
“ecological value account”

Current period change of “economic
value account” + Current period change
of “ecological value account”

Closing Value of “economic
value account” + Final value of
“ecological value account”

——

Report explanation (1) This table is the core summary statement of blue carbon value statements, reflecting the total value of blue carbon assets in a unified
monetary unit; (2) The “blue carbon liability” column is temporarily not included and can be added on the right side after the liability
accounting standards are clarified; (3) The current period value change shall be accompanied by detailed explanations.
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Fron
feasibility, and a complete suite of reporting statements.

The main conclusions and contributions are as follows:

2. This study systematically defines the scope and boundaries of

blue carbon resource assets, liabilities, and net assets. It

establishes a multi-tiered reporting entity system that

integrates both macro and micro levels, thereby providing

a unified conceptual cornerstone for the accounting process.

3. An innovative, two-stage compilation approach was

developed, which prioritizes physical quantities before

monetary valuation. The resulting reporting system

achieves comprehensive coverage, spanning from baseline

resource physical quantities to the quantification of

ecological service functions, and finally integrating both

economic and ecological monetary values. This effectively

overcomes the inherent limitations of physical data

regarding aggregation and comparability.
The study provides specific implementation guidance for data

collection, categorical accounting, and statement generation,

thereby translating the theoretical framework into practice. This

operational pathway enhances practical applicability and offers a

clear roadmap for regional pilot implementation and eventual

institutionalization.

Although this study proposes a novel theoretical framework, the

operationalization of the Blue Carbon Resource Balance Sheet still

faces several challenges. Future research should address these by

focusing on the refinement of liability accounting standards, the

development of robust accounting methodologies for mobile

ecosystems, and the establishment of authoritative valuation

standards and unified databases through interdisciplinary

collaboration. Advancing these areas is crucial to solidifying the

balance sheet’s role as a powerful tool for safeguarding marine

ecological security and fostering a sustainable blue economy.
Data availability statement

The original contributions presented in the study are included

in the article/supplementary material. Further inquiries can be

directed to the corresponding author.
tiers in Marine Science 12
Author contributions

PLu: Writing – review & editing, Conceptualization,

Methodology, Writing – original draft, Formal Analysis. YL:

Conceptualization, Writing – review & editing, Formal Analysis.

PLi: Writing – review & editing, Visualization, Formal Analysis.
Funding

The author(s) declared that financial support was not received

for this work and/or its publication.
Conflict of interest

The authors declared that this work was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Generative AI statement

The author(s) declared that generative AI was not used in the

creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this

article has been generated by Frontiers with the support of artificial

intelligence and reasonable efforts have been made to ensure

accuracy, including review by the authors wherever possible. If

you identify any issues, please contact us.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References
Ashournejad, Q., Amiraslani, F., Moghadam,M. K., and Toomanian., A. (2019). Assessing
the changes of mangrove ecosystem services value in the Pars Special Economic Energy
Zone. Ocean Coast. Manage. 179, 104838. doi: 10.1016/j.ocecoaman.2019.104838

Bhavesh, C., Venerability, D., and Anil, S. P. (2024). Blue carbon and the role ofmangroves
in carbon sequestration: Its mechanisms, estimation, human impacts and conservation
strategies for economic incentives. J. Sea Res. 199, 102504. doi: 10.1016/j.seares.2024.102504

Chen, X., Li, M., and Zhang, Z. (2025). Climate change challenges coastal blue carbon
restoration in China. J. Environ. Manage. 373, 123502. doi: 10.1016/j.jenvman.2024.123502

Chen, Y. L., and Wang, P. C. (2017). Research on the construction and application of
natural resource balance sheets in China: from the perspective of departure audits of
government officials. Res. Financial Economic Issues 02), 80–87. doi: 10.19654/
j.cnki.cjwtyj.2017.02.011
Cui, W. L., and Kong, F. Z. (2021). Planning of the balance sheet of marine fishery
resources: elements, framework and statement design. J. Zhejiang Ocean University
(Humanities Sciences) 38, 1–12.

Edens, B., Maes, J., Hein, L., Obst, C., Siikamaki, J., Schenau, S., et al. (2022).
Establishing the SEEA Ecosystem Accounting as a global standard. Ecosystem Serv. 54,
101413. doi: 10.1016/j.ecoser.2022.101413

Gao, S., Xu, J. H., Ge, S. T., and Zhao, C. (2023). Research on the compilation of the
natural resource balance sheet for marine resources. Green Finance Accounting 12), 7–
12. doi: 10.14153/j.cnki.lsck.2023.12.002

Guo, W. S., Li, G. P., and Wang, W. T. (2021). Accounting the value of natural
resources assets: A case study of forest resources in Jia county. J. Arid Land Resources
Environ. 35, 1–7. doi: 10.13448/j.cnki.jalre.2021.178
frontiersin.org

https://doi.org/10.1016/j.ocecoaman.2019.104838
https://doi.org/10.1016/j.seares.2024.102504
https://doi.org/10.1016/j.jenvman.2024.123502
https://doi.org/10.19654/j.cnki.cjwtyj.2017.02.011
https://doi.org/10.19654/j.cnki.cjwtyj.2017.02.011
https://doi.org/10.1016/j.ecoser.2022.101413
https://doi.org/10.14153/j.cnki.lsck.2023.12.002
https://doi.org/10.13448/j.cnki.jalre.2021.178
https://doi.org/10.3389/fmars.2025.1741363
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org


Lu et al. 10.3389/fmars.2025.1741363
Han, J., and Song, C. Z. (2024). Natural resource asset-liability accounting:
theoretical progress, practical difficulties and the construction of the system with
chinese characteristics. Stat Decision 40, 35–40. doi: 10.13546/j.cnki.tjyjc.2024.01.006

Han, S. F., Li, J. J., Su, J., He, X. S., Cheng, Y., and Cui, Y. Z. (2025). Compilation of
natural resource balance sheet: theoretical framework and empirical. Res. Urban Plann.
Forum 02), 74–80. doi: 10.16361/j.upf.202502010

Hu, W. L., and Shi, D. (2015). Research on the framework system of natural resource
statement of assets and liabilities: an idea based on the SEEA2012, SNA2008 and the
national balance sheetas research approaches. China Population Resour. Environ. 25, 1–
9. doi: 10.3969/j.issn.1002–2104.2015.08.001

Huang, X. R., Qin, C. H., Guo, B. Y., and Xi, Y. Y. (2020). Compilation of water
Resources value balance sheet based on emergy theory. Resour. Environ. Yangtze Basin
29, 869–878. doi: 10.11870/cjlyzyyhj202004008

Huang, R. B., and Zhao, Q. (2015). Discussion of preparation and audit on natural
Resource balance sheet. Auditing Res. 01), 37–43+83.

Jiao, Z. Q., Wang, H. R., Xu, X. Y., and Yang, B. (2018). Design and application of
natural resources balance sheet I: Design. J. Natural Resour. 33, 1706–1714.
doi: 10.31497/zrzyxb.20171361

King, S., Agra, R., Zolyomi, A., Keith, H., Nicholson, E., de Lamo, X., et al. (2024).
Using the system of environmental-economic accounting ecosystem accounting for
policy: A case study on forest ecosystems. Environ. Sci. Policy 152, 103653. doi: 10.1016/
j.envsci.2023.103653

Kong, H. X., Shen, L., Zhong, S., and Cao, Z. (2016). Research progress and
controversial issues of natural resources accounting. J. Natural Resour. 31, 363–376.
doi: 10.11849/zrzyxb.20150366

Kong, H., Yang, W., Luo, M. X., and Sun, Q. Q. (2023). Study on the definition and
accounting of liabilities of marine natural resources. J. Subtropical Resour. Environ. 18,
86–93. doi: 10.19687/j.cnki.1673-7105.2023.02.012

Lee, Y., and Lee, J.-S. (2025). Blue carbon ecosystems for hypoxia solution: how to
maximize their carbon sequestration potential. Mar. Environ. Res. 209, 107202.
doi: 10.1016/j.marenvres.2025.107202

Li, X. X., Gao, Q., and Ding, D. (2019). Research on the balance sheet construction of
marine resources in China—Based on the perspective of natural resource property
rights system reform. J. Shandong Univ. (Philosophy Soc. Sci. Edition) 06), 135–142.

Li, Z. W., and Kou, Y. S. (2024). Blue carbon protection and development trend in the
context of carbon neutrality and China's response. Sci. Technol. Manage. Res. 44, 156–
162. doi: 10.3969/j.issn.1000-7695.2024.2.019

Li, Y., and Liu, G. Q. (2019). A new breakthrough of natural resources accounting in
new China —The third plenary session of 18th CPC central committee proposed
preparing natural resources balance sheet. Accounting Res. 12), 12–21+33.

Lin, C.-Y., Fu, C.-Y., Liu, Y., Zhang, M.-Q., Liu, Y., Wu, W.-Y., et al. (2022).
Assessing the changes of the monetary value of mangrove ecosystem services in China
and its application. Frontiers in Environmental Science. 10, 1018801. doi: 10.1016/
j.apcatb.2024.124857

Liu, J., Failler, P., and Ramrattan, D. (2024). Blue carbon accounting to monitor
coastal blue carbon ecosystems. J. Environ. Manage. 352, 120008. doi: 10.1016/
j.jenvman.2023.120008

Liu, S. R., Geng, J. X., and Lv, X. M. (2020). Research on natural resources asset
accounting and management: taking practice on land resource in county A as an
example. Fu Dan J. (Social Sciences) 62, 165–173.
Frontiers in Marine Science 13
Lovelock, C. E., and Duarte, C. M. (2025). Out of the blue carbon box: toward
investable blue natural capital. Biol. Lett. 21, 20240648. doi: 10.1098/rsbl.2024.0648

Macreadie, P. I., Costa, M. D. P., Atwood, T. B., Friess, D. A., Kelleway, J. J., Kennedy,
H., et al. (2021). Blue carbon as a natural climate solution. Nat. Rev. Earth Environ. 2,
826–839. doi: 10.1038/s43017-021-00224-1

Michael-Bitton, G., Gal, G., Corrales, X., Ofir, E., Shechter, M., and Zemah-Shamir, S.
(2022). Economic aspects of fish stock accounting as a renewable marine natural
capital: The Eastern Mediterranean continental shelf ecosystem as a case study. Ecol.
Econ 200, 107539. doi: 10.1016/j.ecolecon.2022.107539

Obst, C., Alfieri, A., and Kroese, B. (2020). Advancing environmental-economic
accounting in the context of the system of economic statistics. Stat. J. IAOS 36, 629–
645. doi: 10.3233/SJI-200707

Pan, T., Feng, Z. M., Liu, Y. J., and Zhang, J. (2019). Liability accounting method and
case in the preparation of natural resources balance sheet. Sci. Technol. Manage. Land
Resour. 36, 74–84. doi: 10.3969/j.issn.1009-4210.2019.02.007

Samadder, C., Dey, D., Ganesh, V., Sathaiah, G., Balasubramaniem, A, Kannan, SUB,
et al. (2025). Role of macroalgal blue carbon ecosystems in climate change mitigation.
Sci. Total Environ. 958, 177751. doi: 10.1016/j.scitotenv.2024.177751

Song, C. Z., and Han, J. (2025). Construction of natural resource value quantity
accounting system based on CGE model. Stat Decision 41, 42–49. doi: 10.13546/
j.cnki.tjyjc.2025.13.007

Song, J. Q., Li, P., Liu, C., Liu, D. H., Mu, J. L., and Zhang, Z. (2025). Research on the
framework for the recognition, measurement and statement preparation of blue carbon
resource assets. Acta Ecologica Sin. 45, 7340–7348. doi: 10.20103/j.stxb.202408051844

United Nations Environment Programme (2009).Blue carbon: the role of healthy
oceans in binding carbon. Available online at: https://wedocs.unep.org/handle/20.500.
11822/7772;jsessionid=7D1A29F9BBCFF42D6F8D9EBD03F4D80A (Accessed
October 11, 2016).

Wang, J. J. (2021). Research of the compiling of the natural resource balance sheet based
on the ecological footprint approach: taking the land resources of jiangxi province as an
example. Contemp. Finance Econ 12), 15–27. doi: 10.13676/j.cnki.cn36-1030/f.2021.12.003

Wang, A. G., Guo, S. C., and Zhu, L. (2023). Natural resource balance sheet
compilation and reporting system: conceptual definition and overall framework.
Shandong Soc. Sci. 04), 86–93. doi: 10.14112/j.cnki.37-1053/c.2023.04.015

Wang, B., He, W., An, M., Fang, X., and Ramsey, T. S. (2024). Natural capital
accounting of land resources based on ecological footprint and ecosystem services
value. Sci. Total Environ. 914, 170051. doi: 10.1016/j.scitotenv.2024.170051

Wang, F., Liu, J., Qin, G., Zhang, J., Zhou, J., Wu, J., et al. (2023). Coastal blue carbon
in China as a nature-based solution toward carbon neutrality. Innovation 4, 100481.
doi: 10.1016/j.xinn.2023.100481

Xie, M. H., Wang, Q., Meng., J. H., and Han, X. (2022). Compilation method and
application of grassland resources balance sheet. Resour. Sci. 44, 1679–1695.
doi: 10.18402/resci.2022.08.11

Yang, G. H., and Yan, J. J. (2018). Compilation of the natural resource balance sheet:
from the perspective of departure audit of natural resource assets. Finance Accounting
Monthly 13), 119–126. doi: 10.19641/j.cnki.42-1290/f.2018.13.021

Yu, J., and Li, J. M. (2020). Compilation of mangrove resources balance sheet and its
empirical study: take Guangxi as an example. Chin. Fisheries Econ 38, 77–86.

Zhang, R. T. (2020). Research on the construction of conceptual framework of value–
based financial report of forest resources balance sheet. Accounting Res. 09), 16–28.
frontiersin.org

https://doi.org/10.13546/j.cnki.tjyjc.2024.01.006
https://doi.org/10.16361/j.upf.202502010
https://doi.org/10.3969/j.issn.1002&ndash;2104.2015.08.001
https://doi.org/10.11870/cjlyzyyhj202004008
https://doi.org/10.31497/zrzyxb.20171361
https://doi.org/10.1016/j.envsci.2023.103653
https://doi.org/10.1016/j.envsci.2023.103653
https://doi.org/10.11849/zrzyxb.20150366
https://doi.org/10.19687/j.cnki.1673-7105.2023.02.012
https://doi.org/10.1016/j.marenvres.2025.107202
https://doi.org/10.3969/j.issn.1000-7695.2024.2.019
https://doi.org/10.1016/j.apcatb.2024.124857
https://doi.org/10.1016/j.apcatb.2024.124857
https://doi.org/10.1016/j.jenvman.2023.120008
https://doi.org/10.1016/j.jenvman.2023.120008
https://doi.org/10.1098/rsbl.2024.0648
https://doi.org/10.1038/s43017-021-00224-1
https://doi.org/10.1016/j.ecolecon.2022.107539
https://doi.org/10.3233/SJI-200707
https://doi.org/10.3969/j.issn.1009-4210.2019.02.007
https://doi.org/10.1016/j.scitotenv.2024.177751
https://doi.org/10.13546/j.cnki.tjyjc.2025.13.007
https://doi.org/10.13546/j.cnki.tjyjc.2025.13.007
https://doi.org/10.20103/j.stxb.202408051844
https://wedocs.unep.org/handle/20.500.11822/7772;jsessionid=7D1A29F9BBCFF42D6F8D9EBD03F4D80A
https://wedocs.unep.org/handle/20.500.11822/7772;jsessionid=7D1A29F9BBCFF42D6F8D9EBD03F4D80A
https://doi.org/10.13676/j.cnki.cn36-1030/f.2021.12.003
https://doi.org/10.14112/j.cnki.37-1053/c.2023.04.015
https://doi.org/10.1016/j.scitotenv.2024.170051
https://doi.org/10.1016/j.xinn.2023.100481
https://doi.org/10.18402/resci.2022.08.11
https://doi.org/10.19641/j.cnki.42-1290/f.2018.13.021
https://doi.org/10.3389/fmars.2025.1741363
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

	A framework for compiling a blue carbon resource balance sheet: integrating physical and value accounts
	1 Introduction
	2 Definition of prerequisite concepts for the blue carbon resource balance sheet
	2.1 Reporting entity
	2.2 Blue carbon resource assets
	2.3 Blue carbon resource liabilities
	2.4 Blue carbon resource net assets

	3 Framework for compiling and reporting the blue carbon resource balance sheet
	3.1 Approach to compilation and reporting
	3.2 Physical accounting of blue carbon
	3.2.1 Basic condition report of blue carbon resource
	3.2.2 Blue carbon ecological function statement

	3.3 Asset valuation of blue carbon resource

	4 Discussion
	4.1 Architecture for a dual-track physical quantity and monetary value mapping system
	4.2 Going beyond physical quantities for integrated assessment
	4.3 Existing challenges and future directions

	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


