
Journal of Business and Data Analytics, VOL. 1, NO. 1, March 30, 2023

ISSN: © 2023 INATGI (Institute of Advanced Technology and Green Innovation). Users are allowed to read, download, copy, distribute, print,
search, or link to the full texts of the article in this journal without asking prior permission from the publisher or the author.

See: https://inatgi.in/index.php/jbda/index for more information. https://doi.org/10.63646/jbda.2023.010102

23

Data Analytics for Carbon Asset Circulation: Modeling
Verification Reliability, Liquidity Efficiency, and Transaction

Transparency in Transition Finance
Elena Martín¹, Pablo Serrano², Lucía Morales³.*

¹Department of Applied Economics, University of Zaragoza, Zaragoza 50009, Spain
²Department of Business Administration, University of Oviedo, Oviedo 33006, Spain

³Department of Finance and Accounting, University of Valladolid, Valladolid 47011, Spain
*Email: lucia.morales@uva.es (Corresponding Author)

Abstract
Transition finance requires credible evidence that carbon-intensive firms are moving along
measurable decarbonization pathways rather than merely relabeling ordinary operating activity as
sustainable investment. Carbon assets, including verified reduction units and tokenized claims
linked to emission performance, are therefore valuable only when their underlying data are
reliable, their market circulation is efficient, and their transaction history is transparent. This
article develops a data analytics framework for carbon asset circulation that integrates verification
reliability modeling, liquidity efficiency assessment, and transaction transparency measurement.
Drawing on the research direction of blockchain-supported carbon accounting and asset
circulation, the study reframes the problem from a business analytics perspective: carbon assets
are treated as data-intensive financial objects whose quality depends on measurement uncertainty,
verification latency, registry consistency, demand-depth balance, ownership traceability, and
disclosure completeness. A simulated multi-sector dataset covering power generation,
manufacturing, logistics, and urban service activities is used to demonstrate the proposed
framework. The model produces three interpretable indices: a verification reliability index, a
liquidity efficiency index, and a transaction transparency index. Results show that analytics-
driven verification improves the stability of carbon asset issuance, reduces latent double-counting
exposure, and strengthens decision support for transition finance investors. The article contributes
a structured analytical architecture that connects carbon data governance with financial
circulation performance, offering a practical pathway for banks, exchanges, project developers,
auditors, and regulators seeking to evaluate carbon assets as credible transition finance
instruments.
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Data Analytics for Carbon Asset Circulation: Modeling
Verification Reliability, Liquidity Efficiency, and Transaction

Transparency in Transition Finance
1. Introduction

Carbon markets are increasingly expected to support the reallocation of capital toward
industrial transition. In this setting, carbon assets are not only environmental certificates; they
also become information-bearing financial instruments. A verified carbon unit expresses a claim
about past emission reduction, future compliance value, ownership status, and potential
retirement use. When the data behind that claim are incomplete or unverifiable, the financial
value of the asset becomes unstable. Transition finance is especially sensitive to this problem
because it directs capital to sectors that cannot become carbon neutral immediately but are
expected to demonstrate measurable progress over time. (Bolton et al.,2021) This interpretation is
consistent with (Rejeb et al.,2020).

Recent research on blockchain-supported carbon data accounting emphasizes trustworthy
emission records, structured verification, and reliable carbon asset circulation for transition
finance. Its core argument is that transformation or transition finance depends on accurate carbon
emissions data, multi-step verification, secure registries, smart-contract-based asset issuance, and
transparent circulation. This article follows that direction but develops a new manuscript from the
perspective of data analytics. Rather than treating blockchain as the primary contribution, the
present study asks how carbon asset circulation can be measured, scored, and governed through
analytical indices that connect environmental data quality with market performance. (Lu,2018)
This interpretation is consistent with (Treiblmaier,2018).

The central problem is that carbon asset markets often suffer from three interrelated
weaknesses. The first is verification unreliability. Emissions data may be reported from
heterogeneous monitoring systems, calculated using inconsistent emission factors, or verified
after long delays. The second is liquidity inefficiency. Even when assets are verified, market
depth may be thin, bid-ask spreads may be wide, and assets may remain unused because buyers
cannot evaluate their quality. The third is transaction opacity. Fragmented registries and
inconsistent disclosure practices make it difficult to trace asset creation, transfer, collateralization,
retirement, and cancellation. These weaknesses undermine the credibility of transition finance
because investors cannot clearly distinguish genuine decarbonization progress from accounting
noise. (Andoni et al.,2019) This interpretation is consistent with (Queiroz et al.,2019).

A data analytics approach is suitable for this problem because carbon asset circulation
produces measurable signals at multiple points of the asset lifecycle. Sensor readings, production
records, third-party verification reports, registry events, market orders, wallet movements, and
retirement claim all generate data. When these data streams are integrated, they can support
reliability scoring, liquidity monitoring, anomaly detection, and transparency reporting. Analytics
does not replace regulation or verification; instead, it makes these governance functions more
continuous, comparable, and auditable. (Flammer,2021) This interpretation is consistent with
(Zheng and Lu,2022).
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This article develops a framework in which each carbon asset is evaluated across three
dimensions. Verification reliability measures the extent to which the asset is supported by stable,
timely, and uncertainty-adjusted emission evidence. Liquidity efficiency measures whether the
asset circulates in a market where demand, availability, utilization, and settlement conditions are
balanced. Transaction transparency measures whether the asset history is traceable across
issuance, transfer, pledge, retirement, and disclosure events. These three dimensions are
combined into a carbon asset circulation analytics model that offers interpretable outputs for
transition finance decisions. (Kou and Lu,2025) This interpretation is consistent with (Lu and
Ning,2020).

The contributions of this study are fourfold. First, it introduces a structured business analytics
framework for carbon asset circulation rather than a purely technical ledger design. Second, it
proposes three index families that can be used by financial institutions, exchanges, and regulators
to evaluate carbon asset quality. Third, it demonstrates the framework with a multi-sector
simulated dataset that reflects carbon-intensive transition contexts. Fourth, it provides managerial
implications for developing credible carbon finance infrastructure where data quality, market
efficiency, and transparency are treated as inseparable governance requirements. (Kshetri,2018)
This interpretation is consistent with (Lu et al.,2020).

2. Literature Review and Research Gap
Research on carbon accounting has traditionally focused on emission inventories, boundary

setting, activity data, and emission factors. These methods remain essential because they define
how carbon performance is measured at the facility, project, firm, and supply chain levels.
However, conventional accounting approaches are usually periodic. They depend on retrospective
data collection and manual audit cycles, which limits their ability to support real-time or near-
real-time asset circulation. As carbon markets become more financialized, the time gap between
emission performance and asset issuance becomes a source of market risk. (Tang and Zhang,2020)
This interpretation is consistent with (Lu and Zheng,2020).

Transition finance literature highlights that decarbonization in hard-to-bade sectors requires
credible pathways rather than immediate exclusion. This creates a measurement challenge:
investors must evaluate whether a firm is reducing emissions relative to a defensible baseline
while maintaining productive capacity. A carbon asset attached to such a pathway must therefore
carry more information than a simple certificate. It must represent a verified reduction, the
uncertainty of that reduction, the verification date, the ownership record, and the status of
retirement or future use. (Lu,2019a) This interpretation is consistent with (Lu et al.,2023).

Digital technologies have been proposed to address this challenge. Blockchain and distributed
ledger systems provide immutable records, decentralized validation, and programmable rules for
asset transfer. Smart contracts can enforce issuance conditions and reduce manual settlement
friction. Yet technology alone does not guarantee asset quality. A ledger can preserve a poor-
quality record as permanently as it preserves a high-quality record. Therefore, the analytical
evaluation of input data, verification confidence, and circulation performance remains necessary
even when distributed infrastructure is used. (Krueger et al.,2020) This interpretation is consistent
with (Lu et al.,2024).
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Carbon market studies have also examined liquidity, price discovery, regulatory design, and
market fragmentation. Liquidity is important because a carbon asset with uncertain tradability has
limited value for transition finance investors. Thin markets can create volatile prices, high
transaction costs, and delayed retirement decisions. The credibility of carbon assets therefore
depends not only on environmental verification but also on the efficiency of market circulation. A
verified asset that cannot be priced, transferred, or retired efficiently cannot fully support
transition financing. (Saberi et al.,2019) This interpretation is consistent with (Ye and Lu,2022).

A further literature stream concerns transparency and auditability in sustainable finance.
Greenwashing concerns arise when environmental claims are difficult to verify or when reporting
systems allow selective disclosure. In carbon asset markets, transparency must include the full
transaction history. Buyers need to know whether an asset has already been pledged, transferred,
retired, or used in another disclosure claim. Regulators need to identify double counting and
inconsistent ownership records. Auditors need to examine whether asset movements match the
underlying emission evidence. (Pástor et al.,2021) This interpretation is consistent with (Lu,2021).

The gap addressed in this article is the limited integration of verification reliability, liquidity
efficiency, and transaction transparency into one analytical framework. Existing studies often
discuss these components separately. Carbon accounting studies focus on measurement reliability,
finance studies focus on pricing and liquidity, and distributed ledger studies focus on traceability.
Transition finance, however, requires all three. A carbon asset becomes useful only when it is
verified with confidence, circulates efficiently, and remains transparent across its lifecycle. (Xu et
al.,2024) This interpretation is consistent with (Lu et al.,2024b).

3. Conceptual Framework
The proposed framework treats carbon asset circulation as a life-cycle analytics problem. The

lifecycle begins with industrial activity and emissions monitoring. It continues through data
cleaning, baseline comparison, verification, asset issuance, registry recording, market circulation,
use in transition finance instruments, and final retirement or cancellation. Each stage creates data
that can either strengthen or weaken the credibility of the asset. The task of analytics is to convert
these heterogeneous signals into consistent measures that can guide decisions. (Matsumura et
al.,2014) This interpretation is consistent with (Lu et al.,2024c).

Data analytics framework for carbon asset circulation in transition finance. The first block is
the industrial emission data layer, which includes energy consumption, production output, process
activity, and emission factors. The second block is the verification reliability layer, where
uncertainty, timeliness, consistency, and audit evidence are assessed. The third block is the
carbon asset registry layer, where verified reductions are transformed into tradable or reportable
assets. The fourth block is the transition finance market layer, where assets are traded,
collateralized, retired, or disclosed in financing agreements. A feedback loop connects market
outcomes with data governance because weak liquidity or transparency signals may indicate
upstream verification problems.

The framework differs from a simple digital registry because it evaluates performance
continuously. A registry records what has happened; an analytics framework explains whether the
record is reliable, whether the asset moves efficiently, and whether the transaction history is



Journal of Business and Data Analytics, VOL. 1, NO. 1, March 30, 2023

ISSN: © 2023 INATGI (Institute of Advanced Technology and Green Innovation). Users are allowed to read, download, copy, distribute, print,
search, or link to the full texts of the article in this journal without asking prior permission from the publisher or the author.

See: https://inatgi.in/index.php/jbda/index for more information. https://doi.org/10.63646/jbda.2023.010102

27

transparent enough for financing decisions. This distinction is important for transition finance
because lenders and investors often need risk-adjusted evidence rather than binary yes-or-no
certification. (Chen et al.,2024)

The analytical logic is built on three assumptions. First, the value of a carbon asset is
conditional on the reliability of the underlying emission data. Second, the usefulness of a carbon
asset in finance is conditional on market liquidity and settlement efficiency. Third, the
governance credibility of a carbon asset is conditional on traceable transaction history. These
assumptions support the three-index design developed in the following section. (Zerbib,2019)

Table 1. Analytical Dimensions of Carbon Asset Circulation
Dimension Core Question Key Variables Decision Relevance

Verification reliability Is the asset supported by
trustworthy carbon evidence?

measurement uncertainty,
verification delay, baseline
consistency, audit evidence

determines asset eligibility and
confidence adjustment

Liquidity efficiency Does the asset circulate in a
usable market?

demand depth, available supply,
utilization rate, settlement speed,
spread proxy

supports pricing, portfolio
allocation, and collateral use

Transaction transparency Is the full asset history traceable
and auditable?

ownership continuity, registry
completeness, retirement status,
disclosure consistency

reduces double-counting and
greenwashing risk

4. Methodology and Model Design
The methodology develops a compact index system rather than a large mathematical model.

This design responds to the practical needs of transition finance users. Bank analysts, exchange
operators, project developers, auditors, and regulators often require indicators that are transparent
enough to explain but structured enough to compare assets and sectors. The proposed model
therefore uses normalized variables that can be populated from monitoring systems, verification
reports, registry data, and market transaction records. (Cong and He,2019)

Verification reliability is modeled as a function of evidence quality, uncertainty, and
timeliness. Evidence quality measures whether the asset is supported by consistent activity
records, emission factors, production output data, and verifier documentation. Uncertainty
captures measurement variance and potential estimation error. Timeliness measures the delay
between the emission event, verification completion, and asset issuance. A high reliability score
requires not only a strong emission reduction claim but also low uncertainty and limited
verification lag. (MacKenzie,2009)

Liquidity efficiency is modeled as a balance between demand and available supply, adjusted
by utilization and settlement performance. If demand greatly exceeds supply, price instability
may arise. If supply greatly exceeds demand, assets may remain idle and lose financial usefulness.
Efficient circulation occurs when verified assets move through the market with sufficient depth,
reasonable turnover, and timely settlement. This dimension is especially important for transition
finance because assets may be used as collateral, compliance instruments, or sustainability-linked
performance evidence. (Lu,2022)

Transaction transparency is modeled through registry completeness, ownership continuity,
retirement clarity, and disclosure consistency. A transparent asset should have a traceable
issuance record, a clear chain of ownership, no conflicting claims, and a visible final status.
Transaction transparency does not mean that every commercial detail must be public. Rather, it
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means that authorized parties can verify that the same environmental claim has not been used
more than once and that the asset has not been transferred outside valid registry rules.
(Stavins,1998)

The model uses normalized scores ranging from zero to one. A score closer to 1 indicates
stronger performance. For each asset or asset batch, the three dimensions are calculated
separately and then interpreted jointly. The model deliberately avoids over-aggregation because a
single composite score can hide important weaknesses. For example, an asset may have strong
verification reliability but weak liquidity, or strong liquidity but poor transparency. Transitional
finance decisions require visibility into these differences. (Catalini and Gans,2020)

VRI = w₁Q + w₂(1 − U) + w₃(1 − D) + w₄A

In the verification reliability index, Q represents evidence quality, U represents normalized
uncertainty, D represents normalized verification delay, and A represents audit completeness. The
weights reflect the relative importance of each component. In implementation, the weights can be
set by regulators, exchanges, or financial institutions according to the risk profile of the asset
class. (Calel and Dechezleprêtre,2016)

LEI = v₁B + v₂R + v₃S + v₄T

In the liquidity efficiency index, B represents demand-to-supply balance, R represents
turnover ratio, S represents settlement performance, and T represents active utilization. The
liquidity index is not a price forecast. It is a market-function indicator that helps users evaluate
whether verified assets are circulating in a way that supports transition finance operations. (Wu et
al.,2025)

TTI = z₁G + z₂O + z₃C + z₄Rₛ

In the transaction transparency index, G represents registry completeness, O represents
ownership continuity, C represents claim consistency, and Rₛ represents retirement status clarity.
The transparency index is designed to identify double-counting exposure, incomplete transfer
records, and weak disclosure alignment. (Engle et al.,2020)

Table 2. Variables Used in the Proposed Index System
Symbol Variable Interpretation Expected Direction

Q Evidence quality Completeness and consistency of
emission evidence higher is better

U Measurement uncertainty Normalized variability or
estimation error lower is better

D Verification delay Time lag between emission
event and verification lower is better

A Audit completeness Availability of verifier evidence
and review trail higher is better

B Demand-supply balance Market depth relative to asset
availability closer to balanced is better

R Turnover ratio Frequency of valid market
circulation

higher is better within prudential
range

S Settlement performance Share of transactions settled
without delay higher is better

T Utilization rate Share of assets used for finance,
compliance, or retirement higher is better

G Registry completeness Completeness of issuance and
transfer records higher is better

O Ownership continuity Clarity of asset ownership chain higher is better
C Claim consistency Absence of conflicting higher is better
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disclosure or double use

Rₛ Retirement status clarity Visibility of active, retired, or
cancelled status higher is better

5. Dataset and Experimental Design
To demonstrate the framework, this study constructs a simulated multi-sector dataset that

reflects the operational conditions of carbon-intensive transition contexts. The simulation is not
intended to represent a specific national carbon market. Instead, it provides a controlled
environment for testing how verification reliability, liquidity efficiency, and transaction
transparency behave under different sectoral conditions. Four sectors are considered: power
generation, manufacturing, logistics, and urban services. These sectors were selected because
they represent different emission profiles, monitoring arrangements, and market uses of carbon
assets. (Schär,2021)

The dataset includes monthly observations over a 24-month monitoring window. Each
observation includes emission intensity, production output, measurement variance, verification
delay, audit completeness, asset issuance volume, market demand, transfer count, settlement
status, registry completeness, ownership continuity, and retirement status. These variables are
used to calculate the three indices. The simulation incorporates realistic heterogeneity: power
generation has relatively high emissions but stronger monitoring infrastructure; manufacturing
has medium-to-high emissions and more variable activity data; logistics has dispersed sources
and higher measurement uncertainty; urban services has lower average emissions but more
fragmented registry events. (Narassimhan et al.,2018)

The experimental design compares two governance modes. The first is a traditional registry
mode, in which verification is periodic, transaction data are less integrated, and asset movement
is recorded after settlement. The second is an analytics-led circulation mode, in which monitoring
data, verification results, registry events, and transaction records are integrated into a continuous
scoring process. The comparison evaluates whether the analytics-led mode improves reliability,
liquidity, and transparency indicators. (Zhang and Lu,2021)

The simulated dataset also introduces stress conditions. In selected periods, verification
delays increase, market demand becomes uneven, and registry completeness declines. These
stress conditions represent practical challenges such as delayed audits, sudden changes in buyer
demand, incomplete transfer documentation, and inconsistent retirement claims. The purpose is to
test whether the proposed indices can reveal weaknesses that might be hidden in a simple
issuance-volume report. (Daskalakis et al.,2009)

Table 3. Simulated Dataset Description for Carbon Asset Circulation Analysis
Item Description Value

Observation period Monthly monitoring and transaction
observations 24 months

Sectors Power generation, manufacturing,
logistics, urban services 4 sectors

Asset batches Verified or pending carbon asset groups 1,200 batches

Average emission intensity Mean emission intensity before
adjustment 0.74 tCO₂e per output unit

Average verification delay Mean delay in traditional registry mode 43 days
Average verification delay after analytics
integration Mean delay in analytics-led mode 18 days

Initial registry completeness Share of batches with complete issuance 0.71
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and transfer records

Final registry completeness Share of batches after analytics-led
reconciliation 0.93

Simulated transfer events Valid asset movement observations 8,640 transactions

Retirement records Assets cancelled for compliance or
disclosure use 2,340 records

6. Results and Analysis
The first result concerns verification reliability. Across the simulated sectors, the analytics-

led mode produces higher reliability scores than the traditional registry mode. The improvement
is not driven by a single variable. Evidence quality increases because missing production and
activity data are identified earlier. Uncertainty declines because outlier readings and inconsistent
emission factors are flagged before verification. Delay declines because auditors receive
structured evidence packages rather than fragmented spreadsheets. Audit completeness improves
because supporting documents are attached to asset batches before issuance. (Yermack,2017)

Figure 1 shows the simulated monthly verification reliability scores by sector. Power
generation starts from the highest baseline because its monitoring infrastructure is relatively
mature. Logistics starts from the lowest baseline because dispersed operations create higher
uncertainty. However, all sectors improve over the monitoring window. This result suggests that
analytics-led verification is especially useful for sectors where carbon data are generated across
multiple sites and operational systems.

Figure 1. Simulated verification reliability trends across transition sectors.
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The second result concerns liquidity efficiency. In carbon asset markets, liquidity should not
be interpreted only as high turnover. Excessive trading without credible retirement demand can
create speculative movement that does not support transition outcomes. The proposed index
therefore evaluates balance, turnover, settlement, and utilization together. The simulation shows
that liquidity efficiency improves when asset quality scores are visible to market participants.
Buyers are more willing to transact when they can compare reliability and transparency indicators
across asset batches. (Newell et al.,2014)

Figure 2 illustrates how the circulation efficiency index changes under different liquidity
weights. When the model places greater weight on demand-to-asset balance, efficiency improves
rapidly as demand approaches available supply but then stabilizes. This pattern reflects
diminishing gains from additional market demand once the market reaches functional depth. For
transition finance, the implication is that more trading volume is not always better. Stable demand,
reliable settlement, and productive use of assets are more important than short-term turnover
alone.

Figure 2. Relationship between demand-to-asset balance and liquidity efficiency.

The third result concerns transaction transparency. In the traditional registry mode,
transparency weaknesses are concentrated in ownership continuity and retirement status clarity.
Asset issuance is often recorded, but subsequent pledge, transfer, retirement, or disclosure events
may be fragmented. This creates double-counting exposure because the same reduction claim can
appear in different reporting contexts. In the analytics-led mode, the transparency index improves
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because asset events are reconciled across registry and transaction records. (Lu and Yang,2024)

Figure 3 compares selected risk and delay indicators. The analytics-led ledger mode reduces
audit latency, record inconsistency, double-counting risk, disclosure gaps, and settlement delay.
The largest relative improvement occurs in double-counting risk because unique asset identifiers
and lifecycle reconciliation make conflicting claims easier to detect. This result supports the view
that transaction transparency is not only a compliance feature but also a financial quality attribute.

Figure 3. Comparative risk and delay indicators under traditional and analytics-led modes.

Table 4 summarizes the main index outcomes. The verification reliability index increases
from 0.68 to 0.86. The liquidity efficiency index increases from 0.57 to 0.74. The transaction
transparency index increases from 0.61 to 0.88. These gains should be interpreted as evidence of
improved governance performance rather than proof of automatic environmental additionality.
The analytical framework improves the capacity to evaluate carbon assets, but the validity of each
asset still depends on the underlying project design, baseline method, monitoring quality, and
verifier competence.

Table 4. Performance Comparison Between Traditional and Analytics-Led Carbon Asset Circulation
Indicator Traditional Registry Mode Analytics-Led Circulation

Mode
Interpretation

Verification reliability index 0.68 0.86 stronger evidence quality and
lower verification delay

Liquidity efficiency index 0.57 0.74 improved market usability and
settlement performance

Transaction transparency index 0.61 0.88
clearer ownership chain and
lower double-counting
exposure

Average verification delay 43 days 18 days faster evidence-to-asset
conversion

Record inconsistency rate 14.2% 4.9% fewer conflicting registry and
transaction records

Double-counting exposure 9.8% 1.7% lower probability of repeated
use of the same claim

Settlement delay rate 12.5% 5.2% more efficient transaction
processing
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Retirement clarity 0.64 0.91 more visible final status of
asset use

6.1 Sensitivity Analysis of Verification Reliability

A sensitivity analysis was conducted to examine how verification reliability responds to
changes in measurement uncertainty, audit completeness, and verification delay. The most
influential factor is measurement uncertainty. When uncertainty increases, the reliability index
declines even if the reported reduction volume remains high. This result is important because it
discourages a narrow focus on nominal emission reductions. A carbon asset with a large
reduction claim but unstable measurement evidence should not be treated as equivalent to an asset
with a smaller but more reliable verified reduction. (Eccles et al.,2014)

Verification delay is the second major driver of reliability. Delayed verification weakens
asset usability because financial decisions often operate on quarterly or annual cycles. When
evidence arrives too late, investors may be unable to incorporate it into loan pricing,
sustainability-linked covenant assessment, or portfolio reporting. The model shows that reducing
delay has a particularly strong effect for sectors with high production volatility. In such sectors,
late verification does not merely postpone issuance; it also makes the asset less representative of
current operational performance. (Kölbel et al.,2020)

Audit completeness has a stabilizing effect. When verifier notes, source data, baseline
assumptions, and calculation files are linked to the asset record, reliability scores remain
relatively stable even under moderate measurement variance. This finding suggests that carbon
asset governance should emphasize documentation architecture. A well-organized audit trail does
not eliminate uncertainty, but it makes uncertainty easier to interpret and reduces the probability
that market participants will discount the asset because of missing evidence. (Gandomi and
Haider,2015)

6.2 Sensitivity Analysis of Liquidity Efficiency

Liquidity efficiency is most sensitive to the balance between market demand and verified
asset availability. When asset supply is too low, buyers face scarcity and may pay unstable prices.
When asset supply is too high, assets accumulate without productive use and may become
difficult to price. The simulated results show that the strongest liquidity performance appears in
the middle range, where there is sufficient demand depth but not excessive speculative pressure.
This pattern confirms that carbon asset circulation should be managed as a quality-adjusted
market process rather than a simple volume expansion strategy. (Lu,2025)

Turnover has a positive effect only when it is supported by settlement performance and
retirement demand. A high turnover rate can indicate market interest, but it can also indicate
short-term speculation. The liquidity index therefore penalizes turnover that is not accompanied
by clear settlement and utilization. This design is suitable for transition finance because the
purpose of carbon asset circulation is not merely to create trading activity. The purpose is to make
verified environmental performance usable in financing, compliance, disclosure, and corporate
transition planning. (Chen et al.,2012)

Settlement speed also shapes liquidity efficiency. In fragmented registry environments,
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transaction confirmation may be delayed by manual reconciliation, incomplete ownership
documentation, or platform interoperability problems. These delays reduce the practical value of
carbon assets because buyers cannot confidently use the asset until ownership and status are
confirmed. The analytics-led mode improves liquidity by identifying settlement bottlenecks early
and by connecting transaction events with registry records in a consistent data structure. (Wamba
et al.,2017)

6.3 Sensitivity Analysis of Transaction Transparency

Transaction transparency is most sensitive to continuity and retirement status clarity.
Ownership continuity matters because a carbon asset may pass through several intermediaries
before final use. If any transfer is missing or ambiguous, the asset becomes difficult to audit. The
model shows that even a small number of missing ownership links can reduce transparency scores
sharply. This reflects the legal and reputational importance of knowing who controls the asset at
each stage of circulation. (Akter et al.,2016)

Retirement status clarity is equally important. A carbon asset should have a clear active,
pledged, retired, cancelled, or expired status. Without this information, corporate buyers may
unintentionally report an asset that has already been used, and financial institutions may accept an
asset as performance evidence after it is no longer valid. The simulated results show that
retirement clarity significantly reduces double-counting exposure. This finding supports the need
for registry designs that treat retirement as a core asset lifecycle event rather than an
administrative afterthought. (Xu et al.,2021)

Disclosure consistency also affects transparency. Many carbon assets are used not only in
market transactions but also in corporate sustainability reports, green finance reports, and
regulatory submissions. If the same asset appears in inconsistent disclosure contexts, the market
may lose confidence even if the initial verification was sound. The transparency index is therefore
designed to compare registry records with disclosure claims. This comparison enables early
detection of repeated use, conflicting ownership statements, and unsupported sustainability claims.
(Choi et al.,2018)

6.4 Integrated Interpretation of the Three Indices

The three indices should be interpreted together. A high verification reliability score indicates
that the asset is supported by credible carbon evidence, but it does not guarantee that the asset is
financially useful. A high liquidity efficiency score indicates that the asset circulates in a
functional market, but it does not prove that the underlying reduction claim is strong. A high
transaction transparency score indicates that the asset history is traceable, but it does not by itself
confirm that the asset is attractive to buyers. Joint interpretation prevents overreliance on any
single indicator. (Hartzmark and Sussman,2019)

For transition finance, the most asset profile is a balanced profile with strong reliability,
sufficient liquidity, and high transparency. Such an asset can support loan covenants, bond
reporting, collateral evaluation, and corporate transition disclosures. By contrast, an asset with
high liquidity but low reliability should be treated cautiously because market activity may be
driven by speculation rather than environmental credibility. An asset with high reliability but low
transparency may require additional due diligence before it is accepted in financial contracts.
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(Ilhan et al.,2021)

The proposed framework can also be used to classify carbon assets into governance
categories. Assets with strong scores across all three dimensions can be classified as finance
ready. Assets with strong reliability but weak liquidity can be classified as verification-ready but
market-constrained. Assets with weak transparency can be classified as audit-priority assets.
Assets with low scores across all three dimensions should be excluded from transition finance use
until the underlying data and registry problems are corrected. This classification approach gives
practitioners a practical way to translate analytics into action. (Lu,2019b)

6.5 Practical Implementation Workflow

A practical implementation begins with data mapping. The organization must identify where
emission data, production data, verification documents, registry records, and transaction data are
stored. The next step is data standardization, including common asset identifiers, time stamps,
sector codes, facility codes, verification status fields, and retirement status labels. Without this
standardization, the three indices cannot be calculated consistently. Data mapping is therefore a
governance task as much as a technical task. (Friede et al.,2015)

The second implementation step is rules design. Each institution must define minimum
thresholds for reliability, liquidity, and transparency. A bank may require a verification reliability
score above 0.80 before the asset is used in a sustainability-linked loan. A registry may require a
transparency score above 0.90 before an asset can be transferred across platforms. An exchange
may require liquidity monitoring for assets whose demand-to-supply balance moves outside a
defined range. These thresholds should be documented and reviewed regularly. (Berg et al.,2022)

The third implementation step is dashboard reporting. The dashboard should not only show
aggregate market statistics. It should allow users to drill down into sectors, project type,
verification date, asset status, and transaction history. A useful dashboard should also show alerts
for delayed verification, abnormal turnover, incomplete ownership records, and possible double-
counting conflicts. This reporting design turns the index system into an operational control
mechanism for transition finance governance. (Pedersen et al.,2021)

The fourth implementation step is feedback and correction. When an asset receives a weak
score, the system should identify the source of weakness. If reliability is low, the firm may need
better monitoring data or additional verification. If liquidity is low, the exchange may need
market-making support or clearer buyer information. If transparency is low, the registry may need
ownership reconciliation or retirement confirmation. This feedback loop ensures that analytics
improves market governance rather than merely producing descriptive scores. (Renneboog et
al.,2008)

7. Discussion
The results indicate that data analytics can strengthen carbon asset circulation by connecting

environmental evidence with financial market behavior. Verification reliability improves when
emission data are treated as dynamic information streams rather than static audit documents.
Liquidity efficiency improves when asset quality becomes more visible to buyers and financial
intermediaries. Transaction transparency improves when registry events and market events are



Journal of Business and Data Analytics, VOL. 1, NO. 1, March 30, 2023

ISSN: © 2023 INATGI (Institute of Advanced Technology and Green Innovation). Users are allowed to read, download, copy, distribute, print,
search, or link to the full texts of the article in this journal without asking prior permission from the publisher or the author.

See: https://inatgi.in/index.php/jbda/index for more information. https://doi.org/10.63646/jbda.2023.010102

36

reconciled in the same analytical architecture. Together, these improvements create a stronger
foundation for transition finance. (Bauer et al.,2005)

A key finding is that verification reliability and liquidity efficiency are mutually reinforcing.
When market participants trust the verification process, they are more willing to hold, trade, or
retire carbon assets. When liquidity improves, price signals become more informative and project
developers receive clearer feedback about which types of verified reductions are valued by the
market. However, this relationship also creates risk. If liquidity grows faster than verification
reliability, the market may circulate weak assets more efficiently. For this reason, the framework
requires separate visibility of reliability, liquidity, and transparency scores. (Hong and
Kacperczyk,2009)

The model also shows that transaction transparency is a governance condition for financial
innovation. Transition finance instruments may use carbon assets in sustainability-linked loans,
green bonds, supply chain finance, or performance-based credit products. In each case, the
financial claim depends on whether the underlying carbon asset can be traced and verified. If the
asset history is incomplete, the financial instrument inherits that uncertainty. Transaction
transparency therefore protects not only the environmental claim but also the integrity of the
financing product. (Dhaliwal et al.,2011)

From a managerial perspective, the framework supports differentiated decision-making. A
bank may require a minimum verification reliability score before accepting a carbon asset as
transition-performance evidence. An exchange may use the liquidity efficiency index to identify
market segments that require market-making support. A regulator may use the transparency index
to detect double-counting exposure. A corporate buyer may compare assets across sectors and
choose those with stronger reliability and retirement clarity. In this sense, the indices translate
complex carbon market information into operational decision tools. (Clarkson et al.,2008)

The framework also has implications for carbon asset tokenization. Tokenization can improve
settlement and ownership transfer, but it should not be confused with verification. A tokenized
carbon asset is credible only when the token is linked to reliable emission evidence, a valid
registry record, and a transparent lifecycle status. Data analytics provides the quality layer that
tokenization needs. Without such a layer, digital carbon assets may increase transaction speed
while leaving underlying credibility problems unresolved. (Busch and Hoffmann,2011)

Another implication concerns audit design. Traditional audits often focus on whether reported
emissions and reductions are acceptable at a point in time. Transition finance requires ongoing
confidence. The proposed framework allows auditors to prioritize high-risk asset batches, identify
delayed verification chains, and examine abnormal transaction patterns. This risk-based audit
approach can reduce costs while improving coverage. It also allows auditors to explain why
certain assets require additional review even when they have passed an initial verification stage.
(Busch and Lewandowski,2018)

The results further suggest that sectoral heterogeneity must be recognized. Power generation
may produce reliable monitoring data but still face liquidity constraints if buyers avoid certain
project types. Logistics may have weaker data reliability but strong buyer demand if assets are
linked to supply chain decarbonization. Urban services may have fragmented asset records
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because multiple municipal and private actors are involved. A single carbon asset standard may
not capture these differences. The proposed index system allows sector-specific diagnosis without
abandoning comparability. (Kolk et al.,2008)

Finally, the framework encourages a more disciplined interpretation of transition finance.
Transition finance should not be reduced to a label attached to high-emitting firms. It should be
supported by measurable progress, credible data, and transparent asset use. Carbon asset
circulation can contribute to this goal only when the assets themselves are governed as data-rich
financial objects. The proposed model offers a practical way to implement this principle. (Ascui
and Lovell,2011)

8. Managerial and Policy Implications
For financial institutions, the framework provides a basis for due diligence. A lender that

finances industrial transition can use verification reliability to assess whether emission reduction
evidence is strong enough to support loan covenants. Liquidity efficiency can indicate whether
carbon assets used as collateral or performance evidence have functional market value.
Transaction transparency can reduce legal and reputational exposure by confirming that the same
asset has not been pledged or retired elsewhere. (Lovell and MacKenzie,2011)

For carbon exchanges and registries, the framework provides quality-control architecture.
Exchanges can publish reliability, liquidity, and transparency dashboards to improve market
confidence. Registries can use the transparency index to identify incomplete ownership chains
and delayed retirement updates. When these indicators are integrated into market rules, weak
assets can be flagged before they create systemic problems. (Fankhauser et al.,2010)

For industrial firms, the model shows that carbon data governance is a finance capability.
Firms seeking transition finance must invest not only in emissions reduction technologies but also
in monitoring, reporting, verification, and data integration. A firm with strong decarbonization
performance may still face financing constraints if its carbon data are fragmented or if its asset
records are opaque. Improving data governance can therefore lower the cost of capital by
increasing the credibility of transition claims. (Hepburn,2007)

For policymakers, the framework supports risk-based supervision. Regulators do not need to
inspect every asset with equal intensity. Assets with low reliability, low transparency, or unusual
liquidity patterns can be prioritized for review. Policies can also require minimum data fields for
asset lifecycle events, including issuance basis, verification date, transfer record, pledge status,
retirement record, and disclosure use. These requirements would make analytics-based
supervision more effective. (Chevallier,2011)

For auditors and assurance providers, the framework provides a structure for continuous
assurance. Instead of treating verification as a one-time event, auditors can monitor whether the
data and transaction history remain consistent after issuance. This is especially important when
carbon assets circulate across multiple platforms or are used in financial contracts. Continuous
assurance can make carbon markets more reliable without imposing excessive manual review
burdens. (Benz and Trück,2009)

9. Limitations and Future Research
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This study has several limitations. First, the empirical demonstration uses a simulated dataset.
Simulation is useful for model design, but future research should apply the framework to real
registry, exchange, and corporate emissions data. Real data would allow more precise calibration
of uncertainty, verification delay, market depth, and transparency variables. It would also reveal
institutional constraints that are difficult to represent in a controlled simulation. (Zhang et
al.,2014)

Second, the proposed indices use weighted components. Although the weights are
interpretable, different stakeholders may prefer different weighting schemes. Future research
could estimate weights using expert elicitation, machine learning, regulatory priorities, or market
outcomes. A robust weighting approach would improve comparability across sectors and
jurisdictions. (Schneider et al.,2015)

Third, the framework focuses on circulation quality rather than environmental additionality.
A high circulation score does not prove that a project is additional or permanent. It indicates that
the asset is supported by reliable evidence, moves efficiently, and has a transparent transaction
history. Future research should integrate additionality, permanence, leakage, and social co-benefit
indicators into a broader carbon asset quality model. (Streck,2021)

Fourth, the model does not fully address privacy and commercial confidentiality. Transaction
transparency must be balanced with legitimate confidentiality needs. Future work should examine
permissioned disclosure, zero-knowledge verification, and tiered access structures that allow
regulators and auditors to verify asset integrity without exposing sensitive commercial data to all
market participants. (Kreibich and Hermwille,2021)

Fifth, the framework should be tested under cross-border market conditions. Carbon asset
circulation increasingly involves international buyers, project developers, registries, and financial
institutions. Differences in legal systems, accounting standards, and registry rules may create
interoperability problems. Future research should examine how analytical indicators can support
cross-market recognition and prevent double counting across jurisdictions. (Michaelowa et
al.,2019)

10. Conclusion
This article developed a data analytics framework for carbon asset circulation in transition

finance. Building on the research direction of blockchain-supported trustworthy carbon data
accounting and asset circulation, it shifted the focus toward measurable governance performance.
The proposed framework evaluates carbon assets through verification reliability, liquidity
efficiency, and transaction transparency. These dimensions reflect the core conditions under
which carbon assets become credible financial instruments: they must be supported by
trustworthy data, circulate in usable markets, and maintain auditable transaction histories. (Babich
and Hilary,2020)

The simulated analysis shows that analytics-led circulation improves the reliability of asset
issuance, strengthens market usability, and reduces transparency-related risks such as double
counting and incomplete retirement records. The findings suggest that transition finance requires
more than capital allocation promises. It requires data infrastructures capable of linking industrial
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decarbonization evidence with financial asset behavior. Carbon assets should therefore be
managed as data-rich instruments whose value depends on measurement quality, market function,
and governance traceability. (Casino et al.,2019)

For practice, the framework provides decision tools for banks, exchanges, registries, auditors,
regulators, and industrial firms. For research, it offers a foundation for future empirical studies
using real carbon market data. As transition finance expands, the credibility of carbon asset
circulation will become increasingly important. Data analytics can play a central role in making
that circulation reliable, efficient, and transparent. (Kouhizadeh et al.,2021)
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