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Abstract: Environmental auditing has become an important instrument for aligning industrial development with ecological
accountability. Existing studies link natural-resource accountability audits to corporate green innovation, environmental
investment, pollution control, carbon efficiency and green productivity. Yet these outcomes are usually examined in isolation.
The chain connecting public accountability to firm behaviour and industrial transformation therefore remains fragmented.
Here, we develop a multilevel mechanism framework through a structured integrative review of research on environmental
auditing, regulation, corporate environmental strategy and green total factor productivity. The framework distinguishes three
audit functions: detection, deterrence and prevention. These functions alter local government incentives, environmental
information, corporate governance and stakeholder monitoring. Their interaction determines whether firms pursue symbolic
compliance, incremental adjustment or substantive transformation. Firm responses then aggregate through technological
progress, efficiency improvement and resource reallocation. Fiscal pressure, enforcement capacity, market development,
ownership, pollution intensity and public participation condition each transition. The framework explains why similar audit
arrangements can produce contrasting effects across firms, industries and regions. It also identifies feedback from industrial
outcomes to later audit priorities and standards. Environmental auditing is therefore most likely to support durable green
transformation when credible findings lead to corrective responsibility, organisational learning and future decision constraints.
This framework offers testable propositions and a bounded basis for audit design.
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1. Introduction

Industrial production generates employment, infrastructure and technological capability, but it also concentrates energy
use and environmental damage. Green transformation seeks to change that relationship without replacing development
with simple production restraint. It requires cleaner technologies, more efficient resource use and credible environmental
governance. It also requires institutions that can identify responsibility when environmental commitments are not translated
into operational change.

Most environmental policies influence firms through standards, prices, disclosure requirements or administrative
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enforcement. Their productivity effects depend on regulatory design, measurement and industrial context ', Environmental
auditing introduces a different form of pressure. It evaluates whether public officials and responsible organisations have
fulfilled defined duties for natural resources and environmental assets. This responsibility-based approach can change which
information is produced, who must explain weak outcomes and how failures affect later decisions.

China’s natural-resource accountability audit of outgoing officials makes this distinction especially visible. The reform
connects ecological responsibility with official evaluation and creates a formal channel from audit evidence to rectification
and accountability. Its influence can extend beyond the audited official. Local regulators may alter enforcement, firms may
reassess investment, and external stakeholders may revise their expectations. Environmental auditing can therefore reshape
the institutional setting within which industrial transformation occurs.

Recent research has examined several parts of this process. Studies associate accountability audits with corporate green

Bl and environmental investment . Other work links the reform to

strategies ', regional environmental governance
carbon efficiency "' and industrial green total factor productivity (GTFP) ™. These studies establish that auditing can reach
environmental and economic outcomes beyond conventional financial compliance.

The reported effects are not uniform. Some studies identify stronger green responses or higher productivity. Others report cost
pressure, weaker innovation input or a preference for incremental and compliance-oriented innovation ', Such variation
should not be dismissed as measurement noise. It may reveal distinct audit functions, organisational responses, time horizons
and institutional conditions.

Two analytical limitations make these differences difficult to interpret. First, environmental auditing is often represented by a
single policy indicator. This treatment obscures whether the operative function is problem detection, deterrence, rectification
or prevention. Second, most studies examine one organisational level and one outcome. Public accountability, corporate
decisions and industrial productivity are consequently separated, although they belong to one transmission process.

This fragmentation leaves a specific question unresolved: through which connected mechanisms does environmental auditing
shape industrial green transformation across government, firm and industry levels? Addressing this question requires more
than another list of audit effects. It requires an architecture that identifies the relevant actors, explains the sequence of their
responses and states where the proposed mechanisms may fail.

This article develops such an architecture. It distinguishes detection, deterrence and prevention as three related audit
functions. It then links these functions to four transmission mechanisms: government governance, environmental information,
corporate governance and stakeholder monitoring. Corporate responses are classified as symbolic compliance, incremental
adjustment or substantive transformation. These responses aggregate through technology, efficiency and resource reallocation,
with feedback to later audit design.

The framework makes three contributions. First, it treats environmental auditing as a functional process rather than a binary
intervention. Second, it connects public accountability to corporate behaviour without assuming that pressure automatically
creates productive innovation. Third, it explains how heterogeneous firm responses can produce different industry-level
productivity paths. The framework remains conceptual. Its propositions identify relationships for future testing rather than

reporting effects established by this article.

2. Analytical Approach

2.1 Review Design

This study uses a structured integrative review and conceptual synthesis. An integrative design is appropriate because the
relevant evidence spans auditing, public governance, environmental regulation, corporate strategy and productivity research.
These fields use different outcomes and units of analysis. Statistical pooling would therefore conceal, rather than resolve,
important conceptual differences.

The studies address natural-resource accountability audits, environmental governance, corporate green responses, carbon
performance and green productivity. They were organised into five groups: audit institutions and measurement; green
innovation and investment; governance and information; environmental and carbon outcomes; and productivity.

Each study was coded by policy treatment, analytical level, outcome, proposed mechanism and reported boundary conditions.

2



Asia Pacific Economic and Management Review Vol. 3 No. 5 (2026)

The synthesis retained conflicting findings because disagreement can reveal competing pathways. Studies were not ranked
by whether they supported a positive audit effect. They were used to identify which institutional link each design could
illuminate.

The framework was developed in four stages. The first stage identified recurring audit functions. The second mapped those
functions onto actors and governance mechanisms. The third classified corporate responses by their depth and time horizon.
The final stage traced how firm-level changes could aggregate into industrial outcomes and feedback.

2.2 Scope and Evidential Boundary

The review is explanatory rather than exhaustive. It does not claim the coverage of a registered systematic review. Nor does it
estimate the prevalence or average magnitude of any pathway. Its purpose is to organise verified studies into a testable causal
sequence.

The evidence is concentrated in China. This concentration is analytically useful because official accountability gives
environmental auditing a clear institutional form. However, it limits direct generalisation to jurisdictions that rely on
corporate assurance, litigation or investor disclosure. Comparative research is needed before the framework can be treated as
institutionally universal.

The distinction between evidence and proposition is maintained throughout. Existing studies support the plausibility of
individual links. The complete multilevel chain remains a conceptual model. No single cited study has tested every transition

in that chain.

3. Conceptual Foundations

3.1 Environmental Auditing as a Bundle of Functions

Environmental auditing combines verification with responsibility. Its detection function identifies environmental problems,
resource losses, control failures and implementation gaps. Detection reduces uncertainty about what occurred and which
evidence can support a finding. However, detection alone may produce a report without changing later behaviour.

The deterrence function raises the expected cost of non-compliance. Disclosure, rectification requirements, performance
evaluation and accountability can make environmental failure consequential. Deterrence may change decisions before
the next audit because actors anticipate scrutiny. Yet intense deterrence can also encourage defensive compliance when
organisations lack time or resources for deeper change.

The prevention function converts findings into durable improvements. It uses recurrent problems to revise rules, data systems,
approval procedures and monitoring routines. Prevention therefore depends on follow-up and organisational learning. An
audit that closes after a written response may detect and deter without preventing recurrence.

The three functions form a potential sequence, not an automatic cycle. Weak evidence undermines deterrence. Weak
rectification breaks the transition from deterrence to prevention. The first implication is therefore functional: audit presence is
a poor proxy for audit completeness.

3.2 Industrial Green Transformation as Behaviour, Capability and Performance

Industrial green transformation contains at least three analytical layers. The first is behaviour. Firms invest in environmental
equipment, modify production, adopt cleaner energy, develop green technology and disclose environmental information.
These actions reveal managerial response, but they do not establish environmental success.

The second layer is capability. Durable transformation requires technical knowledge, reliable data, internal control, financing
access and coordination across departments. A visible green project can coexist with weak capability. Conversely, process
redesign may create capability before its environmental benefits become measurable.

The third layer is performance. Relevant outcomes include emissions, resource efficiency, carbon efficiency and GTFP. GTFP
is especially valuable because it relates desirable output to resource inputs and undesirable output. However, it remains a
summary outcome. It cannot identify responsibility or distinguish a temporary production contraction from technological
improvement.

Separating these layers prevents two errors. More environmental spending or patenting does not necessarily represent

substantive transformation. Short-term productivity loss does not necessarily indicate long-term policy failure. Analysis must
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connect the quality of behaviour, the formation of capability and the timing of performance.

3.3 The Accountability Difference

Conventional environmental regulation changes the legal or economic consequences of pollution. Accountability auditing
also changes who must explain environmental outcomes and how evidence enters evaluation. This difference can redirect
official attention, strengthen information demands and connect environmental results with organisational legitimacy.
Accountability does not replace regulation. It can make existing regulation more credible by revealing implementation gaps
and assigning responsibility. It can also expose inconsistency between stated policy and actual enforcement. The audit effect
therefore depends partly on the regulatory system that it activates.

This distinction explains why environmental auditing should not be modelled as another generic emission standard. Its
primary intervention is institutional. Environmental performance changes only after accountability alters decisions, resources

and routines.

4. A Multilevel Mechanism Framework

4.1 Government Governance

Natural-resource accountability audits can change local government incentives. When ecological duties are documented and
reviewed, officials have stronger reasons to consider environmental consequences in project approval, land allocation and
industrial support. Available evidence links the reform to greater environmental attention "'? and improved governance .
These findings support a governance pathway, but they do not imply uniform implementation.

The pathway begins with attention but cannot end there. Officials must translate audit findings into regulatory priorities,
budgets and coordination. Environmental agencies require authority and technical capacity. Industrial and fiscal departments
must also incorporate environmental consequences into their decisions.

Fiscal pressure creates a central boundary. Governments dependent on pollution-intensive industries may face a conflict
between environmental responsibility and revenue stability. Accountability can sharpen this conflict without resolving it.
Under such conditions, governments may favour short campaigns or visible projects that preserve major sources of revenue.
Policy coordination creates another boundary. Audit findings may identify problems whose correction falls outside the
audit institution’s authority. If responsible departments do not act, the audit produces information without transformation.
Governance effects should therefore be strongest when findings assign clear responsibilities and trigger monitored follow-up.
Proposition 1: Environmental auditing is more likely to promote industrial green transformation when findings are translated
into stable priorities, coordinated enforcement and verified follow-up.

4.2 Environmental Information

Environmental auditing can improve the credibility and comparability of information. Verification reduces opportunities to
conceal pollution, misclassify expenditure or present symbolic projects as substantive change. Better information can improve
regulatory targeting and help external actors distinguish environmental leaders from laggards.

Credibility has three components. The evidence must be accurate, connected to a responsible entity and interpreted against an
appropriate criterion. Large volumes of unstructured data do not meet this standard. Information becomes useful only when
users can trace how a conclusion was reached.

Accessibility also matters. Findings that remain internal may support administrative correction but cannot strengthen
public or market monitoring. Full disclosure is not always appropriate because audits may contain protected information. A
tiered disclosure approach can preserve confidentiality while releasing material findings, correction status and comparable
outcomes.

Finally, information must affect decisions. Verified evidence can be connected to future inspections, project approval,
procurement, financing and performance evaluation. Without such links, disclosure may increase visibility without changing
incentives.

Proposition 2: Environmental auditing exerts stronger transformation effects when environmental information is credible,

accessible to relevant users and consequential for later decisions.

4.3 Corporate Governance
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External accountability reaches the firm through governance and control systems. Boards and managers may revise
investment criteria, environmental responsibilities and risk processes. Firms may also strengthen internal data systems
because weak records increase both audit risk and managerial uncertainty.

These changes can create substantive capability. Environmental considerations become part of capital budgeting rather than
a separate compliance file. Internal controls can connect pollution data with production and finance. Prior work shows that
accountability pressure can alter the environmental strategies selected by firms " Long-term incentives can protect projects
whose benefits emerge after current management periods.

The same pressure can produce symbolic responses. Firms may expand disclosure, rename existing expenditure or favour
patent applications that are visible and relatively inexpensive. Research indicates that accountability pressure can favour
incremental or technology-proximate innovation . Other evidence identifies lower innovation input under cost constraints ).
These results suggest a strategic choice between visible compliance and capability building.

Financing capacity conditions that choice. Cleaner production may require equipment, experimentation and temporary
disruption. Constrained firms can face strong pressure but lack the means to respond substantively. Ownership, political
connections and bargaining power can further affect access to finance and the credibility of enforcement.

Managerial time horizons also matter. Short evaluation periods reward actions that generate immediate evidence. Longer
horizons make process innovation and organisational learning more attractive. Audit design should therefore avoid relying
solely on annual activity counts.

Proposition 3: Environmental auditing is more likely to induce substantive innovation when corporate governance converts
external accountability into long-term investment and control criteria.

4.4 Stakeholder Monitoring

Public participation, media attention, creditors and supply-chain partners can amplify audit signals. Audits provide focal
information that helps stakeholders coordinate expectations. Evolutionary-game research indicates that public participation

[14

can alter strategic interaction among governments, firms and citizens '*. Dual public and governmental supervision may also

support more substantive strategies "',

External monitoring is not unconditionally beneficial. Stakeholders often rely on indicators that are easy to communicate.
Patent counts, disclosure length or announced investment can dominate attention. Firms may then optimise the signal rather
than the underlying process.

Monitoring quality depends on interpretability. Stakeholders need information that distinguishes commitments, activities and
verified outcomes. Recurrent reporting should also show whether earlier findings were corrected. This temporal link makes
superficial responses harder to sustain.

Financial stakeholders can provide an additional transmission route. Creditors and investors may price environmental risk
when audit evidence is credible and material. However, market discipline will remain weak where ownership or implicit
guarantees shield firms from financing consequences.

Proposition 4: Stakeholder monitoring strengthens audit-induced transformation when evaluation emphasises verified
operational outcomes and continuity rather than disclosed activity alone.

4.5 Organisational Response Pathways

The four mechanisms shape three broad corporate responses. Symbolic compliance changes presentation more than
production. It can include generic disclosure, short-lived campaigns and easily counted outputs. Such action may satisfy
immediate scrutiny while leaving environmental capability unchanged. Direct evidence indicates that accountability audits
can reshape corporate green responses, ESG outcomes and governance quality, although the estimated direction depends on
the monitoring channel and institutional setting "*"*.

Incremental adjustment modifies existing processes without changing the firm’s technological trajectory. It can improve
energy management, maintenance and end-of-pipe treatment. These changes may yield meaningful gains, especially where
earlier management was weak. Their potential remains bounded by the existing production system. Audit exposure has also

. . . . . 920
been linked to corporate emissions reduction and greater environmental investment """,
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Substantive transformation alters technology, product design, energy structure or organisational capability. It often
requires larger investment and longer learning periods. It can also create uncertainty because cleaner technologies may not
immediately match established production routines. These positive pathways are not automatic: evidence of weaker ESG
performance under some accountability-audit pilots shows that pressure can outpace organisational capacity .

These responses should not be treated as fixed firm types. A firm may begin with defensive compliance and later build
capability. It may also reverse direction when financing tightens or enforcement weakens. The framework therefore treats
transformation as a path-dependent process. Evidence from central environmental inspection, mandatory disclosure and
public information programmes further shows that external scrutiny can redirect green innovation, but its quality depends on
how firms convert information pressure into technological capability ****. Recent government environmental-audit evidence
reinforces this conditional rather than automatic innovation pathway .

4.6 From Firms to Industrial Outcomes

Firm responses aggregate through three channels. The first is technological progress. Substantive research, adoption and
diffusion can shift the industrial production frontier. The second is efficiency improvement. Better management can move
firms closer to the existing frontier. The third is resource reallocation. Persistent accountability can redirect capital and market
share towards cleaner producers.

The aggregate outcome depends on the distribution of responses. Widespread incremental improvement may raise average
efficiency without changing frontier technology. A small group of innovators may shift the frontier while most firms remain
unchanged. Exit by inefficient polluters can raise measured productivity even without within-firm innovation.

These channels have different timing. Compliance expenditure and production disruption may appear quickly. Efficiency
gains may follow after routines stabilise. Technological progress and diffusion can require longer periods. Evidence

"""and positive industrial GTEP

of negative firm productivity ' may therefore capture different stages or aggregation
mechanisms.

Spatial effects further complicate aggregation. Strict accountability may reduce local pollution while shifting production
elsewhere. Alternatively, shared standards and technology diffusion may create positive spillovers. Industrial transformation
cannot be inferred from local emissions alone when production location changes.

Proposition 5: Environmental auditing shapes industrial GTFP through changing contributions from efficiency, technological
progress and resource reallocation across time and space.

4.7 Feedback and Institutional Learning

Industrial outcomes can influence later audit design. Recurrent problems can reveal weak standards or missing data.
Successful correction can identify controls that deserve wider adoption. Unexpected productivity losses can also signal that
accountability pressure lacks supporting finance or technology.

This feedback separates transformation governance from one-way inspection. Audits do not only judge past action. They can
refine future risk assessment, evidence requirements and policy coordination. However, institutional learning requires records
that connect findings, correction and later performance.

Feedback may also create strategic adaptation. Firms learn which indicators auditors prioritise and may redirect effort towards
them. Audit standards must therefore evolve when measured activity becomes detached from environmental value.
Proposition 6: Environmental auditing supports durable transformation when audit results modify later standards, risk models

and support policies while limiting indicator gaming.

5. Boundary Conditions and Alternative Pathways

Six conditions recur across the framework. Fiscal pressure affects government willingness to enforce. Administrative
capacity determines whether findings become action. Market development influences whether information changes finance
and competition. Ownership affects resource access and exposure to pressure. Pollution intensity shapes both need and cost.
Public participation determines external visibility.

These conditions interact rather than operate independently. Public monitoring can strengthen weak market discipline, but

it cannot finance costly technology. Strong enforcement can increase investment incentives, but excessive uncertainty can
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discourage long-term projects. State ownership can protect employment and financing while weakening exit pressure.
Alternative pathways should also be considered. Pollution may fall because firms reduce output rather than transform
production. GTFP may improve because inefficient firms exit, while surviving firms do not innovate. Green patent counts
may rise because classification or disclosure changes. Future empirical designs should distinguish these explanations.
The framework also allows negative feedback. If audits generate repeated campaigns, firms may delay investment until
enforcement priorities become clear. If disclosed findings are not corrected, stakeholder trust may weaken. Accountability

without credible support can therefore reduce both compliance quality and transformation capacity.

6. Discussion

6.1 Theoretical Implications

The framework reframes environmental auditing as a functional and multilevel process. Detection, deterrence and prevention
perform different jobs. Their effects cannot be inferred from a single treatment indicator. This distinction offers one
explanation for mixed findings across studies.

The framework also connects the Porter and compliance-cost perspectives without treating them as mutually exclusive.
Immediate compliance can raise costs. Later capability building and reallocation can improve productivity. The relevant
question is which pathway dominates under a given audit function, time horizon and institutional setting.

A further contribution is the separation of behaviour, capability and performance. This prevents visible environmental activity
from being treated as equivalent to transformation. It also makes delayed benefits analytically visible without assuming that
every short-term cost will be recovered.

The framework also clarifies the difference between an audit mechanism and an audit outcome. Detection, deterrence and
prevention describe institutional work performed by the audit process. Innovation, emissions and productivity describe
responses that occur after several intervening decisions. Collapsing these categories encourages premature causal claims. A
reported association between audit exposure and GTFP does not identify which function generated the change.

This distinction offers a more disciplined basis for theory building. A study of detection should measure information quality,
finding specificity or problem exposure. A study of deterrence should examine expected consequences and anticipatory
response. A study of prevention should test recurrence, control redesign or learning. The dependent variable can remain green
transformation, but the proposed mechanism must be matched to evidence that actually represents it.

The multilevel structure further shows why firm and industry evidence need not agree. Firm-level estimates usually
describe within-firm response among observed enterprises. Industry GTFP can also change through entry, exit and market-
share reallocation. A positive industrial effect can therefore coexist with weak innovation in the average incumbent. Future
interpretations should state which aggregation channel their design can observe.

6.2 Empirical Research Agenda

Future studies should measure audit implementation quality. Candidate dimensions include evidence credibility, finding
materiality, correction completion, disclosure and preventive improvement. These measures would clarify why formally
similar audits differ in effect.

Research should distinguish green innovation quantity from quality. It should also decompose GTFP into efficiency,
technology and technology-gap components where data permit. Such decompositions can test the aggregation channels
proposed here.

Multilevel designs are especially valuable. City-level accountability can be linked to firm behaviour, industry reallocation and
regional outcomes. These designs should allow for staggered policy timing, spatial relocation and competing environmental
policies.

Comparative work could examine accountability institutions outside China. Corporate assurance, environmental courts and
investor-led disclosure may activate similar information mechanisms but different responsibility channels. Such comparison
would reveal which parts of the framework travel across institutional settings.

Research should also examine sequencing. An audit may first increase disclosure, then induce control redesign, and only later

affect technology or productivity. Models that impose one immediate response can miss this progression. Event-time designs
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and repeated measures of audit quality would help distinguish temporary compliance from capability formation.
Measurement should account for strategic adaptation. Once organisations understand the indicators used in audit evaluation,
they may change reporting or reclassify activities. Researchers can compare disclosed activity with operational evidence,
including energy, emissions or production data. Divergence between the two provides a useful signal of symbolic response,
although it does not establish intent by itself.

Finally, future work should specify failure criteria. The framework would be challenged if audit functions do not predict the
proposed intermediate responses. It would also require revision if productivity changes consistently precede governance and
corporate adjustments. Stating these possibilities makes the framework falsifiable rather than merely comprehensive.

6.3 Limitations

This article develops a conceptual synthesis rather than a causal test. The propositions therefore require independent empirical
evaluation. The review is also concentrated in one national setting and may understate institutional alternatives.

Several concepts require operational refinement. Symbolic compliance and substantive transformation form a continuum,
although the framework presents them as categories. Audit functions may also overlap within one project. Future

measurement should preserve this complexity rather than forcing mutually exclusive labels.

7. Practical Implications

Environmental audits should be designed as linked stages. Planning should identify material responsibilities and
transformation processes. Findings should name responsible actors, corrective actions and verification dates. Follow-up
should assess whether correction changed operations, not only whether documents were submitted.

Public disclosure should distinguish commitments, activities and verified outcomes. This distinction can reduce rewards for
symbolic behaviour. It can also help financial and public stakeholders interpret audit evidence more consistently.

Industrial enterprises should integrate environmental responsibility into capital budgeting, internal control and technology
strategy. Audit preparation should not remain an isolated reporting task. Managers require systems that connect financial
records, production data and environmental performance.

Differentiated standards are necessary. Industries vary in pollution intensity, technology and transition cost. Smaller firms
may require proportionate evidence demands and technical support. Strong accountability without feasible adjustment routes

can encourage closure or relocation rather than cleaner production.

8. Conclusion

Environmental auditing can shape industrial green transformation because it links ecological responsibility to verified
evidence and organisational consequences. Its influence depends on the sequence connecting detection, deterrence and
prevention. That sequence operates through government governance, information, corporate controls and stakeholder
monitoring.

The resulting corporate response may remain symbolic, produce incremental improvement or support substantive
transformation. These responses aggregate through technological progress, efficiency and resource reallocation. Their balance
changes across time, industries and institutional settings.

The framework does not imply that auditing alone can deliver green development. Durable effects require credible evidence,
enforceable correction, organisational learning and feasible transformation resources. This boundary is central to both future

testing and responsible audit design.
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