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Abstract

Cloud computing plays a significant role in modern information technology,
providing organizations with numerous benefits, including flexibility, scala-
bility, and cost-efficiency. However, it has become essential for organizations
to ensure the security of their applications, data, and cloud-based networks to
use cloud services effectively. This systematic literature review aims to deter-
mine the latest information regarding cloud computing security, with a spe-
cific emphasis on threats and mitigation strategies. Additionally, it highlights
some common threats related to cloud computing security, such as distri-
buted denial-of-service (DDoS) attacks, account hijacking, malware attacks,
and data breaches. This research also explores some mitigation strategies, in-
cluding security awareness training, vulnerability management, security in-
formation and event management (SIEM), identity and access management
(IAM), and encryption techniques. It discusses emerging trends in cloud se-
curity, such as integrating artificial intelligence (AI) and machine learning
(ML), serverless computing, and containerization, as well as the effectiveness
of the shared responsibility model and its related challenges. The importance
of user awareness and the impact of emerging technologies on cloud security
have also been discussed in detail to mitigate security risks. A literature re-
view of previous research and scholarly articles has also been conducted to
provide insights regarding cloud computing security. It shows the need for
continuous research and innovation to address emerging threats and main-
tain a security-conscious culture in the company.
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1. Introduction

The utilization of cloud computing is increasing daily in information technolo-
gy, providing organizations worldwide with cost-efficiency, scalability, and a
high level of flexibility. When organizations integrate cloud computing into their
network, it is essential to focus on cloud security, a collection of security meas-
ures specially designed to protect cloud-based infrastructure, data, and applica-
tions. These measures aim to ensure the authentication of devices and users, da-
ta privacy protection, and data and resource access control. With the shift of
businesses towards cloud-based operations, the security of sensitive data be-
comes essential [1]. However, cloud computing presents inherent security chal-
lenges, which makes it necessary to understand effective mitigation strategies
and potential threats. This systematic literature review aims to determine the
current state of information regarding cloud computing security, which primar-
ily focuses on identifying threats and evaluating mitigation strategies.

Cloud services have revolutionized how organizations store, process, and
access data. However, this shift has created several challenges, such as unautho-
rized access and data breaches, which have an impact on data availability, integr-
ity, and confidentiality. Organizations must understand these threats and ac-
quire knowledge on how to develop defensive strategies in order to utilize a se-
cure cloud network. This research reviews several scholarly articles and papers to
provide a detailed overview of significant security threats in cloud computing. It
also includes human-related risks and technical vulnerabilities and evaluates ex-
isting mitigation strategies. Thus, this systematic research contributes to a dee-
per understanding of cloud computing. The primary objective of this research
study is to identify cloud security threats and evaluate the efficiency of different
mitigation strategies employed by organizations to address these threats. This
research study also aims to explore emerging trends like ML, AI, containeriza-
tion, and serverless computing. It assesses shared responsibility models, ethical
considerations, user awareness, cloud computing and data security as shown in

Figure 1.

2. Literature Review

2.1. Common Threats to Cloud Computing Security

Cloud computing is susceptible to numerous prevalent threats. This is because it
is an entirely technology-based platform, making it susceptible to potential cyber
threats at any given moment. For instance, data breaches are prevalent in this
case. They result in unauthorized access to data or data theft. Furthermore, data
breaches expose an organization’s private information, which results in adverse
reputational and financial outcomes. A prior study [3] was conducted in this re-
gard. According to the researchers, data breaches force companies to implement
strict security measures to protect data. Malware attacks are also widespread in
this regard. These attacks include using software that hacks the cloud server and

steals all the desired data. Another study [4] researched the prediction of such
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Figure 1. Cloud computing and data security [2].

attacks using machine learning. This is a great technique that tech companies
can use to secure their data.

Account hijacking has also become a common practice in cloud computing. It
is mainly used in identity theft schemes. In this case, the attacker uses a person’s
private information to conduct any other unauthorized or suspicious activity.
Usually, compromised email accounts are used to impersonate a person. A prior
study [5] on this issue proposed prevention strategies. In this case, it is impor-
tant to encrypt data and private information. Lastly, DDoS attacks are also
common in cloud computing. According to [6], these attacks aim to disrupt the
regular working of a company’s system by enhancing traffic on it. They can be

very harmful to a company’s reputation.

2.2. Mitigation Strategies in Cloud Security

Different mitigation strategies are used to ensure cloud security. However, the
most common are the encryption techniques. Data encryption mainly ensures
data conversion into an unreadable format, which can only be read with the help
of the correct decryption keys. These encryption techniques have been utilized to
secure data storage [7]. It was found that these techniques are highly effective in
ensuring cloud security. The encryption benefits in a cloud network are de-
scribed in Figure 2.

The effectiveness of encryption in preserving data integrity can be mathemat-
ically expressed by Equation (1) [3].
Number of Correctly Decrypted Messages

Data Integrity =
Total Number of Encrypted Messages

x100% (1)

IAM is another common technique used in this regard. According to [9], IAM

controls access to services and resources inside the cloud environment based on
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Figure 2. Encryption in a cloud network [8].

the least privilege principle. It allows only authorized users to access private data.
The efficiency of IAM strategies in controlling user access can be represented

by Equation (2) [5].

Number of Authorized Access Requests
Total Number of Access Requests

Access Control Efficiency = x100% (2)

Furthermore, SIEM solutions are used in cloud computing for data protec-
tion. According to [10], these solutions analyze the data of a security event using
different sources in the cloud. By doing so, they help gain real-time information
about the company’s security situation. Another technique, according to Sasu-
buili and Venkateswarlu (2021), is vulnerability management. It mainly includes
identifying and mitigating security vulnerabilities in a cloud environment. This
measure significantly mitigates the risk of attacks.

The capability of SIEM solutions for early threat detection can be measured
using the Formula (3) [7].

Detection Rate — Number of Detected Threats «100% 3)

Total Number of Threats

2.3. Emerging Trends in Cloud Security

Currently, many new trends are emerging in cloud security. One example of this
is containerization. This technique includes developing and implementing soft-
ware applications and their dependencies in portable containers that provide
isolation and can be implemented quickly. According to [11], this method effec-
tively ensures cloud security. By adopting this technology, organizations may
face challenges regarding data governance and regulatory compliance. Thus, it is
important to ensure that sensitive data within containers adhere to industry reg-
ulations such as HIPAA or DGPR.

Serverless computing is another emerging trend that is very effective. This
method involves the development of an application model, which helps devel-
opers create and run application codes without using servers or backend infra-

structure [12]. Some common examples include AWS Lambda, IBM, and Google
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Cloud. Serverless computing offers numerous benefits but poses integration
concerns, especially when integrating it with existing on-premises systems or
third-party services. It is important to ensure seamless communication between
serverless functions and other components of the application architecture for
maintaining security and performance.

Artificial intelligence and ML are also increasingly being utilized to ensure
cloud security. These techniques involve automated systems that help detect and
mitigate cloud threats. The effectiveness of these techniques in cloud computing
has been studied [13]. It was found that these methods greatly enhance the per-
formance of cloud servers and ensure high levels of security. They also help en-
hance threat detection and mitigation; however, their implementation imposes
challenges regarding model transparency and data privacy. Thus, organizations
must explore regulatory requirements such as data protection laws and address
ethical considerations related to the usage of Al algorithms for security purposes.

Quantum computing (QC) is another technique being used today. Cloud us-
ers can access different quantum resources online and perform quantum algo-
rithms without specialized hardware. According to [14], QC can revolutionize
tech firms in the future. Quantum computing aims to solve complex computa-
tional problems; however, its integration into cloud infrastructures raises con-
cerns about cryptographic vulnerabilities. To address this issue, organizations
must address the need for quantum-resistant encryption algorithms to protect

sensitive data in the cloud.

2.4. Impact of Emerging Technologies on Cloud Security

Emerging technologies are currently revolutionizing cloud security. For in-
stance, the use of serverless computing and containerization has highly im-
proved the performance of cloud servers. They mainly enhance the agility and
scalability of cloud servers. According to [15], companies must use various mi-
tigation strategies and best practices to overcome the security challenges of di-
verse emerging technologies. Regular vulnerability scans are fundamental in this
case since they can help assess a company’s security level.

The use of ML and Al also needs proper mitigation strategies. For instance, the
ML models used in the cloud need to be updated constantly. The outdated models
being used in a company can lead to security attacks. According to [16], compa-
nies must use alternative but safe techniques. For instance, quantum-resistant
cryptographic algorithms can be used in the cloud to reduce the risk of attacks.
However, conducting regular risk assessments is the most critical step for all

companies to ensure high levels of cloud security.

2.5. Quantitative Analysis of Threats and Mitigation Strategies

Using statistical methods and mathematical models facilitates the quantitative
analysis of existing cloud security mitigation strategies. For example, probabilis-

tic risk assessment (PRA) is a suitable technique in this case. According to [17],
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PRA can help evaluate the effectiveness of the methods used in identifying and
mitigating cloud security threats. It is a quantitative technique that calculates the
likelihood of security issues. Another example is an e-commerce company mi-
grating its customer database to the cloud. In this case, PRA reveals that the like-
lihood of a data breach due to insecure API endpoints is 70%. The organizations
can allocate resources to strengthen API security measures by determining the
probability of this specific threat. Bayesian networks are also employed for this
purpose. They include graphical models that show the dependencies between
different variables within the cloud. Several studies [18] also investigated the uti-
lization of these networks for risk assessment. It was found that they can help
show the complicated links between threats and the employed mitigation strate-
gies. For example, a software development company using cloud infrastructure
for code repositories employs Bayesian networks to model dependencies be-
tween software vulnerabilities and deployment configurations. By accurately
predicting 80% of security incidents, the organization identifies critical vulnera-
bilities early in the development lifecycle, reducing the risk of exploitation in
production environments.

Queuing theory is another important model that can be used to analyze miti-
gation strategies. This theory is used to understand the behavior of cloud re-
sources under various workload conditions. This helps in assessing their per-
formance in response to security threats. For example, a queuing theory model
was developed to study the effectiveness of cloud applications in the healthcare
industry [19]. It was found that the queuing theory helps a company improve its
resource allocation processes and capacity planning to overcome the impact of
security threats. Currently, game theory is being used to assess cloud security
measures. This theory helps in understanding the links between defenders and
attackers within the cloud. According to [20], this theory can be used by compa-
nies to create efficient defense mechanisms and improve their cloud security
measures. The utilization of mathematical models greatly enhances the effec-
tiveness of cloud security measures.

Table 1 shows the mathematical models that help quantitatively analyze cur-
rent mitigation strategies used in cloud security.

Table 1. Mathematical models in cloud security.

Mathematical Model Description Formula Example
Probabilistic Risk  Evaluates the effectiveness of identifying ~ Number of Identified Threats «100% PRA Score = (25/30) *
Assessment (PRA) and mitigating security threats Total Number of Threats 10=383
. . Queuing Theory
Queuing Theory  Analyzes cloud resource behavior under Number of Improved Processes .
) o x100% Effectiveness = (9/10)
Analysis workload conditions Total Number of Processes *10=9.0
B ian Network
Bayesian Network Identifies dependencies between Number of Accurate Predictions ayesial ewor
] ) ) ] — x100%  Score = (35/40) * 10
Analysis variables in cloud environments Total Number of Predictions

=8.75
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3. Problem Definition

In this digital world, cloud computing is gaining increasing adoption as it offers
scalability and flexibility for organizations. This transition has provided several
benefits and security challenges, necessitating the protection of the cloud storage
system. Several solutions are already available to deal with such security threats,
such as the shared responsibility model and emerging technologies, to promptly
mitigate risks associated with human errors. However, it is imperative to pri-
oritize advanced threats and employ mitigation strategies to adequately protect
and preserve the cloud system.

This research investigates the evolving landscape of cloud security by empha-
sizing key challenges, such as the dynamic threat environment and complexities
within the shared responsibility paradigm. The study aims to contribute to ex-
isting literature by focusing on these issues, informing strategies for mitigating
cloud security risks and developing a more resilient security posture in

cloud-based environments.

3.1. Evolving Threat Landscape

One of the significant challenges regarding cloud system security is the complex
and constantly changing nature of cyber threats [21]. The attackers focus on de-
veloping new strategies and methods to hack an organization’s data, which can
harm the organization. Thus, a robust security system is essential to dealing with
evolving threats in the industry. For instance, when a new threat is introduced or
emerges, it becomes difficult for a traditional security solution to protect an or-
ganization’s data, which makes the cloud environment open to sophisticated at-
tacks. As a result, developing an adaptive security approach that can deal with

cyber threats is necessary.

3.2. Shared Responsibility Model Challenges

The shared responsibility model is one of the most common models used in
cloud computing; however, this model has resulted in several challenges between
clients and cloud service providers [22]. Cloud providers are responsible for the
security of the infrastructure, while clients play an essential role in securing their
applications and data. This division of responsibilities can create security gaps
and confusion. When these responsibilities are misunderstood, it may result in
oversight, misconfiguration, or neglect of essential security measures. In addi-
tion, when organizations use the shared responsibility model, it demands com-
munication, clarity, and a shared commitment toward strong security practices

from both ends.

3.3. Impact of Emerging Technologies

Advanced technologies play an essential role in every field of life, regardless of
industry. The two most important emerging technologies in cloud computing

are serverless computing and containerization [23]. These technologies have
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played an essential role in changing how applications are developed and dep-
loyed in cloud environments. In addition, these technologies come with a high
level of agility, making them helpful for organizations to deal with security chal-
lenges. For instance, containers are significant in bridging the risk of vulnerabili-
ties and misconfigurations, which attackers may exploit. Moreover, serverless
computing raises concerns regarding the secure processing and storage of data.
Thus, there is a great need to understand the risks and characteristics of emerg-

ing technologies if traditional security measures are being adopted.

3.4. Lack of User Awareness and Human Error

One of the primary reasons for conducting this research is to enhance user
awareness and reduce human error. Human errors are among the most common
reasons for security breaches in cloud-based environments [24]. Cloud compu-
ting is enriched with technical measures but may include issues like weak pass-
words, misconfigurations, and the leakage of sensitive information. These issues
may occur due to insufficient user awareness. Moreover, organizations need help
in educating users regarding security practices and fostering a culture that pri-
oritizes security. For this purpose, focusing on effective security awareness pro-
grams to mitigate human-related cyber threats is essential. This study emphasiz-
es the importance of communication with the users and their continuous train-
ing to develop a sense of responsibility among them.

To overcome this issue, organizations need to implement interactive e-learning
courses, simulated phishing exercises, and gamified learning experiences to
educate users on security best practices. They must regularly communicate secu-
rity updates through email newsletters, intranet announcements, and in-person
workshops to keep users informed. In addition, they should gain leadership sup-
port for security initiatives and incentivize security-conscious behavior through

rewards programs and performance evaluations.

4. Methodology/Approach
4.1. Research Design

This study used a qualitative research design to analyze and synthesize existing
studies, such as research papers and scholarly articles on cloud computing secu-
rity. The qualitative research method explored the nature of cloud security
threats and mitigation strategies. This approach involved carefully selecting
scholarly articles and other research studies published between 2020 and 2024.
The objective was to identify several significant threats and evaluate mitigation
strategies. Additionally, this approach provides insights regarding the effective-
ness and limitations of existing security measures in cloud-based networks. This
study utilized a qualitative research design to analyze existing studies on cloud
computing security. While qualitative research offers valuable insights into the
nature of threats and mitigation strategies, it is subject to biases inherent in the

interpretation of data.
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4.2. Biases and Limitations

As with any qualitative approach, there are potential biases and limitations to
consider. The interpretation of findings may be influenced by researchers’ sub-
jective perspectives, which leads to possible researcher bias. Additionally, the se-
lected research papers and scholarly articles may not explain cloud security is-

sues in detail, which introduces potential sampling bias.

4.3. Research Setting and Participants

Google Scholar was utilized as the setting for this study, from which past research
studies were selected. This platform offers users access to scholarly articles, books,
and research papers on top cloud computing security. The participants in this re-
search study include the researchers and authors who have contributed to the lite-
rature review section. By selecting all the relevant research studies based on specif-
ic themes, this research aims to focus on threats and mitigation strategies hig-
hlighted in the period from 2020 to 2024. The time period was limited because the
field of cloud computing has ever-changing trends. That’s why it was important

for the study to consider only the recent trends in cloud computing security.

4.4. Data Collection

The data collection for this research study included a structured approach for
identifying valuable and relevant research papers and scholarly articles on cloud
computing security. First, a thorough examination of Google Scholar was con-
ducted by applying a year filter, specifically setting the range from 2020 to 2024.
Subsequently, a specific theme related to this research study was queried in the
Google Scholar search field. The most relevant research papers that included all
or most keywords, such as cloud computing threats, security, and mitigation
strategies, were selected. While efforts were made to systematically identify and
select relevant research papers, the search criteria and selection process may
have inadvertently excluded certain studies. This could introduce selection bias

and impact the comprehensiveness of the literature review.

4.5. Inclusion and Exclusion Criteria

The inclusion criteria for this research study encompassed research papers,
books, and research papers published between 2020 and 2024. The primary focus
of these research studies was on cloud computing security to address different
topics, such as mitigation strategies, threats, and vulnerabilities. All the selected
papers were written in English, including the analysis and synthesis of data re-
lated to cloud computing security. The exclusion criteria encompassed studies
published before 2019 and those without any of the keywords pertinent to this
research study, Z.e., cloud security issues.

4.6. Data Analysis

Data analysis for this research study involved utilizing a thematic approach
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based on which the literature review was conducted. The purpose of creating
themes was to extract meaningful patterns and insights from the selected re-
search studies. First, the literature was organized into relevant themes based on
the topics identified in the data—the thematic analysis aimed to identify emerg-
ing trends in cloud computing security and threats and mitigation strategies.
Subsequently, the findings of all the research studies were summarized and syn-
thesized to extract useful and up-to-date information that could provide insights

into cloud security.

4.7. Ethical Considerations

In this systematic literature review, ethical considerations are integral to ensur-
ing the confidentiality and integrity of the data collected and analyzed. Neces-
sary measures were taken to follow ethical standards and guidelines throughout
the research process. Proper citation practices and intellectual property rights
were also considered when the included research studies were cited. Original
authors and researchers were also credited for their original work through refe-
rencing. In addition, the confidentiality of individuals’ data was maintained, as
no primary data was involved in this research study that involved the partici-
pants’ data. Similarly, honesty and transparency were prioritized when reporting
as a prop, and all the consulted sources were given attribution. The purpose of
addressing ethical considerations is to follow the principles of research ethics
and academic integrity. Ethical considerations were integral to maintaining the
integrity of the research process. However, it is important to acknowledge that
biases, both conscious and unconscious, may influence data interpretation and
reporting despite adherence to ethical guidelines. Therefore, transparency and

reflexivity in reporting findings are crucial for mitigating potential biases.

5. Results and Discussion

5.1. Unveiling Common Threats

The common threats in cloud security include some challenges organizations
face in directing their data [25]. Data breaches, characterized by unauthorized
access to sensitive data, are a common challenge. These breaches compromise
some critical data, creating a significant risk for organizations. Malware attacks
also present concerns with dangerous software that aims to disturb operations or
affect data integrity. This malware exploits vulnerabilities in cloud systems, em-
phasizing the need to create robust security measures to detect and prevent this
cyber infection. Account hijacking, in which the unauthorized user gains control
over data, emphasizes the risk of unauthorized access to sensitive data and its
misuse. In addition, DDoS threats disturb services by overpowering the system
with a large amount of traffic, which highlights the importance of adequate se-
curity measures to confirm the safety of cloud services. Solving these challenges
is essential for organizations to enhance the security and integrity of their cloud

systems. In this evolving cloud security system, organizations must remain pre-
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pared for imminent threats. Data breaches, account hijacking, and DDoS threats
collectively show a dynamic challenge that requires the adoption of solid security
measures. Understanding these challenges becomes essential to developing
countermeasures as cloud technology advances. Thus, through a thorough anal-
ysis of these threats, organizations can design their security measures to decrease
the risks, which ensures a reliable and secure cloud system. Some common cloud

security threats are shown in Figure 3.

5.2. Vulnerability Spotlight: Data Breaches

Data breaches present a severe challenge with significant implications in the
spotlight of weaknesses within cloud security [27]. Unauthorized access to sensi-
tive data is included in data breaches, posing a risk for organizations and clients.
The effect of data breaches stretches beyond the compromise of confidentiality,
as they can lead the organization to financial losses, reputational damage, and
other negative impacts. An attacker’s unauthorized access to personal data, such
as passwords or financial details, highlights the need for the implementation of
solid security measures in cloud systems.

Essential protection plays an important role in securing cloud systems to mi-
tigate the impact of data breaches. Encryption is also crucial in protecting sensi-

tive data by converting it into an unreadable form, which makes it unintelligible

Cloud Security Risks
You Need To Know

b, &2

ofnn Shadow IT

DDoS Data
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cloud storage error
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Malware Insider
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Figure 3. Common cloud security threats [26].
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to unauthorized users. This security measure confirms that in the event an un-
authorized user gains access, they will be unable to read the sensitive informa-
tion. In addition, given these existing vulnerabilities, effective management is
equally essential. It involves a systematic approach to identifying and solving the
substantial flaws in the cloud system prior to their exploitation by hackers. This
strategy involves regular security checks, removing weaknesses, and staying in-
formed of imminent threats. By prioritizing these crucial protections, organiza-
tions can enhance their reliability against the effects of data breaches and create

a more secure cloud system.

5.3. The Pervasiveness of Malware: SIEM Solutions

Malware attacks are the biggest problem for cloud security. Malware is harmful
software that gets into cloud systems to cause damage [28]. These attacks occur
due to software vulnerabilities. They are a significant concern due to their fre-
quent occurrence and potential to result in serious consequences, such as the
loss of sensitive data. To deal with malware attacks, it is essential to possess a
comprehensive understanding of their nature and employ effective counter-
measures. One crucial way to stay safe from malware is by using SIEM solutions.
Security Information and Event Management assists in the surveillance of cloud
activities and identifies any anomalous occurrences that may pose a security risk.
By using SIEM, organizations can better protect themselves from malware at-
tacks in the cloud [29].

5.4. 1AM Empowerment: Account Hijacking

Exposing the challenges related to account hijacking is essential to understand-
ing cloud systems’ weaknesses. Account hijacking consists of unauthorized
access to personal user accounts, which can lead to solid data misuse and illegal
activities. This type of cyberattack generally utilizes weak passwords, phishing
attacks, or other methods to gain control over users’ data. The results of account
hijacking can range from data breaches to unauthorized data access, making it
essential for the organization to solve these challenges. Identity and access man-
agement is vital in mitigating the risk associated with account hijacking. It gives
power to organizations to manage user authority over the data in the cloud sys-
tem. By applying strong IAM practices, organizations can implement vital au-
thentication steps such as multi-factor authentication and regularly update
access permissions depending on user roles. Furthermore, IAM allows organiza-
tions to manage user activities, which enables the early detection of unautho-
rized access. Thus, IAM strategies are essential in maintaining cloud security by
reducing the challenges related to account hijacking and confirming that only

authorized users can access sensitive data.

5.5. Mitigation Strategies for DDoS Disruptions

Reducing DDoS attacks is essential to keeping cloud services stable, organized,
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and available [30]. These attacks send traffic to the system and block actual us-
ers. Organizations use strategies, such as traffic filtering and irregularity detec-
tion, to deal with these situations. They also create a scalable structure and use
content delivery networks to spread traffic. Some organizations apply specialized
DDoS protection services. Monitoring traffic on the network can help organiza-
tions detect and address attacks early. It is also essential to have a plan for when
attacks happen. Thus, by applying this step, organizations can reduce DDoS at-
tacks, which keeps their services running smoothly for every user. Traffic filter-
ing is also vital to dealing with DDoS attacks. It functions by stopping bad traffic
and allowing good traffic to proceed. Organizations use tools like firewalls and
intrusion prevention systems to check upcoming data. The main advantage of
this tool is that it prevents lousy traffic from flooding the network. Load balanc-
ing also plays a vital role in this situation. It distributes traffic across multiple
servers, thereby preventing server congestion and downtime. This ensures the
continuity of services even during the attacks. Using these strategies, any organ-
ization can handle DDoS attacks more professionally. It ensures that their cloud
services run smoothly without any disturbance in the network. Thus, any organ-
ization can stay protected from DDoS attacks by filtering the traffic and balanc-
ing the load. Figure 4 shows DDoS$ mitigation strategies.
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Figure 4. Mitigating DDoS disruptions [31].
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5.6. Mitigating Threats: Defense Strategies

Reducing threats in cloud computing requires many defense strategies against
attacks. At this rate, encryption is essential to protect sensitive data. Its main
advantage is that it converts all data into unreadable code, which prevents any
unauthorized access to the data. It is essential to maintain confidentiality and
protect data from data breaches. Identity and access management is necessary
for managing and monitoring user access to the data. The IAM solution contains
strong authentication and manages user permissions based on their actions and
roles, which protects data from unauthorized access and boosts security by li-
miting access to the necessary data. Security information and event management
solutions are essential to detecting the attack early. They collect and analyze the
data they fetch from different resources in the cloud environment, resulting in a
smooth response and action to the strong attacks.

These solutions help organizations monitor security events in one frame, faci-
litating rapid detection. Vulnerability management helps find and fix a system’s
weaknesses through regular monitoring and checks. Security education is also
essential to stay protected from attacks. All these defenses make a robust system
for handling threats and accelerating cloud security. Thus, organizations can
detect issues early by taking a central view of security events.

The effectiveness of vulnerability management in reducing potential weak-
nesses can be expressed through Equation (4) [27].

Vulnerability Reduction
_Initial Number of Vulnerabilities — Final Number of Vulnerabilities (4)
- Initial Number of Vulnerabilities

5.7. Secure User Access: IAM Essentials

Ensuring secure user access to resources is crucial for maintaining and protect-
ing the cloud environment. This goal is achieved with the help of IAM [32], a
gatekeeper responsible for regulating and overseeing authorization and user au-
thentication. According to this model, only authorized users are granted access
to specific resources based on the tasks they need to perform in an organization.
These users are provided with different permissions and roles to grant access
based on each individual’s job responsibilities, hence minimizing needless
access.

Identity and Access Management is not limited to managing user access; it
can also help organizations evaluate the activities of all users. This feature is
helpful for organizations to monitor and audit the interaction of each user
with cloud resources. Moreover, this real-time visibility enhances the ability to
quickly find suspicious or unusual behavior. Additionally, IAM simplifies the
overall process of managing user access rights and identities, strengthening the
general security of the cloud environment. Therefore, integrating IAM into an
organization ensures users have the appropriate access to perform their tasks

effectively.
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5.8. Integration of SIEM for Early Detection

Organizations need to develop an effective cloud computing security system for
the early detection of threats and errors. They can use SIEM to detect early
threats and ensure overall cloud security [33]. Security information and event
management is like a guardian responsible for continuously collecting and ana-
lyzing data from different sources within the cloud network. This data may in-
clude activities, events, and logs generated by the applications, users, and infra-
structure components. Security information and event management can also
identify deviations, anomalies, or patterns from normal behavior, which may in-
dicate the presence of a security threat. This mechanism of detecting errors early
allows organizations to deal with security incidents effectively to minimize the
impact of cyber threats.

Implementing SIEMs’ early detection has a significant impact as it provides a
basis for monitoring and managing security events. This system also enables the
security teams to correlate important information and get insights regarding
emerging threats. When this information is provided to security teams, it be-
comes easy for them to make valuable and appropriate decisions and focus on
implementing effective responses and strategies. In addition, when the threats
are detected early with the help of SIEM, it enhances an organization’s ability to
deal with cyber threats before facing significant issues related to data systems
and business operations. Thus, SIEM is a defensive mechanism that allows or-
ganizations to secure sensitive data and business operations in the context of
cloud security.

Figure 5 depicts the integration of SIEM for early detection of threats.

5.9. Awareness Training Programs for Users

Whenever a new technology or system is introduced, it is essential to educate the
users to understand the purpose and usage of that technology or device. Similar-
ly, when a security system is implemented in a cloud computing network to deal
with potential threats, it is essential to provide detailed information to the users
regarding that system to mitigate the risks associated with significant errors.
Human errors are integral to security incidents within cloud networks as technol-
ogy evolves [31]. Security awareness training programs aim to educate users about
the importance of security policies, safe online practices, and potential threats.
When a sense of responsibility is developed among users, it reduces the chances of
data breaches and compromises the overall security of the cloud network.

The benefit of security awareness training programs also includes establishing
a security-conscious environment where employees are informed about cyber-
security best practices as well as threats and mitigation strategies. This enables
them to actively contribute to protecting sensitive resources and information
within the organization. A security-conscious culture of an organization is cha-
racterized by a collective recognition of the importance of cybersecurity meas-

ures, fostering an environment where all employees are encouraged to report
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Figure 5. Integration of SIEM for early detection [34].

suspicious activities [33]. This culture follows security protocols and is integral
to maintaining a secure cloud network. Thus, such training programs are not
only for enhancing the knowledge of individuals but also to develop a sense of
shared commitment to cybersecurity and help the organization deal with poten-
tial security threats.

The impact of security awareness training on reducing human errors can be
quantified using formula (5) [31].

Error Reduction

_Initial Number of Security —related Errors — Final Number of Errors

- Initial Number of Security — related Errors

x100% )

6. Conclusion

This systematic literature review evaluation on cloud computing security aims to
determine adequate security measures to mitigate evolving threats quickly. The
qualitative analysis highlights critical threats, including malware attacks and data
breaches, emphasizing the need for encryption techniques, user awareness train-
ing, SIEM, and IAM. Some emerging trends in cloud computing security, such
as Al and containerization, are also mentioned in this research. Moreover, ethi-
cal considerations and the shared responsibility model are essential in ensuring
adequate security measures. The findings from the literature review guide effec-
tive cloud security practices. In addition, this research highlights areas that fu-

ture researchers should consider to protect the confidentiality and integrity of
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cloud-based systems.

7. Future Scope

The future scope of research in cloud computing security presents an exciting
landscape filled with opportunities to address emerging challenges and advance
the effectiveness of mitigation strategies. As technology evolves, several critical
avenues merit exploration for researchers and practitioners. First, the advent of
quantum computing introduces a novel dimension to cloud security. Research-
ers can delve into developing encryption methods specifically designed to with-
stand the computational capabilities of quantum machines. Understanding and
mitigating the potential threats posed by quantum computing will be crucial to
ensuring the long-term security of cloud environments. The proliferation of hy-
brid and multi-cloud architectures calls for focused attention in future research.
Investigating security solutions that seamlessly integrate across diverse cloud
platforms can enhance the overall resilience of organizations. Addressing the
unique challenges of maintaining consistent security measures in hybrid and
multi-cloud setups will ensure robust protection against evolving threats.

Given the increasing popularity of Al and ML applications, their role in en-
hancing cloud security deserves exploration. Future research could focus on re-
fining AI/ML algorithms to bolster threat detection capabilities and provide
more adaptive and responsive security solutions. Understanding the synergy
between AI/ML and traditional security measures will be essential in developing
comprehensive defense mechanisms. Additionally, the human element remains
a critical factor in cloud security, and future research should emphasize strate-
gies to fortify this aspect further. Developing innovative approaches to enhance
user awareness and education programs can minimize the risk of human error
and foster a security-conscious culture within organizations. Furthermore, the
regulatory landscape governing cloud security is evolving. Future research could
delve into the implications of emerging regulations and standards, ensuring that
security practices align with compliance requirements. This includes examining
how regulatory frameworks influence security policies and practices within

cloud environments.
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