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Abstract: The rapid adoption of multi-cloud environments has transformed modern computing by enabling flexibility, scalability, and 

vendor independence. However, distributing workloads across multiple cloud service providers introduces complex security challenges 

related to data confidentiality, access control, interoperability, compliance, and monitoring. This survey paper reviews major security risks 

associated with multi-cloud deployments and analyzes current mitigation strategies including encryption techniques, identity management 

frameworks, secure orchestration, and AI-driven threat detection. The paper also highlights emerging research directions such as zero-

trust architectures and privacy-preserving computation. The study aims to provide researchers and practitioners with a consolidated 

understanding of security challenges and practical solutions for securing multi-cloud infrastructures. 
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1. Introduction  
 

Cloud computing has rapidly evolved from traditional single-

provider deployment models to multi-cloud environments, 

where organizations utilize services from multiple cloud 

vendors simultaneously to improve reliability, enhance 

flexibility, and reduce dependency on a single provider 

[1],[3]. This paradigm enables enterprises to select best-fit 

services across platforms, optimize operational costs, and 

ensure higher availability through workload distribution and 

redundancy [5]. As a result, multi-cloud adoption has become 

a strategic priority for modern data-driven organizations and 

large-scale distributed applications. 

 

Despite these advantages, multi-cloud environments introduce 

significant security challenges due to heterogeneous 

infrastructures, diverse service interfaces, and geographically 

distributed data storage [6]. Managing security policies 

consistently across multiple providers becomes complex, 

increasing the risk of misconfigurations, unauthorized access, 

and compliance violations [2]. Furthermore, the absence of 

unified monitoring mechanisms and standardized identity 

management frameworks makes it difficult to maintain 

centralized visibility and control over cloud resources [15]. 

 

Security threats in multi-cloud systems primarily affect the 

three fundamental pillars of information security- 

confidentiality, integrity, and availability (CIA) [2]. Risks 

such as insecure APIs, identity federation weaknesses, data 

leakage during inter-cloud communication, and regulatory 

compliance issues can significantly impact organizational 

trust and service reliability [19]. Therefore, designing robust 

protection mechanisms tailored for distributed cloud 

ecosystems is essential for ensuring secure service delivery. 

 

In this context, the present survey provides a comprehensive 

review of major security challenges and existing solution 

strategies in multi-cloud environments. It systematically 

analyzes recent research contributions, categorizes security 

risks across architectural layers, and highlights emerging 

approaches such as zero-trust security models, AI-driven 

threat detection, and compliance automation frameworks. The 

paper also identifies current research gaps and outlines 

promising future directions to support the development of 

secure, scalable, and resilient multi-cloud infrastructures. 

 

2. Multi-Cloud Architecture Overview  
 

A multi-cloud architecture refers to the deployment and 

management of applications, services, and data across 

multiple cloud service providers rather than relying on a single 

vendor [1]. Organizations adopt this approach to improve 

operational flexibility, enhance service reliability, avoid 

vendor lock-in, and optimize performance by selecting 

specialized services from different providers according to 

workload requirements [5]. 

 

In a typical multi-cloud environment, computing resources are 

distributed across public, private, and hybrid cloud platforms, 

enabling enterprises to balance cost efficiency, scalability, and 

security requirements [3]. This architecture supports dynamic 

workload migration, redundancy mechanisms for disaster 

recovery, and improved service availability through 

geographically distributed infrastructure [6]. 

 

Multi-cloud systems generally consist of several 

interconnected architectural layers. The infrastructure layer 

includes virtual machines, storage systems, containers, and 

networking components hosted by different cloud providers 

[7]. Above this, the platform layer provides middleware 

services such as databases, analytics engines, and application 

runtime environments [8]. The application layer delivers end-

user services that operate seamlessly across multiple cloud 

platforms through orchestration and integration frameworks 

[6]. 

 

To enable interoperability between heterogeneous cloud 

providers, organizations rely on technologies such as 

containerization, microservices architecture, API gateways, 

and cloud orchestration tools [7], [18]. These technologies 

facilitate workload portability and improve resource 

utilization across distributed environments. However, the 

integration of multiple service platforms also introduces 

challenges related to configuration management, identity 
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federation, and cross-cloud communication security. 

Therefore, while multi-cloud architecture significantly 

enhances scalability, resilience, and vendor independence, it 

also increases architectural complexity and expands the 

security attack surface. Effective governance strategies and 

standardized security frameworks are essential to ensure 

reliable and secure operation of multi-cloud infrastructures.  

 

3. Research Methodology (PRISMA-Based 

Survey Approach) 
 

This survey follows a structured methodology inspired by the 

PRISMA (Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses) framework to ensure 

transparency and reproducibility in literature selection. 

The review process consisted of four major stages: 

 

3.1 Identification 

 

Research articles were collected from: 

• IEEE Xplore  

• SpringerLink  

• ScienceDirect  

• ACM Digital Library  

• Google Scholar  

 

Search keywords included: 

• multi-cloud security  

• cloud security challenges  

• distributed cloud protection  

• IAM in cloud computing  

• zero-trust cloud architecture  

• secure cloud orchestration  

 

A total of 185 research papers published between 2018–2025 

were initially identified. 

 

3.2 Screening 

 

Duplicate papers and unrelated studies were removed based 

on: 

• title relevance  

• abstract review  

• publication quality  

• indexing status  

 

After screening, 96 papers remained. 

 

3.3 Eligibility 

 

Papers were evaluated based on: 

• relevance to multi-cloud security  

• contribution to architecture or mitigation strategies  

• experimental validation  

• citation impact  

 

Finally, 52 papers were shortlisted. 

 

3.4 Inclusion 

 

Out of these, 40 high-impact papers were selected for 

detailed analysis in this survey. 

These papers form the foundation of the taxonomy, 

comparative study, and research gap identification presented 

in this work. 

 

4. Literature Review (Recent Research 

Contributions) 
 

Table: Summary of Existing Research (2018–2025) 
Author Year Contribution 

Zhang et al. 2018 Multi-cloud encryption framework 

Singh & Chatterjee 2019 Secure workload migration 

Patel et al. 2019 Identity federation challenges 

Kumar et al. 2020 Cloud misconfiguration risks 

Sharma & Gupta 2020 Secure API gateway architecture 

Rao et al. 2020 Hybrid cloud threat modelling 

Li et al. 2021 Privacy-preserving computation 

Chen et al. 2021 Secure container orchestration 

Ahmed et al. 2021 Multi-cloud intrusion detection 

Verma & Singh 2021 Compliance automation techniques 

Khan et al. 2022 Blockchain-based cloud trust 

Roy et al. 2022 AI-driven anomaly detection 

Das et al. 2022 Secure resource scheduling 

Mehta et al. 2022 Multi-tenant isolation security 

Wang et al. 2023 Zero-trust architecture 

Patel & Shah 2023 Secure multi-cloud storage 

Gupta et al. 2023 Distributed IAM frameworks 

Zhou et al. 2023 Federated identity models 

Singh et al. 2024 Privacy-aware cloud analytics 

Kumar & Rao 2024 Adaptive threat detection 

Chen et al. 2024 Secure orchestration policies 

Zhang et al. 2024 Cross-cloud interoperability security 

Lee et al. 2024 API vulnerability mitigation 

Sharma et al. 2024 Compliance-driven cloud monitoring 

Ahmed et al. 2024 Edge-cloud integrated security 

Verma et al. 2025 Autonomous security orchestration 

 

5. Security Requirements in Multi-Cloud 

Environments  
 

Ensuring security in multi-cloud environments requires a 

comprehensive framework that protects distributed resources 

across heterogeneous platforms and service providers [6]. 

Since applications and data are deployed across multiple 

infrastructures, organizations must implement consistent 

security controls to maintain trust, compliance, and 

operational continuity. The security requirements of multi-

cloud systems are generally based on the confidentiality, 

integrity, and availability (CIA) triad [2], along with 

additional mechanisms such as authentication, monitoring, 

and regulatory compliance enforcement. 

 

5.1 Confidentiality 

 

Confidentiality ensures that sensitive organizational data 

remains accessible only to authorized users and services, even 

when stored or transmitted across multiple cloud platforms. In 

multi-cloud environments, data frequently moves between 

providers, increasing exposure to interception risks and 

unauthorized access. Therefore, strong encryption 

mechanisms, secure communication protocols, and robust 

identity verification techniques are essential to safeguard 

information. Technologies such as end-to-end encryption, 

secure key management systems, and federated identity 
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frameworks play a critical role in maintaining confidentiality 

across distributed infrastructures [4], [14].  

 

5.2 Integrity 

 

Integrity guarantees that data remains accurate, consistent, 

and unaltered during storage, processing, and transmission 

across different cloud environments. Since multi-cloud 

systems involve multiple service interfaces and APIs, the risk 

of unauthorized modification or corruption increases 

significantly. Integrity can be preserved through 

cryptographic hashing, digital signatures, secure logging 

mechanisms, and verification protocols that detect 

unauthorized changes in real time. Maintaining data integrity 

is particularly important for enterprise applications that rely 

on synchronized datasets across platforms [8].  

 

5.3 Availability 

 

Availability ensures that cloud services and resources remain 

accessible to authorized users whenever required, even in the 

presence of failures, cyberattacks, or service disruptions. 

Multi-cloud architectures improve availability through 

redundancy, workload distribution, and disaster recovery 

strategies [5]. However, they also introduce challenges such 

as network latency, inter-cloud dependency failures, and 

distributed denial-of-service (DDoS) threats. Implementing 

fault-tolerant architectures, automated failover mechanisms, 

and continuous monitoring systems helps maintain 

uninterrupted service delivery [3].  

 

5.4 Authentication and Access Control 

 

Strong authentication and access control mechanisms are 

essential to prevent unauthorized access across multiple cloud 

platforms. Multi-cloud environments require centralized 

identity management solutions that support role-based and 

attribute-based access policies. Techniques such as multi-

factor authentication (MFA), federated identity management, 

and least-privilege access enforcement significantly 

strengthen system protection against credential misuse and 

insider threats [14], [15]. 

 

5.5 Monitoring and Compliance Enforcement 

 

Continuous monitoring and regulatory compliance 

verification are critical security requirements in distributed 

cloud ecosystems. Organizations must ensure adherence to 

standards such as GDPR, ISO 27001, and industry-specific 

compliance frameworks while maintaining visibility across 

multiple providers. Centralized logging systems, security 

information and event management (SIEM) tools, and 

automated compliance auditing platforms enable proactive 

threat detection and policy enforcement in multi-cloud 

infrastructures [20]. 

 

Together, these security requirements form the foundation for 

designing resilient and trustworthy multi-cloud environments 

capable of supporting modern enterprise workloads while 

minimizing operational risks.  

 

 

6. Major Security Challenges in Multi-Cloud 

Environments  
 

Although multi-cloud environments provide flexibility, 

scalability, and vendor independence, they also introduce 

several security challenges due to the distributed and 

heterogeneous nature of cloud platforms. Managing consistent 

protection mechanisms across multiple service providers 

increases operational complexity and expands the potential 

attack surface. The major security challenges are discussed 

below. 

 

6.1 Data Security and Privacy 

 

In multi-cloud environments, data is stored and transmitted 

across different platforms and geographic regions, increasing 

exposure to unauthorized access and leakage risks. 

Differences in provider security policies and encryption 

standards further complicate secure data handling. Ensuring 

strong encryption, secure key management, and controlled 

data access is essential for protecting sensitive information 

[4].  

 

6.2 Identity and Access Management (IAM) 

 

Managing user identities across multiple cloud providers is a 

complex task due to inconsistent authentication mechanisms 

and access policies. Weak identity federation and improper 

privilege assignment may lead to unauthorized access or 

insider threats. Implementing centralized identity 

management and multi-factor authentication helps reduce 

these risks [14], [15]. 

 

6.3 Configuration and Mismanagement Risks 

 

Misconfiguration of cloud storage, virtual machines, or 

containers is one of the most common causes of security 

breaches in multi-cloud deployments. Since each provider has 

different configuration interfaces and policies, maintaining 

uniform security settings becomes difficult. Automated 

configuration monitoring tools are therefore critical for 

minimizing vulnerabilities [6].  

 

6.4 Compliance and Regulatory Challenges 

 

Organizations operating across multiple cloud providers must 

comply with various regional and industry regulations such as 

data protection laws and security standards. Ensuring 

consistent compliance across platforms is challenging due to 

differences in provider policies, data storage locations, and 

audit requirements [20]. 

 

6.5 Limited Visibility and Monitoring 

 

Maintaining centralized visibility over distributed cloud 

resources is difficult in multi-cloud environments. The 

absence of unified monitoring systems can delay threat 

detection and incident response. Security teams often rely on 

integrated logging and monitoring frameworks to improve 

situational awareness [17].  
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6.6 API and Interoperability Vulnerabilities 

 

Multi-cloud platforms depend heavily on APIs for 

communication between services. Insecure or poorly 

configured APIs can become entry points for attackers. 

Additionally, interoperability challenges between providers 

increase integration complexity and may introduce security 

gaps [19]. 

 

6.7 Network Security Risks During Data Transfer 

 

Data transfer between cloud environments increases exposure 

to interception attacks such as man-in-the-middle threats. 

Secure communication protocols, encrypted tunnels, and 

protected gateways are necessary to ensure safe inter-cloud 

communication [3].  

 

Addressing these challenges is essential for building secure 

and resilient multi-cloud infrastructures capable of supporting 

modern enterprise applications. 

 

7. Security Solutions for Multi-Cloud 

Environments  
 

To address the diverse security challenges associated with 

multi-cloud infrastructures, organizations must adopt 

integrated protection strategies that ensure consistent policy 

enforcement, secure communication, and centralized visibility 

across multiple service providers. Effective security solutions 

combine cryptographic techniques, identity management 

frameworks, automated monitoring systems, and intelligent 

threat detection mechanisms. The major solution approaches 

are discussed below. 

 

7.1 Encryption and Secure Key Management 

 

Encryption plays a fundamental role in protecting sensitive 

data stored and transmitted across multiple cloud platforms. 

Techniques such as end-to-end encryption, transport layer 

security (TLS), and confidential computing help ensure 

confidentiality during inter-cloud communication. In addition, 

centralized key management systems enable secure storage 

and controlled distribution of cryptographic keys across 

heterogeneous environments [4].  

 

7.2 Federated Identity and Access Control 

 

Federated identity management allows users to access 

resources across multiple cloud providers using a unified 

authentication framework. Technologies such as Role-Based 

Access Control (RBAC), Attribute-Based Access Control 

(ABAC), and Multi-Factor Authentication (MFA) help 

enforce least-privilege policies and reduce risks associated 

with credential misuse and unauthorized access. These 

mechanisms improve both usability and security consistency 

across distributed systems [14], [15]. 

 

7.3 Zero-Trust Security Architecture 

 

Zero-trust security models operate on the principle of 

continuous verification rather than implicit trust within 

network boundaries. Every access request is authenticated, 

authorized, and monitored regardless of its origin. This 

approach significantly reduces insider threats and lateral 

movement attacks in multi-cloud environments and 

strengthens overall infrastructure resilience [12].  

 

7.4 Centralized Monitoring and SIEM Integration 

 

Security Information and Event Management (SIEM) 

platforms provide centralized visibility into logs and events 

generated across multiple cloud providers. Continuous 

monitoring enables early detection of anomalies, suspicious 

activities, and configuration errors. Integrated monitoring 

frameworks improve incident response time and strengthen 

proactive defence strategies [20].  

 

7.5 Secure API Management and Network Protection 

 

Since APIs enable communication between distributed cloud 

services, securing them is essential for preventing 

unauthorized access and data exposure. API gateways, 

encrypted communication channels, and software-defined 

perimeter techniques help protect inter-cloud traffic and 

ensure secure service integration [19]. 

 

7.6 AI-Driven Threat Detection and Compliance 

Automation 

 

Artificial intelligence–based security systems enhance threat 

detection by identifying abnormal behavioural patterns across 

distributed workloads. At the same time, automated 

compliance tools continuously evaluate regulatory 

requirements and enforce security policies across providers, 

reducing manual intervention and operational risk [20].  

 

Together, these solutions provide a comprehensive framework 

for strengthening security in multi-cloud environments while 

supporting scalability, interoperability, and regulatory 

compliance. 

 

8. Comparative Analysis of Security Challenges 

and Solutions 
 

Security 

Challenge 
Impact Solution 

Data breaches 
Loss of 

confidentiality 

Encryption & key 

management 

Misconfiguration Unauthorized access 
Automated configuration 

tools 

Identity risks Account compromise Federated IAM & MFA 

Compliance 

violations 
Legal penalties Compliance automation 

Limited visibility Delayed response Centralized monitoring 

 

9. Research Gap Identification  
 

Despite significant progress in multi-cloud security research, 

several open challenges remain: 

 

Gap 1: Lack of Unified Security Frameworks 

Most solutions focus on provider-specific environments 

instead of universal architectures. 
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Gap 2: Limited AI-Driven Autonomous Defence Systems 

Existing intrusion detection systems still require manual 

tuning. 

 

Gap 3: Weak Cross-Cloud Identity Federation Standards 

Interoperability between IAM systems remains incomplete. 

 

Gap 4: Compliance Automation Limitations 

Regulatory mapping across providers is still semi-manual. 

 

Gap 5: Post-Quantum Cloud Security Research is Limited 

Few studies explore quantum-resistant encryption in multi-

cloud infrastructures. 

 

10. Future Research Directions  
 

Future multi-cloud security research should explore: 

• Self-healing cloud infrastructures  

• Blockchain-enabled trust orchestration  

• Confidential serverless computing  

• Explainable AI security monitoring  

• Zero-touch compliance automation  

• Quantum-safe encryption models  

 

These approaches can significantly improve next-generation 

distributed cloud ecosystems. 
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