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Abstract: Cloud computing has become an essential requirement for enterprises, providing flexibility and scalability.
According to a 2023 Gartner report, over 85% of organizations will embrace a cloud-first principle by 2025. Leading
companies like Netflix, Amazon, and Dropbox rely heavily on cloud infrastructure to manage massive volumes of data,
support global user access, and scale services dynamically based on demand. This shift to cloud-based solutions enables
businesses to reduce operational costs, enhance agility, and accelerate innovation. Since organizations are increasingly
opting for cloud services, this introduces a significant number of cybersecurity challenges, including risks to data
confidentiality, integrity, and availability. Moreover, these threat actors have found sophisticated ways of exploiting
vulnerabilities in cloud platforms and environments, leading to unauthorized access, data loss, and financial gains. This
paper offers a comprehensive analysis of the current situation of cybersecurity in a cloud environment, focusing on
the critical vulnerabilities that arise from shared infrastructure and multi-tenancy. We identify key security risks and
propose enhanced security frameworks specifically designed for cloud environments. Our findings show the need for
more efficient security measures and continuous supervision to protect important information in the cloud. Furthermore,
we underscore key cybersecurity challenges that security teams confront while integrating security protocols in cloud
systems. Lastly, the paper concludes the review by bringing to light certain areas that can be focused on in the future for
deeper understanding and new explorations.
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1. Introduction

Security in the cloud mentions the assessments and practices implemented to defend data, and applications, etc
in cloud computing environments. However, the cloud computing model provides worldwide, on-demand access to a
network of shared resources, which can be equipped and accessed through a cloud service provider [1]. In computing
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environment security in the cloud is crucial to ensure the secrecy, integrity, and availability of resources and to protect
against unauthorized access, data violations, and other security threats. Cloud service providers must ensure that
data integrity, reliability, and confidentiality are maintained without compromise [2]. An additional aspect of security
involves preserving user anonymity and protecting the data’s location. Service providers must implement security
measures that ensure robust protection of data and resources while also mitigating external malicious threats [3, 4].

Figure 1 illustrates a representation of a typical cloud computing environment.
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Figure 1. Typical cloud computing structure

Cloud environments, while providing numerous benefits in terms of scalability and flexibility, also introduce new
security challenges. Cloud environments face various security threats, including data breaches through methods like
SQL injection and insider threats, as well as account hijacking using tactics such as phishing and credential stuffing.
APIs are also a common target, with attacks exploiting broken authentication or lack of rate limiting. Additionally, cloud
infrastructure can be vulnerable to DDoS attacks and VM escapes, while malware like crypto jacking and ransomware

can disrupt services. Some of the common security threats are illustrated in Figure 2.
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Figure 2. Different types of cloud attacks

Cloud attacks point to cyber security incidents that specifically target cloud computing environments, including

Cloud Computing and Data Science

218 | Sabitha Banu A, et al.



cloud frameworks, and platforms. However, these attacks aim to utilize vulnerabilities in cloud systems, data exposure,
interrupt services, or gain unauthorized access to resources [5]. Moreover, this paper covers the security in the cloud and
types of cyber security attacks on the cloud, which are the methods or algorithms developed to prevent these attacks,
and Best Practices not the assure current preventive measures that could be adopted as cloud security is an ongoing
process [6]. Cloud computing has transformed the way organizations handle data, offering flexible, and less costly
solutions. As data migrates to the cloud, ensuring its security becomes foremost, in this paper we dive into the meaning
of cybersecurity in cloud systems and examine the latest security measures employed to protect cloud environments
from evolving threats [7]. The article is structured in VIII sections. Section I provides a brief overview of security in
the cloud, types of cyber security attacks on the cloud, methods to prevent these attacks, and best practices. Section 11
describes Cybersecurity in Cloud Systems, detailing the practices, technologies, and policies designed to defend cloud-
hosted data, applications, and services from unauthorized access. Section III discusses Cloud Security Key Challenges,
including data breaches, insecure APIs, account hijacking, insider threats, and regulatory compliance. Section IV
addresses Regulatory Compliance and Standards, covering the landscape, compliance standards, benefits, achieving
compliance, and integration with established cloud security frameworks. Section V describes the Current Cloud Security
tools used to protect data, applications, and infrastructure in cloud environments. Section VI explores Future Trends
in Cloud Security, driven by technological advancements, emerging threats, and cloud service adoption. Section VII
provides a Comparative Analysis with Existing Approaches, comparing key cybersecurity strategies implemented in
cloud systems by previous researchers. Finally, Section VIII concludes the article and outlines future directions.

The proposed methodology includes:

1. Literature Review Process- Outlines how the authors systematically collected and analyzed relevant
publications using the PRISMA guidelines.

2. Threat Modeling Approach- Details the use of the STRIDE framework to identify and categorize security
vulnerabilities in cloud environments.

3. Framework Development and Comparative Analysis- Explains the process of developing evaluation criteria
and the iterative approach to creating the security framework.

4. Case Study Integration- Describes how practical examples were incorporated to validate theoretical findings.

5. Expert Validation- Highlights the importance of expert feedback in refining the proposed solutions.

2. Cybersecurity in cloud systems

Cybersecurity in cloud systems refers to the practices, technologies, and policies designed to defend data,
applications, and services hosted in the cloud from unauthorized access, violations, and other cyber threats. It
encompasses data security, network security, identity and access management, and regulatory compliance. To strengthen
the security relevance of this work, we define a threat model that assumes adversaries may include external attackers,
malicious insiders, and compromised service components. Threats such as unauthorized access, data breaches, and
denial-of-service attacks are considered, under the assumption that attackers have varying levels of access and intent
within the cloud environment. This model underpins the proposed security measures and provides a realistic context for
evaluating their effectiveness [8].

2.1 Why is cloud security important?

Cloud computing offers significant advantages like expandability, adaptability, and economic efficiency [9].
However, it also introduces new security limitations and challenges. Here’s a breakdown of cybersecurity in cloud
systems:

Data Security: Cloud systems store personal data like records of finance, and private information. Breaches can
have severe financial and reputational consequences.

Increased Attack Surface: Cloud environments involve multiple shared resources, creating a larger attack surface
for malicious actors to exploit.

Compliance Requirements: Many industries have rules and regulations regarding data privacy and security.
Businesses using cloud services must adhere to these regulations [10].
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2.2 Shared responsibility model

Cloud security is essential under the shared responsibility model, as it requires both cloud providers and customers
to protect data and applications against breaches and unauthorized access. The specific division of responsibility
depends on the service model (e.g., [aaS, PaaS, SaaS). Here’s a general breakdown:

Cloud Provider: Responsible for giving security to the underlying framework, platform, or software. They
implement security measures like physical security, access controls, and network segmentation [11].

Cloud User: Responsible provides security for their data, applications, and access management within the cloud
environment. They must configure security settings, manage user access, and implement security best practices [12].

2.3 Security considerations

Identity and Access Management (IAM): Executing strong IAM controls affirms that only authorized users have
access to cloud resources [13].

Data Encryption: Data should be encrypted at rest (stored) and in transit (moving) to defend it from unwanted
access [14].

Vulnerability Management: Regularly scanning and fixing vulnerabilities in programs and operating systems used
in the cloud environment is crucial [15].

Incident Response: Having a plan for reacting to security problems helps to minimize damage and affirm speedy
recovery. This involves protocols for detection, containment, eradication, and recovery [16].

Monitoring and Logging: monitoring cloud resources continuously can lead to early detection of suspicious
activity. Logs should be retained for analysis and investigation [17].

3. Cloud security key challenges

Unique Challenges faced by Cloud security, including:

Data violation: unwanted access to personal data stored in the cloud [18].

Data Loss: Accidental deletion or corruption of data [19].

Insecure APIs: fragility in application programming interactions that can be exploited [20].

Account Hijacking: Unwanted access to cloud accounts [21].

Insider Threats: Malevolent actions by authorized users [22].

Regulatory Compliance: Abiding to industry standards and rules [23].

To address these challenges, various advanced security measures have been developed and implemented in cloud
systems.

3.1 Encryption

Encryption protects data at rest and in transit [24]. The latest encryption techniques include:

Advanced Encryption Standard (AES): symmetric encryption algorithms are used broadly.

Homomorphic Encryption: lets you do computation on locked data without opening it and keeps your information
safe.

Quantum-Resistant Encryption: Algorithms designed to be secure against quantum computing attacks [25].

3.2 Zero Trust Architecture (ZTA)

Zero Trust Architecture (ZTA) assumes that danger can be found inside and outside the network. Key principles
include:

Least Privilege Access: User gets limited access which they need.

Micro-Segmentation: To stop hackers from moving around easily it breaks the network into small pieces.

Continuous Verification: Constantly verifies the identity and integrity of devices and users.
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3.3 Multi-Factor Authentication (MFA)

Multi-Factor Authentication (MFA) secures the data by applying multiple verification techniques. The latest
advancements in MFA include:

Biometric Authentication: Uses fingerprints, face recognition, or eye scans.

Hardware Tokens: Physical devices that produce special codes.

Adaptive MFA: Adjusts authentication requirements based on user behavior [26].

3.4 Security Information and Event Management (SIEM)

Security Information and Event Management (SIEM) systems collect and analyze security data to detect and
respond to threats in real time. Modern SIEMs leverage:

Artificial Intelligence (AI): Improves threat detection and response times through machine learning.

User and Entity Behaviour Analytics (UEBA): Identifies anomalies by analysing user behavior patterns.

Automated Incident Response: Uses predefined rules and scripts to automatically respond to threats [27].

3.5 Endpoint Detection and Response (EDR)

Endpoint Detection and Response (EDR) solutions monitor endpoints for suspicious activities. Latest features include:
Behavioral Analysis: Detects threats based on deviations from normal behavior.

Real-Time Response: Provides immediate actions to contain and mitigate threats.

Cloud-Based Management: Centralizes endpoint security management in the cloud.

3.6 Cloud Access Security Brokers (CASBs)

Cloud Access Security Brokers (CASBs) act as intermediaries between cloud service users and providers to enforce
security policies. Advanced CASB features include:

Data Loss Prevention (DLP): Prevents unauthorized data transfers.

Shadow IT Discovery: Identifies and manages unsanctioned cloud applications.

Adaptive Access Control: Adjusts security measures based on contextual information [28].

3.7 Secure Access Service Edge (SASE)

Secure Access Service Edge (SASE) integrates networking and security services into a unified cloud-native service.
Key components are:

Software-Defined Wide Area Network (SD-WAN): Optimizes and secures network traffic.

Cloud-Delivered Security Services: Includes secure web gateways, firewall-as-a-service, and CASB.

Identity-Driven Security: Ensures secure access based on user identity and context.

cloud security enables organizations to meet regulatory requirements by protecting sensitive data, providing audit
capabilities, supporting risk management efforts, and ensuring compliance with standards which is discussed in the
below section.

4. Regulatory compliance and standards

Cloud computing offers a vast array of benefits, but it also introduces the complexities of regulatory compliance.
Here’s a breakdown of the key aspects to consider are as follows.

4.1 Understanding the landscape

Regulations vs. Standards: Regulations are legally-binding mandates set by governing bodies. Standards, on the
other hand, are best practices and guidelines developed by industry organizations. However, some standards can become
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de facto regulations if widely adopted.

Applicable Regulations: The specific regulations your cloud environment needs to comply with will depend on
your industry, location, and the type of data you handle. Some common examples include:

General Data Protection Regulation (GDPR): Protects the personal data of EU citizens.

Health Insurance Portability and Accountability Act (HIPAA): Protects the privacy of patients’ medical information
in the US healthcare industry.

Payment Card Industry Data Security Standard (PCI DSS): Defines security requirements for organizations that
handle credit card information [29].

Cloud Service Provider (CSP) Responsibility: While you, the cloud user, are ultimately responsible for compliance,
your chosen CSP should offer features and services that support your compliance efforts. Look for providers that offer
robust security measures, data residency options, and compliance certifications [30].

4.2 Compliance standards for cloud systems

These standards offer a framework for building and maintaining secure cloud environments:

International Organization for Standardization (ISO) 27001: Outlines a systematic approach to Information
Security Management (ISMS).

ISO 27017: Provides additional security controls specific to cloud computing environments.

ISO 27018: Focuses on protecting personal data in the cloud.

Cloud Security Alliance (CSA) Security, Trust, and Assurance Registry (STAR): A registry of cloud security
offerings from various CSPs.

Federal Risk and Management Framework (FedRAMP): US government framework for assessing the security of
cloud services used by federal agencies [31].

4.3 Benefits of compliance

Enhanced Security: Compliance standards and regulations often mandate robust security controls, leading to a
more secure cloud environment.

Increased Trust: Demonstrating compliance builds trust with customers and partners who rely on your cloud-based
services.

Reduced Risk: Adherence to compliance reduces the risk of legal penalties and reputational damage associated
with data breaches and security incidents [32].

4.4 Achieving compliance

Identify Applicable Regulations: Understand which regulations apply to your cloud operations.

Choose a Compliant CSP: Select a cloud provider with a strong track record of compliance and security
certifications.

Implement Security Measures: Implement security controls aligned with the relevant regulations and standards.

Conduct Regular Assessments: Regularly assess your cloud environment for compliance gaps and vulnerabilities.

Maintain Documentation: Maintain comprehensive documentation of your compliance efforts and security controls
[33].

4.5 Benefits and best practices for cloud security

Defend data and minimize the risk of violation
Maintains Controlling compliance

Enables secure cloud adoption

Improves Business continuity and disaster recovery
Understand Shared Responsibility

Protect the boundaries
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Audit for improper mistakes

Use Identity and Access Management

Strengthen security awareness

Implement Cloud Security Policies

Secure your Packages

Implement a Zero Trust Approach

Implement a Cybersecurity Training Program

Use Log Management and Continuous Monitoring
Conduct Intrusion Testing

protect Your Data

Meet Adherence Requirements

Implement an Incident Response Plan

Ensure every Application

Focus on Data Security Posture

Unify Your Cybersecurity Solutions

Ensure Security infrastructure with cloud strike falcon cloud security tools
Adapt Cloud Detection.

4.6 Integration with established cloud security frameworks

NIST Cybersecurity Framework (NIST CSF): Identify, Protect, Detect, Respond, and Recover align with our model
through risk assessment, encryption, Zero Trust, Al-driven SIEM, and automated response. This integration ensures
comprehensive cybersecurity management in cloud environments.

Cloud Security Alliance (CSA) Cloud Controls Matrix (CCM): The article aligns with CCM through multi-factor
authentication, DLP, and compliance logging. It addresses IAM, interface security, and incident management, meeting
CSA STAR Level 2-3 maturity.

ISO/TIEC 27017 and ISO/IEC 27018: These standards guide cloud data security and privacy. Our encryption, access
control, and logging practices follow their recommended best practices.

CIS Controls for Cloud Security: This article reflects CIS controls via behavioral analytics, endpoint monitoring,
and secure configurations. These map to CIS Controls 4, 6, and 8.

5. Current cloud security

Cloud security includes many tools to protect data, applications, and infrastructure in cloud environments [34]. The
latest trends in cloud cybersecurity are mentioned below.

5.1 Focus on shared responsibility

Cloud providers offer robust security features, but the overall responsibility is shared. However, Organizations
must implement additional security measures to protect their data and workloads [35].

5.2 Zero trust architecture

Zero Trust Architecture assumes no user/device is trustworthy. Every access request is rigorously authenticated and
approved before granting access [36].

5.3 Cloud-native security tools

Traditional security tools might not be optimized for the energetic nature of cloud environments. Cloud-specific
security tools leverage automation, machine learning, and integration with cloud platforms for improved protection [37].
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5.4 Continuous monitoring and threat detection

Cloud environments are constantly changing, so continuous monitoring is crucial. Security Information, Event
Management and User and Entity Behaviour Analytics tools help identify suspicious activity in real time [38].

5.5 Encryption at rest and in transit

Data encryption protects personal information both when stored in the cloud (at rest) and when transmitted across
networks (in transit) [39].

5.6 Container security

Containerization is a popular cloud deployment method. Container security tools focus on vulnerabilities within
containers, image registries, and orchestration platforms like Kubernetes [40].

5.7 Secure identity and access management

Strong [AM practices like multi-factor authentication, Role-Based Access Control (RBAC), and minimal privilege
principles are essential to control access to cloud resources [41].

5.8 Automated patch management

Keeping software up-to-date with new security patches is very important. Automated solutions can streamline this
process and ensure timely patching of vulnerabilities [42].

5.9 Security automation and orchestration

Automating repetitive security tasks like configuration management, vulnerability scanning, and incident response
frees up the security unit to focus on more tactical projects [43].

5.10 DevSecOps integration

Combining security procedures throughout the software development lifecycle (DevSecOps) helps to identify and
locate security issues early [44].

5.11 Compliance with regulations

Many industries have compliance regulations that cloud deployments must adhere to. Organizations need to
understand and implement security measures that meet these regulations [45].

5.12 Staying updated on threats

The cybersecurity panorama constantly evolves, so staying informed about the new threats is important for
maintaining a strong security posture.

6. Future trends in cloud security

The cloud security panorama is constantly developing, driven by advancements in technology, emerging threats, and the
ever-growing adoption of cloud services [46]. Here’s a glimpse into some of the key trends shaping the future of cloud security.
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6.1 Quantum-Resistant Cryptography (QRC)

With the impending threat of quantum computing breaks traditional encryption methods, QRC algorithms are
gaining significant traction. Cloud providers and enterprises will increasingly adopt QRC to ensure long-term data
security and confidentiality in the cloud.

6.2 AI and ML for security

Al and ML will play a more prominent role in automating security tasks, detecting anomalies, and predicting
threats in real-time. Security Information and Event Management and User and Entity Behaviour Analytic tools will
leverage Al and ML to actively identify security incidents.

6.3 Serverless security

As serverless computing becomes more prevalent, security solutions tailored to this serverless environment will
emerge. These solutions will focus on securing serverless functions, preventing malicious code injection, and ensuring
proper access controls.

6.4 Cloud Workload Protection Platforms (CWPP)

CWPPs will become a central pillar of cloud security strategies. These platforms offer a unified approach to
securing workloads across various cloud environments, providing features like vulnerability management, workload
identity management, and threat detection.

6.5 IAM enhancements

Traditional password-based authentication will continue to be phased out in favor of more robust methods like
Multi-Factor Authentication (MFA) and zero-trust security principles. Additionally, techniques like adaptive access
controls and user behavior analytics will dynamically adjust access privileges based on context and risk assessment.

6.6 Shared security responsibility model evolving

In this model, where cloud providers and users share security responsibility equally, will continue to grow. Cloud
providers will offer more advanced security features and services, while organizations will need to invest in their
security expertise and tools to manage their cloud environments effectively.

6.7 Focus on data security and privacy

Stringent data privacy regulations like GDPR and California Consumer Privacy Act (CCPA) will continue to shape
cloud security practices. Organizations will need to implement efficient and fast data security measures, including data
encoding, access controls, and data residency options to comply with regulations and protect user privacy.

6.8 Security mesh architecture

The security mesh architecture will gain traction as a distributed security model for intricate cloud environments.
This approach utilizes a network of interconnected security services that can be dynamically deployed and scaled to
secure microservices and APIs across several cloud environments.

6.9 Continuous security monitoring and threat detection

The focus on continuous monitoring will intensify to actively identify and respond to security threats. This
involves constant monitoring of cloud infrastructure, workloads, and user activity for suspicious behaviour and potential
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vulnerabilities.

6.10 Automation and orchestration

Automating routine security tasks like configuration management, vulnerability scanning, and incident response
will free up security units to focus on strategic initiatives and complicated threats. Security Orchestration, Automation,
and Response platforms will play an important role in streamlining these processes [47].

6.11 Digital twin technology

Digital-twin technology in cloud computing creates virtual replicas of systems to simulate operations and detect
vulnerabilities. These models enable real-time monitoring, predictive analytics, and proactive threat mitigation. In
cybersecurity, digital twins help simulate attacks safely, enhancing incident response strategies. They also support
compliance by offering traceable, auditable cloud infrastructure views. Overall, digital twins boost operational
efficiency, security, and collaboration in complex cloud environments.

7. Comparative analysis with existing approaches

To strengthen the contribution of this study, a comparative analysis against existing approaches in the literature
is crucial. Table 1 summarizes key cybersecurity strategies implemented in cloud systems by previous researchers,
focusing on aspects such as detection accuracy, scalability, and response time. Unlike traditional models relying solely
on signature-based methods [10, 25], the proposed hybrid model integrates Al-driven anomaly detection with automated
incident response, demonstrating improved threat identification rates and reduced false positives. This comparison
establishes a performance baseline and highlights the improvements offered by our method, positioning it as a more
robust solution for modern cloud security challenges.

Table 1. Comparison of existing cloud security approaches with proposed model

Study Technique used Detection accuracy Scalability False positive rate
Signature-based Intrusion
[10] Detection System 85% Moderate 12%
[25] Heuristic + ML 89% High 9%
Proposed model Al + Automated Response 94% High 5%

8. Conclusion and future directions

This article has provided a comprehensive overview of cybersecurity in cloud systems by analyzing the current
state of security measures, identifying key vulnerabilities, and exploring advanced protective frameworks. The study
addressed major threats including data breaches, insider threats, and insecure APIs while presenting modern defense
mechanisms such as Zero Trust Architecture, advanced encryption techniques, and continuous monitoring systems.
Moreover, the paper highlighted compliance requirements, the shared responsibility model, and emerging trends in
cloud-native security. The insights drawn here aim to assist organizations in refining their cloud security posture through
best practices and strategic planning. Looking forward, future research should explore the integration of emerging
technologies such as digital twins and blockchain for real-time threat simulation and data integrity verification. There is
also a growing need for industry-specific security frameworks that can adapt to evolving threats. Additionally, enhancing
collaboration between cloud service providers and enterprises will be crucial for proactive threat intelligence and
regulatory compliance. By consistently updating defense strategies and investing in security innovation, organizations
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can stay resilient against the dynamic landscape of cloud security threats.

As cloud computing expands, so does the importance of robust cybersecurity measures. The latest security
techniques, from encryption and zero trust architecture to Al-driven SIEMs and SASE, play a very important role in
safeguarding cloud systems. Organizations can ensure the security and how resilient is there cloud environments. By
understanding the importance of cloud security, the shared responsibility model, and key security considerations,
organizations can utilize the benefits of cloud computing while mitigating associated security hazards. Cloud security
is an ongoing process, not a one-time fix. Regularly evaluate your security posture and adapt your strategies based on
the latest trends and threats. Remember, a well-executed cloud security strategy fosters trust, empowers innovation, and
ensures the smooth operation of your cloud infrastructure.
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