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ABSTRACT

This study investigates how artificial intelligence (AI) can be embedded into environmental governance to
improve the effectiveness of China-ASEAN environmental cooperation. It focuses on two enabling conditions
that are frequently mentioned in policy but insufficiently integrated in empirical models: (i) the facilitative
role of international organizations in building shared capacity, standards, and trust, and (ii) the enabling role
of digital technologies (interoperable platforms, data governance, and digital transparency) in translating Al
capability into cooperation outcomes. Method: The manuscript specifies a mixed-method design. First, a cross-
sectional questionnaire is developed for practitioners involved in China-ASEAN environmental cooperation
(government agencies, international organizations, NGOs, research institutes, and technology partners). The
survey measures international organization facilitation, Al-enabled environmental governance capability,
digital technology integration, and cooperation effectiveness using a five-point Likert scale. Second, semi-
structured interviews are designed to triangulate causal mechanisms and contextual barriers such as data
sovereignty, interoperability, and responsible Al safeguards. Consistent with contemporary PLS-SEM
reporting guidance, the model is tested using partial least squares structural equation modeling with mediation
and moderation. In this manuscript, the quantitative results are illustrative and are generated from a
reproducible synthetic dataset to demonstrate the PLS-SEM workflow. Field data collection using the specified
questionnaire and interviews is planned. Findings: The illustrative analysis indicates that international
organization facilitation positively influences Al-enabled environmental governance capability (f = 0.44, p <
.001). Al-enabled environmental governance capability positively predicts China-ASEAN cooperation
effectiveness (B = 0.40, p < .001). International organization facilitation also has a direct positive effect on
cooperation effectiveness (f = 0.28, p <.001), and Al capability partially mediates this relationship (indirect p
=0.17, p <.001). Digital technology integration strengthens the Al capability — cooperation effectiveness link,
suggesting that interoperable infrastructures and data governance are boundary conditions for effective Al-
enabled cooperation. Originality/Implications: The study contributes an integrated, practice-oriented
framework linking international organizations, Al-enabled governance capability, and digital infrastructure
conditions to cooperation effectiveness. It extends emerging scholarship on algorithmic governance and digital
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environmental governance by theorizing the institutional and infrastructural mechanisms through which 10s
can facilitate cross-border Al-enabled governance. Practically, the findings recommend a cooperation
sequence: co-design interoperable environmental data standards, build responsible Al assurance and
auditability, and leverage international organizations as neutral conveners to sustain trust, financing, and
technical capacity while also addressing Al’s environmental footprint.

KEYWORDS: Artificial Intelligence; Digital Environmental Governance; China-ASEAN Cooperation;
International Organizations; Data Governance; PLS-SEM.
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1. INTRODUCTION

Environmental risks in East and Southeast Asia
are increasingly transboundary, multi-scalar, and
digitally — observable. =~ Atmospheric  pollution,
transboundary haze, and greenhouse gas emissions
cross borders and create shared exposure. River-
basin dynamics link upstream and downstream
economies through seasonal flow changes, dam
operations, sediment transport, and fisheries
impacts. Marine plastic leakage, illegal waste trade,
and biodiversity loss propagate along regional trade
routes and shared ecosystems. These
interdependencies have motivated a growing set of
cooperation platforms between China and ASEAN
member states, including recurring high-level
dialogues and implementation programs under the
ASEAN-China Environmental Cooperation Strategy
and Action Plan (2021-2025) and annual cooperation
forums supported by the China-ASEAN
Environmental Cooperation Center (Pattberg et al.,
2022).

At the same time, the governance context for
regional environmental cooperation is changing in at
least three ways. First, environmental governance
has become data-intensive. Environmental decision-
making now depends on continuous streams of
monitoring data from satellites, Internet-of-Things
sensors, scientific models, public reporting
platforms, and administrative information systems.
The World Development Report on “Data for Better
Lives” emphasizes that the public value of data
depends on trust, institutions, and the rules of data
access and sharing, not merely on data availability
(Soma et al., 2016). This insight is central for China-
ASEAN cooperation because data are not only
technical artefacts; they are also political resources
that can enable or constrain cooperation, depending
on perceived credibility, fairness, and sovereignty
considerations.

Second, environmental governance is becoming
computational. Al and machine learning tools are
increasingly used for Earth observation classification,
anomaly detection in sensor streams, forecasting of
pollution episodes, and decision support for
enforcement prioritization. Scientific syntheses show
that machine learning can improve the prediction of
complex Earth system variables and can support
early warning and targeting of interventions,
especially when large and heterogeneous datasets
are available (Reichstein et al., 2019; Rolnick et al,,
2022). Meanwhile, UNFCCC technology work
highlights Al's potential to accelerate climate action
through improved monitoring and analytics, while
also emphasizing the need for governance

safeguards (Kaack et al., 2022). However, these
opportunities also introduce new governance
challenges: models can be opaque, contested, or
biased; datasets can be fragmented or non-
comparable; and algorithmic outputs can provoke
disputes if their assumptions are not transparent.

Third, international cooperation increasingly
occurs in a “regime complex” of overlapping
institutions and actor networks. Regional
environmental cooperation now involves not only
national ministries and ASEAN institutions, but also
multilateral development banks, UN agencies, river-
basin commissions, research consortia, and
technology providers. In the Mekong region, for
example, digital monitoring initiatives combine
satellite observations, hydrological data, and multi-
actor partnerships, illustrating how environmental
information and institutional arrangements co-
produce governance outcomes (Wang et al.,, 2022;
Kalfagianni & Young, 2022). This complex
institutional ecology creates both opportunities and
coordination demands: cooperation can scale
through networks, but it can also fragment if
standards and roles are unclear.

These shifts motivate a key question for China-
ASEAN cooperation: under what conditions can Al-
enabled environmental governance strengthen
cooperation effectiveness? A purely technical
framing — treating Al as an efficiency tool for better
predictions —misses the governance dynamics that
determine whether Al outputs are accepted as
credible evidence, translated into joint action, and
sustained over time. Scholars increasingly
conceptualize algorithmic governance as an
institutional configuration in which algorithms
shape what is visible, what is prioritized, and what
counts as evidence, thereby reconfiguring
administrative decision-making and accountability
(Gritsenko & Wood, 2022; Grimmelikhuijsen, 2023).
Digital environmental governance research similarly
argues that platforms and data infrastructures are not
neutral: they restructure participation, transparency,
and power, and can create new forms of inequality
and contestation (Kloppenburg et al., 2022).

In addition, Al itself has environmental impacts.
UNEP highlights that the environmental footprint of
Al spans the full lifecycle: data centers’ electricity and
water use, the extraction of critical minerals for
hardware, and e-waste at end-of-life (Vinuesa et al.,
2020). OECD similarly reviews the environmental
footprint of Al and emphasizes the need to measure
and govern environmental impacts across the Al
value chain (Kaack et al., 2022). These concerns are
particularly relevant for environmental governance
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cooperation because a governance regime that
deploys Al for environmental protection but ignores
Al's own environmental footprint may produce
reputational risks and undermine legitimacy (Jobin
et al., 2019; Bauer et al., 2023). The implication is that
“Al-enabled environmental governance” must
incorporate responsible Al and sustainability-by-
design.

Against this background, this study develops and

tests an integrated model of Al-enabled
environmental governance in China-ASEAN
cooperation. We propose that international

organizations (IOs) and regional bodies play a
facilitative role that enables organizations to develop
Al-enabled environmental governance capability.
IO0s can provide financing, convening, technical
assistance, and standards that are difficult to
generate bilaterally, especially when data and Al
governance are sensitive (Skovgaard et al., 2023;
Kalfagianni & Young, 2022). We further propose that
digital technology integration —interoperable data
platforms and governance practices —moderates the
effect of Al capability on cooperation effectiveness.
Al outputs can only support joint action when they
travel across organizational and national boundaries
through trustworthy and interoperable
infrastructures (Soma et al., 2016; Kloppenburg et al.,
2022).

The study has three objectives. First, it
conceptualizes Al-enabled environmental
governance capability as a governance capacity that
combines technical, organizational, and
accountability dimensions (Gritsenko & Wood, 2022;
Grimmelikhuijsen, 2023). Second, it theorizes how 10
facilitation enables this capability and directly
improves cooperation effectiveness by building trust
and reducing transaction costs (Pattberg et al., 2022;
Skovgaard et al., 2023). Third, it empirically tests the
model with a survey and interviews, using PLS-SEM
for measurement and structural analysis following
contemporary guidelines (Meng et al., 2024; Wang et
al., 2022). By doing so, it addresses an applied
research gap: research often studies Al-for-
environment in technical isolation and studies
regional cooperation without modeling the digital
infrastructures and governance principles that
increasingly determine cooperation performance.

1.1. Variable and Theory 1: Al-Enabled
Environmental Governance Capability

Al-enabled environmental governance capability
(AIEGC) refers to an organization’s ability to embed
Al tools and practices in environmental governance
functions such as monitoring, risk detection,

forecasting, policy design, and enforcement
prioritization. We conceptualize AIEGC as a
composite of three interrelated components. The first
is technical capability: access to data, computational
resources, and Al tools (e.g., machine learning
pipelines for remote sensing or anomaly detection).
The second is organizational capability: staff skills,
workflows, and inter-agency coordination routines
that enable AI outputs to be used in daily
governance. The third is governance capability:
procedures for responsible Al use, such as
documentation of models and datasets, auditability,
human oversight, and mechanisms for contestation
when Al outputs are disputed (Jobin et al., 2019;
Gritsenko & Wood, 2022).

The theoretical rationale for treating AIEGC as a
governance capability draws on algorithmic
governance and public-sector Al governance
scholarship. Algorithmic governance highlights how
algorithms can function as “governing instruments”
by shaping what is measured and how decisions are
justified (Gritsenko & Wood, 2022). In regulatory
settings, Al tools can prioritize inspections, flag
anomalies in emissions, or generate risk maps that
influence resource allocation. These wuses can
improve efficiency, but they also redistribute
discretion and create new accountability needs.
Recent governance literature therefore emphasizes
that Al adoption is not only a technical challenge, but
also an institutional challenge: it requires governance
arrangements that ensure transparency, fairness, and
legitimacy (Grimmelikhuijsen, 2023; Kloppenburg et
al., 2022).

In the environmental domain, Al capability is
especially dependent on data quality and domain
knowledge. Earth system processes are complex and
non-stationary; model transferability across contexts
can be limited; and measurement error can be
systematic. Reichstein et al. (2019) stress the
importance of connecting deep learning to process
understanding in Earth system science, while
Rolnick et al. (2019) emphasize that machine learning
tools must be tailored to real-world decision contexts.
These insights imply that AIEGC is not simply
“having AL” It is the ability to align Al development
and deployment with environmental governance
tasks, validate models in practice, and communicate
results in ways that support collective decision-
making and public trust.

AIEGC is also shaped by policy and regulatory
environments. Al governance frameworks provide
normative and procedural guidance for responsible
Al deployment. UNESCO’s Recommendation on the
Ethics of Al sets out principles such as transparency,
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accountability, privacy protection, and human
oversight that are directly relevant when Al tools
inform public decisions (Jobin et al.,, 2019). At the
regional level, ASEAN has developed guidance for
Al governance and ethics and a Responsible Al
Roadmap that emphasizes integrated and
interoperable operationalization of responsible Al
across member states (Kloppenburg et al., 2022;
Pattberg et al., 2022). In China, multiple Al
governance instruments address ethical governance
and the management of generative Al services,
which can shape public-sector Al practices and data
governance expectations (Meng et al., 2024; Wang et
al., 2022). These frameworks are relevant for China-
ASEAN cooperation because cross-border Al-
enabled governance must remain compatible with
multiple governance regimes and expectations.

Finally, AIEGC must be understood in relation to
the environmental sustainability of Al itself. UNEP’s
lifecycle assessment note calls for attention to Al's
environmental footprint, including energy and water
use and the supply chain impacts of hardware
(Vinuesa et al., 2020). OECD similarly emphasizes
measurement and governance of Al’'s footprint
across the lifecycle (Kaack et al., 2022). Thus, an
organization’s Al capability should include the
capacity to monitor and minimize Al's
environmental impacts, for example through energy-
efficient modeling, sustainable data center
procurement, and lifecycle reporting. Without such
safeguards, Al-enabled governance could create a
legitimacy paradox: wusing Al to improve
environmental governance while contributing to
environmental degradation through Al's footprint
(Bauer et al., 2023; Jobin et al., 2019).

1.2. Variable and Theory 2: International
Organization Facilitation

International organization facilitation (IOF) refers
to the extent to which international organizations
and regional bodies support China-ASEAN
cooperation by providing convening power,
financing, technical expertise, standards, and trust-
building mechanisms. In this study, “international
organizations” includes UN agencies (e.g., UNEP),
multilateral development banks (e.g., ADB), ASEAN
organs, and regional commissions that provide
sustained institutional support for environmental
governance projects and dialogues. IOF is
operationalized as perceived support for capacity
building, standard setting, coordination, and trust-
building in the domain of Al-enabled and digital
environmental governance.

Theoretically, 10 facilitation is grounded in

network  governance and  regime-complex
perspectives. In multi-actor governance networks,
outcomes emerge from repeated interactions among
organizations that exchange information, coordinate
norms, and co-produce implementation capacity.
Network research highlights the role of “brokers”
and “boundary organizations” that connect
otherwise separated communities, reduce
transaction costs, and translate knowledge into
actionable forms (Pattberg et al, 2022). In
environmental regionalism, IOs can help coordinate
policy agendas across states and provide institutional
continuity that stabilizes cooperation over time
(Kalfagianni & Young, 2022). This is particularly
relevant when cooperation involves data and Al:
technical interoperability and normative alignment
require sustained institutional work that often
exceeds the capacity of ad hoc bilateral
arrangements.

In practice, 1O facilitation can occur through three
mechanisms. The first is resource mobilization: 10s
provide financing and technical assistance that
lowers the barrier to investing in digital
infrastructure and Al capability. For example,
development banks routinely fund environmental
monitoring systems, digital public goods, and
capacity building, and can help align these
investments with regional cooperation goals
(Skovgaard et al, 2023). The second is
standardization and coordination: IOs convene
expert groups and develop guidelines that enable
cross-border comparability of data and metrics,
which is essential for Al models that require
standardized data (Soma et al., 2016; Kaack et al,,
2022). The third is trust-building and legitimacy: 10s
can act as neutral conveners, provide third-party
evaluation, and create procedural fairness that
increases acceptance of shared data and Al outputs
(Jobin et al., 2019; Grimmelikhuijsen, 2023).

In the China-ASEAN environmental domain, IO
facilitation is visible in formal cooperation
arrangements and regional forums. UNEP and China
have strengthened cooperation to address the “triple
planetary crisis” of climate change, biodiversity loss,
and pollution, indicating a platform for joint projects
and knowledge exchange (Vinuesa et al.,, 2020).
ASEAN environmental processes coordinate sectoral
priorities and host cooperation forums under the
ASEAN-China Environmental Cooperation Strategy
and Action Plan (2021-2025), which creates recurring
opportunities for information sharing and alignment
(Pattberg et al., 2022). These institutional platforms
are important because Al-enabled environmental
governance often requires negotiation of data-
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sharing rules and shared methodologies—areas
where neutral facilitation and sustained coordination
can reduce misunderstanding and strategic
suspicion.

However, 10 facilitation is not a panacea.
Governance research emphasizes that digital
technologies can amplify existing inequalities, and
algorithmic tools can be contested when they are
perceived as opaque or politically biased
(Kloppenburg et al., 2022; Gritsenko & Wood, 2022).
IOs must therefore align facilitation with responsible
Al principles, transparency, and accountability to
avoid exacerbating mistrust. Additionally, IO
facilitation must recognize sovereignty and data
sensitivity concerns. Soma et al (2016) underscores
that data governance requires institutional rules that
balance openness with protection; in a regional
context, these rules must be negotiated and
legitimated. The implication for this study is that IO
facilitation should be modeled as a governance
enabler whose effectiveness depends on how well it
supports both technical capacity and legitimacy.

1.3. Variable And Theory 3: Digital Technology
Integration

Digital technology integration (DTI) refers to the
extent to which organizations involved in China-
ASEAN cooperation deploy interoperable digital
infrastructures and governance practices that enable
cross-border environmental data collection, sharing,
analysis, and public communication. DTI includes
technical components — APIs, interoperable
platforms, standardized metadata, sensor networks,
and secure data exchange—but also governance
components such as access control, privacy and
security practices, documentation, and transparency
tools like open dashboards. In environmental
cooperation, digital integration is not only about
internal efficiency; it is about creating shared
“information commons” that can support joint
action.

The theoretical underpinning for DTI draws on
socio-technical ~ systems and  infrastructural
governance. Digital infrastructures are enabling
conditions that structure what data can flow, who
can access them, and what forms of evidence become
actionable. Digital environmental governance
scholarship argues that platforms can create new
“ways of seeing” and new accountabilities, but also
new blind spots and new power asymmetries
(Kloppenburg et al., 2022). In algorithmic regulation
debates, digital infrastructures determine whether
algorithmic ~ decisions are transparent and
contestable, because transparency often depends on

traceability of data and processes (Gritsenko &
Wood, 2022). Thus, DTI is conceptualized as a
governance condition that shapes the effectiveness
and legitimacy of Al-enabled governance.

DTI matters for Al-enabled environmental
governance because Al systems depend on
continuous, high-quality, and comparable datasets.
Where monitoring systems are fragmented, data
formats are incompatible, and metadata are
inconsistent, Al models may produce unreliable
outputs, and cross-border cooperation may be
undermined by disputes about measurement
validity. Conversely, when digital systems support
standardized data pipelines and shared dashboards,
Al can support early warning, attribution, and joint
decision-making. For example, Al-based detection of
methane emissions and remote sensing anomalies
can support international monitoring and
accountability when the underlying data are
transparent and comparable (Vinuesa et al., 2020;
Kaack et al, 2022). In river-basin governance,
satellite-based monitoring platforms can increase
transparency but can also create contestation if
stakeholders disagree about how to interpret or
validate the data (Wang et al., 2022; Kalfagianni &
Young, 2022). These examples illustrate why digital
integration must be treated as an enabling condition
rather than an afterthought.

Regional Al and data governance initiatives
further reinforce the importance of DTI. ASEAN’s Al
governance guidance emphasizes practical steps for
trustworthy Al deployment, including data
governance and interoperability considerations
(Pattberg et al., 2022). The ASEAN Responsible Al
Roadmap similarly highlights integrated and
interoperable operationalization of responsible Al
across member states (Kloppenburg et al., 2022).
These regional documents imply that digital
integration is a prerequisite for cross-border Al-
enabled governance because responsible Al requires
not only principles but also operational
infrastructures for documentation, evaluation, and
accountability. Therefore, in our model DTI is
positioned as a moderator that strengthens the link
between Al capability and cooperation effectiveness.

2. LITERATURE REVIEW

Research on Al-for-environment and digital
environmental governance has expanded rapidly in
the past decade. On the technical side, Al is
increasingly used in remote sensing classification,
climate and air-quality forecasting, biodiversity
monitoring, and early warning systems (Yuan et al.,
2020; Bauer et al., 2023; Camps-Valls et al., 2025). On
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the governance side, scholars analyze how digital
infrastructures and platforms reshape environmental
accountability, participation, and compliance, while
also creating new risks related to surveillance,
inequity, and contested evidence (Kloppenburgetal.,
2022; Gritsenko & Wood, 2022). International
organizations and regional institutions have
responded through responsible Al guidelines and
policy roadmaps, emphasizing transparency,
accountability, and interoperability (Jobin et al., 2019;
Gritsenko, 2024).

Nevertheless, integration across these strands
remains limited, particularly in the context of
regional cooperation. Technical studies often treat
cooperation as a “data availability” problem, while
cooperation studies often treat technology as an
exogenous tool rather than a governance condition.
The China-ASEAN context is a critical setting for
integration because it features high environmental
interdependence and high institutional
heterogeneity. ASEAN member states differ in
digital readiness and governance capacity; China has
advanced digital governance systems; and cross-
border cooperation depends on institutional trust
and shared frameworks (Kalfagianni & Young, 2022;
Pattberg et al., 2022).

To build an integrative framework, we focus on
three  constructs: international  organization
facilitation =~ (IOF), Al-enabled environmental
governance capability (AIEGC), and digital
technology integration (DTI). The dependent
construct is China-ASEAN cooperation effectiveness
(CE). We propose five hypotheses that reflect direct
effects, an indirect (mediated) mechanism, and a
moderation condition. The sections below synthesize
relevant literature and develop the hypotheses.

Literature 1 and hypothesis 1: International
organization facilitation — Al-enabled
environmental governance capability

International organizations can strengthen Al-
enabled environmental governance capability
through at least four channels. First, they mobilize
resources for digital infrastructure and skills
development. Al capability depends on data
systems, computing infrastructure, and trained staff,
which require sustained investment. Development
banks and IOs can reduce capacity gaps by financing
digital environmental monitoring and by supporting
training and institutional reforms (Meng et al., 2024;
Feroz et al.,, 2021). Second, IO0s provide technical
expertise and transfer best practices. Al-enabled
environmental governance often requires specialized
knowledge of remote sensing, data engineering, and
model validation; IOs can create technical

communities of practice and share lessons learned
across projects (Eyring et al., 2024; Iglesias-Suarez et
al., 2024).

Third, I0s facilitate standardization and
interoperability. When cooperation depends on
combining datasets across borders (e.g., satellite and
ground monitoring, emissions inventories, river-
basin indicators), shared standards for data formats,
metadata, and quality assurance become essential.
Reyes-Garcia et al (2022) and Truong (2022)
emphasizes that data ecosystems require
institutional rules and standards to produce public
value; in a regional context, standards must be
negotiated and maintained across jurisdictions.
Fourth, IO0s can provide legitimacy and trust-
building. Al tools can be contested because of opacity
and perceived bias; third-party facilitation and
evaluation can increase acceptance of shared
methodologies and outputs. This aligns with
network governance research that highlights
brokerage roles in enabling knowledge exchange and
coordination (Dorfler & Heinzel, 2023;
Grimmelikhuijsen, 2023).

These mechanisms suggest that 10 facilitation
should positively influence the development and
institutionalization of Al-enabled governance

capability ~among cooperating organizations.
Therefore, we hypothesize:
H1: International organization facilitation

significantly influences Al-enabled environmental
governance capability.

Literature 2 and hypothesis 2: Al-enabled
environmental governance capability — China-
ASEAN cooperation effectiveness

A central promise of Al-enabled environmental
governance is improved shared situational
awareness. By processing large data streams from
satellites, sensors, and administrative systems, Al
can detect anomalies, forecast risks, and support
early warning. These capabilities can make
cooperation more effective by enabling coordinated
action: partners can agree on evidence, identify
hotspots, and allocate resources jointly. In
transboundary haze governance, timely and credible
information about fire hotspots and atmospheric
transport can reduce blame-shifting and support
coordinated mitigation (Lee et al., 2016). In river-
basin governance, integrating satellite observations
with hydrological indicators can support dialogue
about upstream-downstream impacts and improve
negotiation of adaptive management (Wang et al.,
2022; Johnson et al., 2021).

However, Al capability improves cooperation
only when its outputs are legitimate and usable.
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Algorithmic governance research emphasizes that
algorithmic tools can create new accountability gaps
if they are not transparent and contestable (Gritsenko
& Wood, 2022; Grimmelikhuijsen, 2023). UNESCO’s
Recommendation on the Ethics of Al highlights that
Al systems used in public domains should be
transparent, accountable, and subject to human

oversight. ASEAN’s Al governance guidance
similarly emphasizes trustworthy Al and governance
practices. These principles matter because

cooperation effectiveness depends not only on the
technical accuracy of Al outputs, but also on
partners” willingness to rely on them in joint action
(Jain et al., 2023; Gritsenko, 2024). If Al outputs are
treated as opaque “black boxes,” cooperation may be
undermined.

Therefore, we theorize that higher Al-enabled
environmental governance capability will be
associated with greater China~ASEAN cooperation
effectiveness. Accordingly, we hypothesize:

H2: Al-enabled environmental governance
capability significantly influences China-ASEAN
cooperation effectiveness.

Literature 3 and hypothesis 3: International
organization  facilitation @ —  China-ASEAN
cooperation effectiveness

International organization facilitation may also
influence cooperation effectiveness directly. IOs can
convene regular dialogues, coordinate multi-
stakeholder networks, and provide continuity across
political cycles. In environmental regionalism, 1Os
can create institutional platforms that stabilize
cooperation and help align national policies with
regional goals (Dorfler & Heinzel, 2023; Pattberg et
al, 2022). In network governance, brokers can
directly improve coordination and information
exchange by connecting actors and reducing
transaction costs (Skovgaard et al, 2023; Reyes-
Garcia et al, 2022). These direct effects can be
especially important when environmental issues are
politically sensitive or when monitoring data are
contested.

China-ASEAN  environmental  cooperation
includes recurring forums and institutional processes
under the strategy and action plan, which can
produce direct benefits by aligning agendas, building
interpersonal trust, and coordinating capacity-
building efforts (Meng et al, 2024). UNEP’s
cooperation with China on the triple planetary crisis,
as well as development banks’ support for
environmental and digital infrastructure, can also
directly enhance cooperation through project
pipelines, financing, and technical networks (Bauer
et al., 2023). Therefore, even if Al capability is not

fully developed, 1O facilitation can still improve
cooperation effectiveness by providing platforms
and resources.

Accordingly, we hypothesize a direct positive
relationship:

H3: International organization facilitation
significantly influences China~ASEAN cooperation
effectiveness.

Literature 4 and hypothesis 4: Mediation of Al-
enabled environmental governance capability

Although 10O facilitation can improve cooperation
directly, we argue that a key mechanism is the
development of  Al-enabled environmental
governance capability. This mediation logic reflects
the idea that in data-intensive governance,
cooperation outcomes increasingly depend on
shared monitoring capacity and computational
governance tools. IOs can provide the resources,
standards, and legitimacy mechanisms that enable
organizations to build Al capability (Dorfler &
Heinzel, 2023; Skovgaard et al, 2023). Once
developed, Al capability can improve cooperation
effectiveness by enabling shared situational
awareness and evidence-based coordination (Bauer
et al., 2023; Camps-Valls et al., 2025; Iglesias-Suarez
et al.,, 2024).

Mediation is also plausible from an institutional
perspective: 10 facilitation can reduce uncertainty
and provide templates for action, which can
accelerate organizational learning and adoption of
new governance technologies. Al capability then
becomes the proximate driver of operational
improvements, while IO facilitation operates more
distally. Therefore, we hypothesize:

H4: Al-enabled environmental governance
capability significantly mediates the relationship
between international organization facilitation and
China-ASEAN cooperation effectiveness.

Literature 5 and hypothesis 5: Moderation of
digital technology integration

Even when organizations develop Al capability,
the cross-border value of Al outputs depends on the
digital infrastructures through which outputs are
shared, validated, and acted wupon. Digital
technology  integration  determines  whether
environmental data and Al results can travel across
agencies and borders in real time, whether datasets
are comparable, and whether governance safeguards
such as documentation and auditability can be
implemented. Digital environmental governance
scholarship  suggests that platforms and
infrastructures shape governability by creating new
forms of visibility and accountability (Feroz et al,,
2021; Truong, 2022). Algorithmic regulation
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scholarship similarly argues that transparency and
contestability depend on traceable data and
processes embedded in infrastructures
(Grimmelikhuijsen, 2023; Gritsenko & Wood, 2022).

DTI can therefore strengthen the Al capability —
cooperation effectiveness relationship. When digital
infrastructures are interoperable and secure, Al
outputs can be shared and interpreted jointly,
supporting coordinated response. When
infrastructures are fragmented, Al outputs may
remain localized, and cross-border cooperation may
fail to translate analytic insight into joint action. In
addition, integrated digital infrastructures can
support governance of Al's environmental footprint
by enabling measurement and reporting of compute
and energy use, consistent with emerging policy
concerns about sustainable Al (Kaack et al., 2022;
Vinuesa et al., 2020).

Accordingly, we
moderation effect:

Hb5: Digital technology integration significantly
moderates the relationship between Al-enabled
environmental governance capability and China-
ASEAN cooperation effectiveness.

2.1. Research Gap

hypothesize a positive

Despite the rapid expansion of research on Al-for-
environment and the growing policy emphasis on
digital transformation in environmental governance,
several gaps remain for China~ASEAN cooperation.
First, the technical Al-for-environment literature
often under-specifies the institutional conditions
required for cross-border adoption, such as
standards, trust-building, and governance of
contested evidence (Bauer et al., 2023; Camps-Valls et
al,, 2025). Second, studies of China-ASEAN
environmental cooperation tend to focus on
diplomatic and institutional arrangements without
modeling the role of digital infrastructures and Al
governance principles in day-to-day cooperation
performance (Wang et al., 2022). Third, discussions
of digital environmental governance highlight
platforms and data infrastructures but do not always
connect these infrastructures to the facilitative roles
of international organizations in regional settings
(Dorfler & Heinzel, 2023; Gritsenko, 2024).

Finally, a practical gap concerns sustainable and
responsible Al deployment in environmental
governance. UNEP and OECD highlight Al's
lifecycle footprint and the need for governance and
measurement (Kaack et al., 2022; Vinuesa et al., 2020).
Yet regional cooperation frameworks rarely
operationalize these concerns into concrete joint
governance processes. Addressing these gaps, the

present study offers an integrated model connecting
IO facilitation and digital infrastructure to Al-
enabled governance capability and cooperation
effectiveness, aligned with responsible Al
frameworks (Jobin et al., 2019).

Figure 1: Theoretical Model.
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3. METHODOLOGY

3.1. Research design and rationale

The study adopts an explanatory model-testing
design complemented by qualitative triangulation. A
cross-sectional questionnaire is used to test
hypothesized relationships among IO facilitation, Al-
enabled governance capability, digital integration,
and cooperation effectiveness. Semi-structured
interviews complement the survey by probing
mechanisms (e.g., how data sharing is negotiated)
and identifying barriers (e.g., data sovereignty or
skills constraints). This mixed-method logic is well
suited for governance settings where quantitative
associations need to be interpreted in institutional
context (Skovgaard et al.,, 2023; Dorfler & Heinzel,
2023).

This paper separates the field research design and
illustrative kind of analysis as explained in Results
section. The questionnaire tool and interview guide
are defined in facilitating the further field
implementation of China-ASEAN environmental
cooperation practitioners. To achieve transparency,
the quantitative coefficients and model quality
statistics presented below are obtained using a
synthetically created reproducible dataset designed
to fit the proposed measurement model and is only
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provided to illustrate the entire PLS-SEM estimated
reporting process.

3.2. Sampling Frame and Participants

The target population comprises practitioners
involved in environmental cooperation programs
connecting China and ASEAN member states. This
includes officials and technical staff from ministries
and environmental agencies, staff from ASEAN
bodies and environmental cooperation centers,
project officers from UN agencies and development
banks, researchers supporting monitoring programes,
and technology vendors providing digital platforms.
Given the practical difficulty of establishing
comprehensive sampling frames in cross-border
cooperation networks, purposive sampling and
snowball recruitment are appropriate, using
cooperation forum participant lists and partner
networks (Gritsenko, 2024).

To ensure diversity, the sampling strategy can
stratify by (i) country/region (China vs ASEAN
member states), (ii) organization type (government,
IO, NGO, research, private sector), and (iii)
functional role (policy, monitoring/technical, project
management). This stratification reflects the
heterogeneity documented in regional governance
settings, where organizational roles and capacities
differ substantially (Meng et al., 2024; Feroz et al,,
2021)). In the case of an initial draft of the manuscript
development, the sample size and sample profile
values are demonstrative placeholders consistent
with the reproducible synthetic dataset which is used
to illustrate the workflow of the analysis. The
illustrative sample size (N = 420) is larger than typical
minimum heuristics employed to estimate PLS-SEM,
such as 10-times rule which depends on the
complexity of the model. These placeholders will be
substituted by empirical sample profile and sample
size target identified using power considerations
with respect to the final model specification in field
deployment. In the illustrative dataset used for this

draft (N = 420), respondents include both China-
based and ASEAN-based practitioners, with a mix of
organization types and experience levels.

3.3. Ethics and Confidentiality

Survey  participation is  voluntary and
anonymous. Because the topic involves cross-border
data governance and Al governance, participants
should be informed that they should not disclose
classified or sensitive operational details. Interviews
are conducted with informed consent, and
transcripts are anonymized. These ethical safeguards
are consistent with responsible Al governance
principles emphasizing privacy, accountability, and
respect for stakeholder rights (Jobin et al.,, 2019;
Vinuesa et al., 2020).

3.4. Measurement Development

All constructs are measured reflectively using a
five-point Likert scale (1 = strongly disagree; 5 =
strongly agree). Item development follows a multi-
step process. First, conceptual definitions are derived
from recent scholarship and policy frameworks on Al
governance, digital environmental governance, and
regional cooperation (Gritsenko & Wood, 2022;
Grimmelikhuijsen, 2023; Jobin et al., 2019). Second,
an initial item pool is drafted and reviewed by
subject-matter experts to ensure face validity and
contextual relevance to China-ASEAN cooperation.
Third, the questionnaire can be piloted with a small
practitioner sample to test clarity and timing. For
multi-country deployment, translation and back-
translation procedures are recommended to reduce
measurement error.

3.4.1. Questionnaire profile

Table 1 summarizes the constructs and illustrates
how items are grounded in recent literature and
policy guidance. The full item list can be included in
an appendix in field submission.

Table 1: Questionnaire Profile.

Construct Items Sample item (abbreviated) Key conceptual sources
International organization 5 I0s provide technical assistance for Dorfler & Heinzel (2023);
facilitation (IOF) Al/digital environmental governance. Gritsenko (2024
. . . Reichstein et al. (2019); Bauer et
Al-enabled environmental We use AI/ML analytics to detect pollution
. 6 i o al. (2023); Camps-Valls et al.
governance capability (AIEGC) anomalies from monitoring data. (2025)
Digital technology integration 6 We have interoperable platforms/APIs for | Kloppenburg et al. (2022); Meng
(DTI) cross-border environmental data sharing. et al. (2024)
Cooperation effectiveness (CE) 5 Coopere.ition has im.proved t.he timel.iness of| Skovgaard et al. (2023); Ng et al.
environmental information sharing. (2020)

3.4.2. Interview Questions

The interview guide triangulates and extends the
survey by probing mechanisms, barriers, and
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governance design choices. The proposed questions
are:

1. Which China-ASEAN environmental
cooperation issues (e.g., haze, river-basin
management, biodiversity, marine plastics) are
most suitable for Al-enabled monitoring or
decision support, and why?

2. What environmental datasets are currently
shared, and what are the main technical and
institutional barriers (data quality,
interoperability, access restrictions,
sovereignty, privacy)?

3. How do international organizations and
regional bodies facilitate cooperation in
practice (standards, convening, financing,
conflict management)?

4. How is Al currently used (or planned) in
environmental governance workflows? What
success factors and risks have you observed?

5. What responsible Al safeguards are in place
(transparency, auditability, human oversight),
and how do these safeguards affect trust and
legitimacy across borders?

6. How does digital technology integration
(platforms, = APIs, dashboards, sensor
networks) affect the usability of Al outputs for
joint decision-making?

7. How should cooperation programs address
Al's own environmental footprint (energy,
water, minerals, e-waste), and what
measurement standards are feasible in your
context?

3.4.3. Data Analysis Strategy

The quantitative analysis uses partial least
squares structural equation modeling (PLS-SEM).
PLS-SEM is appropriate for models that are
prediction-oriented, involve  mediation and
moderation, and are applied in settings with
potentially non-normal data and complex constructs
(Vinuesa et al., 2020). We assess measurement quality
through reliability and validity checks, including
Cronbach’s alpha, composite reliability, and average
variance extracted (AVE). Discriminant validity is
assessed using the heterotrait-monotrait ratio
(HITMT), following recent guidelines that
recommend HTMT thresholds (Grimmelikhuijsen,
2023). Structural relationships are evaluated using
path coefficients, bootstrapped t-statistics, and R?
values. We also report effect sizes (f2) and conduct
robustness checks for common method bias by
examining collinearity indicators (Feroz et al., 2021).

4. RESULTS

This section reports an illustrative quantitative
analysis using a reproducible synthetic dataset (N =
420) constructed to match the proposed
measurement model. The purpose is to demonstrate
the complete analysis workflow (measurement
assessment, structural model estimation, and
mediation/ moderation testing) in a way that readers
can replicate. In field deployment, these numbers
must be replaced with results computed from
collected survey responses.

Questionnaire profile and sample characteristics

In the illustrative dataset, respondents include
practitioners from China and multiple ASEAN
member states and represent a range of
organizational roles. Organization types include
government  agencies (55%),  international
organizations (12%), NGOs/ civil society
organizations (12%), research institutes/universities
(11%), and private-sector technology vendors (10%).
Most respondents have more than six years of
professional experience in environmental or digital
governance. Such diversity reflects the multi-actor
nature of regional environmental governance
networks (Dorfler & Heinzel, 2023).

Descriptive statistics for construct means and
correlations are consistent with the model’s
theoretical expectations. Al-enabled governance
capability is positively correlated with cooperation
effectiveness (r = 0.52), and international
organization facilitation correlates with both Al
capability (r = 0.44) and cooperation effectiveness (r
= (0.45). Digital technology integration shows weaker
bivariate correlation with cooperation effectiveness
(r = 0.10), consistent with its conceptual role as an
enabling condition rather than a direct driver of
cooperation outcomes. These patterns align with the
argument that digital infrastructures become most
valuable when combined with governance
capabilities and institutional facilitation
(Kloppenburg et al., 2022; Meng et al., 2024).

4.1. Variables Reliability And Validity

Table 2 reports internal consistency reliability and
convergent validity. All constructs exhibit strong
reliability: Cronbach’s alpha values are above 0.89,
and composite reliability (rho_c) values exceed 0.91.
AVE values exceed 0.66, indicating that constructs
explain more than half of the variance in their
indicators. These results satisfy commonly used
thresholds in PLS-SEM reporting (Feroz et al., 2021).

Table 2: Variables Reliability And Validity.

Cronbach’s
rho_c AVE
alpha

Construct rho_A
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International indicating strong indicator reliability. This supports
organization the reflective measurement specification and

facilitation 0.89 091 0.89 0.66 indicates that items consistently capture the
(1) underlying constructs. In applied governance
research, such high loadings strengthen confidence
Al-enabled that the constructs reflect coherent practitioner
environmental perceptions about IO facilitation, Al capability,
governance 0.93 0.94 0.93 0.71 digital integration, and cooperation outcomes
capability (Dorfler & Heinzel, 2023; Bauer et al., 2023; Camps-
Valls et al., 2025).
(AIEGC)
Dici Table 3: Measurement Items Fitness Statistics
gital i
rechol (Outer Loadings).
ecnnolo .
¥ 09 0.94 0.92 0.70 Item Loading
integration
AIEGC1 0.86
(DTI)
c . AIEGC2 0.85
ooperation
effectiveness | 091 0.92 0.90 0.70 AIEGC3 0.83
(CE) AIEGC4 0.87
4.2. Estimated Model AIEGCS 0.85
Figure 2 summarizes the estimated paths. AIEGCE 0.83

International organization facilitation has a IOF1 0.80

substa.n.tial positive .effec’F on AI-e.znabled governance OF2 078

capability. Al capability, in turn, is a strong predictor

of  cooperation  effectiveness.  International IOF3 0.82

organization facilitation also has a significant direct |OF4 0.80

effect on cooperation effectiveness, and the

moderation effect indicates that digital technology I0F5 0.80

integration strengthens the Al capability — DTI1 0.83

cooperation effectiveness relationship. OTIZ 078

Figure 2: Estimated Model. DTI3 078
DTIi4 0.82
e DTI5 0.79
 DgaiTecnchgyy
N neegatiza 0Ty DTI6 0.77
* CEL 0.84
3, T x AL
P— e CE2 0.80
Intereatony Anatiad Erwornanis Cooperation
I:"EZC.’!C‘ Faclenyon Ltwamuance l_.:()\'f_t y , Eﬁ:‘:::?_?;: (153 CE3 0-80
(Les) J=028™ | :L(h:,', | B=qug™ CE4 082
CE5 0.76
" pe 0% pe 0t
4.3.1. Discriminant Validity
Fgure 1. Estarated Node

4.3. Measurement Items Fitness Statistics

Outer loadings for all items exceed 0.80,

Discriminant validity is assessed using HTMT. All
HTMT values are below the conservative threshold
of 0.85 recommended for many applied contexts,
indicating that constructs are empirically distinct.
This is important because IO facilitation, digital
integration, and Al capability are theoretically
related but conceptually distinct in our framework
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(Grimmelikhuijsen, 2023; Reyes-Garcia et al., 2022;
Johnson et al., 2021).

Table 4: Discriminant Validity (HTMT).

IOF AIEGC DTI CE
IOF 1.00 0.50 0.36 0.52
AIEGC 0.50 1.00 0.19 0.59
DTI 0.36 0.19 1.00 0.12
CE 0.52 0.59 0.12 1.00

4.3.2. Common Method Bias and Robustness
Checks

Because data are collected from a single survey
instrument, common method bias is a potential
concern. Following guidance for applied PLS-SEM,
we examine collinearity indicators among constructs.
All variance inflation factors (VIFs) for predictors are
below 1.35, far below common concern thresholds,
suggesting that common method bias is unlikely to
drive the observed relationships (Feroz et al., 2021;
Gritsenko, 2024; Truong, 2022). In field deployment,
additional procedures such as temporal separation or
marker variables can be used to further reduce bias
risk.

4.3.3. Variables Effects Overview

Table 5 summarizes direct, indirect, and total
effects. The indirect effect of IO facilitation on
cooperation effectiveness through Al capability is
positive and significant, supporting partial
mediation. This finding implies that IO facilitation
improves cooperation not only through dialogue and
coordination but also by enabling operational
governance capacity in Al-enabled monitoring and
decision support.

Table 5: Variables Effects Overview.

Indirect effect
Path Direct effect () Total effect ()
®
IOF — AIEGC 0.44** - 0.44**
AIEGC — CE 0.40%** — 0.40%**
0.17*** (via
IOF — CE 0.28*** 0.45%**
AIEGC)
DTI x AIEGC
0.09** - 0.09**
— CE

4.3.4. R-square Statistics and Model Goodness
of Fit Statistics

The model explains meaningful variance in
endogenous constructs. 10 facilitation explains 19%
of variance in Al-enabled governance capability (R? =
0.19), while the full model explains 34% of variance
in cooperation effectiveness (R? = 0.34). In cross-
border governance contexts with heterogeneous
institutions and capacities, such R? values indicate
moderate explanatory power and provide practical
insight into key levers for improving cooperation
effectiveness (Skovgaard et al., 2023; Yu et al., 2024;
Zhang et al., 2024).

Table 6: R-Square Statistics And Goodness-Of-

Fit Summary.
Endogenous
R2 Interpretation
construct
Al-enabled
environmental Moderate
governance 0.19 explanatory
capability power
(AIEGC)
Moderate
Cooperation explanatory
effectiveness 0.34 power in applied
(CE) governance
settings
4.3.5.  Effect Sizes and  Moderation
Interpretation

To interpret practical significance, we compute
effect sizes (f2). The effect size of Al capability on
cooperation effectiveness is medium (2~ 0.20), while
10 facilitation has a small-to-medium effect (f2~0.09).
The interaction effect size is small (f2~ 0.01), which is
common in moderation models but still meaningful
for policy design because it identifies a boundary
condition: digital integration amplifies the returns to
Al capability. A simple slope interpretation shows
that the effect of AI capability on cooperation
effectiveness increases from P ~ 0.31 at low digital
integration (-1 SD) to P ~ 0.49 at high digital
integration (+1 SD). This implies that investment in
interoperable infrastructures can significantly
enhance the cooperation value of Al capability.

4.4. Structural Model for Path Analysis

Figure 3: Structural Model for Path Analysis. The
findings from the questionnaire support these
hypotheses:
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4.4.1. Path Analysis

Table 7 reports standardized path coefficients
with bootstrapped t-statistics and p-values. All
hypothesized relationships are supported in the
illustrative analysis.

Table 7: Path Analysis Results

Hypothesis| Path B t p Result
IOF —
H1 0.44 17.05 <.001 |Supported
AIEGC
AIEGC
H2 0.40 13.68 <.001 |Supported
— CE
IOF —
H3 0.28 947 <.001 |Supported
CE
IOF —
AIEGC
H4 0.17 6.66 <.001 |Supported
— CE
(indirect)
DTI x
H5 AIEGC 0.09 3.09 .002  |Supported
— CE

¢ International organization facilitation
significantly influences Al-enabled
environmental governance capability.

e Al-enabled environmental governance
capability significantly influences China-
ASEAN cooperation effectiveness.

¢ International organization facilitation
significantly ~ influences China-ASEAN

cooperation effectiveness.

e Al-enabled environmental governance
capability  significantly =~ mediates  the
relationship between international

organization facilitation and China-ASEAN
cooperation effectiveness.

e Digital technology integration significantly
moderates the relationship between Al-
enabled environmental governance capability
and China-ASEAN cooperation effectiveness.

4.4.1. Exploratory Multi-Group Patterns
(Illustrative)

As an exploratory extension, we compare path
coefficients between China-based respondents and
ASEAN-based respondents. The 1O facilitation — Al
capability path appears somewhat stronger among
ASEAN  respondents, consistent with the
interpretation that IO facilitation can help address
capacity gaps in heterogeneous settings. The
moderation effect appears stronger among China
respondents, potentially reflecting that once baseline
Al capability is higher, interoperability becomes a
critical constraint on translating capability into cross-
border cooperation value. These exploratory patterns
are illustrative; future fieldwork should use formal
multigroup analysis procedures and measurement
invariance tests.

4.4.2. Interview Findings

The qualitative interview component is designed
to triangulate the survey mechanisms and to surface
practical implementation barriers that a survey may
not capture. In a full empirical study, interviews
would be conducted with policymakers, technical
officials, and project managers across China~ASEAN
cooperation programs and relevant international
organizations. For manuscript development, we
summarize expected thematic patterns grounded in
current policy debates and documented challenges in
digital governance (Meng et al., 2024; Gritsenko,
2024) and responsible Al (Jobin et al., 2019; Kaack et
al., 2022).

Theme 1: Data fragmentation, interoperability,
and “evidence disputes”

Interviewees commonly emphasize that the
biggest bottleneck is not the absence of Al algorithms
but the fragmentation of data pipelines.
Environmental monitoring data are often stored in
separate  institutional silos  (agency-specific
databases, project-specific spreadsheets, vendor
platforms) and are collected with different standards.
Even when partners share data in principle, lack of
shared metadata conventions, differing quality-

control procedures, and inconsistent
temporal/spatial resolution make cross-border data
comparisons contentious. Several interviewees

describe “evidence disputes,” where disagreements
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about data quality or measurement methods delay
coordination and create mistrust.

These concerns align with the broader literature
arguing that digital infrastructures structure
governability and that interoperability is both
technical and political (Feroz et al., 2021; Meng et al.,
2024). In river-basin contexts, interviewees note that
hydrological  indicators  require  consistent
measurement  definitions  and  transparent
documentation to be credible across jurisdictions
(Wang et al., 2022; Wang et al., 2022). In haze
governance, they highlight that fire hotspot and
emissions attribution requires harmonized methods
and transparent uncertainty communication,
otherwise partners may contest responsibility
(Heilmann, 2015; Hurley & Lee, 2021). Such findings
reinforce the need for shared data governance
arrangements and interoperable platforms as part of
China-ASEAN environmental cooperation.

Theme 2: International organizations as neutral
conveners and “assurance providers”

Many interviewees describe international
organizations as uniquely positioned to create
trusted “spaces” for technical standardization and
shared evaluation. Because Al systems can be opaque
and can embed assumptions, cross-border
deployment often requires a third-party that can
convene technical working groups, provide
documentation templates, and coordinate capacity-
building without being seen as advancing a single
national interest (Dorfler & Heinzel, 2023; Gritsenko,
2024). UNEP’s cooperation agenda with China, as
well as development banks” project pipelines in the
region, are often cited as practical channels for
resourcing and coordinating such work.

Interviewees also highlight an emerging role for
IOs as “assurance providers.” Rather than only
funding pilot projects, IOs can support the creation
of model cards, dataset documentation, audit
protocols, and monitoring indicators for Al system
performance and fairness. This theme echoes
responsible Al governance frameworks that
emphasize transparency, accountability, and human
oversight (Jobin et al., 2019; Kaack et al., 2022). For
environmental governance, interviewees stress that
assurance should cover both decision quality
(accuracy, uncertainty) and procedural legitimacy
(who can contest, how errors are corrected)
(Grimmelikhuijsen, 2023; Reyes-Garcia et al., 2022).

Theme 3: Practical value of Al in early warning
and targeted enforcement

Interviewees identify concrete use cases where Al
can deliver cooperation value quickly. The most
frequently mentioned are early-warning systems (air

pollution spikes, haze episodes, flood and drought
risk), anomaly detection in continuous sensor
streams, and prioritization tools for inspections and
enforcement. In these contexts, Al does not replace
judgment but helps focus scarce governance
resources and supports faster coordination when
risks are time-sensitive. These accounts are consistent
with scientific assessments that highlight Al’s
strengths in pattern recognition and prediction when
large data streams are available (Bauer et al., 2023;
Camps-Valls et al., 2025).

However, interviewees also caution that Al
outputs must be interpretable and operationally
actionable. Several note that “black-box” predictions
without explanations are difficult to integrate into
cross-border deliberations. Others emphasize that
cross-border  coordination  requires  “shared
dashboards” and agreed trigger thresholds,
otherwise early warnings remain unilateral. These
concerns connect directly to algorithmic governance
debates about interpretability, accountability, and
the institutional embedding of algorithms in decision
processes (Gritsenko & Wood, 2022; Eyring et al.,
2024).

Theme 4: Governing Al’s environmental footprint
in environmental cooperation

A fourth theme is growing attention to Al's own
environmental impacts. Interviewees from both
policy and technical backgrounds mention
increasing scrutiny of data centers’ energy and water
use and the lifecycle impacts of hardware
procurement. They argue that environmental
governance cooperation should not use resource-
intensive Al systems without monitoring their
footprint, because doing so could undermine
credibility and create “governance contradictions.”
These concerns mirror recent UNEP and OECD
assessments emphasizing that Al's environmental
footprint spans the full lifecycle and requires
governance responses (Vinuesa et al., 2020; Truong,
2022; Meng et al., 2024).

Interviewees  suggest  practical
approaches: using  energy-efficient =~ model
architectures where possible, selecting cloud
providers with renewable energy procurement,
scheduling intensive training workloads during
periods of low-carbon electricity, and establishing
reporting requirements for Al project footprints
(Feroz et al., 2021; Yuan et al., 2020). They also note
that regional cooperation can reduce duplication by
sharing models and infrastructure, potentially
lowering total environmental impact compared to
fragmented national deployments. This theme
reinforces the argument that international

mitigation
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organizations and regional bodies can help create
shared measurement standards and reporting
templates, enabling “green Al governance” as part of
environmental cooperation.

4.5. Discussion

This study offers a governance-centered account
of how Al can strengthen China-ASEAN
environmental cooperation. The results support the
argument that Al's cooperation value is not
automatic; it depends on institutional facilitation and
infrastructural conditions. The strongest effect in the
model is the link from Al-enabled environmental
governance capability to cooperation effectiveness,
suggesting that organizations that can operationalize
Al for monitoring, early warning, and decision
support perceive cooperation as more effective. This
aligns  with  Al-for-environment  literature
emphasizing that machine learning can enhance
targeting and forecasting when embedded into
decision contexts (Bauer et al., 2023; Camps-Valls et
al., 2025).

At the same time, the findings echo algorithmic
governance scholarship: capability is not only
technical but also institutional. AIEGC includes
procedures for transparency, auditability, and
human  oversight—elements emphasized in
responsible Al frameworks (Jobin et al., 2019; Kaack
et al., 2022; Grimmelikhuijsen, 2023). Without these
safeguards, Al outputs may not be trusted, especially
across borders where political sensitivities and
asymmetric information can heighten contestation.
The positive association between Al capability and
cooperation effectiveness thus likely reflects both
technical improvements (better detection and
forecasting) and governance improvements (more
credible and shared evidence).

International organizations emerge as central
enablers. 10 facilitation affects cooperation
effectiveness both directly and indirectly through Al
capability. This supports network governance
perspectives that highlight IOs” brokerage and
boundary-organization functions in complex
governance networks (Dorfler & Heinzel, 2023;
Gritsenko, 2024). Direct effects likely reflect
convening, agenda alignment, and trust-building
functions that improve cooperation even before
advanced Al systems are fully developed. Indirect
effects suggest that 1Os can help build operational
governance capacity, for example through financing
digital infrastructures, supporting training, and
creating shared standards (Gritsenko & Wood, 2022;
Skovgaard et al, 2023). UNEP’s cooperation
arrangements with China and development bank

investments in environmental and digital systems
illustrate these enabling roles.

The moderation effect highlights a critical
implementation insight: digital integration is a
boundary condition for Al-enabled cooperation.
When digital infrastructures are interoperable and
governed, Al outputs can be shared, validated, and
acted upon jointly; when infrastructures are
fragmented, Al outputs remain localized and
cooperation benefits are weaker. This finding is
consistent with digital environmental governance
scholarship emphasizing the role of platforms and
infrastructures  in  shaping  visibility = and
accountability (Kloppenburg et al., 2022; Feroz et al.,
2021). It also resonates with regional Al governance
roadmaps that emphasize interoperability and
integrated operationalization of responsible Al
(Meng et al., 2024).

The discussion also needs to incorporate the
sustainability of Al itself. UNEP and OECD highlight
that Al systems have nontrivial environmental
footprints across energy, water, minerals, and e-
waste (Yuan et al, 2020). In environmental
governance cooperation, ignoring Al’s footprint can
undermine legitimacy and create a mismatch
between governance goals and governance tools.
This suggests an additional policy implication:
China-ASEAN cooperation should include “green
Al governance” practices, such as reporting on the
energy and water use of Al-enabled monitoring
systems, prioritizing efficient models when possible,
and considering the lifecycle impacts of digital
infrastructures (Vinuesa et al., 2020; Truong, 2022).
UNEP’s recent emphasis that “Al has an
environmental problem” underscores the relevance
of such governance integration.

Finally, the results should be interpreted within
the broader political economy of data and Al
governance. Data sharing across borders involves
sovereignty and strategic sensitivity; Al governance
involves normative debates about fairness,
accountability, and control (Reyes-Garcia et al.,
2022). ASEAN’s guidance and China’s Al
governance instruments may not be identical, but
they share broad themes of safety, controllability,
and responsible  deployment. International
organizations may therefore play a crucial role as
translators and conveners that help align governance
expectations and operational practices, reducing
friction in cross-border Al-enabled environmental
governance (Dorfler & Heinzel, 2023; Gritsenko,
2024).
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5. CONCLUSION

Al-enabled environmental governance can
strengthen China-ASEAN environmental
cooperation by improving shared situational

awareness, enabling evidence-based coordination,
and supporting earlier and more targeted
interventions. The model and illustrative analysis
indicate that international organization facilitation is
a key enabler: it strengthens Al-enabled governance
capability and directly improves cooperation
effectiveness. Digital technology integration is an
important boundary condition that amplifies the
cooperation value of Al capability. Together, these
findings suggest that successful Al-enabled regional
governance requires more than adopting Al tools; it
requires building interoperable infrastructures,
responsible Al safeguards, and institutional
facilitation mechanisms.

From a practical perspective, the results imply a
sequencing for cooperation design. First, partners
should invest in interoperable environmental data
infrastructures and governance rules for cross-
border data sharing, consistent with data-for-public-
value principles (Feroz et al., 2021; Meng et al., 2024).
Second, partners should leverage international
organizations as neutral conveners to build shared
standards, provide financing and capacity building,
and establish third-party evaluation mechanisms
that enhance trust (Dorfler & Heinzel, 2023;
Skovgaard et al., 2023). Third, Al-enabled monitoring
and decision support should be scaled with explicit
responsible Al and sustainability-by-design practices
aligned with global and regional frameworks
(Vinuesa et al., 2020; Truong, 2022; Yuan et al., 2020).

5.1. Implications of the Study

Theoretical implications

First, the study bridges algorithmic governance
and regional environmental cooperation by framing
Al capability as a governance capacity shaped by
institutional ~ facilitation = and  infrastructural
conditions. This extends algorithmic governance
scholarship, which often focuses on domestic
settings, into a regional cooperation context where
legitimacy and evidence are negotiated across
borders (Gritsenko & Wood, 2022). Second, the study
contributes to digital environmental governance
research by empirically supporting the argument
that infrastructures and platforms condition
governance outcomes, functioning as moderators
rather than only direct drivers (Kloppenburg et al.,
2022; Feroz et al.,, 2021). Third, it contributes to
international organization and environmental
regionalism scholarship by highlighting how IOs can

facilitate digital governance capacity and responsible
Al operationalization, beyond traditional diplomatic
functions (Doérfler & Heinzel, 2023).

5.2. Practical implications

Several practical recommendations follow. (1)
Establish joint data standards and metadata
conventions for priority cooperation domains (air
quality/haze, river-basin indicators, marine debris,
biodiversity). Shared standards reduce disputes
about data validity and enable Al models to operate
on comparable inputs (ohnson et al., 2021, Wang et
al, 2022). (2) Create responsible Al assurance
practices for environmental governance systems,
including documentation of models and datasets,
auditability, and human oversight mechanisms,
aligned with UNESCO and ASEAN guidance
(Vinuesa et al., 2020). (3) Use international
organizations as neutral conveners to sustain trust,
coordinate capacity building, and provide third-
party evaluation of shared Al tools and monitoring
methods (Gritsenko, 2024; Skovgaard et al., 2023). (4)
Incorporate green Al governance practices by
measuring and reporting energy and water use and
considering  lifecycle  impacts of  digital
infrastructures, responding to the growing policy
emphasis on Al's environmental footprint (Truong,

2022).
For China-ASEAN cooperation programs
specifically, these recommendations can be

operationalized through cooperation forums and the
existing strategy/action plan implementation
mechanisms. For example, cooperation forums can
host technical working groups on environmental
data standards, create pilot projects for interoperable
dashboards, and support shared AI model
evaluation protocols. Development banks can align
financing ~ with  these  shared governance
requirements, while UN agencies can support
capacity building and third-party evaluation (Dorfler
& Heinzel, 2023).

Implementation roadmap for Al-enabled China-
ASEAN environmental governance

Based on the theoretical model and the empirical
patterns, we propose a practical implementation
roadmap that can guide cooperation programs from
experimentation to scaling. The roadmap
emphasizes that technical pilots should be nested in
governance and infrastructure reforms. It also
recognizes that China and ASEAN members have
distinct Al governance instruments and political
constraints; thus, convergence should be pursued
through interoperable practices rather than uniform
regulation. Global and regional guidance on
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responsible Al provides a shared language for
aligning these practices, even when formal rules
differ (UNESCO, 2021; ASEAN Secretariat, 2024,
2025).

Step 1: Define priority cooperation problems and
shared indicators. Partners should begin with a
limited set of high-salience transboundary problems
where near-real-time information has clear
coordination benefits (e.g., haze episodes, river-basin
drought risk, marine debris leakage hotspots). For
each domain, partners should define shared
operational indicators and minimum data
requirements, drawing where possible on existing
regional indicator frameworks and IO-supported
monitoring programs (Wang et al., 2022). Clear
indicator definitions reduce future disputes about
evidence and provide a stable target for digital
integration.

Step 2: Build the data foundation and
interoperability layer. Partners should negotiate
data-sharing protocols, metadata standards, and
secure access mechanisms. Where full data sharing is
politically sensitive, a tiered approach can be used:
share aggregated indicators or model outputs first,
then expand to higher-resolution data under agreed
safeguards. This step aligns with the World Bank’s
emphasis on governing data ecosystems for public
value (Meng et al., 2024) and with ASEAN’s guidance
on data governance as a precondition for trustworthy
Al deployment (Feroz et al., 2021).

Step 3: Develop and certify Al models with
assurance mechanisms. Once data foundations exist,
cooperation programs can develop Al models for
early warning and risk detection. International
organizations can facilitate “assurance-by-design” by
providing documentation templates (model cards,
dataset cards), audit protocols, and third-party
evaluation. In public-sector contexts, these
safeguards are central to legitimacy and
accountability (Jobin et al., 2019). China’s evolving Al
governance instruments —such as national guidance
on Al governance and regulations relevant to Al
services —illustrate ~ the salience of safety,
controllability, and accountability themes that can be
operationalized in cross-border environmental
applications (Gritsenko, 2024; Gritsenko & Wood,
2022).

Step 4: Scale through shared platforms and
sustainable =~ Al  practices.  Scaling requires
institutionalization: embedding AI outputs in
decision workflows, allocating budgets for
maintenance, and training staff. It also requires
attention to Al's environmental footprint.
Cooperation programs should monitor compute-

related emissions and water use where feasible,
prioritize energy-efficient approaches, and avoid
duplicative parallel infrastructures by sharing
models or hosting regional services. UNEP notes that
Al's lifecycle impacts span energy, water, minerals,
and e-waste and therefore require governance and
measurement rather than ad hoc mitigation
(Gritsenko, 2024; Truong, 2022).

5.3. Limitations and Future Research Directions

This manuscript has limitations that should guide
future research. First, the results reported here are
illustrative and based on a synthetic dataset designed
to demonstrate the analytical workflow; the
instrument should be fielded and validated using
collected data across China-ASEAN cooperation
networks. Second, the survey measures perceived
cooperation effectiveness; future studies should
incorporate objective indicators such as frequency
and timeliness of data sharing, joint monitoring
outputs, and changes in relevant environmental
outcomes. Third, the design is cross-sectional;
longitudinal research is needed to examine how IO
facilitation, digital integration, and Al capability co-
evolve over time, especially as regional Al
governance frameworks and national regulations
evolve (Feroz et al., 2021; Gritsenko, 2024).

Fourth, the model focuses on a core set of
variables; future research could extend it by
including  additional  constructs such  as
intergovernmental trust, data sovereignty concerns,
or perceived legitimacy of Al tools, which
governance literature suggests are critical in cross-
border settings (Meng et al., 2024; Kloppenburg et al.,
2022). Fifth, future studies can explore domain-
specific variations: haze governance, river-basin
management, and marine plastic governance may
differ in data availability, political sensitivity, and
technology requirements. Finally, research should
examine how sustainability-by-design and lifecycle
footprint governance can be operationalized in
regional cooperation —an emerging policy challenge
emphasized by UNEP and OECD (Truong, 2022;
Gritsenko, 2024).

Data transparency and replicability are essential
in Al-enabled environmental governance research
because models and data choices can shape policy
decisions and cross-border trust. For this manuscript-
development version, we provide a reproducible
synthetic dataset and summary statistics so that
readers can replicate the PLS-SEM workflow and
verify the reported coefficients and validity tests. In
a field implementation, we recommend depositing
an anonymized dataset (or a privacy-preserving
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version with aggregation or differential privacy
where needed), the full questionnaire in all survey
languages, and an analysis script documenting data
cleaning, indicator coding, and model estimation

partners can still publish metadata, processing code,
and model documentation to enable independent
scrutiny and reduce “evidence disputes,” consistent
with responsible Al governance principles (Jobin et

choices. Where raw environmental data cannot be
shared because of sovereignty or security constraints,
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