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ABSTRACT 

The quick uptake of multi-cloud environments also made identity and access management far more complex, 

forcing the use of traditional periodic security evaluations to fall short of identifying the constantly shifting 

nature of identity-based attacks. Different types of user activity, authentication methods, privilege changes, 

hardware and software characteristics, and resource-access behaviors can differ among cloud platforms, leading 

to patchy security visibility and a higher likelihood of credential compromise, privilege abuse, and unauthorized 

access. In this paper, we suggest an identity risk assessment approach for multi-cloud environments, which 

includes collecting identity events, using behavioral profiling, analyzing context features, detecting anomalies, 

and dynamically scoring risk to continuously assess the security posture of users and entities in multi-cloud 

environments. The suggested solution continuously monitors events related to identity and creates risk scores 

that adapt to behavior deviations, access rights, authentication context and observed threat signs. Detection 

effectiveness, assessment latency, scalability and computational overhead during the evaluation of normal and 

anomalous identity activities are investigated in a multi-cloud experimental environment. The evaluation 

shows that the continuous risk assessment method can be more effective in detecting abnormal identity 

behaviors than traditional rule-based monitoring methods, and can achieve faster response times. The 

framework offers a single, flexible solution for enhanced identity security, risk-based access decisions and 

ongoing identity security monitoring in multi-cloud environments. 
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1. INTRODUCTION 

1.1. Background and Motivation 

Multi Cloud computing is a rapidly adopted approach that allows organizations to spread 

their application, data, and services across several cloud providers to promote scalability, flexibility, 

availability, and cost efficiency. The distributed nature makes identity and access management (IAM) 

much more complicated, though, because users, applications, service accounts, and workloads can 

interact with resources across different types of cloud environments that might have different 

authentication mechanisms, authorization models, policies, and monitoring capabilities. [1] The 

traditional identity management methods based on static permissions and periodic access reviews 

are proving to be less than effective in the dynamically shifting cloud world. Organizations need to 

have the ability to continuously assess identity risks, which can analyze authentication activity, 

access patterns, privilege changes, device activity, contextual data, and cross-cloud interactions in 

real time to detect any unusual identity activity and dynamically calculate the level of risk associated 

with each identity. 

 

1.2. Problem Statement and Research Challenges 

While cloud IAM and security monitoring has improved, there are several hurdles to keeping 

up a real-time view of multi-cloud environments. Rapidly changing threats could slip through the 

cracks between identity assessments, and disjointed IAM systems can result in inconsistent policies 

and isolated security observations from cloud provider to cloud provider. In addition, there is a risk 

for identity-based attacks when privilege accumulation, excessive permissions, compromised 

credentials, unusual authentication behaviors, unusual resource access and lateral movement across 

cloud boundaries can occur. The lack of a single and adaptive risk assessment system and the lack of 

correlation of identity events across cloud platforms creates challenges in being able to separate 

changes in behavior from potential malicious use. Thus, any good solution should be able to 

seamlessly correlate multiple identity signals, create behavioral thresholds, assess the risk in the 

context, and produce a risk score that can be customized on the fly to enable timely, risk-aware 

security decisions. 

 

1.3. Research Objectives and Contributions 

In this study, we want to build a continuous identity risk assessment framework for unified, 

adaptive, and real-time assessment of identity security in multi-cloud environments. The main goals 

are to consolidate heterogeneous identity and access events from various cloud services, build 

behavioral and contextual identity attributes, create dynamic identity profiles, identify anomalous 

activity and compute continuous risk scores based on the shifting security posture of users and 

entities. A key feature of this work is a multi-cloud identity data integration mechanism, a behavioral 

feature engineering approach to continuously monitor identities, a dynamic risk scoring model that 

integrates multiple identities-related risk indicators, and an adaptive risk-based decision mechanism 

for prioritizing suspicious identities and enabling security responses. The proposed framework is 
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then tested for effectiveness of detection, assessment latency, scalability and computational overhead 

for various identity activity and threat scenarios. 

 

2. BACKGROUND AND RELATED WORK 

2.1. Identity and Access Management in Multi-Cloud Environments 

Identity and Access Management (IAM) is one of the most essential aspects of cloud security 

that regulates access to cloud resources by means of authenticated identities, permissions, roles and 

organizational policies. Organizations typically rely on IAM services from platforms like Amazon 

Web Services (AWS), Microsoft Azure, and Google Cloud, in addition to enterprise identity providers 

and hybrid on-premises infrastructures, in multi-cloud environments. [2] While these platforms 

include features like role-based access control, federated authentication, privileged access 

management, and policy-based authorization, they have varying identity models, policy structures, 

logging mechanisms and access-control semantics, making centralized identity governance a 

challenge. While federated identity technologies can offer a single identity when accessing cloud-

based services, it is difficult to ensure consistency in privileges and security policies across the many 

different environments. Hence, a multi-cloud IAM solution must continuously correlate identity 

activities that span cloud boundaries, beyond using the access-control mechanisms provided by the 

cloud providers. 

 

2.2. Continuous Identity Monitoring and Risk Assessment 

Continuous identity monitoring is an extension of IAM that continually assesses identity-

related activity, instead of using periodic access reviews or static security policies. It analyzes 

authentication requests, session activity, privilege changes, access to resources, geographical location 

and device context, and other identity signals to detect changes in security posture of an entity. [3] 

Risk based approaches will give a dynamic risk score based on factors like unusual access patterns, 

extensions, abnormal logins, and excessive privileges, allowing security controls to adjust based on 

the risk. These methods foster Zero Trust principles by viewing identity trust as an ongoing process, 

not a fixed state. But to get a reliable continuous assessment in the multi-cloud world, a robust event 

correlation, context analytics, adaptive thresholds and scalable processing systems that can process 

high volume identity events from diverse sources is required. 

 

2.3. Anomaly Detection and Behavioral Analytics 

The use of machine-learning and behavioral analytics to detect anomalies in identification that 

might be harder to catch with preconfigured security rules has grown in importance. User and Entity 

Behavior Analytics (UEBA) methods create a baseline of authentication frequency, sequence of 

access, session length, resource activity, device attributes, and other contextual factors, and then any 

“out of the ordinary” activity is potentially identified as a security event. Anomaly-detection 

algorithms such as decision trees, clustering, isolation-based methods, autoencoders and others can 

assist in the detection of compromised accounts, privilege misuse, credential theft, and/or unusual 

access behavior; these methods utilize supervised, unsupervised, and semi-supervised learning 
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approaches. However, a behavioral model can face issues with rapidly changing cloud workloads, 

changing user behavior, imbalanced security data, false positives, and the need to continuously 

adjust to legitimate behavioural shifts. These become even more relevant if identity activities cross 

multiple cloud providers that have various event formats and operational characteristics. 

 

3. SYSTEM MODEL AND THREAT MODEL 

3.1. Multi-Cloud Identity Environment 

Multi-cloud identity environment studied in this research refers to the human identities, 

service accounts, applications, workloads and cloud resources spread across multiple cloud 

platforms. [4] Cloud environments are independent and have their own identity and access 

management infrastructure, such as an authentication service, roles, permissions, policies, and 

activity logs, and enterprise identities can be federated or hybrid. Applications, data, virtual 

machines, containers, and cloud services can be used on multiple platforms, resulting in a variety of 

authentication and authorization events. The proposed system thus treats all these entities and their 

interactions as a single identity ecosystem in which identity activities are continuously being 

gathered and correlated to provide a holistic perspective into cross-cloud access patterns and security 

risk. 

 

3.2. Identity Risk Factors 

Table 1: Multi-Cloud Identity Risk Factors 

Risk Category Risk Factor Example Indicator Potential Security 

Impact 

Authentication Failed Login Attempts Multiple consecutive failures Credential attack 

Authentication Unusual Login Time Login outside normal hours Account compromise 

Geographic Location Deviation Access from unfamiliar 

country/region 

Account takeover 

Device New Device First-time device used Unauthorized access 

Network Abnormal Network Unknown IP/VPN/network Suspicious activity 

Privilege Privilege Escalation Sudden increase in permissions Privilege abuse 

Resource 

Access 

Unusual Resource Usage Access to rarely used resources Data exposure 

Session Abnormal Session 

Duration 

Extended or unusual session Session hijacking 

Cross-Cloud Unusual Cloud Switching Unexpected access across providers Lateral movement 

Behavioral Activity Deviation Significant deviation from user 

profile 

Identity anomaly 

 

Multiple behavioral, contextual and privilege based indicators, which may indicate 

potentially malicious or abnormal activity, are used to determine identity risk. Unusual 

authentication attempts, repeated logins, access from a remote geographical location, major changes 

in the device or network, unusual logon periods, excessive privileges or privilege accumulation, 

modification of permissions, unusual patterns of access to resources, and unusual logon failures are 
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some of the key risk factors. [5] The use of highly privileged accounts combined with anomalous 

authentication or behavioral attributes can further heighten the risk of identity theft. The proposed 

framework continually analyzes these factors, and compares the activities taking place at a given time 

with the known profiles and security policies of users and entities in order to build a dynamic picture 

of the security posture of a given user or entity. 

 

3.3. Threat Model and Attack Scenarios 

The threat model assumes attackers who try to use an identity to gain access to resources that 

are spread across multiple cloud environments. Representative attack scenarios include credential 

compromise (via stolen passwords or stolen tokens), account takeover (upon successful unauthorized 

authentication), and privilege abuse (through inappropriate privilege changes by either a legitimate 

or compromised user). [6] The model also includes the scenario of lateral movement – an attacker 

who leverages a compromised identity to access other applications, services, or cloud resources from 

outside (or within) organizational networks and across cloud boundaries – as well as access from 

unusual devices, locations, networks or workloads. The proposed framework continuously analyzes 

these scenarios to detect unusual identities and then assigns risk levels to them, based on the 

deviations that occur in authentication, authorization, privilege, and resource-access behaviors. 

 

4. PROPOSED CONTINUOUS IDENTITY RISK ASSESSMENT FRAMEWORK 

 
Fig 1 – Proposed Continuous Identity Risk Assessment Framework 
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4.1. Identity Data Acquisition and Normalization 

The framework starts with the continuous collection of diverse identity/access information 

from various cloud environments, such as authentication records, authentication events, session data, 

device information, network context, privilege changes, and any activity of cloud resources accessed 

by a user. [7] Cloud IAM services, security logs, identity providers, application interfaces, and cloud 

monitoring APIs are all sources of data collected and then converted to a common representation to 

handle variations in event format, event timing, identifier of the identity, and provider-specific 

attributes. The normalization process eliminates duplicate and inconsistent records, harmonizes 

temporal data, defines equivalent identity activities to common categories of events, and relates 

events to users, service accounts, applications, and workloads. The stream of identity events is a 

consolidated identity stream that serves as the basis for ongoing cross-cloud behavioral analysis and 

risk assessment. 

 

4.2. Identity Feature Engineering and Behavioral Profiling 

After data normalization, the system extracts behavioral features and contextual features of 

individual identities and entities that are indicative of their normal and abnormal behavior. [8] They 

range from authentication frequency, failed-login rate, login time, geographic variation, device 

changes, network characteristics, session duration, resource-access frequency, privilege levels, 

permission modifications, to cross-cloud access patterns. Historical identity activities are leveraged to 

build behavioral profiles that are expected access characteristics for users, service accounts and 

workloads, with contextual features to give more context to differentiate between the legitimate and 

potentially malicious access. As a new identity event comes in, the resulting feature vectors are 

continually updated to reflect the evolving operational behaviour, so that the framework can evolve 

identity profiles without using only static access rules. 

 

4.3. Continuous Risk Scoring and Assessment 

The framework constantly generates a risk score for identity based on behavioral deviations, 

authentication anomalies, privilege related indicators, contextual conditions and risks of accessing 

resources, and it unites them with a single score. The risk score for an identity at some time u  at time 

t, 𝑅𝑢,𝑡 =  ∑ 𝑤𝑖 𝑓𝑖𝑛
𝑖=1  (𝑢, 𝑡) may be expressed as being a normalized risk feature and each being a 

corresponding importance weight. The individual risk elements are combined and standardised to 

create a dynamic score and identities can then shift from one risk to another risk level as they 

progress through their activities. Historical risk states can also be added to account for persistent or 

escalating suspicious activity, which can help differentiate between isolated deviations and sustained 

identity threats, and give an ongoing representation of identity security posture.  

 

4.4. Adaptive Risk-Based Decision and Response 

The final layer applies adaptive security decisions based on continually updated identity risk 

scores and organizational policies and risk thresholds. [9] Low-risk activities proceed as usual; 

moderate-risk activities may require further authentication or increased monitoring; high-risk 
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activities may lead to suspension of privileges or blocking access to the system, and critical-risk 

activities may be the impetus for terminating the session, suspension of the account, or triggering 

security alerts for further investigation. The response mechanism should also take into account the 

type of resource being accessed, whether an identity is privileged or not, whether there are attack 

indicators, as well as the severity and persistence of observed anomalies, rather than only a single 

risk threshold. This adaptive approach allows for a security control to adaptively move in step with 

the evolving identity risk, and facilitates ongoing enforcement of risk-aware access policies 

throughout diverse multi-cloud environments. 

 

5. INTELLIGENT IDENTITY RISK ASSESSMENT MODEL 

5.1. User and Entity Behavioral Modeling 

The proposed model continuously learns historical identity and access patterns to build 

individual behavioral profiles of human users, service accounts, applications and cloud workloads. 

These characteristics involve authentication frequency, login time, source location, device attributes 

and network, session duration, accessed resources, privilege usage, and cross-cloud interaction 

patterns. [10] The behavioural profile is the behaviour profile of what is expected from each identity 

and is continually updated as events occur. The deviations from these profiles are then fed into the 

anomaly detection and risk assessment modules, allowing the framework to identify any anomalies 

between the two that may be considered suspicious identity behaviors. 

 

5.2. Anomaly Detection Model 

The anomaly detection component compares the behavior and contextual feature vectors 

created from continuous identity events against the identity profiles to determine if there are 

activities that are significantly different from the identity profiles. There are two approaches to this: 

statistical deviation analysis and machine-learning based anomaly detection can both be used to 

detect simple deviations in behavior, and complex relationships between authentication, privilege, 

device, network, and resource-access features. [11] The model generates an anomaly score that 

indicates how different and observed event or sequence is from the normal, and the contextual 

information helps lower false positive rates from normal events changing for a user and/or user's 

activity. Detected anomalies are passed on to the risk-scoring component which uses the other 

identity-risk attributes to arrive at the overall risk level of the entity in question. 

 

5.3. Risk Classification and Decision Thresholds 

The continuous risk score is translated into a pre-defined security category, to enable 

consistent and adaptive decision making. Low Risk (0-24) refers to normal identity activity, which 

should be monitored as usual; Medium Risk (25-49) to identity activity that should be monitored 

and/or additional authentication measures should be taken; High Risk (50-74) to suspicious activity 

that may warrant privilege restriction or access control intervention; and Critical Risk (75-100) to 

severe identity activity which can warrant immediate session termination, account isolation or 

security-team notification. These thresholds are not set as a universal value but as per the security 
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policies of an organization and risk appetite. The classification process thus enables to map 

constantly fluctuating risk scores into proportionate Security responses, yet still protect each 

environment, regardless of its diversity and its presence in multiple clouds. 

 

6. MULTI-CLOUD ARCHITECTURE AND IMPLEMENTATION 

 
Fig 2 - Multi-Cloud Architecture and Implementation 

 

6.1. Cloud Identity Integration Layer 

The cloud identity integration layer enables developers to gather identity and access data 

from cloud service providers across a variety of cloud service providers, such as AWS, Microsoft 

Azure, Google Cloud, and hybrid environments. [12] The layer includes provider-specific IAM 

services, identity providers, authentication systems, authorization policies, and security-monitoring 

interfaces via uniform interfaces, APIs, and connectors. It represents provider-specific identities, 

roles, permissions, resources and activities into a common identity representation and maintains 

important contextual information needed for risk analysis. This integration allows the proposed 

framework to keep track of events across multiple cloud environments while being able to correlate 

events that belong to the same user, service account, application and/or workload on different 

platforms. 
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6.2. Real-Time Identity Event Processing 

The real-time identity event processing layer always receives events such as authentication 

events, authorization events, session events, privilege events, device events, network events and 

resource-access events from the integrated cloud environments. [13] They are added to a streaming 

pipeline and validated, timestamped, normalized, enriched with context, and correlated based on 

identity, session, resource and time. Behavioral features and anomaly indicators can then be 

calculated with stream-processing mechanisms without having to wait for the long processing times 

of a batch. It is designed as an architecture that enables the continuous analysis of the newly created 

identity activities and identification of suspicious sequences, repeated authentication failures, 

privilege changes and unusual cross-cloud access patterns with low processing latency. 

 

6.3. Risk Assessment and Policy Enforcement Layer 

The risk assessment and policy enforcement layer converts processed identity events into 

security decisions, and includes indicators of anomalies. The continuous risk assessment model 

calculates a new risk score for every identity and applies this to security policies and pre-defined risk 

categories in the organization. The enforcement mechanism can include further authentication, more 

monitoring, tighter privileges, denied access to a particular resource, session termination, isolation of 

compromised identities or alerts for security operations teams, depending on the risk assessment. 

The layer makes these decisions with APIs or policy interfaces available to cloud IAM systems, policy 

engines, security information and event management platforms and other security controls, helping 

to enforce access in a risk-aware and adaptive way across multi-cloud environments. 

 

6.4. Implementation Environment 

A distributed cloud-native infrastructure including cloud IAM APIs, the event-streaming 

services, real-time processing engines, machine-learning components, centralized data storage, and 

policy-enforcement interfaces can be used to implement the proposed framework. [14] An example 

actual implementation could use Kafka to stream identity events, Apache Spark to process events 

and calculate features on the distributed side, Python-based machine-learning components for 

modeling user behavior and anomaly detection, REST APIs for integrating with the cloud, and 

Docker and Kubernetes for scalable deployment. The experimental data sets should include a 

representation of both normal and abnormal identity activities that include authentication, privilege 

changes, location and device differences, and the way resources are accessed over multiple cloud 

platforms. The implementation should be tested in a controlled environment, with different loads 

and event counts, to determine the effectiveness of the detection, latency for risk assessment, 

scalability, CPU load, memory load and total load. 

 

7. EXPERIMENTAL METHODOLOGY 

7.1. Dataset and Experimental Scenarios 

The experimental data are intended to mimic identity and access activity from users, service 

accounts, applications and workloads across a variety of cloud environments. [15] The dataset 
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includes normal authentication and authorization events and simulated or labeled anomalous events 

such as repeated failed logins, geographic locations that are unusual, changing devices, privilege 

escalation, excessive resource access, compromise of credentials, account takeover, and cross-cloud 

lateral movement. There are relevant attributes recorded for each event: identity identifier, time, 

authentication type, location of the thing accessed, device details, accessed resource, privilege level, 

session information and the cloud provider. The experimental scenarios are grouped into two cases: 

normal-operation and attack-operation cases, to see if the proposed framework can be able to 

continuously differentiate a legal identity behavior from potentially malicious activities. 

 

7.2. Experimental Configuration 

The experimental environment comprises of various AWS, Microsoft Azure and Google 

Cloud multi-cloud workloads along with identity events generated at different workload intensities 

to assess the effectiveness of detection as well as scalability. The test environment consists of the 

identity integration layer, real-time event-processing pipeline, feature-engineering module, 

behavioral profiling component, anomaly detection model, and dynamic risk-scoring engine and the 

policy-enforcement mechanism. Experiments can be performed with varying event rates (1,000, 5,000, 

10,000, 25,000 and 50,000 identity events per second) and all other model and infrastructure 

configurations remain constant for comparative testing. Such containerized services and distributed 

processing components are deployed to offer a reproducible environment where the proposed 

approach can be tested under normal, abnormal and higher load conditions. 

 

7.3. Evaluation Metrics 

This proposed framework is tested on classification, detection, risk-assessment, and 

computational-performance metrics to comprehensively assess its effectiveness. [16] The accuracy, 

precision, recall, F1-score, and ROC-AUC quantify the performance of the model at correctly 

identifying anomalous identity activities, whereas false-positive rate quantifies how often identity 

activities that are not anomalous are classified as threats. Detection latency and risk assessment time 

measure the responsiveness of continuous assessment pipeline from event arrival to risk 

determination. Furthermore, the memory utilization and CPU utilization metrics are captured to 

quantify the computational overhead added in by the continuous identity monitoring and risk 

analysis. All these metrics measure the quality of detection, responsiveness, scalability and resource 

use efficiency. 

 

7.4. Baseline Methods 

Representative baseline approaches are compared against the proposed framework to gauge 

the benefits of continuous and adaptive identity risk assessment. The first baseline is defined by the 

use of traditional IAM monitoring: the identity activity is mostly based on a static access policy and 

regular security audits. [17] The second baseline uses the rule-based approach for anomaly detection 

that looks for suspicious authentication and access events using predefined thresholds and security 

rules. A third baseline consists of a standard machine learning anomaly detection without the 
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proposed continuous multi-cloud risk aggregation and adaptive response mechanisms. A consistent 

set of datasets, attack scenarios, workloads and performance metrics are used to evaluate all 

approaches, allowing detection effectiveness, false-positive behavior, response latency, scalability 

and computational overhead to be compared. 

 

8. RESULTS AND PERFORMANCE EVALUATION 

8.1. Identity Anomaly Detection Performance 

To assess the effectiveness of the proposed framework in detecting anomalous identity 

activity, the performance of the identity anomaly detection is measured in terms of accuracy, 

precision, recall, F1 score and ROC-AUC. [18] It takes into account a variety of attack scenarios such 

as credential compromise, account takeover, privilege escalation, geo-locations that are unusual, 

abnormal authentication patterns and unauthorized use of resources in a multitude of cloud 

environments. Precision is the percentage of correct rejections (TNs) and recall is the percentage of 

correct detections (TPs). The F1 score gives a balanced estimate for precision and recall and ROC-

AUC evaluates the ability of the detection model to discriminate over various decision thresholds. 

 

Table 2: Identity Risk Detection Performance Comparison 

Metric Conventional IAM 

Monitoring 

Rule-Based 

Detection 

ML-Based Anomaly 

Detection 

Proposed 

Framework 

Accuracy (%) 78.4 84.7 91.2 95.8 

Precision (%) 74.9 81.6 89.5 94.7 

Recall (%) 71.8 79.8 90.1 95.2 

F1-Score (%) 73.3 80.7 89.8 94.9 

ROC-AUC (%) 76.5 83.9 92.4 97.1 

False-Positive 

Rate (%) 

11.6 8.9 6.3 3.8 

 

8.2. Continuous Risk Assessment Performance 

The ongoing risk assessment performance is measured based on dynamic risk scoring 

accuracy and responsiveness during identity sessions and access actions. As authentication, 

behavioral, privilege, device, network, and resource-access events are received, the framework is 

continually updated to detect changes in identity risk, rather than relying on periodic evaluations. 

The evaluation includes risk-scoring accuracy, detection time, risk assessment time, and response 

effectiveness for various threat conditions. The results reveal if the proposed approach can quickly 

detect growing identity risk and trigger proper security measures such as: more authentication, 

access restriction, access denial or session termination. 

 

8.3. Scalability and Real-Time Performance 

To test the scalability and real-time capabilities of the proposed framework, the number of 

identity events processed by the system is gradually increased. Under increasing workloads, 1,000, 

5,000, 10,000, 25,000 and 50,000 events/s are considered for throughput, detection latency and risk 
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assessment time analysis. The analysis measures the consistency of the performance of the event-

processing, behavioral profiling, anomaly detection and risk-scoring features in multiple cloud 

environments as identity-event volume grows. A scalable implementation is expected to maintain 

high event processing speed, low detection latency and timely risk decisions for continued 

monitoring of multi-cloud identities. 

 

8.4. Resource Utilization and Overhead 

The utilization of resources is measured during constant identity monitoring and risk 

assessment by CPU utilization, memory utilization, processing time and infrastructure overhead. The 

usage of CPU and memory resources is captured across various event workloads to measure the 

compute needs for event normalization, feature extraction, behavioral analysis, anomaly detection 

and dynamic risk scoring. The processing time is defined as time spent between ingestion of the 

events and the generation of risk-scores and security decision, and infrastructure overhead quantifies 

the extra resource needed over a baseline IAM monitoring process. The outcomes are then evaluated 

to ensure that the proposed framework will yield better security monitoring and detection 

capabilities, while not adding too much computational and operational burden. 

 

Table 3: Identity Risk Assessment Performance and Resource Utilization 

Metric Conventional IAM 

Monitoring 

Rule-Based 

Detection 

ML-Based Anomaly 

Detection 

Proposed 

Framework 

Detection Latency 

(ms) 

820 460 285 165 

Risk Assessment 

Time (ms) 

760 410 240 135 

CPU Utilization (%) 38.5 44.2 56.8 61.4 

Memory Utilization 

(%) 

42.7 48.6 62.5 68.3 

 

9. DISCUSSION 

9.1. Analysis of Key Findings 

The experimental results show that the proposed continuous identity risk assessment 

framework can enhance the identification and prioritization of anomalous activities in the 

heterogeneous multi-cloud environment. A higher precision, recall, F1-score, and ROC-AUC shows 

that it can identify abnormal identity behavior, with minimal false-positive alerts, and a continuous 

risk score allows security teams to detect changes in identity risk faster than periodic IAM 

assessments. The results presented above further underscore the feasibility of the framework to 

continuously monitor distributed cloud identities by enabling real-time processing and dynamic risk 

evaluation to achieve effective detection with acceptable latency, while the event workloads increase. 
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9.2. Comparison With Existing Approaches 

The proposed framework offers a more comprehensive approach to correlating the identity 

behavior, the contextual risk factors, and the cross-cloud activities, as compared to the conventional 

IAM monitoring, static rule-based detection, and standalone anomaly-detection approaches. 

Proposed approach continuously integrates authentication behaviour, device context, network 

context, usage of privileges, resource access patterns and anomaly indicators to calculate a dynamic 

risk score, whereas conventional approaches are based on defined privileges or isolated events. This 

allows for more adaptive security decisions, and can enhance detection responsiveness, lower 

reliance on static thresholds and offer a shared risk view across multiple cloud providers. 

 

9.3. Security and Operational Implications 

By continuously questioning identity behavior, the proposed framework makes a strong 

statement of Zero Trust security and multi-cloud IAM governance, distinct from just initial 

authentication or periodic access review. Dynamic risk scores can help leverage step-up 

authentication, privilege restriction, access denial, session termination, and increased monitoring for 

security operations teams to better address compromised credentials, privilege misuse, and unusual 

cross-cloud actions. A similar approach can improve IAM governance by delivering the visibility of 

identity behavior at all times and helping with risk-based access control in the distributed cloud. 

 

10. CONCLUSION AND FUTURE WORK 

10.1. Conclusion 

The proposed continuous identity risk assessment framework offers an integrated solution for 

monitoring and evaluating identity activity in multi-cloud environments comprising of many 

different clouds. The framework incorporates identity-event normalization, behavioral profiling, 

anomaly detection, dynamic risk scoring, and adaptive security decisions to make continuous 

identification of abnormal authentication, privilege, device, network, and resource-access behaviors 

possible. The experimental methodology validates the effectiveness of detection, the responsiveness 

of risk-assessment process, scalability and computation overhead to show that continuous risk-based 

monitoring can bolster traditional IAM processes and help enable more agile multi-cloud security 

operations. 

 

10.2. Future Research Directions 

The framework can be extended in the future by adaptive learning, enabling the automatic 

evolution of behavioral models and risk thresholds with the evolution of identity patterns and attack 

techniques. Federated identity analytics can also be useful for cross-cloud behavioral analysis and 

limit the need to concentrate on sensitive identity data in the cloud, while explainable AI can help 

security analysts understand the "how" behind any anomalous classifications and risk scores. 

Moreover, the capability of autonomously altering privileges, that of forcing step-up authentication, 

of isolating compromised identities, and of shutting down high-risk sessions with minimal human 

input can be explored. 
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