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Abstract

Carbon credit markets continue to face persistent challenges related to credibility,
transparency, and trust. While advances in satellite imagery and artificial
intelligence (AI) have improved the capacity for measuring, reporting, and
verification (MRV) of emissions, their role in carbon markets cannot be understood
solely in technological terms. This study examines how satellite data are positioned
within the institutional design of carbon credit markets through a comparative
analysis of the United Kingdom and Japan. The analysis shows that differences in
satellite utilization do not primarily reflect disparities in technological capability,
but instead arise from distinct approaches to the architecture of trust in carbon
markets. In the United Kingdom, satellite-based analysis and independent data
evaluation increasingly function as quasi-infrastructural elements supporting
market-based re-verification. In contrast, Japan’s carbon credit system relies more
heavily on institutionally embedded trust centered on public authorities. These
findings suggest that the future role of satellite data depends on how trust is

structured between the state and the market.
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Chapter 1
Introduction

1.1  Background and Objectives

As climate change has become a pressing global issue, the development of
innovative and effective strategies to reduce greenhouse gas (GHG) emissions has
become a paramount priority worldwide. Among these strategies, the carbon credit
system has emerged as a mechanism that allows companies to offset the GHG they
emit, while working toward their reduction targets (Hooker and Wentworth, 2024).
At the same time, the utilization of environmental satellites has expanded
significantly, and they have become indispensable in providing scientific evidence
and monitoring progress in emissions reduction (Goetz, et al., 2009). Satellites have
also served as a technical foundation underpinning the reliability and operational
effectiveness of the carbon credit frameworks (Jaffer, et al., 2024).

Before proceeding to the comparative case analysis, this paper first examines
the historical development of non-military satellite data and carbon credit
mechanisms, with a focus on how these two domains have evolved in a convergent
manner. Rather than treating satellite technology and carbon credits as
independent innovations, this study examines how the role of satellite data in

carbon markets is shaped by institutional trust design.

1.1.1 Evolution of Climate Policy and Carbon Markets

Carbon market policies have evolved over the past several decades in the
context of climate change mitigation. Early climate policy instruments primarily
relied on domestic price-based or quantity-based mechanisms designed to
internalize the external cost of emissions. While these instruments incorporated
market logic, international carbon credit markets in their current form emerged
later through successive stages of institutional development.

One of the earliest and most significant policy shifts occurred in 1990, when
Finland introduced the world’s first carbon tax. This policy directly taxed carbon
dioxide emissions and represented a pioneering effort to internalize environmental
externalities (OECD, 2021). Subsequently, in 2001, Denmark implemented a
domestic cap and trade system covering the power sector, marking a transition
toward quantity-based mechanisms in which emissions allowances were tradable,
and prices were determined through market exchange (IEA, 2002). However, in

these early systems, the concept of offset-based carbon credit mechanisms did not
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yet occupy a central position in policy design.

The institutional linkage of emissions trading and international carbon credit
mechanisms emerged in the late 2000s. The European Union Directive
2004/101/EC authorized the use of credits generated under the Kyoto Protocol’s
Clean Development Mechanism within the EU Emissions Trading Scheme (EU
ETS). The large-scale use of Certified Emission Reductions (CERs) and Emission
Reduction Units (ERUs) expanded significantly during Phase II of EU ETS (2008—
12), which coincided with the first commitment period of the Kyoto Protocol.

During the same period, the New Zealand Emissions Trading Scheme
formally permitted the use of Kyoto credits for compliance purposes. By 2008,
therefore, the incorporation of international carbon credit into domestic emissions
trading systems had become operational across multiple jurisdictions, marking an
early stage of functional integration between cap-and-trade frameworks and offset-
based mechanisms.

At the same time, United Nations-led market mechanisms, particularly the
Clean Development Mechanism, were subject to sustained criticism from an early
stage (Cames et al., 2016). A central concern was whether the emissions reductions
credited under the system were truly “additional”’—that is, whether they would
have occurred in the absence of carbon finance. Questions were also raised about
environmental integrity and the risk that poorly designed incentives could
generate unintended consequences. Notable examples included the destroying of
HFC 23, a highly potent greenhouse gas generated as a by-product of industrial
processes. Because eliminating small quantities of this gas could generate
disproportionately large volumes of carbon credits, some projects were accused of
creating perverse incentives and windfall profits. These concerns were repeatedly
raised in European Commission assessments, academic research, and official
submissions by civil society organizations to the UNFCCC (UNFCCC, 2010). These
debates highlighted vulnerability architecture of off-set based carbon reductions.

Discourses surrounding credibility and environmental integrity have
persisted under the 2015 Paris Agreement. Negotiations and subsequent
implementation rules under Article 6 have repeatedly emphasized baseline setting,
measurement and reporting methodologies, the avoidance of double counting, and
the enhancement of transparency through robust accounting and review processes
(UNFCCC, 2022). Taking together, these debates demonstrate that challenges
confronting carbon markets extend beyond technical calculations and are

fundamentally rooted in institutional design and governance arrangements.
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At the same time, as countries have legislated net zero targets for 2050,
structural constraints have become increasingly apparent, particularly in heavy
industry and energy-intensive sectors. These constraints have made it clear that
rapid and complete domestic emissions reductions may be difficult to achieve in the
short- to medium-term. In response, recent policy discussions have increasingly
revisited the use of carbon credits as a limited and supplementary tool, contingent
upon high levels of domestic mitigation effort (Council of the European Union,
2025). Across major economies, policy developments between 2024 and 2026 reflect
renewed interest in carefully bounded credit use and the institutional
strengthening of voluntary carbon markets.

In sum, carbon credit markets were not originally positioned at the core of
climate policy but have been progressively institutionalized through their
interaction with emissions trading systems and international climate frameworks.
Throughout this evolution, the question of how to ensure the credibility of
mitigation outcomes has remained a persistent and central concern. This persistent
challenge has increasingly directed attention toward the development of more
reliable monitoring and verification infrastructures capable of strengthening trust

in carbon market outcomes.

1.1.2 Evolution of Satellite Technology for Earth Observation

From their earliest conception, satellites were expected to provide a planetary
vantage point from which the Earth could be observed as a whole. As global
observation capabilities expanded, satellite data gradually became an essential
source of reliable environmental information, enabling scientists and policymakers
to monitor large-scale ecological changes that could not be fully captured through
ground-based observations.

The conceptual origins of artificial satellites can be traced to the mid-1940s,
when scientists and engineers first explored the possibility of placing man-made
objects into Earth orbit. Early studies proposed satellites not only as technological
achievements but also as platforms for observing and communicating across the
planet. One of the earliest technical investigations, Preliminary Design of an
Experimental World-Circling Spaceship (SM-11827) published in 1946, presented a
preliminary engineering design of an Earth-orbiting spacecraft and discussed its
potential applications in scientific observation, military surveillance, and global
telecommunications. These early visions anticipated many of the core functions

that satellites would later perform as a global information infrastructure.
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With the launch of Sputnik in 1957, the concept of artificial satellites became
a technological reality, inaugurating the space age. A major milestone was reached
in 1960 with the launch of TTIROS-1 (Television and InfraRed Observation Satellite-
1), the world’s first weather observation satellite. By capturing cloud movements
and structures from space, TIROS-1 introduced a new perspective to meteorology,
significantly improving the ability to track typhoons and analyze large-scale
weather patterns, thereby contributing to more effective disaster response (Lepage,
2000). This progress was further advanced through the Nimbus satellite program
(1964-78), which generated increasingly comprehensive global atmospheric data
and laid the technical foundations for modern weather forecasting systems (NASA
2014). In parallel, the Landsat program launched in 1972 initiated systematic
satellite-based observation of the Earth’s surface, enabling long-term monitoring of
land use, forests, and environmental change.

From the 1980s onward, advances in remote sensing sensors technologies—
including improvements in spatial, spectral, and temporal resolution—enabled
increasingly precise observation of vegetation, oceans, and atmospheric processes.
Satellite missions such as TOPEX/Poseidon (1992) significantly improved global
ocean observation by enabling precise measurement of sea surface height and
ocean circulation. At the same time, satellite-derived indicators such as the Leaf
Area Index (LAI), developed by NASA researchers including Badhwar and
Macdonald, enabled quantitative assessment of vegetation dynamics and carbon
uptake. Japan also entered a new phase of Earth Observation capability in 1987
with the launch of the Marine Observation Satellite-1 (MOS-1), marking the
beginning of full-scale civilian satellite observation activities (JAXA). In parallel,
international efforts to coordinate climate observation intensified, culminating in
the establishment of the Global Climate Observing System (GCOS) in 1992 to
integrate satellite and ground-based data. The launch of NASA’s Terra satellite in
1999 further advanced EO capabilities through instruments such as the Moderate
Resolution Imaging Spectroradiometer (MODIS), which enabled high-resolution
monitoring of vegetation, aerosols, and greenhouse gases. These developments
substantially improved the transparency, consistency, and comparability of
environmental data on the global scale (NASA a).

Through these successive technological and institutional advances, satellite
systems have become indispensable tools for observing and understanding Earth
system dynamics.

From the early 2000s onward, Earth Observation technology has become
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increasingly adopted to the growing demand for “credible” climate mitigation.

The launch of NASA’s Aqua satellite in 2002 significantly enhanced global
capabilities for atmospheric and climate observation. Equipped with instruments
such as the Atmospheric Infrared Sounder (AIRS), Aqua provided detailed
measurements of atmospheric temperature, humidity, and trace gases, contributing
to improved understanding of atmospheric processes relevant to greenhouse gas
monitoring (NASA b). Building on this Earth Observation infrastructure, satellite
missions are increasingly focused on monitoring the global carbon cycle and
greenhouse gas concentrations. Instruments such as MODIS enabled large-scale
observation of vegetation dynamics and carbon uptake, while subsequent missions—
including Japan’s Greenhouse Gases Observing Satellite (GOSAT) launched in 2009
and NASA’s Orbiting Carbon Observatory-2 (OCO-2) launched in 2014—enabled
increasingly precise observation of atmospheric carbon dioxide concentrations. In
parallel, the launch of the Suomi National Polar-orbiting Partnership (Suomi NPP)
in 2011further enhanced through advanced sensors such as the Visible Infrared
Imaging Radiometer Suite (VIIRS) (NASA ¢).

1.1.3 Integration of Satellite Data and Carbon Credits

The role of satellite data and artificial intelligence examined in this study can
be understood as a contemporary institutional and technological response to the
long-standing challenges of trust and verification within carbon market design.

Between 2005 and 2011, both trading volumes and carbon credit prices
increased sharply, a phase often described in the literature as a “carbon market gold
rush.” This growth was driven in part by the entry into force of the Kyoto Protocol
and the launch of the EU ETS, which substantially increased demand for compliance
credits. As a result, activity under the Clean Development Mechanism (CDM)
accelerated, with a large number of renewable energy and other mitigation projects
registered across developing countries. While this influx of investment contributed
to market expansion, it also exposed structural concerns related to transparency,
additionality, and the credibility of certain project types (Michaelowa et al., 2019).

The adoption of the Paris Agreement in 2015 marked a shift toward a more
comprehensive and universal climate framework. Although the Agreement does not
prescribe specific measurement technologies, Article 4 emphasizes the use of robust
methodologies and the best available science. This orientation aligns closely with
satellite-based observation, which has increasingly been recognized as a means of

improving the accuracy, consistency, and comparability of emissions monitoring and
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reporting across countries. Even though satellite data are not explicitly referenced
in the Agreement, they have become an important enabler of transparency and
progress tracking under the enhanced transparency framework.

More recent international policy discussions have further underscored the
relevance of satellite data to carbon markets. According to a 2024 report by the World
Meteorological Organization (WMO), discussions at COP29 highlighted the need for
clearer guidance on the measurement and verification of emissions reductions, with
particular emphasis on satellite-based observations. These discussions were
accompanied by proposals to strengthen market infrastructure, including global
credit registries and data harmonization initiatives, although concrete
implementation pathways remain under development.

Figure 1 illustrates the evolution of satellite missions dedicated to the
observation of atmospheric CO. and CH.. Rather than focusing solely on the
increasing number of satellites, the figure highlights the growing continuity,
redundancy, and specialization of greenhouse gas monitoring capabilities over time.
In the early 2000s, observations relied primarily on a limited number of pioneering
missions, such as Envisat and the first GOSAT, which provided valuable but
temporally constrained datasets. From the 2010s onward, however, the deployment
of multiple overlapping missions—including OCO-2, Sentinel-5P, GOSAT-2, and
subsequent planned satellites such as MicroCarb and MERLIN—has created a
monitoring environment characterized by sustained coverage, methodological
diversity, and enhanced potential for cross-validation (Committee on Earth

Observation Satellites).

Figure 1. Evolution of Global Satellite Missions for Atmospheric CO: and CH.
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This evolution marks an important transition for carbon credit systems. As
mitigation outcomes increasingly require long-term verification and the capacity
for reassessment over time, continuous and redundant satellite observations have
become a prerequisite for credibility. In this sense, the relevance of satellite data to
carbon markets lies not merely in improved measurement accuracy, but in enabling

re-verification and transparency at a system-wide level.

1.2 Research Objectives

The primary objective of this study is to re-examine the role of satellite data in
carbon credit markets, not merely as a technical tool for environmental monitoring,
but as an institutional mechanism that supports trust and credibility within market
systems. While the application of satellite technology to measurement, reporting,
and verification (MRV) has been widely discussed in recent years, the core challenge
faced by carbon markets has not been the absence of data itself, but rather how the
credibility of mitigation outcomes 1is established and maintained through
institutional design.

This study focuses on the location and structure of trust within carbon market
frameworks and conducts a comparative analysis of the United Kingdom and Japan.
The UK and Japan represent contrasting models; the UK adopts an open trust
architecture that relies on ongoing re-verification by market participants and
independent third parties, whereas Japan’s carbon market embeds trust primarily
within publicly administered institutional systems. By examining these differences,
this study seeks to clarify how market structures shape the role and function of
satellite data.

Building on this comparative perspective, the research investigates the
conditions under which satellite data and Al-based analysis can enhance
transparency, re-verifiability, and long-term credibility in carbon credit markets.
Rather than evaluating technological performance in isolation, the study emphasizes
how satellite data operates within governance frameworks and market practices. In
doing so, this research conceptualizes satellite data as a component of trust design
in carbon markets and discusses its implications for future policy development and

institutional market design.
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1.3 Scope and Limitations

This study examines how satellite data and related data-driven approaches
are institutionally positioned within carbon credit markets, with particular focus
on nature-based carbon credits.

First, the geographical focus of the study is limited to the United Kingdom
and Japan, two cases representing contrasting institutional approaches to carbon
market governance.

Second, the analysis focuses primarily on nature-based carbon credits,
including forestry, peatlands, and blue carbon. These project types face persistent
challenges related to additionality, permanence, and long-term monitoring, making
questions of credibility and trust especially salient. For this reason, nature-based
credits provide an appropriate context in which to examine how satellite data is
positioned as a supporting mechanism for market confidence. Technology-based
credits, such as renewable energy, energy efficiency, or industrial mitigation
projects, are not central to the scope of this study.

Third, the study covers both compliance markets and voluntary carbon
markets. However, it does not seek to provide a detailed analysis of international
climate negotiations or geopolitical dynamics. Instead, the focus remains on
practical and institutional aspects of market design, including MRV frameworks,
third-party assessment, and the role of data in supporting credibility.

Finally, this study does not aim to evaluate the technical performance,
accuracy, or resolution of satellite technologies themselves.

Chapter 1 introduces the background, research objectives, and scope of the
study. Chapter 2 provides an overview of carbon credit mechanisms and reviews
global trends, with a comparative focus on the UK and Japan. Chapter 3 examines
key challenges in carbon credit markets and illustrates how satellite data and Al
address these challenges through practical examples. Chapter 4 analyses Japan’s
carbon market framework, identifies structural gaps, and discusses strategic policy
options for future development. Chapter 5 concludes by summarizing the findings

and highlighting their implications for carbon market policy and trust design.

11



Chapter 2
Institutional Context of Carbon Credit Markets

2.1 Carbon Credit Mechanism

A carbon credit system is a market-based mechanism that quantifies GHG
emission reductions or removals into tradable units, enabling governments,
companies, and individuals to exchange them. One credit typically represents one
metric ton of carbon dioxide (CO:), or an equivalent amount of other greenhouse
gases reduced or removed. While emission reduction or removal projects generate
the underlying mitigation outcomes, carbon credits are issued by recognized
certification standards following third-party validation and verification. Demand
side actors, such as companies and governments, purchase these credits to meet
regulatory compliance obligations or voluntary climate targets.

Carbon credit markets can broadly be divided into two categories. The first is
the voluntary carbon market, in which companies and other actors use credits on a
voluntary basis to support corporate climate strategies. The second is the compliance
carbon market, in which carbon credits are used to meet emission reduction
obligations under national or international regulatory frameworks (Wetterberg et al.,
2024). In such regulatory systems, governments and international institutions not
only impose limits on emissions themselves but may also define strict eligibility
conditions for the use of carbon credits, including restrictions related to certification
schemes, vintage years, and eligible project types. Sector-specific mechanisms, such
as the Carbon Offsetting and Reduction Scheme for International Aviation (CORSIA),
exemplify this approach by establishing detailed eligibility criteria for credits used
for compliance, reflecting both sectoral mitigation objectives and concerns regarding
environmental integrity (ICAO, 2025).

Carbon credits originate from projects that achieve measurable GHG emission
reductions or removals (SBTi, 2024). For example, credits generated through
afforestation or forest restoration projects that absorb CO: from the atmosphere are
classified as removals. In contrast, projects that reduce emissions relative to baseline,
such as replacing fossil fuel-based power generation with solar or wind energy, are
considered reductions. Projects based on forests, agriculture, and ecosystems are
commonly referred to as nature-based solutions, while projects relying on renewable
energy or energy-efficiency technologies are categorized as technology-based
solutions (Samaniego et al., 2023). Both categories may generate either emission

reductions or removals depending on project design and methodology. Each project
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type must follow an approved methodology defined by the relevant certification
standard, which governs how emission reductions or removals are quantified and
monitored.

The credibility of carbon credits depends on adherence to several core integrity
principles. According to the Cambridge Centre for Carbon Credits (4C), the
assessment of forest conservation projects should explicitly consider additionality,
leakage, and permanence in order to deliver credible and trustworthy credits.
Additionality requires demonstrating that the emission reductions or carbon storage
achieved by a project would not have occurred in the absence of the project’s
intervention. Activities that merely comply with existing laws or regulations
generally do not satisfy this criterion, as they do not represent outcomes that are
truly attributable to the project. Leakage refers to the risk that emission reductions
achieved within the project boundary may be offset by increased emissions elsewhere,
either in neighboring areas or in more distant locations. Mitigating leakage often
requires engagement with local communities and the provision of alternative
livelihood options, ensuring that project activities do not simply displace emissions
beyond the project area. Permanence refers to the requirement that the climate
benefits generated by a project be sustained over the long term. In the context of
forestry projects, this concern is particularly salient due to the risk of carbon
reversals caused by events such as wildfires, illegal logging, or land use change. To
manage these risks, buffer reserves are commonly established to compensate for
potential future losses of stored carbon.

To ensure that these mitigation outcomes are real and credible, measurement,
reporting, and verification (MRV) is essential. Measurement involves quantifying
emission reductions or removals. Reporting requires documenting data sources,
assumptions, and calculation methods. Verification entails independent third-party
assessment of the reported information. Typically, projects undergo an initial
validation to confirm that the design complies with the applicable methodology,
followed by verification of actual performance before credits are issued (UNFCCC,
2015b).

Projects may be implemented either domestically or internationally. Emission
reductions achieved through domestic projects are typically counted directly toward
a country’s national emission reduction targets. However, for countries with limited
land area or structural constraints on domestic mitigation options, it may be difficult
to achieve sufficient reductions solely within national borders. In this context, Article

6 of the Paris Agreement provides an international framework for cooperation.
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Under Article 6, emission reductions generated in one country may be transferred
and used by another country toward its climate targets, provided certain conditions,
such as the application of corresponding adjustments, are met. A corresponding
adjustment is an accounting mechanism designed to prevent double counting of
emission reductions between the host country and the acquiring country. By
adjusting national emissions accounts on both sides of a transfer, corresponding
adjustments help ensure the environmental integrity of international carbon
markets. This framework enables internationally transferred mitigation outcomes
(ITMOs)---carbon mitigation outcomes transferred between countries under Article
6.2---through bilateral cooperation. In addition, Article 6.4 establishes a UN-
supervised crediting mechanism intended to create and govern international carbon
credit under more standardized rules (UNFCCC, 2021).

Traditionally, emission reductions have been quantified using ground-based
surveys, activity data, emission factors, and calculation formulas. However,
achieving both accuracy and efficiency in MRV remains a major challenge. This has
driven growing interest in satellite data, remote sensing, and artificial intelligence,
which are increasingly viewed as key tools for enhancing the robustness and
scalability of MRV systems.

An overview of the carbon credit systems is provided in Table 1.

2.2 Global and Regional Trends

The size of the carbon credit market is expected to expand significantly over
the medium to long term. According to MSCI (2025), driven by stronger corporate
climate commitments and the development of new policy frameworks, the market
could reach $7 to 35 billion by 2030. Looking further ahead, projections suggest that
the market could grow to $45 to 250 billion by 2050, indicating that carbon credits
are likely to play an increasingly important role in global decarbonization strategies.

At the same time, policy developments across countries are accelerating.
Emissions trading systems (ETS) are being introduced or expanded in many
jurisdictions, leading to continued growth in compliance markets worldwide. While
there was a period during which the use of carbon credits for offsetting faced
heightened skepticism, recent years have seen a reassessment of their role, with
governments moving toward more structured and limited forms of credit use.

For example, in 2025, the Government of Indonesia signed separate mutual
recognition agreements with major international carbon credit standards—including
Gold Standard, Plan Vivo Foundation, Global Carbon Council (GCC), and Verra—to
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Table 1. Overview of the Carbon Credit System

Category Item Description

Definition Carbon credit A tradable unit representing one metric ton of CO,

equivalent (1 tCO,e) reduced or removed.
Compliance carbon A regulated market where credits are used to meet
market regulatory emission reduction obligations.

Market type Voluntary carbon market A market where credits are used to support
corporate climate strategies or net-zero
commitments.

Nature-based solutions Projects using natural systems such as forests,

Project type agriculture, or wetlands.

Technology-based Projects using technologies such as renewable
solutions energy systems or energy-efficiency improvements.
Domestic mechanism Emission reductions counted toward the host
Market country’s national targets.
mechanism International mechanism  International transfer of emission reductions under

(Article 6 of the Paris

the Paris Agreement, including ITMOs and the UN

Agreement) mechanism.

Additionality Emission reductions within the project boundary do
Project quality not lead to increased emissions elsewhere.
criteria Leakage Reductions do not cause emissions to increase

elsewhere.

Permanence Climate benefits are maintained over the long term.
Credibility MRV Measurement, reporting, and verification to ensure
assurance independent and credible and carbon credits.

Source: Created by author.

Enable greater alignment between its national system (SPEI) and internationally
recognized voluntary market standards. These agreements, along with the newly
introduced Presidential Regulation No. 110 of 2025, strengthen the institutional
environment for international carbon credit use and market participation
(Government of Indonesia, 2025). In Japan, the emissions trading system scheduled
to begin full operation in 2026 proposes allowing the use of carbon credits for
offsetting up to 10% of actual emissions (METI, 2025).

Even in the European Union, which has historically taken a strict stance on
the use of carbon credits, the European Commission has proposed allowing a limited
use of international credits from 2036 onward. This use would be capped at 3% of
the EU’s 1990 net emissions and applied toward achieving the EU’s 2040 climate
target (European Commission, 2025).

Taken together, these developments indicate that the carbon credit market is
entering a new phase. Demand is expanding, particularly within compliance

markets, under tighter rules and higher quality and transparency requirements.
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Carbon credits are increasingly positioned as a complement to domestic emission
reductions rather than a substitute for them, reinforcing the importance of credibility,

monitoring, and market confidence in their future role.

2.3 Overview of the UK and Japan Markets

While the United Kingdom and Japan have both established national carbon
market frameworks in support of their decarbonization goals, their systems have
developed under different institutional and policy conditions. This section provides
an overview of the environmental and carbon market policies of the two countries in
order to establish the institutional context for the analysis that follows.

While the United Kingdom and Japan have both established national carbon
market frameworks in support of their decarbonization goals, their systems have
evolved under different institutional and policy conditions. This section outlines the
environmental and carbon market policies of the two countries, with particular
attention to how credibility and market integrity are addressed within each

framework.

2.3.1 Environmental and Carbon Market Policies of the UK

The United Kingdom has positioned carbon markets not merely as auxiliary
instruments of environmental policy, but as institutional markets whose functioning
depends fundamentally on credibility and transparency, designed in close connection
with broader economic and financial policy objectives. As one of the earliest major
economies to adopt legally binding climate targets, the UK’s approach to carbon
market policy has consistently emphasized the establishment of trust as a
prerequisite for market development, rather than the expansion of market volume
itself.

The UK’s compliance carbon market is structured around the UK Emissions
Trading Scheme (UK ETS), which covers major emitting sectors such as power
generation, heavy industry, and aviation. The UK ETS is designed with a strong
focus on regulatory consistency and predictability. Importantly, the use of carbon
credits for compliance purposes is not permitted under the UK ETS. As a result, the
UK is not positioned as a large-scale consumer of offset credits within its compliance
framework (UK Government).

In contrast, the UK government has articulated a more explicit policy stance
toward voluntary carbon and nature markets. In 2025, the government published

the consultation document “Voluntary Carbon and Nature Markets: Raising
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Integrity,” which sets out a policy framework aimed at strengthening the integrity of
voluntary markets as a means of mobilizing private finance and supporting
international climate and nature objectives. In this document, the UK government
clearly recognizes that the credibility and financial relevance of voluntary markets
depend on a high level of trust in both the quality of credits and the manner in which
they are used.

The consultation outlines a set of principles addressing not only credit quality,
but also credit use, transparency, disclosure practices, third-party verification, and
the avoidance of misleading environmental claims. Through these principles, the
government seeks to clarify what constitutes credible and trustworthy market
behavior at the policy level. The framework explicitly references alignment with
international third-party initiatives, including the Integrity Council for the
Voluntary Carbon Market (ICVCM) and its Core Carbon Principles (CCPs),
indicating a policy preference for the use of external benchmarks and independent
assessment frameworks in supporting market integrity (UK Government. 2025).

It is important to note that these initiatives do not constitute legally binding
regulation at the present stage. However, they represent a clear policy signal
regarding the intended direction of institutional design. Rather than assigning
responsibility for trustworthiness exclusively to state-operated systems, the UK
government’s approach envisions a market architecture in which credibility is
supported through a combination of public policy guidance, internationally
recognized standards, and third-party evaluation, allowing mitigation outcomes to
be re-examined beyond the boundaries of any single institutional framework.

Within this policy environment, private actors specializing in carbon credit
quality assessment, satellite-based monitoring, data analytics, and ratings have
come to play an increasingly prominent role in market practice. While engagement
with these actors is not mandated by law, their assessments function as de facto
reference points for market participants. In this sense, such services perform a
quasi-infrastructural role by enhancing transparency and re-verifiability without
being formally embedded as regulatory infrastructure.

Taken together, the UK’s carbon market policy can be characterized not as a
model in which trust is completed and guaranteed solely within institutional
boundaries, but as one that anticipates and accommodates trust formation through
market participation and third-party re-verification. This open approach to trust
design, grounded in policy guidance rather than centralized institutional assurance,

constitutes a defining feature of the UK’s carbon market architecture. As such, it
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provides a critical analytical contrast to Japan’s institutionally self-contained model

of trust, which is examined in the subsequent section.

2.3.2 Environmental and Carbon Market Policies of Japan

Japan’s carbon market policies have been developed not primarily to facilitate
participation in international compliance markets, but as domestic policy
instruments designed to support emissions reduction efforts by Japanese companies.
This design orientation is consistently reflected in the structure of Japan’s carbon
credit schemes and emissions trading framework.

In Japan, emissions trading and carbon credit mechanisms are positioned as
complementary tools to support corporate compliance with emissions reduction
obligations. At the national level, the Green Transformation Emissions Trading
Scheme (GX-ETS) is scheduled to be fully introduced from 2026. Under the GX-ETS
policy framework, the use of carbon credits is permitted for a limited portion of
compliance. The credits envisaged for this purpose consist of J-Credits and credits
issued under the Joint Crediting Mechanism (JCM) (METI, 2025). J-Credits are
generated from domestic mitigation projects implemented within Japan, whereas
the JCM operates as an international crediting mechanism based on bilateral
agreements between the Japanese government and partner countries.

Both the J-Credit Scheme and the JCM are explicitly designed on the premise
that Japanese companies act as the primary implementing entities of emissions
reduction activities and utilize the resulting credits within Japan’s institutional
framework. In particular, the JCM 1is structured as a bilateral mechanism in which
the attribution and use of credits depend on country-specific agreements between
governments. As such, it functions less as a mechanism supplying credits to an open
international market and more as a policy tool supporting overseas mitigation
activities undertaken by Japanese firms (Global Environment Centre Foundation).

This domestically oriented design is also evident in Japan’s carbon credit
trading infrastructure. In 2023, Japan established its first official carbon credit
trading market on the Tokyo Stock Exchange (Japan Exchange Group, Inc, 2023).
However, trading on this platform is limited to J-Credits, and it is not structured as
a venue for the free circulation of internationally issued carbon credits (Japan
Exchange Group, Inc, 2025). Rather, the exchange operates as a supplementary
marketplace within Japan’s policy framework, facilitating credit use by domestic
market participants.

Taken together, Japan’s carbon market framework can be understood as a
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Table 2. Key Differences and Similarities

Category

United Kingdom

Japan

Primary Policy Orientation

Compliance markets and
internationally oriented voluntary
carbon markets

Domestically oriented policy
framework supporting corporate
decarbonization

Role of the National ETS

Central compliance mechanism
with legally binding caps (UK ETS,
launched 2021)

Emerging compliance mechanism
within the GX policy framework (GX-
ETS, full implementation from 2026)

Sectors Covered

Power generation, heavy industry,
aviation (maritime included from
2026)

Large-scale emitters, primarily
industry and power

ETS Enforcement Design

Strong legally binding enforcement
with penalties and price-
stabilization mechanisms

Gradual and flexible
implementation emphasizing policy
coordination

Use of Carbon Credits for ETS

Not permitted under the ETS

Permitted within limits (up to 10%
of verified emissions)

Position of Carbon Credits in the
System

External to compliance; subject to
independent quality assessment

Integrated policy tools for domestic
and bilateral mitigation activities (J-
Credit and JCM)

Role of Voluntary Carbon Markets
(vem)

Functioning as part of the carbon
finance industry

Functioning as preparation for
future compliance frameworks

International Market Openness

Designed for cross-border
credibility and international
reference

Limited openness; focused on
domestic corporate use

Assurance of Trust in the System

Market-based verification

Credit issuance system

Primary Source of Trust

Market-based re-verification and
independent third-party
assessment

Institutionally embedded trust
within public and quasi-public
systems

Market Infrastructure Emphasis

Governance, data transparency,
ratings and verification services

Credit creation, utilization, and
policy-integrated deployment

Overall Market Character

Regulation-driven compliance
market complimented by open
voluntary carbon markets

Policy-embedded credit system
supporting corporate
decarbonization

Source: Created by author.

model in which trust is primarily embedded within the institutional system itself.

Certification, verification, and registration of emissions reductions are conducted

within a publicly administered framework, and participation in the system serves as

the principal source of credibility.

An important difference between the two systems lies in the location at which

trust is institutionally addressed. In the United Kingdom, concerns regarding credit

integrity primarily arise in voluntary carbon markets, as the UK Emissions Trading
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Scheme does not permit the use of carbon credits for compliance. Consequently,
credibility in credit markets 1s expected to emerge through market participation,
transparency, and independent third-party verification. In Japan, by contrast,
carbon credits themselves are generated within government-administered
certification systems, allowing them to be used both in voluntary contexts and, to a
limited extent, within compliance frameworks.

These differing institutional arrangements shape where and how trust is
constructed within carbon market governance, providing the analytical axis for the

comparative analysis and conclusions developed in the subsequent chapters.

Chapter 3
Market Challenges and Data-Driven Solutions

3.1 Key Challenges in Carbon Credit Markets

The carbon credit market has attracted increasing attention in recent years
as a market-based mechanism for incentivizing GHG emission reductions and
removals. However, despite growing demand, the market continues to face
structural challenges that constrain not only its scalability but also its long-term
credibility.

These challenges can be broadly categorized into two dimensions: cost and
scalability, and temporal integrity. While conventional measuring, reporting, and
verification (MRV) approaches remain essential for ensuring project-level
environmental integrity, they have become increasingly difficult to implement
effectively across both dimensions as carbon credit markets expand in scale and
complexity.

The first major challenge relates to the high cost of MRV. London Economics
(2022) highlights that MRV activities are inherently resource-intensive, with the
burden being particularly pronounced for nature-based projects that are
geographically dispersed or located in remote areas. Traditional MRV approaches
rely heavily on on-site visits by surveyors, field measurements using terrestrial
sensors, and repeated manual data collection. Although these methods play a
critical role in maintaining methodological rigor, they involve substantial labor,

travel, and time costs. As a result, they significantly constrain the scalability of
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projects that require long-term monitoring across large and often inaccessible
areas.

The second challenge concerns temporal integrity. In afforestation,
reforestation, forest restoration, and forest conservation-based carbon credit
projects, it is essential to accurately identify and verify land-use and forest cover
conditions prior to the project start date. For example, under Verra’s VCS Standard
Version 5 (2025b), methodologies for reducing emissions from deforestation and
forest degradation (REDD) require that project areas must have been forested for
at least ten years prior to project commencement. As this requirement indicates,
REDD is fundamentally premised on the conservation of long-established forests.
Land that lacks a sufficient forest history cannot demonstrate additionality based
on “avoided forest loss” and is therefore ineligible for credit issuance. Consequently,
reliable and temporally consistent data on pre-project forest conditions are
indispensable.

In practice, historical information and monitoring data are often compiled
through a combination of administrative records, field surveys, and interviews with
local communities. However, as projects expand across wider regions or multiple
sites, the associated demands for time, financial resources, and institutional
capacity increase substantially. In many developing country contexts, data gaps,
inconsistent record-keeping, and limited administrative infrastructure further
complicate efforts to establish reliable and continuous MRV systems.

Taken together, these challenges suggest that the core difficulty faced by
carbon credit markets lies not in the technical feasibility of MRV itself, but in
ensuring that credited emission reductions and removals remain credible under

long-term and external scrutiny.

3.2 How Satellite Data and AT Address These Challenges

As discussed in the previous section, the carbon credit market faces not only
constraints related to cost and scalability, but also the fundamental challenge of
ensuring the long-term credibility of issued credits. In this context, satellite-based
Earth observation (EO) technologies have gained increasing attention as a means
of addressing the structural limitations of conventional MRV systems.

A key advantage of satellite data is its ability to observe large areas
repeatedly and consistently under standardized conditions. The Intergovernmental
Panel on Climate Change (IPCC) notes that when land use is represented in a

spatially explicit manner and captured as a continuous time series at the national
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scale, changes can be tracked at the level of individual land units, and such
information constitutes essential input to spatially based carbon models. By
contrast, approaches that rely solely on changes in the aggregate area of land-use
categories are unable to detect parcel-level biomass changes, including those
associated with deforestation or reforestation, and therefore fail to adequately
reflect underlying carbon stock dynamics. Accordingly, the IPCC emphasizes that
robust long-term assessment of carbon stock changes requires spatially explicit
land-use data with temporal consistency IPCC 2019).

At the same time, satellite-based monitoring generates spatially and
temporally dense datasets, making Al-based analytical methods indispensable.
Machine-learning techniques such as classification and change detection translate
these observations into operationally meaningful information within MRV
frameworks, effectively forming an integrated monitoring infrastructure.

For these technological advantages to be realized at scale, cost
competitiveness relative to conventional approaches is also required. Although
satellite-based systems involve upfront implementation costs, several studies
indicate that, when long-term labor and time requirements are considered, they
can deliver superior cost-effectiveness (World Bank, 2022). Evidence from a project
implemented in Kenya illustrates this point: monitoring approaches reliant on
conventional soil sampling proved ill-suited to smallholder farming systems due to
high costs, substantial time requirements, and limited scalability. In contrast, a
digital soil organic carbon (SOC) monitoring approach based on satellite data and
Al achieved an estimated 80-90% reduction in measurement costs per hectare
compared with conventional methods (GIZ, 2024). This case demonstrates how
satellite- and Al-based MRV systems can fundamentally alter the cost structure of
long-term monitoring.

As a result, MRV systems based on wide-area, continuous observation become
feasible at realistic cost levels, enabling the quantitative assessment of
regenerative agriculture outcomes on scale and directly supporting the long-term
credibility of carbon credits.

This growing practical viability is consistent with broader market signals.
According to the European Union Agency for the Space Programme (EUSPA),
demand for EO technologies is expanding rapidly, driven in large part by
sustainability-related applications and advances in analytical services.
Environmental, climate, and biodiversity uses accounted for approximately 22% of

global EO revenue in 2023, underscoring environmental monitoring as a central
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driver of EO market growth (See Figure 2) (EUSPA 2024). In the context of carbon
markets, this trend reflects increasing recognition that credible MRV depends on
observation systems capable of delivering long-term, spatially consistent, and

independently verifiable data.

Figure 2. Distribution of EO Revenue by Segments (2023)

Fisheries and Aquaculture 2%
Maritime and Inland Waterways 3%

Road and Automotive 3%
Consumer solutions, Tourism and Health 3

Climate, Environment 22%

Forestry 6%

Emergency Management and
Humanitarian Aid 7%

Infrastructure 8% Agriculture 13%

Energy and Raw
Materials 10%

Urban Development
and Cultural Heritage

13

Source: EUSPA

At the same time, the limitations of satellite-based approaches must be
acknowledged. Satellite data alone cannot replace all forms of ground-based
measurement, particularly for variables such as soil carbon stocks or belowground
biomass that require in situ sampling. Rather, EO and AI primarily enhance
reproducibility, temporal consistency, and transparency at scale. In this respect,
satellite-based MRV does not eliminate conventional field surveys, but complements
them by enabling re-observation, long-term monitoring, and third-party scrutiny

that conventional approaches often struggle to deliver efficiently.

3.2.1 Practical Applications in the UK
Against this background, satellite-based Earth Observation (EO) and artificial

intelligence (AI) have increasingly come to play an important role in supporting trust
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in carbon credit markets. In the United Kingdom in particular, these technologies
have emerged as practical tools for enhancing transparency and verifiability in
carbon credit projects.,

A critical point, however, is that these technologies have not been introduced
as formally mandated or institutionally prescribed infrastructure. Rather, the
distinctive feature of the UK market lies in the fact that EO and Al function as de
facto prerequisites for credibility within a regulatory and market environment that
presupposes that market participants themselves bear responsibility for explaining
and substantiating the integrity of carbon credits.

In the UK, it has become widely recognized among both policymakers and
market participants that conventional MRV approaches centered primarily on site-
based field surveys are insufficient to withstand future re-verification or external
scrutiny when assessing carbon sequestration and storage derived from natural
capital, particularly where projects are characterized by large spatial scale, long time
horizons, and inherent uncertainty. This concern is especially pronounced for nature-
based and carbon removal credits that carry long-term credit risk and potential re-
evaluation risk. In such contexts, the emphasis has shifted away from one-off
verification outcomes toward the need for information infrastructures that enable
re-verification over time (Mercer and Burke, 2023).

This problem awareness is reflected not only in domestic UK policy debates but
also in the governance of international voluntary carbon markets. The London-based
Integrity Council for the Voluntary Carbon Market (ICVCM), through its Continuous
Improvement Work Programs aimed at market modernization and enhanced
transparency, has explicitly acknowledged that digital technologies, including
satellite observation, remote sensing, and Al, can play a significant role in
strengthening MRV credibility and third-party verifiability. While ICVCM does not
mandate the adoption of specific technologies, it clearly articulates the expectation
that maintaining market integrity over time requires mechanisms capable of
delivering transparency, reproducibility, and continuous monitoring ICVCM).

This orientation is underpinned by a division of roles between public-sector
data provision and private-sector market implementation. In the UK, the UK Space
Agency has played a central role in developing satellite data as publicly accessible,
cross-cutting information infrastructure applicable not only to research but also to
climate policy and environmental markets. It has also supported satellite missions
aimed at enhancing the reliability and traceability of Earth Observation data. A

notable example is the TRUTHS mission, jointly developed by the European Space
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Agency (ESA) and the UK Space Agency, which seeks to improve the accuracy of
radiometric measurements in order to strengthen the overall credibility of satellite-
based Earth Observation data for climate monitoring and decision-making. Such
initiatives illustrate the growing policy recognition of satellite data as a foundational
asset for climate governance and environmental markets (Space4Climate, 2023).

In practice, UK-based assessment and analytics providers such as Sylvera,
BeZero Carbon, and Space Intelligence employ satellite data and Al to conduct
continuous analysis of deforestation and degradation risk, additionality, permanence,
and prospective credit risk. Although reliance on such assessments is not a formal
regulatory requirement, they are increasingly referenced by investors and credit
buyers as practical decision-making inputs capable of withstanding future re-
evaluation.

As a result, within the UK voluntary carbon market, carbon credits are
increasingly treated not as certificates that are finalized at the point of issuance, but
as assets whose quality and use remain subject to ongoing scrutiny. At both the policy
and market practice levels, there is a growing emphasis on maintaining high
standards of credit quality, transparency, and evaluative rigor over time. The UK
government has articulated principles for high-integrity voluntary markets that
prioritize transparency and appropriate disclosure, with the aim of promoting more
credible and responsible use of carbon credits (UK Government, 2024).

Taken together, the UK case demonstrates that the deployment of satellite data
and Al rests on the interaction between public-sector provision of shared data
infrastructure and market-led implementation of third-party evaluation and
analytics. Crucially, although these technologies are not mandated by regulation,
they function in practice as prerequisites for establishing credibility in the market.
This configuration indicates that EO and Al operate not as formal institutional
infrastructure, but as quasi-infrastructure underpinning market-based trust
formation, a distinction that becomes particularly salient in the comparative

analysis with Japan in the following section.

3.2.2 Practical Applications in Japan

In Japan, the positioning of EO and Al within the carbon credit market has
developed in a manner distinct from that of the United Kingdom. Under Japan’s
institutional design, the credibility of carbon credits is primarily ensured within
the formal system itself, and it has not been a fundamental assumption that

market participants must independently substantiate or reinforce credit integrity
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using external data sources.

Japan’s principal carbon credit frameworks, namely the J-Credit Scheme and
JCM, are structured such that processes ranging from methodology approval and
third-party validation to registration, issuance, and retirement are integrated
within the institutional system. As a result, participation in these schemes
functions as a signal of credibility in its own right, and credits are institutionally
positioned as legitimate by design.

Within this structure, while third-party verification is conducted for credit
issuance, there is no formal requirement for market actors to conduct continuous
third-party reassessments after issuance or to re-evaluate credit risk using
external datasets. In other words, trust in Japan’s carbon credit market has
traditionally been understood as something secured comprehensively at the design
stage of the system, rather than dynamically updated through market-based
scrutiny. Consequently, EO and Al have not emerged as core mechanisms for
validating credit integrity in the way observed in the UK market.

Having said that, EO and Al are not entirely absent from Japan’s carbon
credit ecosystem. In recent years, a growing number of private-sector initiatives
have emerged, driven by expectations of future market expansion and increasing
international engagement.

One illustrative example is the capital and business alliance between Sky
Perfect JSAT Corporation and Green Carbon Inc. Through this partnership, Sky
Perfect JSAT’s satellite data capabilities are combined with Green Carbon’s
expertise in developing nature-based carbon credit projects, with the aim of
improving project site selection and monitoring. This initiative reflects a forward-
looking recognition that satellite data may play a more significant role in
enhancing transparency and credibility in the future, even though such use is not
currently mandated by existing institutional frameworks (SKY Perfect JSAT
Corporation, 2025).

A similar trend can be observed in the form of strategic investments by large
corporations. In 2025, Mitsubishi Electric invested through its corporate venture
capital fund in Archeda, a startup developing environmental and carbon-related
analytics tools using satellite data and Al. This investment indicates that EO- and
Al-based technologies are increasingly perceived as medium- to long-term growth
areas, even in a market where external reassessment is not yet a structural
requirement (Mitsubishi Electric Corporation, 2025).

Taken together, these cases suggest that EO and Al adoption in Japan is not
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primarily the result of strong market-driven demand, as seen in the UK, but
instead reflects a preventive and strategic orientation that looks beyond the
current institutionally stabilized environment.

While the current system relies largely on centralized institutional
assurance, recent corporate behavior indicates that the role of EO and AI may
gradually play a larger role as Japan’s carbon credit market evolves and becomes

more internationally connected.

3.3 Comparison of Satellite and Al Utilization in the UK and Japan

The differences in how satellite data and Al are used in the carbon credit
markets of the UK and Japan do not stem from disparities in technological
capability. Both countries possess advanced Earth Observation and data-processing
capacities. Rather, the divergence lies in how trust is designed, allocated, and
maintained within each market framework.

In the UK, carbon credits are expected to withstand ongoing scrutiny over
time. Trust is not treated as something that is established once at issuance, but as
a quality that must remain verifiable through continuous monitoring and external
reassessment. Given the market’s strong orientation toward international
transactions and high accountability standards, third-party verification and re-
verification are regarded as essential. In this context, satellite data and Al are
widely used as practical tools to support transparency and long-term credibility.
Although not formally mandated by regulation, they function in practice as
indispensable components of market participation.

By contrast, in Japan’s carbon credit market, trust has traditionally been
secured primarily within the institutional framework itself. Under the J-Credit
Scheme and the JCM, processes such as methodology approval, third-party
validation, registration, issuance, and retirement are tightly integrated within the
system. Participation in these schemes therefore serves as a signal of credit
legitimacy, and there is limited expectation that market actors will conduct
continuous post-issuance reassessment using external data sources.

This contrast does not imply a lack of technological maturity in Japan.
Satellite data and Al are actively used for research, pilot projects, and as
supplementary tools for institutional oversight, and private-sector initiatives are
gradually emerging. However, where trust is centrally guaranteed by institutional
design, the need for EO and Al to function as de facto market prerequisites or

quasi-infrastructure is comparatively limited.
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Accordingly, the key distinction between the UK and Japan is structural, not
technological. In the UK, trust is continuously produced and updated through
market scrutiny, whereas in Japan it is largely secured ex ante through
institutional certification. This difference in trust architecture fundamentally

shapes the role that satellite data and Al play within each market.

Chapter 4
Japan’s Carbon Market and Strategic Policy Choices

4.1 Invisible Weakness of Japan’s Compliance Framework

From the perspective of domestic policy design, Japan’s carbon credit system
exhibits a high degree of rationality and internal consistency. Both the J-Credit
Scheme and the Joint Crediting Mechanism (JCM) have been designed with a strong
emphasis on promoting domestic emission reductions, facilitating technology
transfer, and ensuring alignment with industrial policy objectives. Over many years,
these frameworks have evolved into well-structured systems that are closely aligned
with Japanese corporate practices and national policy goals.

However, when viewed from the perspective of international compliance
mechanism such as CORSIA, it becomes evident that Japan’s carbon credit
frameworks are fundamentally built on a different set of underlying assumptions.
Under CORSIA, the international offsetting scheme for the aviation sector, eligibility
is determined not only by the technical robustness of emission reductions, but also
by the existence of a clear and explicit national intent to make those reductions
available for international use, supported by institutional mechanisms that credibly
ensure such availability. In this regard, neither JCM credits nor J-Credits are
currently included among CORSIA-eligible credits. Below is the assessment
published by the Japanese Ministry of Economy, Trade, and Industry regarding the
alignment of the J-Credit Scheme with CORSIA eligibility criteria for the years 2022
and 2023 (see Table 3).

These assessment results indicate that, while the dJ-Credit Scheme
demonstrates a high level of maturity in terms of program administration and
procedural integrity, it continues to face structural challenges with respect to

international carbon accounting requirements. Specifically, criteria related to the
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Table 3: CORSIA Eligibility Assessment Results for
the J-Credit Scheme (2022 and 2023)

CORSIA Eligibility Criterion 2022 Actions Taken in 2023
Legal nature and transfer of units v v -
Transparency and public participation v v B
provisions
Offset credit issuance and retirement v v B
procedures
Validation and verification procedures v v -
Clear and transparent chain of custody v v -
Clear methodologies and protocols, and their v v B
development process
Scope considerations N/A v -
- . . Explanations improved and expanded
Realistic and credible baselines X ~ . P . P P
in resubmission
Permanence v X
Program documents revised to
Program governance X X strengthen conflict-of-interest rules
for committee members
Safeguards system X X
Program documents revised to make
Sustainable development criteria X X environmental and social safeguards
a project requirement
Do no net harm X X -
I . Registry system usage rules
Identification and trackin . .
J X X translated into English
Carbon offset credits must be quantified, Explanations improved and expanded
. . X X . .
monitored, reported, and verified in resubmission
Positive list and methodology
Additionality X X development rules translated into
English
Explanations improved and expanded
Leakage X X . P . P P
in resubmission
. L Program documents revised to
Avoidance of double counting, issuance and g . .
. X X establish rules on corresponding
claiming .
adjustments
Are only counted once towards a mitigation X X

obligation

Note: v/ = Aligned; ~ = Partially Aligned; X = Not Aligned; N/A = Not Applicable.
Source: METI, Alignment of the J-Credit Scheme with CORSIA Eligibility Criteria (Assessment results for 2022 and 2023).
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legal nature and transfer of units, transparency and public participation, issuance

and retirement procedures, validation and verification, chain of custody, and the
development of methodologies and protocols were rated as “aligned (v)” in both

2022 and 2023. This reflects the fact that the J-Credit Scheme is highly stable and
systematically designed as a domestic policy instrument, underscoring the
institutional sophistication of Japan’s administrative framework.

By contrast, criteria that are considered core requirements under CORSIA,
such as additionality, realistic and credible baselines, avoidance of double counting
(particularly through corresponding adjustments), single counting toward
mitigation obligations, and internationally explainable MRV remain consistently
assessed as “not aligned (X)” or only “partially aligned (~)” across both years (METI,
2024). These results are more appropriately understood not as isolated technical
shortcomings, but as structural issues arising from fundamental differences in
underlying system design assumptions.

In 2023, a number of corrective measures were implemented, including
improvements and expansions of explanatory documentation, English translations
of key rules, and revisions to program documents. However, for carbon credits that
typically take several years to generate, the CORSIA assessment framework places
emphasis not on whether explanations were later supplemented or documents
retroactively updated, but on whether these requirements were embedded in the
system design from the outset. From this perspective, while these efforts represent
incremental progress, they are not considered sufficient to fundamentally satisfy
CORSIA eligibility requirements.

These limitations stem from differences in institutional objectives and design
philosophies between the J-Credit Scheme and CORSIA. The J-Credit Scheme is
primarily intended to promote domestic emission reductions and complement
Japan’s achievement of its Nationally Determined Contribution (NDC), operating in
close coordination with domestic policy instruments. CORSIA, by contrast, is an
international mechanism designed to offset cross-border aviation emissions that
cannot be fully addressed through NDCs and is explicitly premised on the strict
avoidance of double claiming and double counting between states within an
international carbon accounting framework (ICAQ, 2020). This divergence in policy
intent is reflected in the differing assessment outcomes for criteria such as
additionality and corresponding adjustments.

With respect to JCM credits generated through cooperation with Japan’s
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partner countries, only the Japan—Mongolia JCM is listed as conditionally eligible
under the pilot phase. Mongolia was the first country to conclude a JCM agreement
with Japan in 2013; nevertheless, CORSIA eligibility is assessed at the individual
project level rather than at the programmatic level (ICAO, 2025a). By contrast,
Thailand’s Premium Thailand Voluntary Emission Reduction Program (Premium T-
VER) is explicitly positioned as CORSIA-eligible, while official CORSIA
documentation explicitly references the JCM as an example of excluded mechanisms
(ICAO, 2025b). This reflects the inherently bilateral nature of the JCM, under which
the attribution of emission reductions and the application of corresponding
adjustments depend heavily on the specific terms agreed with each partner country.
In other words, the JCM is not a framework that is uniformly open to international
use, but rather one whose eligibility is evaluated based on individual bilateral
relationships and the maturity of each specific institutional arrangement.

Taken together, the limited evaluation of the J-Credit Scheme and the JCM
under CORSIA should not be attributed to Japan-specific technical deficiencies or
shortcomings in program management capacity. Rather, the primary cause lies in
the fundamental divergence between systems designed to function rationally as
domestic or bilateral policy instruments and the institutional assumptions
underlying international compliance markets. In other words, schemes that are
stably recognized as CORSIA-eligible are those that have been designed from the
outset with cross-border use, third-party verification, and the avoidance of
intergovernmental double counting at their core. Japan’s J-Credit Scheme and JCM,
by contrast, were constructed with priority given to domestic policy alignment and
the promotion of emission reductions through bilateral cooperation. This difference
in design philosophy is what ultimately manifests as divergent positioning within
CORSIA eligibility assessments.

Finally, it should be emphasized that this invisible weakness does not stem
from technological inadequacy. The issue is not a reluctance to adopt advanced
technologies such as satellite data or artificial intelligence. Rather, it concerns a
fundamental policy choice regarding which market is being targeted and what level

of institutional trust and assurance the system is designed to provide.

4.2 Japan’s Policy Crossroads: Domestic Orientation or International Integration
Based on the foregoing analysis, particularly the comparison with the United
Kingdom, Japan’s carbon credit market can be understood as standing at a clear

policy crossroads regarding the future direction of its institutional design. What is
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crucial is that the divergence between Japan and the UK does not arise from
superficial factors such as differences in technological capability, levels of
digitalization, or the adoption of satellite data and Al. Rather, the divergence stems
from fundamental differences in the underlying conception of the market and, more
specifically, from contrasting design philosophies concerning where and how trust
is embedded within the system.

In the UK carbon credit market, securing credibility for participation in
international markets has been a core consideration from the earliest stages of
institutional design and market formation. As a result, requirements such as re-
verifiability, long-term consistency, and third-party explainability have been
incorporated not only as explicit institutional rules, but also as implicit premises
shaping market practices and investment decisions. In recent years, the UK
government itself has articulated policy frameworks aimed at strengthening
overall market credibility, including the definition of high-quality credits and the
enhancement of transactional transparency. These initiatives clearly position trust
as a central pillar of market development at the policy level.

Within this context, the use of satellite data and Al for evaluation and
analysis has not been formally mandated as regulatory or institutional
infrastructure. However, in practical contexts such as project assessment,
investment appraisal, and risk analysis, the presence of independent third-party
evaluation and explainability grounded in external data effectively functions as a
de facto prerequisite. Consequently, these technologies can be characterized as
performing a quasi-infrastructural role within the market. Indeed, UK-based
carbon credit rating and analytics providers, despite operating without legal
compulsion, are widely referenced by market participants and play a meaningful
role in shaping overall market credibility.

In addition, the UK government has supported satellite missions capable of
capturing high-resolution emissions data at the urban scale, thereby strengthening
the transparency and verifiability of emissions information. These initiatives
contribute to a policy environment in which explainability based on high-resolution
data is treated as a foundational condition for climate policy and market operation.

By contrast, Japan’s carbon credit system has been designed to function as a
domestically coherent and operationally practical framework, prioritizing the
promotion of domestic emissions reductions, technology transfer, and alignment
with industrial policy. The J-Credit Scheme and the Joint Crediting Mechanism

demonstrate a high degree of institutional completeness when assessed against
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these policy objectives, and they exhibit strong stability and practicality as
domestic policy instruments. However, this design philosophy does not incorporate,
as an initial condition, the trust requirements presupposed by international
compliance markets.

This divergence in foundational assumptions is reflected concretely in
international compliance frameworks such as CORSIA, where Japan’s system is
not directly referenced or connected at the system level. Importantly, such
outcomes should not be interpreted as evidence of deficiencies in Japan’s MRV
capacity or technological capabilities. Rather, the limited positioning of Japan’s
system in international markets reflects differences in the institutional
assumptions regarding internationally oriented trust requirements, including
corresponding adjustments, avoidance of double claiming, and state-level
authorization for international use.

From this perspective, Japan’s policy options can be broadly categorized into
two paths.

The first option is to maintain the existing design philosophy and position the
carbon credit market as a domestically self-contained system. Under this approach,
there is no need to directly reference UK-style market structures or evaluation
practices. Instead, emphasis is placed on stable operation aligned with Japan’s
specific policy objectives and industrial structure. This strategy retains coherence
and rationality as a domestic policy instrument.

The second option, illustrated by the UK experience, is to pursue a gradual
elevation of the level of trust guaranteed by the institutional framework, with a
view toward connecting to international markets. The central question in this case
is not whether to adopt advanced technologies such as satellite data or AL. Rather,
it concerns whether, and to what extent, Japan is willing, as a matter of
institutional design, to assume responsibility for the trust requirements
presupposed by international markets, including re-verifiability, long-term
consistency, and third-party explainability.

Should Japan choose the latter path, satellite data and Al would need to be
repositioned not as supplementary tools for regulatory compliance, but, as in the
UK context, as quasi-infrastructure underpinning the market’s trust architecture.
Viewed in this way, comparison with the UK does not serve to indicate which
technologies Japan should adopt. Instead, it functions as a lens through which
Japan’s policy choices become clearer, particularly with respect to which markets it

seeks to engage and the level of trust it is prepared to institutionalize in order to
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participate in those markets.

Ultimately, the fundamental question facing Japan’s carbon credit market is
not whether to replicate the UK framework. Rather, it is when, and in what form,
Japan will incorporate into its institutional design the level of trust that the UK
market already presupposes. From this standpoint, debates surrounding satellite
data and Al in carbon markets should be understood as policy questions concerning
the design of trust for international market connectivity.

The policy crossroads described above ultimately reflects deeper structural
differences in how responsibility for trust is allocated between the state and the

market. The following section examines these structural factors in greater detail.

4.3 Structural Foundations of Trust Allocation between the State and the Market

Based on a comparison with the United Kingdom, the reasons why quasi-
infrastructure has not been sufficiently developed in Japan’s carbon credit sector
should not be attributed to deficiencies in technological capacity r the capabilities
of private firms. Rather, they can be understood as arising from structural
differences in where responsibility for trust has been placed within the relationship
between institutions and the market.

In Japan’s carbon credit system, responsibility for trust has consistently been
concentrated in the institutional operator, namely public authorities and quasi-
public bodies. Within frameworks such as the J-Credit Scheme and the Joint
Crediting Mechanism, processes including methodology approval, validation,
verification, and registration are designed to be completed within the institutional
system itself. Participation in the system therefore functions as a signal of
credibility in its own right. As a result, independent third-party evaluations
external to the system, as well as re-verification based on external data sources,
have not been positioned as mandatory institutional requirements. Under such an
institutional design, market participants have relatively weak incentives to
actively rely on evaluation and analytical services operating outside the system.
Consequently, private-sector services using satellite data and Al for assessment
and analysis have been less likely to become established as de facto prerequisites,
as observed in the UK market. This outcome reflects the fact that Japan’s system
has functioned rationally as a domestic policy instrument, and the absence of
quasi-infrastructure should not be interpreted as evidence of institutional failure.

However, when international compliance markets or cross-border use of

credits are taken into consideration, this structure emerges as a constraint. In
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international markets, priority tends to be placed not on internal institutional
consistency itself, but on whether third parties external to the system can
independently re-verify outcomes, and whether credibility can be demonstrated
without direct reliance on state involvement. From this perspective, Japan’s model
of institutionally self-contained trust does not necessarily align with the form of
trust expected by international markets.

If Japan continues to position its carbon credit market primarily as a
domestic policy tool, the existing institutional design remains rational. In this case,
trust is centrally guaranteed by the system, and the formation of quasi-
infrastructure is not essential. By contrast, if greater connectivity with
international markets and expanded international use of credits are pursued,
structural limits emerge in a model where the system continues to assume full
responsibility for trust. Under such circumstances, the role of the state may shift
away from directly substituting for trust, toward establishing institutional
conditions under which private-sector quasi-infrastructure can function effectively.
This could include institutional designs that allow for re-verifiability, greater
methodological flexibility premised on the use of external data, and governance
structures that do not exclude coexistence with independent third-party
evaluations. As such conditions are established, economic activity in surrounding
fields such as evaluation, analysis, data provision, and risk verification may
emerge not as a policy objective in itself, but as a consequence of the institutional
assumption of responsibility for trust.

From this perspective, the positioning of satellite data and Al in Japan
should be redefined beyond the question of whether to introduce specific
technologies. Instead, it should be understood as a policy choice concerning
whether trust is to be contained entirely within the institutional system or shared
with the market. The fact that quasi-infrastructure has not developed should not
be interpreted as a failure of Japan’s system. However, depending on which
markets Japan chooses as its reference point, a reallocation of responsibility for
trust may become necessary.

What the comparison with the United Kingdom ultimately highlights is not
the adoption of specific technologies or private actors, but a fundamental difference
in design philosophy concerning whether trust is enclosed within the institutional
system or opened to actors outside it. The challenge facing Japan’s carbon credit
market is therefore not one of technological choice, but a policy decision regarding

what level of trust should be assumed, by whom, and to what extent. Explicitly
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recognizing this question is an essential perspective for considering the future

direction of Japan’s carbon credit market.

Conclusion

This study examined the role of satellite data and artificial intelligence (AI)
in carbon credit markets through a comparative analysis of the United Kingdom
and Japan, with a particular focus on how trust and credibility are institutionally
designed rather than technologically determined.

Chapter 1 outlined the historical background, research objectives, and scope
of the study. It traced the evolution of climate policy and carbon markets, showing
that carbon credits were not originally central to climate mitigation but became
progressively institutionalized through emissions trading systems and
international frameworks. The chapter also reviewed the development of satellite
technology for environmental applications, positioning satellite data not merely as
a technical innovation but as a scientific foundation supporting transparency,
measurement, and verification. This historical perspective highlighted that
satellite data has increasingly been mobilized in response to long-standing
challenges related to trust and credibility in carbon markets.

Chapter 2 examined the mechanisms of carbon credit markets and recent
global and regional trends. It clarified the distinction between compliance and
voluntary markets and showed that recent policy developments between 2024 and
2026 reflect a reassessment of carbon credits as a limited, complementary tool
rather than a substitute for domestic emissions reductions. The comparison of the
UK and Japan demonstrated that differences in policy orientation and institutional
design strongly shape how carbon credits are positioned within each system.

Chapter 3 analyzed key challenges in carbon credit markets, including
credibility concerns, MRV limitations, and risks related to double counting and
comparability. It then demonstrated how satellite data and Al can address these
challenges by enabling continuous monitoring, risk identification, and third-party
assessment. The comparison revealed that in the UK, satellite-based assessments
and independent evaluations have emerged as de facto market infrastructure

driven by demand for external validation. In contrast, Japan’s market relies
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heavily on institutionally embedded trust, resulting in a more limited formal role
for satellite data in market processes. Importantly, this difference reflects
structural and institutional choices rather than disparities in technological
capability.

Chapter 4 examined Japan’s carbon market from a strategic policy
perspective. While Japan’s institution-centered trust framework has effectively
supported domestic policy objectives, it also creates structural frictions when
engaging with international compliance markets such as CORSIA. The chapter
argued that Japan faces a strategic crossroads: whether to maintain carbon credits
primarily as domestic policy instruments or to pursue deeper integration with
international markets. It emphasized that trust is a design choice, not a technical
outcome, and explored the potential role of satellite data and Al as quasi-
infrastructure that supports market trust without being mandated as formal
regulatory systems.

In conclusion, this study shows that the value of satellite data and Al in
carbon credit markets lies not simply in improving measurement accuracy, but in
enabling re-verification, transparency, and credibility over time. Whether these
technologies function as core market infrastructure depends on how trust is
allocated between institutions and markets. By reframing satellite and Al debates
as issues of trust design rather than technology adoption, this research provides
insights into how emerging data infrastructures reshape environmental

governance.
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