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1. Introduction 
1.1. Background, Motivation, and Security Challenges 

Cloud-native computing has revolutionized the development and deployment of apps in the modern world with the help of 

microservices, containers, serverless architectures, APIs, and distributed cloud architectures. Conventional identity and access 

management (IAM) methods are becoming cumbersome in these environments, which are constantly evolving to accommodate new 

devices, services, resources and users. [1] Traditional security approaches tend to focus on a set of roles, allow specific permissions 

for those roles, enforce network boundaries, and review access periodically, which may not be sufficient to address dynamic security 

requirements. The Zero-Trust security model focuses on these shortcomings by removing implicit trust and mandating ongoing 

verification of access requests through identity, context, resource sensitivity and security posture. Cloud-native environments, 

however, present new problems such as too many privileges, improper credential usage, privilege escalation, rogue service-to-service 
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interactions, dormant accounts, orphaned identities, and inconsistent access controls and policies in hybrid and multi-cloud 

deployments. The proliferation of identities (human and machine) created by microservices, and dynamically deployed workloads, 

adds more layers to the identity governance challenge. So an adaptive and automated identity governance mechanism is needed to 

constantly assess identities, manage privileges, enforce access policies and react to evolving security circumstances. 

 

1.2. Research Problem, Objectives, and Contributions 

The research issue examined throughout this work is the need for an integrated and automated identity governance solution 

to continuously handle human and machine identities in the dynamic cloud-native environment with the ZT principles. Most of the 

current solutions do not integrate the management of authentication and authorization, identity lifecycle management, and access 

review, making it very difficult to offer consistent and seamless governance. This research aims to solve this issue by proposing a 

Zero-Trust Framework for Automated Identity Governance in Cloud-Native Applications, which combines continuous identity 

verification, risk-aware access evaluation, context-aware authorization, least-privilege enforcement, automated identity lifecycle 

management and policy-based remediation. The main goals are: continuously evaluate identity trust, dynamically decide on access 

rights, detect excessive and potentially risky access rights, automate identity provisioning and deprovisioning, and ensure security 

with minimal performance impact. The proposed framework's most significant benefit is a single architecture that can control all 

human and machine identities in microservices, containers, workloads, APIs and the cloud. The framework also introduces a set of 

metrics for evaluating the capabilities, such as authorization accuracy, rate of detection of unauthorized access, privilege reduction, 

latency of enforcing policies, and computational load, that support security. Operational metrics offer a scalable and adaptive basis 

for automated zero-trust identity governance in cloud-native applications. 

 

2. Related Work and Background 
2.1. Zero-Trust Security and Identity Access Management in Cloud Environments 

Zero-Trust security has become a significant security paradigm for safeguarding today's cloud and distributed computing 

environments, where implicit trust is eliminated and users, devices, applications, services, and workloads must be continually 

verified before granting access. [2] Contrary to perimeter-based security models, Zero Trust considers access requests based on 

identity, authentication status, posture of the devices, sensitivity of the resources, context and security policy. Cloud-native 

environments make use of Identity and Access Management (IAM) to establish the principles: authentication, authorization, role 

assignment, privilege management and identity lifecycle activities. The typical IAM systems that are in use today use role-based 

access control, attribute-based access control, policy-based authorization, or federated identity to control access to cloud resources. 

But the volatile nature of microservices, containers, APIs, service accounts and multi-cloud environments creates problems with 

maintaining consistent and continually up-to-date access policies. For this reason, IAM research efforts have grown to include Zero-

Trust concepts to deliver continuous authentication, the least-privilege access, context-aware authorization and adaptive security 

controls. The reason for this is that these advancements now provide the theoretical basis for implementing automated identity 

governance on cloud-native apps. 

 

2.2. Automated Identity Governance Approaches and Research Gap 

Table 1: Comparison of Existing Iam Approaches and the Proposed Zero-Trust Framework 

Approach 
Continuous 

Verification 

Risk-
Aware 
Access 

Least-Privilege 

Enforcement 

Automated 
Lifecycle 
Management 

Dynamic 
Policy 
Adaptation 

Automated 

Revocation 

Traditional IAM No Limited Partial Partial No Limited 

Role-Based 
Access Control 

(RBAC) 

No No Yes Partial No Limited 

Attribute-Based 
Access Control 
(ABAC) 

Partial Yes Yes Limited Yes Partial 

Conventional 

Identity 
Periodic Partial Yes Yes Limited Yes 
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Governance 

Zero-Trust 
Access Control 

Yes Yes Yes Partial Yes Yes 

Proposed 
Framework 

Yes Yes Yes Yes Yes Yes 

 

Extensions to conventional IAM include the systematic control of identity lifecycle management, access certification, privilege 

assignment, policy enforcement and compliance monitoring, with the objective of identity governance. Current automated solutions 

have added features to address identity provisioning, role mining, privilege analysis, access review, risk-based authorization, and 

automatic deprovisioning to help alleviate admin burden and enhance security. [3] Many current solutions, however, focus on static 

roles, access review schedules, or preconfigured policies and provide limited identity-management capabilities. With the fast 

deployment and deprovisioning of workloads, the massive number of machine identities, dynamic interactions between services, and 

distributed resource environments, identity governance must continuously adapt and evolve to meet the needs of cloud-native 

applications, rather than being assessed on a periodic basis. There is, therefore, an important research gap to define a unified 

framework that encompasses all the above aspects of Zero-Trust continuous verification, dynamic risk assessment, context-aware 

authorization, least-privilege enforcement, and automated identity lifecycle management under one governance. The proposed 

research will fill this gap and provide a framework designed specifically for cloud-native applications that adapts to evolving security 

requirements and continuously evaluates, automates, remediates, and measures security, while improving operational efficiency and 

effectiveness. 

 

3. Proposed Zero-Trust Identity Governance Framework 
3.1. Overall Framework Architecture 

The proposed Zero-Trust Identity Governance Framework offers a unified approach, architecture and design for continually 

managing and securing human and machine identities within cloud-native applications. It is made up of identity sources, an identity 

governance layer, a continuous trust evaluation engine, a policy decision component, policy enforcement points, cloud-native 

resources and a monitoring and auditing layer. [4] Identity data and context-specific security characteristics are gathered from users, 

service accounts, workloads, devices, applications and cloud resources and constantly analyzed to access the required level of access. 

An evaluation engine within the trust uses the identity's validity, authentication status, behavioral information, sensitivity of the 

resources being accessed, the context of the access, and the state of the security threat to evaluate the trust of the identity, and a 

policy decision component determines when an access request is allowed, limited, or denied. Then, decisions are enforced 

throughout APIs, microservices, containers, workloads and cloud services via policy enforcement mechanisms. The architecture also 

maintains information about monitoring and audit of identities, to facilitate identity reviews, compliance verification, threat 

detection and automated remediation. 

 

3.2. Identity Lifecycle Management 

Identity lifecycle management offers automated management of human and machine identities throughout their lifecycle from 

creation to termination. [5] The proposed framework handles the provisioning of identities, authentication registration, assignment 

of roles and privileges, modification of access rights, periodic validation, suspension and deprovisioning based on pre-defined 

security policies and contextual risk conditions. During provisioning, identities only have the minimum permissions that are needed 

to perform their authorized tasks, and as organizational roles, workload configurations, resource needs or security conditions 

change, the access to the identities is automatically reassessed. As cloud-native services are dynamically deployed, scaled or 

terminated, machine identities, such as service accounts and workload identities, are continuously monitored as their permissions 

can change. The framework identifies inactive, orphaned, duplicated or excessive privileges and takes necessary corrective action 

such as suspending access to accounts or privileges, or reducing privileges. This lifecycle automation feature will save you a lot of 

administrative work and the danger of stale identities and unnecessary permissions. 

 

3.3. Continuous Authentication and Authorization 

The framework provides continuous authentication and authorization to ensure that identity trust is ensured during access 

session and not just at the initial access event. Multiple contextual attributes, such as identity attributes, the strength of 

authentication, the security posture of the device or workload, the location of access, the resources requested, behavioral patterns, 
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and the risk level, are all taken into account to evaluate each access request. The framework is applied to such adaptive authorization 

decisions as granting regular access to a low risk request, and verifying, limiting, or denying access to suspicious or high risk 

requests. [6] If conditions for granting or revoking authorization exist, these are automatically changed as changes in security 

conditions take place, which means that authorization that has already been granted may be revoked or modified without having to 

undergo a periodic review. The method is based on the Zero Trust principle of constant verification and enables secure 

interconnections between the users, applications, microservices, APIs, and cloud resources. The framework's real-time contextual 

risk assessment and identity validation offer more adaptive protection against credential misuse, privilege escalation, unauthorized 

access, and compromised identities. 

 

 
Figure 1. Proposed Zero-Trust Identity Governance Framework  

 

3.4. Policy Enforcement and Access Governance 

Policy enforcement and access governance are the mechanisms that enable security controls to be enforced consistently within 

the cloud-native environment, [7] following an identity risk assessment and authorization decision. The proposed framework 

continues to have centralized governance policies that specify what authentication is required, least-privilege rules, role assignments, 

conditions of resource access, segregation of duties policies, and automated remediation policies. Consistent enforcement of policy 

across diverse infrastructure by distributing policy decisions to the appropriate enforcement points in the system, including API 

gateways, service meshes, application interfaces, workload boundaries, and cloud resource access layers. All the time the framework 

checks whether there are policy violations, excessive privileges, conflicting roles, abnormal access patterns etc. If a violation or 

elevated risk condition is identified, automated governance actions may include modifying privileges, requiring extra authentication, 

access restrictions and revoking permissions. Rigorous logging and auditing of identity interactions and policy decisions further 

enhance accountability, compliance evaluation, security surveillance and ongoing identity governance optimization. 

 

4. Automated Identity Governance Methodology 
4.1. Identity Risk Assessment 

Table 2. Identity Risk Factors and Governance Parameters 
Risk Factor Description Governance 

Parameter 

Impact on Access Decision 

Identity Validity Validity and status of the requesting 
identity 

Active/Inactive Invalid identity → Deny 

Authentication Strength of authentication Authentication level Weak authentication → 
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Strength mechanism Restrict 

Privilege Level Number and sensitivity of assigned 
permissions 

Privilege score Excessive privilege → Reduce 

Access Behavior Historical and current access 
patterns 

Behavioral deviation Abnormal behavior → 
Increase risk 

Resource Sensitivity Importance and sensitivity of 
requested resource 

Resource sensitivity 
level 

High sensitivity → Stronger 
verification 

Device/Workload 
Posture 

Security condition of device or 
workload 

Security posture score Poor posture → Restrict 

Access Context Location, time, request type, and 

environment 

Context risk Unusual context → Re-

evaluate 

Access Frequency Frequency of resource access Frequency threshold Abnormal frequency → 
Increase risk 

Policy Compliance Conformance with defined access 

policies 

Policy compliance 

status 

Violation → Remediation 

Overall Risk Score Combined identity and contextual 
risk 

Low/Medium/High Determines final authorization 

 

The proposed approach starts by continuously assessing if the identity is at risk or not, based on the level of security of each 

access request and identity in the cloud-native environment. [8] The framework captures context and identity-dependent data, such 

as authentication status, privileges assigned, access history, posture of devices or workloads, sensitivity of resources, location of 

requests, frequency of access, and behavioral characteristics. These characteristics are utilized to determine whether access patterns 

are abnormal, excessive privileges are being used, inactive accounts are existing, privilege elevation attempts are occurring, and 

perhaps even compromised identities are being used. Each identity and access request then gets a dynamic risk score depending on 

the aggregation of security attributes and environment. Low-risk identities operate and use authorized privileges without any extra 

checks, while elevated-risk identities receive extra verification, are denied access or are automatically remediated. Continuous risk 

assessment can help the framework adapt identity governance decisions to the shifting security landscape, as opposed to using a 

static set of identity attributes or periodic security review. 

 

4.2. Dynamic Access Policy Generation 

Dynamic access policy generation transforms the information about identity risk and contextual security requirements into 

suitable access control decisions. The methodology analyzes the identity that's requesting access, the resource requested, the current 

security context, the assigned role, the privilege requested, the sensitivity of the resource, and the calculated risk score to determine 

the minimum permissions needed to perform the requested operation. [9] The proposed mechanism is not only flexible enough to 

map pre-defined static policies but also dynamically adapt authorization conditions depending on the changes in the nature of the 

identities, their workload state, resource sensitivity and security posture. Operations, resources, authentication methods, session 

conditions and risk thresholds may be specified in the policy rules. If the risk assessed is above a predetermined threshold, the 

framework can produce policy that restricts the operation, force more authentication or block an operation altogether. This is an 

adaptive policy generation mechanism that allows for enforcing Zero-Trust principles across distributed cloud-native resources in a 

consistent manner and providing access on a least-privilege basis. 

 

4.3. Role and Privilege Optimization 

Role and privilege optimization is intended to keep unnecessary privileges to a minimum and to maximize privileges available 

to legitimate users, services and workloads to perform their authorized functions. The framework is used to analyze current roles, 

permission assignments, resource accesses, identity responsibilities, and history of access activities to uncover unnecessary, 

redundant, conflicting, and unused permissions. This analysis is used to adjust privileges to the principle of least privilege and role 

assignments may be changed if there is a change in identity responsibilities or operational requirements. Machine identities and 

service accounts are also considered to make sure that unnecessary permissions do not remain after modifications to a service or 

when the workload is terminated. Through the optimization process the effective permissions are continually compared to the 
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permissions required to access the resources, and if there are permissions that are too high to be necessary, then the process 

automatically reduces them or reassigns the role. It provides a way to minimise the attack surface of over-privileged identities and 

enhance the security and manageability of identity governance in general. 

 

4.4. Automated Access Revocation and Remediation 

Automate access revocation and remediation for identities and access requests that are at or above the acceptable risk 

threshold or violate security policies. [10] If the framework identifies suspicious activity, such as compromised credentials, abnormal 

activity, excessive privileges, inactive identities, policy violations, or risk of elevation of an identity, predefined remediation actions 

are automatically triggered without a manual process. The framework can take steps to temporarily limit access, limit privileges, re-

authenticate, suspend an identity, revoke specific permissions, or even deny access altogether, based on the severity of the condition 

detected. The remediation process is tightly coupled with the identity lifecycle and policy enforcement aspects – allowing for 

consistent remediation across users, service accounts, workloads, APIs and cloud resources. Audit logs are used for all revocation and 

remediation events to help with security investigations, policy compliance, and further policy refinement. This automated response 

capability can help the proposed framework to continue identity governance and quickly restrict the impact of potentially 

unauthorized or high-risk access. 

 

5. Zero-Trust Security Architecture for Cloud-Native Applications 
5.1. Microservices and Service Identity 

Cloud-native applications typically support microservice architectures, where application functionality is broken into a set of 

multiple services that are each independently deployable and communicate with each other via APIs and service-to-service interfaces. 

[11] This distributed design adds a massive amount of identities - users, service accounts, containers, workloads, and application 

components - that need to be securely authenticated and authorized. The proposed Zero-Trust architecture is to verify each identity 

and evaluate it before communication with another service or cloud resource can occur, which assigns a verifiable identity to each 

service and workload. Service identities are managed across their entire lifecycle, from registration to authentication and 

authorization, rotation and revocation, helping mitigate problems with bad credentials and unauthorized service interactions. To 

prevent services from automatically accepting services based on network location, mutual authentication mechanisms and identity-

aware communication controls are used. It's an identity model that's based on service and allows for fine-grained access control as 

well as secure communication in a dynamically changing microservice landscape. 

 

5.2. Continuous Trust Evaluation 

Continuous trust evaluation is one of the core elements of the proposed Zero-Trust architecture, and is necessary to ensure 

access decisions are responsive to changes in identity and security conditions. [12] The framework is not just a one-time 

authentication process, but it is a continuous assessment of trust based on identity attributes, authentication strength, device and 

workload posture, behavioral patterns, access history, requested resources, environmental context and more. All these attributes are 

evaluated to assess the current risk of an identity or access request. If the risk level changes, it may invoke adaptive security 

responses, including increased authentication, privilege de-escalation, temporary access suspension or full access denial. The 

continuous evaluation mechanism is used for both human and machine identities to identify abnormal activities and changing 

normal security conditions across distributed cloud-native services. This way, you can minimize static trust assumptions and offer 

adaptive protection from hacked credentials, unusual behavior, privilege abuse, and unauthorized access. 

 

5.3. Context-Aware Access Control 

Context-aware access control is an access control method which dynamically sets access permissions based on who is 

requesting the access and the circumstances of the access request. The proposed framework will consider contextual elements like 

risk score, location, access time, previous activity, authentication status, device or workload posture, resource sensitivity, user 

identity, or workload identity before granting permission. They are these attributes, along with organizational security policies and 

least-privilege requirements, that are used to decide access privileges – whether to grant, limit, or refuse access. For instance, an 

identity with valid credentials could be granted limited access if the identity's device or workload poses a higher security risk, or a 

sensitive resource could be restricted to more stringent authentication requirements or extra authorization requirements. Access 

privileges are continually reassessed based on context as that changes, and access can change within an active session. This 

mechanism allows for better control over who can access which content and will prevent any unauthorized access issues that could 

arise from static role assignments or permissions that were changed in the past. 
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5.4. Policy Enforcement across Cloud Resources 

Policy enforcement across cloud resources ensures that Zero-Trust identity and access decision is consistent across the 

distributed cloud-native infrastructure. [13] The proposed architecture will involve placing the policy enforcement mechanisms 

between the API gateways, service meshes, various cloud services, databases, storage, microservices, virtual resources, and the 

container platforms, to govern access based on centrally defined policies. The policy enforcement points get authorization decisions 

from the policy decision component and enforce the appropriate permissions on each access request. Policies govern requirements 

for authentication, authorization, least privilege, resource sensitivity, identity risk, service communication and access conditions, and 

continuous monitoring ensures the enforcement is consistent with the current security requirements. If an identity or workload is 

compromised or the risk to it increases, the enforcement layer can immediately limit or deny access to the identity and can begin 

automated remediation, all while adhering to the policies. It is a distributed, but centrally managed, enforcement model that delivers 

uniform security enforcement to both diverse cloud resources and a scalable, interoperable, auditable and continuously Zero-Trust 

environment. 

 

6. System Implementation and Experimental Setup 
6.1. Cloud-Native Test Environment and Experimental Configuration 

The proposed Zero-Trust Identity Governance Framework is tested in a sample cloud-native environment of microservices, 

APIs, service identities, user identities and cloud-based resources. [14] The experimental environment is designed to emulate realistic 

identity governance scenarios, ranging from user authentication, service-to-service interactions, access to resources, privilege 

assignment, policy evaluation to identity life cycles events. Multiple microservices and workload instances are deployed in order to 

represent dynamically changing cloud-native applications; identity and access policies are set up based on least privilege and Zero 

Trust principles. Environment includes identity management, policy decision making and enforcement, continual trust assessment, 

monitoring and audit logging. Experimental configurations are tested with different number of identities, access requests, resources 

and rules of the policy to study the scalability and operational behavior of the proposed framework with various workloads. 

 

6.2. Dataset and Identity Governance Scenarios 

A synthetic dataset of identity is built to mimic a variety of human and machine identity activities for cloud-native 

applications. The attributes of each record include various details including identity type, assigned role, requested resource, access 

operation, authentication status, resource sensitivity, contextual information, historical access behavior, privilege level, and 

associated risk condition. [15] The dataset contains both valid and malicious access scenarios that can be used to test the framework 

to see how well it can differentiate between normal use of identities and potentially risky activities. Common scenarios for identity 

governance involve automatically provisioning new users, modifying existing roles, escalating privileges, detecting excessive access, 

identifying inactive users, user service-identity access, abnormal requests for resources, policy violation detection, and automated 

access revocation. These scenarios allows for a systematic assessment of continuous authentication, risk assessment, dynamic 

authorization, privilege optimization and automated remediation in varying security scenarios. 

 

6.3. Performance and Security Metrics 

Security, identity governance and system performance metrics are used to assess the effectiveness of the proposed 

framework. Access-control accuracy, unauthorized-access detection rate, false-positive rate, false-negative rate, and successful policy 

enforcement rate are used to measure the effectiveness of the security components, while privilege reduction, excessive-permission 

detection, access revocation effectiveness and identity lifecycle management accuracy are used to measure the effectiveness of the 

identity governance components. [16] The performance of the system is measured at the policy level including policy decision 

latency, authentication and authorization response time, computational overhead, resource usage, and scalability with the number of 

identities and access requests. This is achieved by comparative experiments using a traditional approach to IDAM and comparing it 

to the proposed Zero-Trust approach, to assess whether the proposed Zero Trust approach offers measurable improvements in 

security and governance effectiveness while not creating undue operational burden. The composite metrics offer a holistic view of 

the framework's ability to offer risk-aware, continuous, automated identity governance in cloud-native environments. 
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7. Results and Performance Evaluation 
7.1. Security and Performance Evaluation Results 

Table 3. Security and Performance Evaluation Results 

Method 
Accuracy 
(%) 

Precision 
(%) 

Recall 
(%) 

F1-
Score 
(%) 

Unauthorized 
Access Detection 
(%) 

Policy 
Latency 
(ms) 

Privilege 
Reduction 
(%) 

Traditional IAM 89.20 87.60 84.90 86.23 84.70 42.50 18.40 

RBAC 91.40 90.10 88.30 89.19 87.90 38.70 25.60 

ABAC 93.10 92.40 91.20 91.80 90.80 45.30 31.70 

Conventional 
Identity 
Governance 

94.30 93.60 92.70 93.15 92.10 51.20 38.50 

Zero-Trust 
Access Control 

96.10 95.40 94.80 95.10 94.60 47.80 44.20 

Proposed 

Framework 
98.20 97.80 97.10 97.45 97.30 49.60 56.80 

 

 
Figure 2. Graphical Security and Performance Evaluation Results 

 

7.2. Identity Risk Detection and Access Control Performance 

The suggested framework is tested against various identity governance scenarios in the cloud environment with regards to its 

capability to accurately identify risky identities and take appropriate decisions as a result of access-control. [17] The evaluation takes 

into account both normal and unusual access attempts by users, service accounts, workloads, APIs, cloud resources. The performance 

of identity risk detection is evaluated in terms of the detection accuracy, detection precision, detection recall, F1-score, detection false 

positive rate, and detection false negative rate, and the performance of access control is evaluated in terms of the percentage of 

access control granted and denied requests. The results should be able to illustrate how the continuous identity and contextual 

analysis allows the framework to differentiate between legitimate activities and potentially unauthorized or high-risk activities. The 

flexible framework allows for dynamic access control based on the assessed risk, helping to minimize unintended and abnormally 

high levels of access while ensuring the availability of these services. The results demonstrate the value of continual risk assessment 

and adaptive authorization to support Zero-Trust identity governance. 

 

Accuracy (%) 
18% 

Precision (%) 
18% 

Recall (%) 
17% 

F1-Score (%) 
17% 

Unauthorized 
Access 

Detection (%) 
17% 

Policy 
Latency 

(ms) 
9% 

Privilege 
Reduction (%) 

4% 
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7.3. Security and Performance Analysis 

The security and performance analysis assesses the ability of the proposed framework to enhance identity governance without 

excessive computation and operation overheads. The measures to evaluate security effectiveness are unauthorized-access detection, 

privilege reduction, identification of policy violation, automatic access revocation, and least-privilege enforcement and the measures 

to evaluate the performance are policy decision latency, authentication and authorization response time, CPU utilization, memory 

consumption, and system overhead. To determine the scalability of the framework, the experimental results are analyzed as the 

number of identities, access requests, policies and cloud-native workloads increase. The successful implementation should ensure a 

high level of security effectiveness with acceptable authorization latency and resource usage. The analysis also explores how the 

framework reacts to varying conditions of identity risk, to see if access privileges can be dynamically adjusted or denied without 

having to impact on normal application operations greatly. 

 

7.4. Comparative Evaluation with Existing Approaches 

Based on shared security and performance metrics, the proposed Zero-Trust Identity Governance Framework is compared to 

the traditional IAM and existing approaches to identity governance. [18] The comparison is based on continuous authentication, 

dynamic risk assessment, context-aware authorization, least privilege enforcement, automated identity lifecycle management, access 

revocation, policy enforcement and system overhead. Traditional methods based mainly on static roles or pre-defined permissions, 

or through periodic access reviews, are likely to deliver less flexible responses to the new dynamics of the cloud-native identity. The 

proposed framework will show improvements in unauthorized access detection, reduction of privileges, effectiveness in enforcing 

policies, and automated remediation while keeping response latency and computational overhead within acceptable limits. 

Comparative results show practical benefits of incorporating Zero-Trust with automated identity governance and also that proposed 

framework is suitable for dynamically changing and scalable cloud-native application environments. 

 

8. Discussion 
8.1. Security Improvements and Practical Implications 

The proposed Zero-Trust Identity Governance Framework offers several security enhancements, constantly assessing identity 

trust, access context, privileges and security conditions throughout the identity lifecycle. Combining continuous authentication, risk-

aware authorization, least-privilege enforcement and automated access revocation can minimize the risks of over-granting access 

rights, unauthorized access, credential misuse and privilege escalation. The framework differs from traditional identity governance 

solutions, which may rely on predefined roles and frequent access evaluations, by making access decisions based on the dynamic 

nature of identities and environment. Such features are especially useful in situations where the user, workload, service and 

resources are often created, changed and deleted in cloud-native applications. The framework can help security administrators by 

decreasing the amount of manual identity-management tasks, ensuring consistency while enabling a more robust audit trail and 

quicker response to potentially threatening access events from a practical perspective. 

 

8.2. Scalability and Deployment Considerations 

A framework that will be capable of running in distributed cloud-native environments with many users, service identities, 

workloads, APIs, and cloud resources. It's built using a modular design that enables the deployment of various identity governance, 

trust evaluation, policy decision, policy enforcement, monitoring, and lifecycle management components independently and as 

needed. Nearby access decisions, with a centralized governance policy, can be made using distributed policy enforcement at the API 

gateway, service mesh, and workload level. But when deployed on a large scale, there are some potential policy evaluation latency, 

identity synchronization, monitoring volume, computational overheads, and interoperability issues with the use of heterogeneous 

cloud platforms. Optimized policy evaluation mechanisms, efficient identity stores, scalable monitoring infrastructure and 

standardized interfaces between identity providers and cloud services are all needed for effective deployment. This is a critical 

component of maintaining security effectiveness, while also ensuring that Zero-Trust governance doesn't have a negative impact on 

application availability or performance. 

 

8.3. Limitations and Future Research Challenges 

While the proposed framework offers an integrated solution to automated identity governance, there are some challenges and 

limitations. Risk-based decisions are accurate only when the governance system has relevant, complete and timely identity, 

contextual and behavioural information to inform such decisions. Bad risk assessment can lead to applying unnecessary restrictions 

to access or not detecting advanced anomalous activity. An increasing complexity of multi-cloud environments can also pose a 
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problem in maintaining consistent policies and identity information across security domains and platforms. Moreover, the 

complexity of the computational process for ongoing trust evaluation and for the real-time enforcement of the policies may increase 

with the number of identities and access requests. Looking forward, more effective risk analysis methods, scalable risk policy 

optimization, advanced behavioral analysis, privacy-preserving identity governance and automated policy adaptation should be 

explored in future research. The validation of the proposed framework would also be bolstered by further assessments with actual 

workloads in the cloud and in large deployment settings. 

 

9. Conclusion and Future Work 
9.1. Summary of Findings and Major Contributions 

To overcome this challenge, this paper proposed and presented the concept of Zero-Trust Framework for Automated Identity 

Governance in Cloud-Native Applications. The proposed framework combines continuous verification of identities, identity risk 

analysis, and contextual authorization, least privilege, automated identity lifecycle management, policy enforcement and access 

revocation into a single governance framework. The approach allows the constant monitoring of all identities, whether human or 

machine, and dynamically adjust access rights based on evolving security situations. The framework offers a structured way to 

reduce over-privileged access, identify potentially unauthorized access, align policies and automate cloud workload operations for 

microservices, workloads, APIs, and cloud resources. The core contribution is an integrated, adaptive identity governance 

architecture that puts Zero-Trust security principles in action, incorporates automated risk-aware identity management and sets 

measurable security and performance evaluation parameters. 

 

9.2. Limitations and Deployment Challenges 

Although the proposed framework has good features, it has some drawbacks which should be taken into consideration when 

implementing it in practice. The success of continuous identity risk assessment relies on the availability, accuracy, and quality of 

identity, contextual, behavioral and security information. The ongoing trust evaluation, real-time policy decisions, monitoring and 

frequent changes in identity lifecycle within large-scale cloud-native environments can also add to the overhead. Having the same 

identity policy in place on a range of heterogeneous multi-cloud and hybrid-cloud platforms can further complicate the deployment. 

Furthermore, misjudging the risk can lead to unnecessary access limitations or inappropriate access for decisions. The current 

evaluation method could also be based on simulated or synthetic identity governance scenarios, instead of large enterprise 

workloads. These constraints underscore the necessity of more testing in different operational scenarios as well as scalable policy 

management, efficient risk assessment, and identity-data integration. 

 

9.3. Future Research Directions 

Future research will be centered on the extension of the proposed framework with advanced adaptive intelligence, and large 

scale cloud-native validation. In order to enhance the identity anomaly detection, risk prediction, and dynamic privilege optimization, 

while minimizing false positive and false negative decisions, machine learning and behavioral analytics can be explored. 

Implementations in the future may also consider trust management for complex multi-cloud scenarios, automated policy 

optimization, decentralized identity mechanisms, and privacy-preserving identity governance. Scalability, latency, resource usage, 

and security effectiveness can be tested through extensive experiments with real-life workloads deployed in a cloud-native 

environment, under realistic conditions. Additional research could also explore how integration can be done with new technologies 

like confidential computing, workload identity systems, service meshes and automated compliance mechanisms. These directions can 

help increase the adaptability, scalability and utility of Zero-Trust identity governance for next generation cloud-native applications. 
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