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Abstract

As a crucial nature-based climate change solution, the realization of blue carbon’s value
is primarily impeded by three interrelated obstacles in developing nations: a weak scien-
tific foundation, fragmented market structures across different levels, and the absence of
dedicated institutional frameworks. This study focuses on the institutional bottlenecks
hindering the marketization of blue carbon in developing countries. By integrating Com-
plex Adaptive Systems (CASs), Coase’s Theory of Property Rights, and the Institutional
Analysis and Development (IAD) framework, we constructed a theoretical framework en-
compassing five dimensions: transaction objects, transaction participants, transaction
markets, transaction rules, and benefit distributions. This framework was validated
through an empirical analysis of the blue carbon practice in Ningbo, China. The research
identified three critical stages in Ningbo’s governance trajectory: initial founding, syner-
gistic stagnation, and iterative upgrading. The core determinant of governance success or
failure lies in the capacity to continuously optimize this five-dimensional rule system
through a combination of “top-down regulation “ and “bottom-up innovation”, thereby
reducing transaction costs and generating effective incentives. The findings indicate that
successful blue carbon governance depends on establishing a rule system that is both lo-
cally adaptive and dynamically adjustable. The analytical framework proposed in this
study offers a systematic new perspective for developing countries to remedy institutional
gaps in blue carbon governance. By demonstrating China’s locally adapted innovations
in resource rights delineation and value realization, it also promotes greater inclusiveness
and diversity within the global blue carbon standard system, contributing a governance
approach from the Global South that is applicable to countries at varying stages of devel-
opment.

Keywords: blue carbon; realizing the value of ecological products; nature-based
solutions; institutional analysis and development framework

1. Introduction

The global climate crisis poses a profound threat to humanity, making climate miti-
gation and adaptation urgent governance priorities [1,2]. The evolution of international
climate governance reflects a transition from the principle of “common but differentiated
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responsibilities and respective capabilities” —which underpinned the Copenhagen Con-
ference and assigned developed countries a larger share of obligations—toward a collec-
tive framework of Nationally Determined Contributions (NDCs) under the Paris Agree-
ment [3]. Nature-based Solutions (NbS), recognized by the International Union for Con-
servation of Nature (IUCN) as a critical pathway [4], include blue carbon, which offers
superior sequestration efficiency and longer storage than green carbon [5], providing ir-
replaceable offset value [6,7]. Many nations now integrate blue carbon into their NDCs [8],
positioning it as vital for low-carbon transition. International carbon markets provide an
institutional template, originating from the Kyoto Protocol’s flexible mechanisms—EU
Emissions Trading System (EU ETS), Joint Implementation (JI), and Clean Development
Mechanism (CDM)—which commodified emissions [9]. The EU ETS and CDM estab-
lished the dominant paradigms of EU Allowance (EUA) and Certified Emission Reduction
(CER) [10], demonstrating the necessity of market-based incentives for emission reduc-
tions [11].

China’s carbon market systematically learns from and localizes these international
paradigms. Through deep engagement with CDM, China developed a dual system: a
compliance market (China Emission Allowance, CEA) as the core of mandatory allowance
trading, covering key emission sectors like power, and a voluntary market (China Certi-
fied Emission Reduction, CCER) that inherits and optimizes the design kernel of interna-
tional project-based credit mechanisms [12,13]. Following the CCER’s 2024 relaunch, local
governments developed projects complementing the national system [14]. Concurrently,
China pioneered local “carbon inclusive” systems targeting consumption-side behaviors,
forming a complete closed loop of behavior recording, emission quantification, and value
transformation, which turns individual low-carbon actions into tradable credits to bot-
tom-up incentivize small and medium-sized enterprises, communities, and the public
[15,16]. Differentiated practices exist regionally, such as in Guangdong, Beijing, and
Shanghai. The market is now entering a critical transition where the focus shifts from pur-
suing higher volume to improving quality, and from fragmented local operations to
linked cross-regional coordination. This transition, together with emerging cross-regional
collaboration, exemplifies China’s integrated and innovative multi-level market design
[17].

Through a series of key policy documents, notably the Opinions on Accelerating the
Construction of Ecological Civilization and the General Plan for Institutional Reform of
Ecological Civilization, there has been a strategic embedding by China of the enhance-
ment of marine carbon sinks into its priorities [18]. Since this top-down commitment, sub-
stantive breakthroughs in value realization have emerged, as evidenced by multiple blue
carbon transactions completed in Guangdong, Fujian, Hainan, and Zhejiang [19]. How-
ever, the integration of blue carbon faces three structural constraints: (1) weak scientific
foundations, where high ecosystem dynamism and the lack of MRV (Measurable, Report-
able, Verifiable) systems drive up costs [20]; (2) market fragmentation, where local
schemes fail to align with CCER methodologies and lack national conversion pathways,
suppressing market vitality [21,22]; and (3) the absence of targeted regulations, where un-
clear property rights and governance gaps create institutional voids [23]. These deficien-
cies hinder value realization and stifle market momentum, undermining the positive
“protection—development-returns-reinvestment” feedback loop [24,25].

Globally, idealized blue carbon templates often prove difficult to implement effec-
tively in developing countries, primarily due to structural pressures arising from weak
formal institutions and informal constraints, which leave such projects trapped at a “pot-
ted-plant” pilot stage. Integrating complex adaptive systems (CASs), the Institutional
Analysis and Development (IAD) framework, and Coase’s theory of property rights, this
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study proposes a context-specific analytical framework aimed at exploring how to con-
struct a five-dimensional rule system —covering “transaction objects, transaction partici-
pants, transaction markets, transaction rules, and benefit distributions” —in order to dis-
mantle institutional barriers [26]. Taking Ningbo, China, as a case study, the research
achieves a systematic paradigm shift through a full-chain closed-loop design and distills
universally applicable governance logic. It reveals the formation mechanism of institu-
tional resilience in complex systems, offers a localized reference for developing countries
facing institutional deficits, and contributes to the diversified development of global blue
carbon standards.

2. Literature Review

Blue carbon research has evolved from scientific understanding to market practice,
following a clear trajectory of science advancements, methodology innovations, and insti-
tutional progress. These developments closely relate to our analytical framework. Scien-
tific and methodological advances define transaction objects through biophysical bound-
aries, carbon quantification, and monitoring protocols. Institutional progress from global
advocacy to local experimentation directly configures transaction participants, markets,
rules, and benefit distributions, providing templates for actor engagement, market design,
and incentive alignment. This correspondence justifies the five-dimensional structure and
guides subsequent analysis.

2.1. Science Advancements

Scientific understanding of blue carbon has progressed through three paradigm
shifts: discovery of carbon sink phenomena, dynamic carbon cycle analysis, and its fram-
ing as a Nature-based Solution (NbS). This evolution has elevated blue carbon from a pe-
ripheral element to a core mitigation strategy within global climate governance. The first
stage, before the formal concept, recognized coastal vegetation’s sequestration function
but treated it as marginal to terrestrial cycles [26]. Nellemann et al. characterized man-
groves, salt marshes, and seagrass beds as high-burial systems with burial rates 10-100
times those of tropical forests, prompting UNEP to introduce the “blue carbon” concept
[27]. The second stage (2009-2019) shifted from static stock descriptions to dynamic anal-
ysis. Fourqurean et al. and Mcleod et al., using eddy covariance and sediment core com-
parisons, analyzed allochthonous inputs and autochthonous burial mechanisms, expand-
ing the “vegetation—soil” model to a “watershed-tidal flat-coastal waters” continuum
[26,28]. The third stage (2020—present) has integrated ecosystem services and NbS per-
spectives. Seddon et al. and Macreadie et al. advocated placing blue carbon within the
Social-Ecological System (SES) framework, viewing it as a comprehensive governance
tool for climate mitigation, coastal resilience, and biodiversity [29-34]. This systemic turn
demands higher measurement precision and refined institutional design for value reali-
zation as a public good [35].

2.2. Methodology Innovations

The evolution of blue carbon accounting methodologies has progressed through four
stages: empirical estimation, field measurements, remote sensing inversion, and multi-
source integration (see Table 1). The empirical estimation stage (2006-2009) relied on IPCC
Tier 1 default factors, introducing substantial uncertainty from habitat heterogeneity;
Chmura et al. and Duarte et al. established the three major proportionality coefficients
through UNEP reports [36,37]. The field measurement stage (2010-2015) saw Donato et al.
and Fourqurean et al. establish a standardized survey paradigm (Tier 2/3) using stump-
soil core stratification and 210Pb/137Cs dating [38-40], while Siikamaéki et al. integrated
global sample points, reducing estimation error to +25% [41]. During the remote sensing
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inversion stage (2016-2020), Earth observation technologies enabled large-scale dynamic
monitoring based on LULC; Hamilton et al. generated 30 m resolution global mangrove
carbon density maps, cutting spatial errors from +50% to +20% [42], and high-frequency
dynamic models were incorporated into IPCC Tier 3 guidelines. Since 2020, the multi-
source integration stage has focused on full-cycle MRV systems, with Fatoyinbo et al. and
Costa et al. assimilating eddy covariance, spaceborne LiDAR, and machine learning to
overcome scale-extrapolation bottlenecks, providing technical foundations for market ac-
cess [43,44].

Table 1. Key Technologies, Advantages, and Contributions across Evolutionary Stages.

Evolution Stage Key Technologies = Advantages & Contributions

Empirical Estimation Phase . established global
IPCC Tier 1
(2006—2009) CC Tier baseline ratios

Field Measurement Phase
(2010-2015)

Remote Sensing Inversion
Phase satellite (LULC)
(2016-2020)

Multi-source Data Fusion Phase  LiDAR & machine full-lifecycle MRV system
(2020-Present) learning real-time tracking.

Tier 2/3 error reduced to +25%

resolution: 30 m
error reduced from 50% to 20%

2.3. Institutional Progress

Institutional innovation has unfolded through three stages: global advocacy, national
piloting, and local experimentation. The “global advocacy stage” (2009-2012), centered on
the Blue Carbon Initiative launched by Conservation International (CI) and the Interna-
tional Union for Conservation of Nature (IUCN), introduced blue carbon into the United
Nations Framework Convention on Climate Change (UNFCCC) negotiation framework.
The Blue Carbon Policy Framework proposed including coastal wetlands in the Clean De-
velopment Mechanism (CDM) and Reducing Emissions from Deforestation and Forest
Degradation (REDD+). During the “national piloting stage” (2013-2018), developed coun-
tries translated global methodologies into national standards, integrating blue carbon into
Nationally Determined Contributions (NDCs). Howard et al. emphasized integrating blue
carbon with marine spatial planning [45]. The three-stage roadmap by Herr et al. —”"na-
tional wetland inventory —INDC — carbon market”[46] —was adopted by Australia and In-
donesia [47], enabling explorations in legal rights confirmation and policy design [48].
Since 2021, the “local experimentation stage” has fostered polycentric-hybrid governance
with multi-tiered credit recognition systems. Community co-management mechanisms
have emerged [49], transforming blue carbon into grassroots governance [50]. This phase
has witnessed a proliferation of case studies, enriching the empirical evidence base. Que-
vedo et al. conducted community perception experiments in the Philippines and Indone-
sia [51-53], proposing a “carbon-livelihood-disaster prevention” bundled payment model.
Wylie et al., analyzing Kenya’s Mikoko Pamoja project, demonstrated voluntary carbon
standards (VCS) effectiveness in addressing “tragedy of the commons” issues [54], em-
phasizing stakeholder incentive alignment [55]. In Guangxi, China, a “cooperative + car-
bon credit” mangrove management model returned 30% of carbon revenues to commu-
nities as “ecological shares” [55]. This institutional evolution provides differentiated gov-
ernance templates for countries at various development stages.

Despite progress, the literature reveals structural mismatches in applying interna-
tional blue carbon frameworks to developing countries [56], arising from three salient re-
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search gaps: cognitive frameworks derived from Western ecosystems inadequately cap-
ture local social-ecological couplings [11,57]; high-precision MRV is constrained by pro-
hibitive costs and data scarcity [58,59]; and developing nations exhibit path dependence
on developed-country models [60], leaving a theoretical void in cost internalization under
ambiguous property rights and multi-stakeholder coordination [61]. To bridge these gaps,
this paper examines the positive and negative feedback mechanisms in blue carbon gov-
ernance, employing the Ningbo case to trace the transition of blue carbon from a resource
to an asset and the co-evolution of institutional rules, thereby generating context-sensitive
insights for developing countries.

3. Research Methodology
3.1. Research Site

This study selected Ningbo City and its subordinate Xiangshan County in Zhejiang
Province as the research site. Located on the southern wing of the Yangtze River Delta,
Ningbo covers 9816 km? of land and 9758 km? of sea area with 1562 km of coastline. By
the end of 2024, its population reached 9.78 million with a GDP of 1.81 trillion RMB, es-
tablishing it as a major port city with rich commercial and maritime traditions. Xiangshan
County, situated between Xiangshan Harbor and Sanmen Bay, encompasses 1382 km? of
land and 6618 km? of sea area with 988 km of coastline. By the end of 2024, its population
reached 0.58 million with a GDP of RMB 94.3 billion, establishing it as a nationally desig-
nated marine fishery ecological protection area characterized by fisheries and the marine
economy.

Three considerations justify this selection: First, this site pioneers China’s first blue
carbon auction, demonstrating temporal completeness from resource accounting to finan-
cial support. Second, its temperate estuarine tidal flats and algal cultivation systems rep-
resent coastal East and North China, contrasting with tropical mangrove regions [62].
Third, its algae and shellfish cultivated carbon sinks constitute important components of
China’s blue carbon system with national promotion potential, reflecting resource typi-
cality.

3.2. Research Method

To investigate in depth the institutional evolution of blue carbon governance in
China, this study adopted structured process tracing as its core research method. This
method is not a mere descriptive tool, but a rigorous analytical approach designed to un-
cover complex causal relationships, particularly suited to answering the “how” and
“why” questions in complex social phenomena—focusing not only on “what happened”
but also on explaining the underlying logic chain of “why it unfolded in this way” [63]. It
thus aligns closely with the present research: as an emerging field, the institutional evolu-
tion of blue carbon governance is not the result of top-down linear design, but a nonlinear
process in which multiple actors continuously interact, experiment, and learn amidst mul-
tiple uncertainties in policy, market, and science. Because process tracing emphasizes tem-
porality, mechanistic evidence, and causal process observations, it can effectively capture
the causal mechanisms and critical decision nodes in blue carbon governance from initial
conditions to outcomes, thereby transcending static correlational or comparative analyses
and providing a rigorous analytical pathway for explaining the logic of institutional emer-
gence and evolution.

In this study, this means conceptualizing blue carbon governance as a dynamic,
multi-actor interactive complex adaptive system, focusing on the strategic interactions
among diverse actors—including government, enterprises, and research institutions—
based on their respective behavioral logics. The research aims to reveal how these micro-
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level interactions, through temporal progression and interconnectedness, ultimately
“emerge” as macro-level institutional structural changes and governance performance.

Based on this method, we constructed a structured analytical framework (see Figure
1), with the analytical process divided into three closely related steps. First, drawing on
Coase’s theory of property rights and the Institution Analysis and Development frame-
work (IAD), we articulated the causal mechanisms of blue carbon governance evolution—
specifically how key variables such as transaction objects, transaction subjects, and trans-
action rules interact in a sequenced manner to drive institutional transitions. Second, we
operationalized these theoretical mechanisms into observable and verifiable empirical
manifestations. Third, through systematic collection and analysis of multi-source histori-
cal evidence, we tested and evaluated the theoretical pathway, thereby revealing the dy-
namic causal process from strategic interactions among actors to adaptive adjustments in
governance structures and ultimately to the emergence of institutional resilience or diffi-
culties [64].

causes causal mechanism:
) . S . results
theoretical aspect: institutional synergy and evolution
Coase theorem. IAD
framework Ir | ' | ' _i
1
i i i : |
. 1 1 1
first Step‘l I component | : component 2 : component 3 : component 4 : component 5 |
conceptual- | ' ! ! ! |
lization | ' ! ' ! |
| ] 1 ] :
| - i : i . i : | o I institutional
blue carbon transaction 1 transaction 1 transaction 1 transaction : benefit
P 1 L,
) 1 1 | [ I performance
governance | objects 1| participants I markets I rules 1 distributions
1 1
I : N 1 : I
1
| i second step: i 1 |
1 o . | 1 |
A1 4 _ || operationali- [{ __ I
| H zation 1
| i i
| observa- ! observa- : observa-
| ble ble ! ble
| action ! action ! action
1 1
1 1
|
L _ L —
empirical aspect: third step:

process tracing method

collecting evidences

Figure 1. Research Methodology for Blue Carbon Governance.

3.3. Data Collection

To ensure the reliability and validity of the research, this study adopted the triangu-
lation principle, collecting multiple sources of data through various channels to form a
complete evidence chain. First, we conducted an in-depth analysis of policy documents
and reports at various levels, systematically examining the policy texts, public reports,
internal reports, and academic literature involved in the project implementation process.
Second, between July and August 2025, we carried out four in-depth, semi-structured,
face-to-face interviews. Prior to the interviews, we made initial contact by telephone with
research institutions, government agencies, trading platforms, and representative enter-
prises, explaining the research purpose and confirming the core informants. On this basis,
drawing on the theoretical analytical framework constructed in this study, we designed
an interview guide covering five dimensions: “transaction objects, transaction partici-
pants, transaction markets, transaction rules, and benefit distributions”. During the in-
person interviews, we focused on the actors’ role perceptions, behavioral logic, and inter-
action details at key decision nodes. We also compiled and preserved complete interview
records, cross-validated the narratives of different actors regarding the same key events,
and reconstructed the full picture. Although the interview sample consists of four ses-
sions, it covers four core categories of actors—government, research institutions, trading
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platforms, and enterprises—constituting a “minimal sufficient actor set” for local blue car-
bon governance. Their perspectives are complementary, and the information approaches
saturation, enabling a complete reflection of the decision-making chain and collaboration
network. In addition, we conducted field visits to Xiangshan County, including blue car-
bon auction sites, algae farming areas, and tidal flat wetlands, to corroborate textual and
interview information, together forming a cross-verifiable evidence chain.

4. Theoretical Framework
4.1. IAD Framework

Blue carbon governance exhibits three distinctive characteristics: prominent com-
mon-pool resource attributes, diverse governance subjects, and complex nested rule sys-
tems. Traditional analytical tools struggle to decipher its mechanisms, whereas Ostrom’s
IAD framework, centered on rules and focusing on the structural composition and dy-
namic adaptation of institutional elements, provides a highly suitable research tool for
such multi-level, multi-actor interactions [65].

Overall, the IAD framework is used to analyze blue carbon governance by construct-
ing a dynamic cyclic system of “exogenous variables—action arena—outcomes/feedback”
(see Figure 2). Exogenous variables—such as biophysical conditions, community attrib-
utes, and rules-in-use—establish the basic constraints of the system and shape the action
arena encompassing actors and their interaction contexts. Within this arena, diverse ac-
tors—including government, enterprises, and research institutions—engage in strategic
interactions based on their understanding of rules and their own interests. The resulting
outcomes subsequently provide feedback to influence actor strategies and drive rule ad-
justments. These updated rules and perceptions, as new inputs, propel system evolution,
thereby revealing the critical pathways of institutional change [66].

external |
variables
arena
biophysical
conditions action
situation

attributes of the
community

institutional 1
rules

boundary rules

i i
1 i 4
1 ! ] :
: i ; strategies
1 ! government !
1 i 4
- 1 ! enterprises !
position rules 1 i P i
) 3 : i
choice rules ] : S : '
y : i ; ] patterns of 1
1 . .
aggregation rules : ¢ ] interaction !
information rules ~ ; :
: I
1
1

scope rules

payoff rules

|
|
|
|
|
———————— long-term cyclical influences  -------------1 :
|
|
|
|

—————————————————— reshaping institutional rules ———————————

Figure 2. Institutional Analysis and Development Framework for Blue Carbon Governance.

Among these, institutional rules constitute the most critical component of the IAD
framework. Ostrom categorized rules into seven types: boundary, position, choice, aggre-
gation, information, scope, and payoff rules. Specifically applied to blue carbon govern-
ance: boundary rules determine who can participate in the development, utilization, or
trading of blue carbon resources; position rules clarify the roles and responsibilities of
different participants throughout the blue carbon formation process; choice rules con-
strain the specific behaviors of various actors in blue carbon governance, ensuring opera-
tional standardization and legitimacy; aggregation rules govern how individual choices
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are translated into collective outcomes in blue carbon governance; information rules stip-
ulate the disclosure and sharing mechanisms for key information such as blue carbon
monitoring data and transaction prices; scope rules define the range of tradable carbon
sink assets and the realization framework for ecological benefits; payoff rules directly in-
fluence actors’ motivations to participate in governance by establishing rewards and pen-
alties for blue carbon protection and destructive behaviors.

Through this systematic deconstruction of the seven rule types, the abstract concept
of “institution” is transformed into concrete, operable rules. This approach not only effec-
tively helps identify core problems and their interaction mechanisms within governance
practices but also establishes a solid theoretical foundation for understanding how insti-
tutions dynamically shape actor behaviors and influence governance performance.

4.2. Coase’s Theory of Property Rights
4.2.1. Transaction Costs and Institutional Logic

The core contribution of Coase’s theory of property rights lies in revealing the logic
of institutional choice from the perspective of transaction costs. In his classic 1937 paper
“The Nature of the Firm”, Coase proposed that the essence of a firm's existence is to save
market transaction costs [67]. When market transaction costs are low, market mechanisms
are chosen; conversely, when market transaction costs are high, resources are allocated
through the firm'’s hierarchical structure. The government, as a higher-level hierarchical
mechanism, similarly replaces dispersed negotiations with authority and directives to re-
duce costs and increase efficiency. Therefore, this logic of “transaction cost comparison”
also applies to public governance—in public resource issues involving numerous stake-
holders and difficult negotiations, relying solely on market negotiation may incur ex-
tremely high transaction costs, making government coordination economically rational.
Based on this, in public resource governance, an “effective government” and an “efficient
market” are not opposed but represent complementary arrangements under the goal of
minimizing transaction costs, with their effective coordination being key to achieving op-
timal resource allocation [68].

4.2.2. Property Rights in Public Resources and Market Design

Applied to blue carbon governance, the design of the “cap and trade” mechanism
stems precisely from this logic: blue carbon possesses non-excludability and non-rivalry
characteristics, with high costs associated with defining property rights. Relying solely on
market regulation could easily lead to a “tragedy of the commons”, while government
intervention alone struggles to achieve efficient governance. The mechanism with the low-
est matching costs is the optimal governance structure [69]. Therefore, this mechanism
operates in two phases, led respectively by government and market, with its operational
process illustrated in Figure 3.

In the “cap” phase, the government sets the overall carbon emission cap for society
and allocates quotas based on environmental carrying capacity, emission reduction tar-
gets, and economic development needs. Quotas are then distributed to regulated enter-
prises through free allocation or auctions. In this phase, without mandatory government
definition, relying on market spontaneous negotiation to determine the cap and allocation
rules would lead to composition fallacies due to individual rationality, incur extremely
high transaction costs, and potentially fail to reach consensus altogether [70]. Therefore,
government intervention is necessary, utilizing its hierarchical authority for unified coor-
dination, thereby bridging individual rationality and collective rationality and laying an
indispensable institutional foundation for subsequent market transactions.

In the “trade” phase, after initial quota allocation, enterprises buy and sell quotas in
the market based on their respective emission reduction costs. Enterprises with higher
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abatement costs can purchase additional quotas to reduce compliance costs, while those
with lower abatement costs can sell surplus quotas for profit. Price signals guide abate-
ment actions toward the lowest-cost actors, minimizing total emission reduction costs.
Compared to the high information and supervision costs associated with direct govern-
ment command of enterprise emission reductions, market mechanisms allocate resources
more efficiently through price leverage [71].

overnment -
8 allocates or auctions enterprises

emission allowances | ~ fTTTTTToooooooooooooooe
receive initial allowances

sets an aggregate
emission cap

decision for enterprises
reduce emissions
or
purchase allowances?

enterprises with high abatement costs

have insufficient allowances —purchase
allowances, achieve compliance.

have surplus allowances — sell

enterprises with low abatement costs
allowances, earn profit.

have blue carbon projects — generate carbon credits
— sell or offset.

Y

@owance trading market (trade) is fo@

[ achieve net emission reduction at minimal cost ]

Figure 3. Cap-and-Trade Mechanism for Blue Carbon Governance.

Therefore, blue carbon governance does not simply replicate “free market” logic but
represents a sophisticated institutional design based on Coase’s theory: the “cap” compo-
nent relies on hierarchical systems to resolve property rights definition challenges, while
the “trade” component depends on market mechanisms to optimize resource allocation.
The key to success lies in whether the government can clearly define carbon sink property
rights and reduce transaction costs for the market [72]; otherwise, even if both the ecolog-
ical potential of blue carbon and market demand are present, governance bottlenecks re-
main difficult to overcome.

4.3. An Integrated Analytical Framework for Blue Carbon Governance

To analyze the patterns of institutional evolution in China’s blue carbon governance,
this study constructs an integrative analytical framework (see Figure 4). This framework
synthesizes the complex adaptive systems (CASs) perspective, Coase’s theory of property
rights, and the Institutional Analysis and Development (IAD) framework into a clearly
structured theoretical system, laying the scientific foundation for institutional evolution
analysis and case-based empirical research. Such integration is necessary: although the
IAD framework provides an excellent tool for operationalizing rules, it cannot alone fully
explain the dynamics and direction of blue carbon institutional evolution. Therefore, this
framework introduces the CAS perspective to reveal the macro-level logic of how the sys-
tem undergoes adaptive evolution, and embeds Coase’s theory of property rights to elu-
cidate the core economiclogic of why a division of labor between government and market,
based on transaction cost comparison, is required. Only through the complementary inte-
gration of these three perspectives can the framework provide complete and rigorous the-
oretical support for analyzing the entire process from micro-level interactions to macro-
level institutional emergence.
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systems perspective | guides blue carbon analysis framework
CAS theory five-dimensional rules

supported by

l l

overall logic operationalization tool
Coase's property rights theory IAD framework
mapped to
transaction objects,transaction participants,
cap-and-trade transaction markets, transaction rules, benefit
distributions

Figure 4. Integrated Framework for Analyzing Blue Carbon Governance.

4.3.1. CAS Perspective: System Dynamic Evolution

The CAS perspective is conducive to revealing the dynamic evolutionary patterns of
blue carbon governance systems [73]. In blue carbon governance practice, the external en-
vironment (natural conditions, policy orientations, etc.) and internal attributes (actor per-
ceptions, resource endowments, etc.) jointly shape the governance context. Within this
context, diverse actors interact around issues such as carbon sink measurement and ben-
efit allocation, generating outcomes including transaction completion, ecological im-
provement, or cooperation breakdown. These outcomes, through learning mechanisms
and policy feedback, influence subsequent institutional adjustments, driving the system
progressively from exploratory phases toward maturity.

4.3.2. Coase’s Theory: Property Rights and Market

Coase’s theory of property rights provides the core rule basis for blue carbon govern-
ance. Given the public good attributes and high transaction costs characteristic of blue
carbon resources, governments must employ authoritative mechanisms to complete car-
bon sink assessment and initial quota definition, thereby reducing institution-building
costs. Once property rights are clearly defined, market transactions enable the allocation
of carbon sinks toward more efficient actors, coordinating the dual objectives of ecological
protection and economic development. This dual logic materializes in China’s carbon
market architecture. The CEA system functions as a cap mechanism, with the government
progressively tightening binding caps on high-emission sectors—power, steel, cement,
and aluminum smelting —to pursue carbon peak and neutrality goals. The CCER system
operates as a complementary trade mechanism, permitting verified carbon sinks, includ-
ing blue and green carbon, to enter the market for offset purposes. Together, they opera-
tionalize Coase’s framework through authoritative initial allocation followed by market-
driven reallocation.

4.3.3. An Adapted IAD Framework: Five-Dimensional Rules

Building on this foundation, the IAD framework provides complementary pathways
for rule operationalization. Based on its seven rule types, this study reconstructs the insti-
tutional elements into five core dimensions: transaction objects, transaction participants,
transaction markets, transaction rules, and benefit distributions (see Figure 5). These di-
mensions respectively address the fundamental questions of “who participates, what is
traded, how trading occurs, where trading takes place, and how benefits are distributed.”
This reconstruction preserves the IAD framework’s systemic advantages while enabling
analysis to directly engage with critical nodes in governance practice, thereby enhancing
analytical operability.
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The transaction objects dimension, relying on scope rules and information rules,
specifies tradable assets and their credibility. Within the Chinese context, blue carbon
sources mainly consist of net increments in carbon sinks derived from mangroves,
seagrass beds, salt marshes, and algal cultivation systems [74]. Their measurement re-
quires unified methodologies, while high monitoring costs, carbon stock uncertainties,
and legal property rights dilemmas collectively constitute institutional thresholds for
transforming ecological value into credible transaction targets.
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Figure 5. Five-Dimensional Governance Mechanism for Blue Carbon Market.

The transaction participants dimension, determined by boundary rules and position
rules, defines participant eligibility and role differentiation. Within this dimension, gov-
ernments act as rule-setters and regulators, guided by public interest, policy objectives,
and risk control considerations. Enterprises, as both demand-side actors and potential
suppliers, participate in transactions and asset operations based on cost-benefit logic, con-
stituting the core of market vitality. Research institutions focus on methodological inno-
vation and authoritative verification, providing technical credibility. Financial institutions
and judicial bodies participate through green finance expansion or ecological restoration
responsibilities. These diverse actors, differentiated by their positioning, form interactive,
competitive, and collaborative relationships, constituting the primary driving force be-
hind blue carbon governance evolution [75].

The transaction markets dimension, defined by scope rules and information rules,
delineates market boundaries and operational transparency. Vertically, national markets
coordinate platforms and rules, supporting cross-regional circulation and value discov-
ery, while local markets emphasize differentiated exploration and primary cultivation.
Horizontally, the production side focuses on project development, certification, and initial
allocation, serving as the value source; the consumption side undertakes transaction cir-
culation and offset functions, enabling value realization. The institutional articulation and
functional complementarity between the two market levels and two operational sides
jointly construct a fully integrated market ecosystem.

The transaction rules dimension, through aggregation rules and choice rules, governs
the actions and decision-making processes throughout the entire cycle of carbon sink gen-
eration, certification, and trading. At the national level, the focus is on establishing unified
measurement standards, registration systems, and trading procedures to ensure institu-
tional authority and cross-regional mutual recognition. At the local level, adaptive inno-
vations occur within the unified framework, developing specific project implementation
rules and regulatory requirements tailored to local resource conditions and management
needs, reflecting the flexibility of regionally differentiated exploration. These two levels
complement each other, jointly constituting the multi-level governance structure of the
blue carbon trading system.
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The benefit distributions dimension, through payoff rules and scope rules, estab-
lishes an institutional framework for benefit distributions and sustainable development.
Its core logic operates as follows: primary distribution follows market efficiency princi-
ples, allocating benefits to producers and investors based on property rights definitions
to stimulate market vitality. Secondary distribution channels benefits through ecological
funds, community sharing mechanisms, and similar instruments to reinvest in ecological
restoration and livelihood improvement, implementing the principle of “benefits for pro-
tectors, payment by users, compensation from destroyers.” Primary distribution focuses
on ensuring economic efficiency, while secondary distribution strengthens equity and sus-
tainability. These two levels complement each other, jointly advancing the dual objectives
of sustainable economic development and social equity [76].

5. Case Study

This study selected Ningbo, China, as the research site. Ningbo possesses compre-
hensive blue carbon ecosystems including coastal tidal flats and salt marshes, with near-
shore shallow waters providing natural conditions suitable for the growth of blue carbon
organisms. Additionally, approximately one-third of the carbon from fisheries can be de-
posited on the seabed for long-term sequestration, establishing Ningbo as a pioneering
demonstration of blue carbon marketization pathways for developing countries. Within
this specific action context, diverse actors engaged in decision-making and gaming cen-
tered around the five-dimensional rules of blue carbon governance, with gaming out-
comes directly shaping current governance performance and establishing new rule
boundaries and action contexts for subsequent rounds of gaming through feedback mech-
anisms, thereby driving the construction of the blue carbon governance system.

This study adopted a three-stage analytical framework to examine the blue carbon
marketization process: the initial founding stage focused on property rights definition and
basic institutional establishment; the synergistic stagnation stage centered on system ad-
aptation and deepened collaboration; the iterative upgrading stage emphasized institu-
tional reconstruction and comprehensive coordination. These three stages captured
China’s blue carbon trajectory: decentralized multi-scenario pilot transactions in the
founding stage; gradual clarification of property rights and nascent market infrastructure
in the stagnation stage; and integration of local pilots into the CCER framework, ulti-
mately linking to the CEA compliance market, in the upgrading stage. The following sec-
tions analyze the institutional evolution logic and internal operational mechanisms from
the perspective of full transaction elements.

5.1. The Initial Founding Stage: Institutional Construction and Early Performance
5.1.1. Transaction Objects

Defining the transaction objects is central to the marketization of blue carbon value.
Ningbo City, supported by institutional and technological innovation, transformed eco-
logical service value into identifiable, rights-confirmed, and transferable property assets.
Regarding the object boundary, the transaction target was explicitly defined as the incre-
mental carbon sink formed through human intervention, primarily covering two types:
fishery carbon sinks and salt marsh carbon sinks. Natural stock carbon sinks were strictly
excluded, adhering to the principle of additionality. In terms of technical support, tailored
to the characteristics of the local muddy coast, technologies such as “sediment core sam-
pling + drone monitoring” were adopted to achieve high-precision measurement. Profes-
sional teams collaborated with third-party institutions to establish a standardized full-
chain system for accounting, verification, and certification. For compliance assurance, the
“integration of the Sea Area Use Right Certificate and the Aquaculture Certificate” was
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implemented to clarify ownership of benefits. Concurrently, a compliance certification
mechanism known as the “triple review integration” was constructed, involving produc-
tion record filing by the fisheries department, technical review by the marine research
institute, and compliance verification by the property rights exchange center. This mech-
anism strictly reviewed subject qualifications during the access stage, ensuring the legality
and compliance of the transaction objects.

5.1.2. Transaction Participants

The transaction participants in Ningbo’s blue carbon governance exhibited a concen-
tric circle structure. Enterprises acted as initiators, promoters, and resource suppliers
throughout the marketization process. Notably, Wenrong Zhu, Chairman of Xiangshan
Xuwen Seaweed Development Co., Ltd., took a pioneering role. Leveraging advanced
blue carbon concepts and technologies, he was the first to explore carbon sink value,
providing carbon sink supply carriers and practical samples through large-scale aquacul-
ture, thereby promoting the implementation of the blue carbon market and proactively
funding technological breakthroughs. Government departments and research institutions
served as collaborative core subjects. The Development and Reform Bureau of Xiangshan
County, as the policy leader, spearheaded the formation of a cross-departmental task
force, coordinating resources to build the institutional framework and trading platform.
The team led by Congying He from the Ningbo Marine Research Institute solved critical
challenges in carbon sink measurement and provided scientific endorsement. Judicial au-
thorities, market institutions, grassroots fishing villages, and fishermen constituted the
peripheral participating subjects. Judicial authorities integrated blue carbon transactions
into compensatory ecological damage restoration. Market institutions provided services
for transaction matching, witnessing, and cross-regional cooperation. Village collectives
were responsible for property rights coordination and benefit consolidation. Fishermen,
as direct producers of carbon sinks, provided supplementary supply. These diverse sub-
jects collectively formed the participation system for Ningbo’s blue carbon governance
and market operation.

5.1.3. Transaction Markets

Ningbo built its transaction markets with the goal of creating diverse transaction sce-
narios and a low-cost trading environment. Initially, it established the Xiangshan Blue
Carbon Trading Sub-center based on the property rights exchange center and developed
the “Yongtanhui” digital platform. This platform integrated functions such as carbon sink
accounting, transaction matching, and information disclosure to reduce information
search costs. The platform focused on three core scenarios: judicial restoration, corporate
ESG performance, and carbon neutrality for large-scale events, generating several typical
transaction cases. In the judicial scenario, in 2024, Zhang and Li in Xiangshan were sen-
tenced for illegal fishing during the moratorium; their voluntary purchase of 422.5 tons of
blue carbon for ecological compensation became Zhejiang Province’s first case integrating
blue carbon with judicial and property rights transactions. In the corporate scenario, nu-
merous enterprises participated in auctions to reserve resources for potential CCER com-
pliance obligations. In the event scenario, events like the World Buddhist Forum and the
Taohua Marathon achieved carbon neutrality by purchasing blue carbon. Simultaneously,
Ningbo cooperated with Xiamen across provinces to transcend geographical limitations.
At the financial level, it issued Zhejiang Province’s first blue carbon pledge loan. The plat-
form publicly disclosed various market information, enhancing transparency and reduc-
ing transaction risks.
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5.1.4. Transaction Rules

Ningbo designed its transaction rules with the core aim of reducing transaction costs.
In February 2023, China’s first blue carbon auction was held in Huangbi’ao Township,
Xiangshan County. The transaction object was 2340.1 tons of fishery carbon sink from
Xihu Harbor, with a starting price of 30 yuan/ton. After 76 rounds of bidding, it was sold
at 106 yuan/ton, achieving a premium rate of 253%. Public bidding generated a genuine
price signal, avoiding the subjectivity of administrative pricing and resolving the pricing
challenge. Based on this, Ningbo constructed a closed-loop process for blue carbon trad-
ing: “filing, verification, trading, and write-off.” During the filing phase, the Natural Re-
sources and Planning Bureau reviewed the compliance of sea area use rights and aqua-
culture. In the verification phase, third-party institutions conducted on-site monitoring
and data verification, publicly announcing the results. The trading phase relied on the
property rights exchange center to organize bidding. The write-off phase completed trans-
action confirmation through the blue carbon ecological carbon account, ensuring full
traceability of the transaction process. In March 2024, Ningbo and Xiamen jointly estab-
lished the nation’s first cross-provincial blue carbon ecological carbon account, enabling
data interoperability and mutual recognition, promoting the evolution of transaction rules
towards regional coordination.

5.1.5. Benefit Distributions

Centered on the principle of “beneficiaries pay”, Ningbo constructed a dual-layer
revenue distribution architecture that was both market-oriented and policy-driven. At the
micro level, carbon sink trading revenue was preferentially tilted toward grassroots pro-
ducers. Thirty percent of the revenue was directly distributed in cash to the participating
fishermen, covering their production costs. Small amounts of revenue were collectively
managed by village collectives for public affairs in fishing villages, such as net cage reno-
vation and ecological restoration. At the meso level, enterprises participating in blue car-
bon trading received government innovation incentives, and research institutions were
compensated according to the volume of technical services provided. At the macro level,
5% to 8% of the funds from each blue carbon transaction were allocated to the Blue Carbon
Ecological Compensation Fund, managed by the government for regional blue carbon
ecological restoration and species protection, ensuring the sustainability of blue carbon
governance.

5.1.6. Action Situation and Subject Interaction

The initial founding stage of Ningbo’s blue carbon governance coincided with a crit-
ical stage in advancing the national “dual carbon” strategy. The national level incorpo-
rated marine carbon sinks into the overall development plan, and Zhejiang Province re-
garded it as a core lever for high-quality development of the marine economy, establish-
ing a favorable policy environment for Ningbo’s blue carbon development. Given the
scarcity of domestic blue carbon trading pilots, Ningbo's institutional innovation was both
necessary and urgent. By that time, Ningbo had accumulated multi-dimensional practical
experience: private enterprises took the lead in exploring blue carbon value; research in-
stitutions solved measurement challenges, providing technical support; the government
took the lead in building cross-departmental collaboration platforms, accumulating trad-
ing experience. Regional practices within the province, such as mangrove restoration in
Cangnan and mussel carbon sink trading on Dachen Island in Taizhou, also provided ref-
erential experiences for Ningbo.

The subject interaction in Ningbo’s blue carbon governance exhibited characteristics
of core leadership, coordinated linkage, and diversified participation. Dynamic synergy
among subjects was achieved through rule-binding and benefit-sharing, forming a social
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structure with both formal institutions and informal consensus. Within the core triangle,
enterprises, government, and research institutions established normalized interaction
mechanisms such as joint offices and collaborative decision-making, based on a division
of labor leveraging comparative advantages: enterprises proposed demands, the govern-
ment built the platform, and the research institute provided support. Together, they tack-
led multiple challenges related to concepts, technology, and policy in blue carbon trading.
In interactions with peripheral subjects, the core triangle, by constructing the rule system
and market foundation, provided convenient pathways for judicial authorities, market
institutions, and grassroots fishing villages to participate in blue carbon governance, re-
ducing their participation costs. Conversely, the involvement of peripheral subjects in-
jected new demand and supply into the blue carbon market, feeding back into the gov-
ernance practices of the core triangle. At the grassroots level, fishing villages formed in-
formal property rights coordination mechanisms based on the traditional consensus of
“ancestral seas”, complementing the government’s formal property rights definition sys-
tem. Village collectives acted as an intermediary link, coordinating interests among fish-
ermen and between fishermen and enterprises, safeguarding the participation and per-
ceived benefits of grassroots producers. This allowed blue carbon governance to reach
deep into the grassroots, forming an interconnected social structure linking upper and
lower levels.

5.1.7. Game Outcomes and Institutional Feedback

The interactions and strategic games among various actors successfully broke the ice
for blue carbon marketization, achieving multiple breakthroughs including the comple-
tion of the nation’s first blue carbon auction and the establishment of the first cross-pro-
vincial blue carbon ecological carbon account. Concurrently, the outcomes of these games
restructured the institutional structure through feedback loops. They affirmed institu-
tional rules such as the “integration of two certificates” property rights certification sys-
tem, the “triple review integration” compliance verification system, and the closed-loop
“filing-verification-trading-write-off” transaction process. At the same time, based on
market trends, they unearthed new demands, such as the unification of cross-regional
blue carbon transaction rules and the innovative development of blue carbon financial
products, thereby setting new rule boundaries and action situations for subsequent
rounds of subject interaction.

5.2. The Synergistic Stagnation Stage: Institutional Deepening and Evolutionary Dilemmas
5.2.1. Transaction Objects

Although the blue carbon transaction object had been successfully marketized, the
supporting systems for measurement standards, property rights certification, and tech-
nical support lagged behind, preventing the formation of stable and replicable transaction
targets. In terms of measurement standards, the localized accounting method developed
by the Ningbo Marine Research Institute was only applicable to specific aquaculture va-
rieties along the muddy coast of Xiangshan, exhibiting limited universality. This led to the
problem of mutually unrecognizable measurement results when surrounding projects at-
tempted to integrate. Regarding property rights certification, the high transfer fees re-
quired for the dual certificates deterred most fishermen. Among the vast tidal flats cover-
ing thousands of hectares in Xihu Harbor, Xiangshan, only a few village collectives and
state-owned enterprises held both certificates. Furthermore, the aquaculture certificates
lacked precise coordinate boundaries, resulting in disputes over overlapping property
rights. In terms of technical support, a third-party verification market had yet to be culti-
vated. Research funding relied on private enterprise sponsorship and project grants, rep-
resenting a single source of funding. Moreover, existing accounting methods could not
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precisely quantify the impact of natural factors such as climate. In 2023, algae production
in Xiangshan decreased by 15% due to extreme weather, causing fluctuations in carbon
sink value that exceeded market expectations and discouraging enterprises from large-
scale credit accumulation in the short term. Additionally, Ningbo’s local carbon sink cred-
its had not yet been linked with other regional carbon inclusion markets or the national
carbon trading market. This institutional “island effect” constrained the value boundary
of the transaction objects, but it also reserved space for exploration regarding future inte-
gration with a national blue carbon trading system.

5.2.2. Transaction Participants

The success of China’s first blue carbon auction acted like a magnet, attracting vari-
ous entities to join in a “free-rider” manner. The transaction system further expanded, and
continuous exploration of cross-regional subject collaboration models occurred. On the
consumption side, enterprises actively participated in auctions to reserve resources for
compliance purposes. The participation of manufacturing and carbon service enterprises
injected fundamental market demand. From the Development and Reform Bureau of
Xiangshan County to multiple municipal government departments such as Ecology and
Environment and Natural Resources, responsibilities were redefined, and a governance
framework was established, reducing the institutional transaction costs associated with
“fragmented management”. Some policy entrepreneurs actively promoted the elevation
of governance levels and cross-departmental collaboration, strengthening blue carbon
governance as a regular task. Research institutes formed an “industry-university-re-
search-application” collaborative system, providing scientific support. Judicial authorities
innovated transaction models, injecting administrative demand. Fishing village collec-
tives and fishermen improved aquaculture conditions and supplemented carbon sink sup-
ply. Ningbo and Xiamen achieved data interoperability, accumulating experience in cross-
regional collaboration. These diverse subjects collectively constituted the participation
system for blue carbon governance.

5.2.3. Transaction Markets

Ningbo’s blue carbon market achieved a breakthrough from nothing, initially estab-
lishing three major transaction scenarios: judicial restoration, corporate ESG reserves, and
carbon neutrality for large-scale events. It cultivated core consumer-side subjects such as
judicial authorities and local enterprises, completed the basic market layout, and vali-
dated the diverse application possibilities of blue carbon trading. However, at this stage,
the market remained in a niche and fragmented developmental phase. Supply-side cov-
erage was insufficient, and the pace of scaling up was slow. As of January 2026, Ningbo
City had completed only two judicial transactions, both related to ecological compensa-
tion for illegal fishing cases. Corporate participation was primarily limited to a few local
entities. Event carbon neutrality relied on sporadic large-scale events, exhibiting overall
characteristics of “point-based” transactions. Regarding market structure, supply and de-
mand were imbalanced. Fishermen and fishing village collectives on the supply side were
excluded due to property rights and distribution issues. Cross-regional expansion re-
mained at the level of government demonstration projects, with high participation barri-
ers for grassroots projects. Financial support had not yet extended to fishermen, and the
carbon sink potential on the supply side remained untapped.

5.2.4. Transaction Rules

Following the first blue carbon auction, Ningbo established a foundational rule
framework for blue carbon trading. However, constrained by institutional supply and
subject coordination, the rules lacked systematic coherence. Current pricing relied on the
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scarcity premium of the first auction, lacking normalized standards, which dampened en-
thusiasm for spontaneous market transactions. The verification method was poorly
aligned with national-level approaches, and the absence of a third-party market led to
insufficient efficiency and authority. The dual-certificate access rule was disconnected
from the traditional concepts and payment capacity of Xiangshan fishermen, excluding a
large amount of carbon sink due to property rights non-compliance. The supply side thus
fell into a state of “impoverished abundance.” The division of responsibilities across de-
partments lacked a top-level coordination mechanism, resulting in high communication
costs. As Yang Yang, Section Chief of the Development and Reform Bureau of Xiangshan
County, candidly stated, to facilitate the first auction, the team convened over a hundred
meetings to coordinate among various departments. These pain points clarified the direc-
tion for standardizing rules and optimizing marketization.

5.2.5. Benefit Distributions

A preliminary framework for revenue distribution in Ningbo’s blue carbon govern-
ance had been established, but its incentive function was gradually weakening. A portion
of the actual revenue generated from blue carbon transactions was invested in public af-
fairs of fishing villages to improve aquaculture conditions. However, most fishermen
were unable to participate in the distribution due to property rights issues. Even among
eligible fishermen, the dividends received after the first auction in 2023 amounted to only
a few hundred yuan, which was insufficient to cover aquaculture costs and even led some
to reduce their farming scale. The distribution rules lacked quantitative standards, leading
to interest disagreements. The ecological compensation fund established by the govern-
ment was small in scale and narrow in scope, with limited capacity for reinvestment. The
benefit distributions urgently needed to be further tilted towards fishermen, and the ben-
efit boundary required optimization.

5.2.6. Action Situation and Subject Interaction

During this stage, blue carbon governance transitioned from local innovation to-
wards scaling and systematization. The pace of development slowed down. The core con-
tradiction was the imbalance between the rapid expansion of governance subjects and the
adaptability of institutional supply, technical support, and interest distribution, where
challenges and opportunities were intertwined. Various participating entities—including
enterprises, government departments, research institutions, judicial authorities, fishing
village collectives, and cross-regional governments—engaged in diverse practices sur-
rounding blue carbon trading. A preliminary interaction pattern had taken shape, and
cross-regional and cross-type collaborations were gradually unfolding. However, super-
imposed issues—such as the lack of a stable consensus on emission reduction among en-
terprises, poor policy coordination among government departments, data silos in the re-
search field, weak interest linkage mechanisms for fishermen, and disagreements over
cross-provincial collaboration rules—prevented the establishment of a systematic coordi-
nation mechanism. Consequently, the governance effectiveness brought by the expansion
of subjects had not been fully realized.

5.2.7. Game Outcomes and Institutional Feedback

The games among diverse subjects achieved a breakthrough from single-point explo-
ration to diversified participation. However, the lag in supporting underlying institutions
resulted in insufficient coordination and limited effectiveness. The interest demands and
action logics of various subjects struggled to form a synergy, even leading to localized
conflicts. This game situation exposed shortcomings in current institutional supply and
coordination mechanisms, while also clarifying the targets for institutional optimization.
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It propelled the evolution of the blue carbon governance system towards a direction that
better aligns with practical needs and is more coordinated and sustainable.

5.3. The Iterative Upgrading Stage: Systematic Reconstruction and Optimization of Institutions
5.3.1. Transaction Objects

At the level of transaction objects, a transformation from “local characteristic pilots”
to “standardized assets” was achieved, with blue carbon becoming a standardized trans-
action target possessing cross-regional circulation value.

Ningbo, in collaboration with Xiamen and other coastal pilot cities, integrated meas-
urement experiences from different scenarios based on local characteristic methodologies.
It formulated unified local standards for blue carbon accounting and aligned them with
the national “Marine Carbon Sink Accounting Methods” to complete optimization,
achieving cross-regional interoperability of carbon sink data. Addressing the controversy
over the stability of fishery carbon sinks, a dual-track accounting approach of “life cycle
assessment + sediment carbon monitoring” was adopted. This clarified the long-term se-
questration properties of one-third of the sediment carbon from shellfish and algae aqua-
culture carbon sinks, incorporating it into the nationally unified carbon sink measurement
scope. Regarding property rights certification, the application process for the dual certifi-
cates was simplified. Policies for installment payments of sea area use fees and fiscal sub-
sidies were established. Digital technology supplemented the boundary markers of aqua-
culture certificates, increasing the supply of compliant carbon sinks in Xihu Harbor by
40%. Simultaneously, carbon sinks from salt marsh ecological restoration and coastal wet-
land conservation were included in the transaction scope, forming the dual-core transac-
tion objects system. Furthermore, Ningbo’s blue carbon methodology passed the national
CCER methodology filing, achieving value linkage with the national carbon market and
breaking the institutional “island effect.”

5.3.2. Transaction Participants

The transaction participants system evolved from “concentric circle participation” to
a “region-wide collaborative network,” with the roles of various subjects transforming
towards multi-functional empowerment, forming a mature pattern. Regarding enter-
prises, Xuwen Seaweed transformed into an industry integrator, and leading local enter-
prises planned to establish a blue carbon alliance to drive small and medium-sized aqua-
culture households. Government departments clarified responsibility lists, constructed a
collaborative regulatory framework, and provided think tank support. Research subjects
formed an innovation alliance and built a data-sharing platform. Among grassroots sub-
jects, fishermen participated in aquaculture and obtained credit support through “carbon
sink equity certificates,” while fishing village collectives coordinated property rights to
promote large-scale aquaculture. Cross-regional and international subjects advanced the
mutual recognition of rules across provinces and initiated international cooperation to
align standards and project certifications.

5.3.3. Transaction Markets

Ningbo’s blue carbon trading market, oriented towards optimizing the market ecol-
ogy and strengthening the foundation of trust, continuously expanded its scenarios and
scope of linkage. Transaction scenarios extended from single-village carbon inclusion to
areas such as salt marsh ecological restoration and corporate compliance. The “Yong-
tanhui” platform attracted citizen participation. Blue carbon was included in the offset
scope for corporate carbon emission compliance, driving transaction volume growth.
Cross-regional collaboration deepened. Ningbo and Xiamen jointly built carbon accounts
and unified standards and specifications, facilitating the entry of Ningbo’s blue carbon
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into markets like Fujian and Guangdong. Simultaneously, a bilateral linkage mechanism
involving leading enterprises, fishing villages, and research institutions was constructed,
forming a full-chain service system and continuously stimulating market vitality.

5.3.4. Transaction Rules

The optimization of transaction rules followed a dual-track path of “bottom-up ex-
perience summation and top-down institutional improvement,” evolving towards ma-
turity and systematization. At the market rule level, a dual-level trading system compris-
ing carbon inclusion and CCER was constructed. Carbon inclusion models were piloted
in fishing villages such as Huangbi’ao Township and Qiangjiao Town. Local blue carbon
accounting methods were developed with reference to national CCER standards, promot-
ing the transformation and upgrading of local projects. At the verification rule level, a
three-tier certification system was established, encompassing local standards, national
recognition, and international alignment. Technical specifications for fishery blue carbon
measurement were released, achieving cross-provincial data interoperability between
Ningbo and Xiamen. International VCS certification was introduced to enhance interna-
tional recognition. At the subject rule level, mechanisms for using sea area use rights as
equity shares and benefit-sharing were innovated. Market access was relaxed, forming a
pattern of diversified participation. At the coordination rule level, a governance frame-
work led by the government, operated by the market, and guaranteed by the judiciary
was constructed. Transaction management measures were issued, clarifying depart-
mental responsibilities and whole-process supervision. Concurrently, financial products
such as blue carbon pledge loans and carbon sink insurance were launched, reducing in-
stitutional transaction costs. Overall, Ningbo’s blue carbon trading rules achieved a spiral
progression through practice, trial and error, and optimization between 2023 and 2025.

5.3.5. Benefit Distributions

Revenue distribution, centered on fairness and stability, achieved sustainable opera-
tion through rule precision, subject expansion, and risk prevention. Specialized manage-
ment measures were formulated. A dual-indicator approach of “aquaculture area + carbon
sink contribution” was adopted to calculate fishermen’s revenue. The revenue sharing ra-
tios for enterprises and research institutions, along with service fee standards, were clari-
fied. A public information platform was established to ensure transparency. Grassroots
entities were empowered through methods such as using sea area use rights as equity
shares and providing carbon sink loans. Revenue was preferentially tilted towards re-
search institutions and small and medium-sized enterprises. A dispute mediation mech-
anism and an ecological compensation fund were established. Leveraging blockchain
technology and third-party audits, supervision was strengthened to prevent market risks
and conflicts of interest.

5.3.6. Action Situation and Subject Interaction

The action situation during the iterative upgrading stage exhibited diverse charac-
teristics, including national strategic guidance, market demand drive, and technological
innovation support. At the national level, blue carbon was formally incorporated into the
CCER and CEA market systems. The “Interim Measures for the Management of Blue Car-
bon Trading” were issued, providing top-level institutional guarantees. The accelerated
development of the global blue carbon market created conditions for Ningbo’s blue car-
bon to interface with international markets. The formation of a competitive and collabo-
rative pattern among blue carbon pilots in domestic coastal cities forced Ningbo to accel-
erate institutional innovation and standard export.
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Subject interaction formed a mature pattern of region-wide collaboration and bidi-
rectional empowerment. Regularized cooperation was established among core subjects.
The government formulated rules and built platforms. Enterprises led market operations
and product innovation. Research institutions provided technical support and standard
development. These three parties formed a closed-loop linkage of “rules-market-technol-
ogy.” Grassroots subjects were precisely connected with core subjects through “blue car-
bon cooperatives”. Fishermen’s aquaculture needs and ecological demands were directly
incorporated into institutional design and market operations. Cross-regional subjects
achieved data sharing, standard mutual recognition, and transaction interoperability
through collaborative platforms, forming a community for blue carbon governance
among coastal cities nationwide. International subjects participated in interactions
through channels such as VCS certification and carbon market linkage. Ningbo’s blue car-
bon methodologies and transaction models were exported to coastal countries along the
“Belt and Road,” forming an interactive network characterized by domestic coordination
and international alignment.

5.3.7. Game Outcomes and Institutional Feedback

During the iterative upgrading stage, a benign game equilibrium was achieved
among local practices and national top-level design, as well as regional competition and
cross-regional collaboration. Local experiences were incorporated into the national insti-
tutional framework. Regionally dispersed pilots transitioned towards a governance com-
munity with standard mutual recognition and market interoperability. The interest de-
mands of various subjects were effectively reconciled, and core contradictions were sys-
tematically resolved, forming a win-win pattern. Institutional operation exhibited a posi-
tive closed-loop feedback. Problems encountered in practice were continuously corrected
through standard optimization and mechanism innovation. The mature institutional sys-
tem further stimulated market vitality and enhanced credibility, ultimately promoting the
formation of an institutionalized paradigm for Ningbo’s blue carbon that is replicable,
scalable, and capable of interfacing with national and international markets.

5.4. Three-Stage Comparison and Causal Mechanism Testing
5.4.1. Comparison Across Three Stages

To clearly delineate the evolutionary trajectory of the blue carbon governance insti-
tution, this study systematically compares the three stages across five dimensions: trans-
action objects, transaction participants, transaction markets, transaction rules, and benefit
distributions (see Table 2). The three-stage evolution reveals differentiated trajectories
across five dimensions. Transaction objects advance from localized single-category ac-
counting to multi-category standardization with cross-regional mutual recognition,
where rule supply preconditions object standardization. Participants shift from a core tri-
angle-led structure to a region-wide collaborative network, requiring a matching coordi-
nation mechanism. Markets sediment from scattered explorations to a dual-track, three-
tier certification system, providing institutional infrastructure. Transaction rules evolve
from single-point breakthroughs to multi-scenario linkage, with early dilemmas stem-
ming from supply-side contraction caused by weakened distribution incentives. Benefit
distribution transforms from grassroots-tilted establishment to mature multi-layered
quantification, highlighting the criticality of negative-feedback recognition. Thus, syner-
gistic optimization of the five-dimensional rules, not isolated breakthroughs, drives insti-
tutional evolution.
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Table 2. Comparison of Characteristics across the Three Stages.

The Initial The Synergistic The Iterative = The Evolutionary

Dimension . . . .
Founding Stage Stagnation Stage Upgrading Stage Trajectory
. . multi-categor
. . inconsistent stand- . & . Y
Transaction single category, standardization, .
. . ards, obstructed . stepwise leap
Objects  local accounting e cross-regional mu-
certification

tual recognition

core-triangle  rapid expansion, region-wide net-

Transaction . ) . . structural reor-
.. dominant, lim- enhanced coordi- work, role differen- ..
Participants . . . ganization
ited periphery nation tiation
dual-layer system
. fragmented ex- y y. e .
Transaction loration. first fragmented rules, (carbon inclusion + institutional sedi-
Rules P . " . weak effectiveness CCER) with three- mentation
auction pricing . .
tier certification
. single-point  slow scaling, sin- multi-scenario link- .
Transaction &P catng . functional reshap-
breakthrough, gle-point transac- age, cross-regional .
Markets . .. . . L ing
initial scenarios tions coordination
. reliminar weakened incen- precise quantifica-
Benefit Distri- P y ) . p d . . .
buti setup, grass- tives, low fisher tion, mature multi- paradigm shift
utions

roots-oriented participation ~ layer mechanism

5.4.2. Causal Mechanism Testing

Weak formal institutions in developing countries trap blue carbon projects in “pot-
ted-plant” pilots; the Ningbo case demonstrates how institutionalized operation can be
achieved through five-dimensional rule synergy. While the developed-country paradigm
of “institutions first, market follows” offers reference, developing nations require adapted
pathways. Ningbo follows an asymmetric “problem-orientation, dynamic-adaptation”
route driven by internal-external interaction: top-down administrative authority estab-
lishes foundational rules and legitimacy to address international pressures and initial in-
stitutional scarcity; bottom-up pluralistic innovation converts informal constraints into
governance resources to ease enforcement difficulties. This interaction imparts dynamic
momentum, enabling continuous adjustment through contestation and feedback, ulti-
mately achieving system coupling after negative-feedback corrections during synergy ob-
struction. Breaking the impasse thus requires constructing adaptive institutional resili-
ence via five-dimensional synergy. By anchoring benefit distribution to grassroots pro-
ducers and aligning local practices with national and international standards, the case
proves that developing countries can marketize blue carbon value through localized in-
novation, validating the framework and contributing an empirical reference to diversified
blue carbon governance.

6. Conclusions and Policy Implications
6.1. Conclusions

This study constructed a theoretical framework for blue carbon governance based on
the CAS-IAD-Coases theory. Using Ningbo, China as a case study, it revealed the dy-
namic evolutionary logic and institutional bottlenecks in the marketization of blue carbon
in developing countries. The research finds that, under structural constraints such as am-
biguous property rights, the absence of MRV, and inefficient cross-sectoral coordination,
the value transformation of blue carbon relies on the coupling of “top-down” government
guidance and “bottom-up” stakeholder innovation. The current market dilemma, charac-
terized by “an absent supply side but an active consumption side,” stems fundamentally
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from weak universality of transaction subjects, high participation costs, and inequitable
rules and benefit distributions.

The essence of sustainable blue carbon development lies in institutional transfor-
mation. This requires the dynamic adjustment of the “five-dimensional rules” —namely,
transaction subjects, objects, rules, markets, and benefit distributions—to convert ecolog-
ical value into standardized assets that are tradable, verifiable, and distributable. Devel-
oping countries should abandon the wholesale copying of models and instead construct
a localized pathway featuring “gradual evolution, multi-stakeholder synergy, and com-
munity co-governance”. This pathway also offers three insights for global governance:
First, countries with high institutional capacity can incorporate informal knowledge to
enhance MRV credibility. Second, global standard-setting must respect local heterogene-
ity and prevent technological rationality from overshadowing social equity. Third, South-
South cooperation serves as a crucial hub for building an “equitable and effective” blue
carbon system, where institutional experimentation in developing countries can, in turn,
inform the evolution of global rules.

6.2. Policy Implications

Successful blue carbon governance depends on a dynamically coupled institutional
ecosystem, necessitating the integration of the five-dimensional rules to form a sustainable
closed loop.

6.2.1. Transaction Objects

Implement a “tiered access” system. Tier 1 (e.g., mangroves) should align with na-
tional methodologies and compliance markets. Tier 2 (e.g., algae) can adopt local account-
ing guidelines to enter the carbon-inclusive market. Tier 3 (e.g., small wetlands) should
pilot a simplified registration system.

6.2.2. Transaction Participants

Support community co-management and equitable oversight. Establish local blue
carbon cooperative alliances, using village collectives as hubs to uniformly apply for and
verify carbon credits. Globally, promote South-South cooperation and advocate for an in-
tegration model combining “local ecosystems with international standards”.

6.2.3. Transaction Markets

Stimulate rigid demand through mechanisms like judicial restoration and carbon
neutrality for major events. Innovate financial products such as blue carbon pledge loans
and climate resilience bonds. Build and connect a three-tiered market—"local carbon in-
clusion, regional interconnection, national integration” —in a phased manner. Support re-
gional blue carbon exchanges, reducing arbitrage costs through standard mutual recogni-
tion and data sharing.

6.2.4. Transaction Rules

At the local level, strengthen multi-stakeholder participation in project design. At the
national level, promote “dual-track decision-making” where the government sets baseline
rules to form a closed loop of “filing-verification-trading-crediting”, while local actors de-
sign processes contextually, embedding digital platforms to reduce costs. Internationally,
advocate for the establishment of a Blue Carbon Rules Coordination Group under the
UNFCCC to coordinate the comparability and verifiability of blue carbon targets within
Nationally Determined Contributions (NDCs).
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6.2.5. Benefit Distributions

Implement the Payments for Ecosystem Services (PES) principle. Adopt a four-tier
distribution model: “direct payments to fishermen, village collective coordination, enter-
prise incentives, and scientific research feedback”. Explore a “carbon share certificate”
model that links benefits to long-term ecological performance. Globally, establish a “Blue
Carbon Equity Fund” to allocate resources from international transactions, supporting ca-
pacity building in less-developed regions and the protection of vulnerable systems.

6.3. Research Limitations

This study is limited by its single-case design, with conclusions contingent on China’s
administrative, fiscal, and industrial strengths. Transferability requires three precondi-
tions: blue carbon resources, basic property-rights legislation, and carbon-market partici-
pation intent. Spatially, resource-intensive mechanisms (e.g., standardized trading, digital
MRV) suit state-led economies but not capacity-constrained small island or least devel-
oped states; equity-oriented rules (rights delineation, benefit sharing) offer broader uni-
versality yet demand adaptation. Temporally, initial stages should prioritize foundational
rights and benefit mechanisms, with higher-order MRV and financial controls introduced
later. In addition, the analysis centers on institutional structure, under-exploring meas-
urement methodologies and price mechanisms. Future research will pursue cross-re-
gional comparative studies to test five-dimensional rule applicability and, through inter-
disciplinary collaboration, develop integration schemes addressing technical errors and
price volatility to strengthen governance resilience.
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