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Abstract: The rapid adoption of artificial intelligence (AI) and cloud computing is transforming
organizational operations while introducing increasingly complex challenges in security, regulatory
compliance, risk management, and accountability. Traditional risk management approaches, which
primarily emphasize identifying and mitigating threats, are often insufficient for dynamic, distributed, and
interconnected Al-enabled and cloud-driven environments. This review examines the transition from
conventional risk management toward an integrated governance approach that connects security,
compliance, and accountability across the technology lifecycle. Particular attention is given to the shared
responsibility model, where fragmented ownership among cloud providers, technology vendors, and
organizational stakeholders can create significant accountability gaps. The review further examines how
common controls, clearly defined responsibilities, risk-based requirements, continuous monitoring,
governance metrics, and operational evidence can strengthen organizational oversight. Accountability
artifacts and traceability mechanisms are also considered for their ability to connect data, decisions,
controls, system activities, and responsible parties across complex technology environments. Key
challenges include regulatory complexity, evolving Al models, third-party dependencies, fragmented
ownership, evidence management, and excessive governance burdens. The analysis indicates that effective
governance depends not on isolated technical controls but on coordinated structures that integrate security,
compliance, and accountability. A lifecycle-based, evidence-driven governance model can improve
transparency, operational resilience, regulatory assurance, and responsible management of Al and cloud
technologies. These findings highlight the importance of continuous assurance, measurable thresholds,
third-party oversight, and clearly assigned accountability for managing evolving technological risks.
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1. Introduction

Artificial intelligence (AI) has become an integral part of the digital infrastructure, along with
cloud computing and distributed digital infrastructure, which have reshaped the way organizations
manage information, provide services, and make operational decisions. From automating decisions
and forecasting trends to detecting fraud and safeguarding cyber networks, resource allocation and
customer interactions, Al-powered systems are taking the lead in a variety of tasks [1].
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Simultaneously, cloud driven architectures offer scalable computing, storage, application service
and interconnected systems and environments that enable such systems to function across
organizational and geographic boundaries. While these technologies offer significant potential for
efficiency and innovation, they do bring some challenges in terms of security, compliance, and
governance that are not easily solved with traditional risk management [2]. The expansion of Al and
cloud ecosystems has changed the nature of organizational risk. The traditional risk management
processes are mainly concerned with the identification, estimation, and reduction of the threats by
adopting controls. However, in Al-enabled environments, risks can manifest from data quality,
model drift, lack of model explainability, biased outputs, unauthorized use of data, and interactions
between the automated systems and humans [3]. In cloud environments, shared infrastructure, third
party dependency, data flows, distributed data, identity management, configuration issues and ever-
evolving service architectures compound the complexity. This means risk is not a
technical/operational problem anymore. It is becoming more and more about accountability,
regulatory responsibility, transparency and organisational oversight. Security is also one of the core
pillars of this dynamic landscape, as the reliance of Al and cloud systems on significant data sharing
and interwoven digital services makes it essential to have robust security measures in place [4].
Confidentiality, integrity and availability of data can be compromised through unauthorized access,
data breaches, adversarial attacks, insecure application programming interfaces, model
manipulation, and cloud misconfigurations. For effective protection, this has to be combined with
integrating security controls with identity and access management, encryption, monitoring,
vulnerability management, incident response, and resilience mechanisms [5]. However, the use of
technical safeguards does not automatically ensure an organization is fulfilling legal, ethical and
regulatory requirements. Compliance adds to the complexity. New privacy, cybersecurity, data
protection, financial services, and Al regulations are pushing companies to show how their digital
systems are designed, operated, monitored, and controlled. The complexities of managing Al and
cloud environments in multiple markets are exacerbated by the fact that there are differences
between jurisdictions and regulatory systems. Governance structures out of which these
responsibilities are coordinated [6]. Effective governance defines roles, the rights to make decisions,
accountability processes, policies, risk ownership, audit processes and oversight processes. In Al
enabled and cloud driven ecosystems, the framework for governance should also incorporate
considerations for model lifecycle management, data stewardship, third party risk, explainability,
human oversight, continuous monitoring and incident accountability [7]. It addresses the interaction
of technological risk to regulatory requirements and organizational responsibility, and looks at the
shortcomings of the fragmented control strategies. Special focus is placed on Al's related risks, cloud
security, regulatory alignment, governance structures, accountability mechanisms, resilience, and
continuous assurance. Interlinking these dimensions, a wider framework for responsible digital risk
management can be created, which shows how security measures limit exposure, compliance creates
obligations, governance assigns responsibility and accountability provides a framework to show that
Al and cloud systems are controlled, transparent and meet organizational and regulatory
requirements [8].

2. Method

To conduct a comprehensive synthesis of governance, security, and compliance mechanisms
within Al-enabled and cloud-driven ecosystems, this review adopts an integrative literature review
methodology. This approach enables the synthesis of emerging theoretical concepts, practical
frameworks, and regulatory developments across cross-disciplinary domains.

Search Strategy and Source Selection

A systematic search was conducted across prominent academic databases and institutional
repositories, including IEEE Xplore, ACM Digital Library, Web of Science, ScienceDirect, and official
publications from standards organizations (e.g., ISO/IEC, NIST). Keywords and Boolean operators
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utilized in the search string included: ("Al governance" OR "Artificial Intelligence governance") AND
("Cloud security" OR "Cloud ecosystems") AND ("Regulatory compliance” OR "Compliance
frameworks") AND ("Accountability" OR "Shared responsibility model").

Inclusion and Exclusion Criteria
e Inclusion Criteria:

1. Peer-reviewed journal articles, conference proceedings, and recognized international
standards (e.g., ISO/IEC 27001, ISO/IEC 42001, NIST AI RMF, EU Al Act) published
between 2018 and 2026.

2. Literature directly examining the intersection of cloud security, AI model governance,
accountability artifacts, or regulatory alignment.

e  Exclusion Criteria:

1. Articles focusing solely on technical hardware specifications without governance or
security implications.

2. Non-peer-reviewed opinion pieces or literature lacking clear methodologies or framework
references.

Data Extraction and Analytical Synthesis

Selected studies were analyzed using thematic synthesis. Extracted data points were
categorized into core structural dimensions:

The transition from traditional risk management to continuous accountability orientations.
Mapping of security and compliance standards (Table 2).

Evaluation of Al lifecycle metrics, operational thresholds, and traceability mechanisms.

3. Results

The analytical synthesis of the literature reveals critical transitions in how organizations

approach risk, governance, and compliance within complex Al and cloud environments.

1. Paradigm Shift from Risk Assessment to Continuous Accountability
The comparative analysis indicates a fundamental shift in operational paradigms (Table 1):

Unit of Analysis: Transitioned from evaluating isolated technical assets, threats, and
vulnerabilities toward auditing decisions, outcomes, and full chains of custody.

Assurance Timing: Evolved from periodic annual attestations to real-time continuous
monitoring against predefined risk thresholds.

Evidence and Ownership: Moved away from static policy questionnaires toward dynamic,
versioned operational evidence (e.g., execution logs, test results, and data provenance links)
assigned to specific control owners.

2. Harmonization of Regulatory and Technical Frameworks

The evaluation of primary international standards highlights both complementary capabilities

and limitations in establishing organizational accountability (Table 2):

Information security standards like ISO/IEC 27001 and NIST CSF 2.0 provide robust
foundational management systems and governance functions, but often lack explicit controls
tailored to Al-specific behaviors (e.g., model drift, prompt injection, data poisoning).
Frameworks such as the NIST AI RMF 1.0 and ISO/IEC 42001 effectively bridge this gap by
defining auditable lifecycle oversight (Govern, Map, Measure, Manage).

Hard law regulations, including the EU AI Act, GDPR, and DORA, mandate structured
traceability artifacts, third-party vendor registers, post-market monitoring, and strict human-
in-the-loop oversight mechanisms.
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3. Operationalization through Governance Metrics and Traceability

The results demonstrate that bridging the accountability gap in shared responsibility models
requires two primary technical enablers:

1. Quantitative Thresholds: Establishing measurable metrics—such as unpatched critical
vulnerabilities, unauthorized access attempts, prediction error rates, and model drift
indicators—enables automated triggers for control escalation or system suspension.

2. Accountability Artifacts: Multi-layered digital ecosystems depend on end-to-end traceability
(Figure 1 & Figure 2). Documenting data provenance, pipeline configurations, model versions,
and human overrides creates an immutable audit trail necessary for regulatory compliance and
post-incident investigation.

Shared Responsibility and the Accountability Gap in Cloud Driven Ecosystems

The impact of cloud computing has truly shifted the burden of responsibility for information
security, data protection and operational resilience. Cloud driven ecosystems are a departure from
traditional on premises environments where organizations have direct control over physical
infrastructure, networks, applications and data, and instead distribute control between cloud service
providers, customers, software vendors, managed service providers and others [9]. Shared
responsibility is a typical form of this distribution. In this approach, the cloud services provider
typically handles security and availability of the underlying infrastructure, with the customer
handling security and usage, identity management, access controls, application configuration, data
protection, and so on [10]. The allocation of the precise service is variable based on the service model,
contractual agreements and provider architecture. The shared responsibility model can enhance
security by enabling specialised providers to run infrastructure at a capacity that might be hard for
individual providers to reach. Providers can deploy all their physical security, infrastructure
monitoring, redundancy, vulnerability management and incident response capabilities (Table 1).
Transfer of operational responsibility does not mean the same thing as transfer of organizational
accountability, however. An organization can be very dependent on the infrastructure security of
the cloud provider yet largely responsible for the information that it processes inside the
environment [11]. This separation also leaves a space for accountability if there is poor delineation
of responsibilities or if organizations assume that providing security services involves them in
meeting the security provider's governance requirements. The accountability gap is even more
critical in multi cloud and hybrid environments. The data can be transferred to multiple cloud
services, applications, geographical regions, and third party platforms, making it challenging to
create a full chain of responsibility. Infrastructure can be from one provider, software from another
vendor, identity services from a third service provider, and Al components provided via an external
application programming interface [12]. After an incident happens, it can be hard to identify who
was responsible for controlling the problem component, who was supposed to notice the problem,
and who was supposed to report it or take action to fix it. Though there may be a shared ownership
of responsibility, the overall responsibility for the business outcome rests with the business.

Table 1. From risk management to accountability: shifts in governance orientation

Dimension Risk management Accountability orientation References
orientation

Unit of Assets, threats, and Decisions, outcomes, and the chain of  [6], [2]

analysis vulnerabilities custody behind them

Assurance Periodic  assessment and Continuous monitoring against [14], [6]

timing annual attestation defined thresholds

Ownership Departmental and often Named owner for each control, with [11], [3]
implied an escalation path

Evidence Policies, questionnaires, and Logs, versioned records, test results, [5], [15]

certificates

and traceability links
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Third parties Contractual assurance at Continuous vendor oversight and exit [12], [13]
onboarding planning

Failure Treat, tolerate, transfer, or Investigate, remediate, report, and [16], [15]

response terminate the risk change the control

Integrating Security, Compliance, and Governance Frameworks

With growing interdependence of Al systems, cloud infrastructure, data platforms, and
distributed applications, keeping fragmented control frameworks under check has become quite an
ordeal. In the past, security, compliance, and governance were managed in different policies, teams
and assessment procedures. Security teams are tasked with securing systems and information,
compliance teams are responsible for meeting regulatory and contractual obligations, and
governance teams are responsible for setting organizational authority and accountability [13]. While
every function is specific to a particular requirement, fully separating the functions can result in
duplicated controls, inconsistent risk assessments, lack of clarity of ownership, and mismatches
between documented requirements and operational practices. It is therefore necessary to establish
an integrated framework between technical controls and regulatory obligations as well as to
organisational decision making. The identity, access management, encryption and network security
controls, vulnerability management controls, secure development controls, logging and monitoring
controls, incident response controls and business continuity controls lessen exposure to cyber threats
and operational disruptions (Table 2) [14]. These controls need to be implemented in the
infrastructure, applications, interfaces, data repositories, and third party services in distributed
cloud architectures. Identity based security is especially important, when users, applications,
workloads and services are spread across a number of environments. Therefore, identifying,
privileging, device and access requests can be more effectively controlled through continuous
verification of identities, privileges, devices, and access requests. Governance sets the rights to make
decisions, who takes risk and what happens when things go wrong, who watches, what happens if
they do, who is held accountable, and how (Figure 1) [15]. The alignment of information technology
processes with organisational goals can be achieved with the support of ITIL and COBIT
frameworks; the management of information security and risk with the support of ISO based
management systems. These frameworks should not be applied in the form of a list of requirements.
They are more meaningful if they relate to overlapping controls and responsibilities that span
multiple frameworks, such as where a single operational control can meet multiple security,
compliance and governance goals.
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Figure 1. The Importance of Al Data Governance in Large Language Models [39]
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Table 2. Principal standards and regulatory instruments and their contribution to

accountability.
Instrument Primary focus Contribution to Limitation References
accountability
ISO/IEC 27001 Information Formal risk treatment, Scope is set by the [17]
security defined responsibilities, organization, so Al
management internal audit, and specific risks may
system management review fall outside it
NIST Outcome based Govern function ties Voluntary, anddoes [7]
Cybersecurity cybersecurity risk security to strategy, not prescribe
Framework 2.0 management roles, and oversight evidence formats
NIST AI Risk Trustworthy AI Govern, Map, Measure, Voluntary, and [6]
Management risk management and Manage functions needs adaptation to
Framework across the lifecycle that link context to sector and system
action
ISO/IEC 42001 Al management Auditable cycle of Certifies the [18]
system policy, roles, impact management
assessment, and system, not the
improvement behavior of each
model
EU AT Act Legal obligations Mandatory Phased application [8]
for high risk Al documentation, logging, and evolving
human oversight, and guidance
post market monitoring
GDPR Personal data Duty to demonstrate Not designed to [9]
protection compliance and to assess  govern model
impact where risk is behavior = beyond
high personal data
DORA Operational Third party registers, Sector specific [13]
resilience of incident reporting, and

financial entities

exit planning

Governance Metrics, Thresholds, and Operational Evidence

Measurable evidence is essential for effective governance as it allows the security performance,
compliance status, operational resilience and risk exposure to be evaluated. Policies and governance
frameworks set expectations; the effectiveness of policies can only be demonstrated through more
than just documentation. In the Al enabled and cloud driven ecosystem, governance needs to be
backed by measurable indicators, defined thresholds, ongoing monitoring, and evidence of
operations [16]. These mechanisms can be used to see if the organization's existing controls are
operating as designed, and if there are new risks that need to be addressed. Governance metrics
should be directly linked to organizational goals and known risks. Standard security metrics can
involve the number of vulnerabilities that have not been resolved, violations involving privileged
access, security incidents, patching performance, failures in authentication and the mean time to
detect and respond to incidents [17]. For cloud environments, there are more configurations to
monitor, services to keep available, backups to check integrity, data that should be exposed and
checked, identity permissions that should be monitored, and third party dependencies to watch.
These measures serve as a quantitative measure of the control environment and enable changes in
risk exposure to be identified over time. One of the reasons thresholds are important is that they can
only be useful once acceptable levels of performance have been established beforehand. A threshold
may identify a point at which a condition needs to be explored, escalated, remediated or managed
[18]. For instance, a company could set thresholds for high-risk vulnerabilities, for too many
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privileged accounts, for extended outages of services, for missing security controls, for outstanding
compliance issues, or for outstanding findings. Thresholds should not be set at random but on a risk
basis. Depending on the type of data involved and the nature of the Al application, a low risk
operational deviation can be corrected routinely, while a control failure with sensitive data or a
critical Al application must be escalated immediately [19]. Some governance metrics are added to
the traditional cybersecurity metrics for Al systems. Evidence of the ability of an Al system to
continue functioning within approved conditions is provided by model performance, prediction
errors, data quality, drift, abnormal input patterns, explainability measures, human override
frequency and monitoring coverage. Depending on the system purpose and risk, the appropriate
metrics are determined. A model for low impact automation can have a different set of monitoring
requirements than one that's involved in financial, employment, healthcare, etc. decisions that have
consequences [20]. The criteria for acceptance should thus be described in measurable terms in
advance of deployment and monitored during the lifespan of the model. Finally, governance
maturity is about the potential for measurable information to enable accountable decisions. Metrics
are used to gain visibility, thresholds define conditions for action and operational evidence shows
that the control/operational responsibilities are actually in place and working [21]. These should run
alongside, not just be part of periodic audits, in Al-enabled and cloud-driven ecosystems. An
evidence based approach enhances transparency, allows for intervention at an earlier stage of the
risks, and provides a defensible record of implemented and monitored security, compliance and
governance decisions.

Accountability Artifacts and Traceability

In an Al enabled and cloud based ecosystem, accountability relies on the ability to prove where
the decision was made, what types of controls were used, what was known to make the decision and
what measures were used to track the results of the action. While accountability is important, it can
only take meaning when the responsibilities it entails can be worked out through a reliable record
[22]. Accountability artifacts are then used as documentary and technical evidence for linking
governance requirements with operational activities. They serve as a foundation for internal checks
and controls, regulatory compliance evaluation, incident analysis, and organizational learning. A
special characteristic of cloud environments is the distribution of responsibility over a number of
organizational and technical layers, which makes traceability an especially relevant issue [23]. Cloud
infrastructure, managed databases, external APIs, identity providers, software libraries and third
party applications may all be used in a single service. Relevant evidence may then be spread out in
various systems and organizations upon an incident. Centralized asset inventories, dependency
records, logging mechanisms and contractual documentation can aid in determining which
component was involved and which party was responsible for the control in that component. The
outputs of Al systems that can change due to the data, model versions, prompts, configurations,
processing pipelines, and deployment environments add extra levels of traceability requirements
[24]. Records should thus document relevant phases in the Al lifecycle, such as data provenance,
versions of datasets, development of the Al models, results of validation, approvals for deployment,
changes to the configuration, results of monitoring, and major interventions. Version control is
especially crucial since an application can give different results when it has been updated due to
changes in the model, data, prompt structure, or supporting service [25].

Challenges and Governance Practices

Governance of Al enabled and cloud-driven ecosystems is complex due to scale,
interdependence, and constant change of modern digital environments. With an active business
continuity plan, organizations have to ensure there is a parallel alignment of security controls,
regulatory requirements, technological change, third party relationships and accountability
mechanisms. Traditional governance models tend to assume fairly stable governance arrangements
that have well-defined governance structures [26]. Cloud services and Al applications push the
boundaries of these assumptions due to the constant shift in infrastructure, data, applications, and
responsibilities. Good governance is thus dependent on adaptive practices that allow governance to
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remain effective while not unnecessarily hampering the actions of technology (Figure 2). Another
major hurdle is the complexity of regulations. There can be variation between jurisdictions regarding
data protection, cyber security, Al application, records retention and third party management. To
have good governance practices, there should be constant regulatory monitoring, mapping of
regulatory requirements, policy review and reassessment of controls [27]. Regulatory requirements
should not be treated as a 'check and check' audit exercise but be built in to the design, procurement,
development, deployment and monitoring of the system. Cloud and Al ecosystems often rely on
third-party software libraries, application programming interfaces (APIs), infrastructure providers,
data sources, and specialized services. Finally, good governance requires balance between control
and flexibility. Too many steps could also stifle innovation and foster informal arrangements, while
inadequate regulation can leave significant risks uncovered [28]. Organizations can enhance
accountability using risk based oversight, well-defined responsibilities, continuous assurance,
documented evidence, and structured processes for improvement, and allow Al and cloud
technologies to mature in a controlled environment.

Polycentric
Governance

Liability
Safe-Harbor

Local Al
Governance
Ecosystem

Ethi;

Participatory
Governance

Figure 2. Multilayered proposals for addressing the challenges of local Al governance [40]

Discussion

As Al and cloud computing are integrated into business operations, the shift from traditional
risk management to holistic security, compliance, and governance has gained even more
significance. In the previous sections, it has been shown that the understanding of risk in these
environments cannot be grasped in isolation as a technical issue. Technical failures in Al systems,
cloud infrastructure, data platforms, applications, and third-party services can have operational,
regulatory, financial, and accountability impact on each other [29]. A coordinated approach, where
security controls and compliance requirements, organizational responsibilities, measurable
performance indicators, and operational evidence are all linked throughout the entire system
lifecycle, is the most effective approach to governance. One of the central questions is who bears
responsibility for the redistribution of responsibilities of cloud computing. In most traditional
information technology infrastructures, organizations had more direct control over physical
infrastructure, applications, networks, and data [30]. In the cloud driven environments, these
functions are spread across cloud providers, customers, software vendors, managed service
providers and other external parties. Shared responsibility model offers a framework for technical
responsibility but not overall responsibility. The cloud provider is responsible for providing the
underlying infrastructure, the customer is responsible for identity management, data protection,
application configuration and the appropriate use of the service [31]. As a result, individual controls
can be decentralized, and accountability for results are held within the organization. As cloud
architectures become more complex, this difference is more significant. Multi cloud or hybrid
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environments can include multiple providers, external APIs, managed databases, identity platforms,
software services and Al elements. Data may span several systems and locations, and applications
may rely on services provided by different organizations. Even though it is a shared responsibility
model, there may be an accountability gap when there is no explicit accountability matrix,
contractual requirement, escalation process, and ownership structure [32]. With Al, this problem is
exacerbated as responsibility is spread throughout the entire Al lifecycle. The behavior of an Al
enabled application can be affected by data providers, model developers, cloud infrastructure
providers, application developers, system owners and end users. The model output may be
unexpected due to training data, model design, deployment configuration, changes in operating
environment or due to the misuses [33]. As a result, it is not sufficient to determine the source of the
error at a technical level in order to determine accountability. Governance should also define who
approved the system, who validated its performance, who monitored it following deployment, and
who has the powers to alter and/or halt it. It involves lifecycle based accountability, not just the
deployment based responsibility. Conventional cybersecurity controls cannot cope with the new
governance demands that Al brings. Security mechanisms can be used to secure an Al system against
unauthorized access or malicious manipulation, but they will not answer questions regarding the
appropriateness, explainability, reliability or consistency of the system's output with respect to
organizational needs [34]. Data provenance, model validation and version control, performance
monitoring and human oversight and documentation are thus essential components of Al
governance. After deployment, model behavior should be monitored as input data, operating
conditions or supporting infrastructure can change over time resulting in changes in model
performance. The governance structure should also include conditions for reassessment, retraining,
restriction and suspension of a model. These frameworks can be assessed by using governance
metrics and thresholds [35]. Policies set expectations, measurable indicators show evidence of
whether expectations are being met. For cloud environments, this could be a critical vulnerability
that has not been resolved, a violation of privileged access, a configuration deviation, service
availability, backup performance, incident response times and compliance findings. Additional
model performance, data quality, drift, anomality, human override, and validation status
monitoring of Al systems are also possible [36]. The choice of metrics should be based on the risk of
a specific system and not solely on the ease in which they can be measured. One of the key things to
remember is that the thresholds are very important because only after a measurement is taken will
the need for action be determined. A governance threshold sets a condition that needs to be
investigated, escalated, remedied or managed in a governance review. This decreases the amount of
subjectivity following an incident has actually happened. Thresholds, however, should be risk based.
While a slight deviation in a low impact system might need a routine corrective measure, a similar
deviation with sensitive data or a crucial Al application could necessitate immediate action [37].
Therefore, thresholds should be sensitive to the potential consequences, sensitivity and operational
importance of the system being monitored. In general, an Al ecosystem and a cloud ecosystem
demand a change from traditional risk management to ongoing, evidence-based governance. The
goal is not just to identify the risks, but to put in place a means of accountability for the management
of the risk throughout the lifecycle of the system. Shared responsibility needs to be accompanied by
clear accountability, security and compliance structures need to be linked via common controls,
governance metrics need to be linked to risk based thresholds and operational evidence needs to be
used for decision making that will be verified [38].

4. Conclusion

Al enabled and cloud driven ecosystems require a governance approach that extends beyond
conventional risk management. Shared responsibility must be supported by clear accountability,
integrated security and compliance frameworks, measurable governance metrics, defined
thresholds, and reliable operational evidence. Traceable accountability artifacts can connect policies
and responsible parties across complex technology environments. Continuous monitoring, lifecycle
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based Al oversight, third party risk management, and evidence based assurance further strengthen
organizational resilience. Effective governance is therefore established not through isolated controls,
but through coordinated security, compliance, and accountability practices that enable organizations
to manage evolving technological risks while maintaining transparency and regulatory
responsibility.
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