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Abstract. Both natural catastrophes and human-created emergencies introduce
significant operational disruptions across technological systems. Within
information security frameworks, disaster recovery technologies play a vital role
in safeguarding data during crisis events. These frameworks encompass diverse
methodological approaches and tools designed to help organizations recover after
disruptive incidents, highlighting the critical nature of strategic recovery
planning. While examining various recovery methodologies in both conventional
and cloud environments, this study provides evidence supporting cloud-based
solutions are better over traditional approaches. Our review demonstrates that
cloud implementations offer enhanced business continuity capabilities,
significantly faster recovery periods, and more economical operating costs. This
paper introduces an innovative virtual private disaster recovery architecture
specifically designed for cloud environments, which researchers have evaluated
through industry-centric Recovery Time Objective and Recovery Point Objective
measurement criteria. Technology professionals have assessed various
frameworks and confirmed its effectiveness in addressing security concerns,
meeting business continuity requirements, and enabling swift organizational
recovery from disruptions. Additionally, we provide a comprehensive
examination of available cloud service offerings and demonstrate the key benefits
of implementing recovery management approaches.

Keywords: Cloud Technology, Catastrophe Recovery Management, Data
Encryption, Secure Cloud Backup, Al-Driven Disaster Recovery, Multi-Cloud
Architecture
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Cloud computing represents a technological framework where distributed resources are
shared over the internet. As organizations increasingly incorporate cloud technologies
into their core operations, many have begun utilizing these patterns for recovery from a
disaster. Cloud recovery functions both as a preventive safeguard and as a protective
mechanism through the maintenance of redundant data copies across distributed cloud
storage locations. Recovery metrics including RTO and RPO serve as essential perfor-
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mance indicators for disaster recovery management. The RTO which is the maximum
amount of time a system, application, or service can be down after a failure before it
must be restored to avoid unacceptable consequences, while RPO is the maximum
amount of data loss (in time) that is acceptable during a disruption [ 1]. Effective disaster
recovery strategies aim to continuously reduce both metrics. Recovery Service in terms
of adisaster [1,2] has introduced valuable cloud offering for organizations seeking cost-
effective disaster recovery solutions compared to traditional approaches.

Organizations should carefully evaluate DRaaS while developing strategies for recov-
ery or backup of their data. The service allows flexible replication in physical and vir-
tualized environments while supporting rapid recovery with minimal manual interven-
tion. However, security vulnerabilities can originate from the computing environment,
network infrastructure, and internet-based communication channels. Therefore, com-
prehensive security assessment and planning must precede any cloud implementation.
Numerous researchers have developed frameworks addressing these security consider-
ations [3,4]. This review contributes to the field in three significant ways: It demonstrates
the comparative advantages of cloud-based DR solutions over conventional approaches.
It focuses on various frameworks for implementing secure cloud- based disaster recov-
ery. It examines contemporary cloud service offerings with particular attention to dis-
aster recovery applications. The paper is structured as Part II provides a literature re-
view. Part III describes the disaster management life cycle. Part IV categorizes cloud
computing service models. Part V examines disaster recovery strategies and the secured
virtual private cloud architecture. Part VI analyzes the model. Part VII summarizes the

paper.

2 Literature Review

Srinivas, Ramayya, and Venkatesh [2] have investigated disaster-related data loss pat-
terns and backup methodologies for recovery of the data in their study in 2013. Wang et
al. in their studies [5] have categorized backup approaches as hot, cool, or warm and
demonstrated integration methodologies between DRaaS and business continuity
frameworks. Some commercial entities have developed and tested recovery plans on
their respective cloud platforms, with particular focus on optimizing RTO and RPO
metrics. These publications highlight platform-specific advantages and outline recom-
mended practices for disaster recovery planning and testing. Other studies have focused
on comprehensive information collection regarding actions taken during previous dis-
aster management phases to mitigate future risks. The primary objective of such re-
search has been reducing organizational response times by developing deeper under-
standing of stakeholder involvement in recovery processes, with recommendations for
enhanced preparedness across all participating entities. Researchers have also examined
the critical role of data centers in maintaining operational continuity. Their work has
identified database backup categorization systems, examined recovery technology clas-
sifications, and discussed various replication methodologies.
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Some studies have proposed innovative approaches of data backup and recovery, such
as preventive strategies that optimize replica numbers. The approach used by Y. Meduri
[6] recommend specific replication strategies for different backup timeframes, present-
ing recovery frameworks for multi-cloud environments and testing their recommenda-
tions through various scheduling algorithms. By increasing the involvement of many
stakeholders in disaster recovery activities, the main objective is to reduce response
times. To effectively manage catastrophe recovery, all stakeholders should be well-
prepared. This study emphasizes how important the preparedness phase is, which in-
volves quick efforts to reduce fatalities. A prior study by T. Zhu et al. [7] highlighted
how important data centers are for maintaining continuous operations. It covered dis-
aster recovery (DR) classification, replication technologies and described the various
kinds of database backups, including cold, warm, and hot standby. The study also cov-
ered distributed disaster tolerance and highlighted its advantages, including lowering
application recovery time goals (RTO), improving business continuity, avoiding single
points of failure, and optimizing network traffic loads. M. Alshammari et al. [8] put
forward a plan to back up and recover data while cutting down on copies. This plan
called the Preventive Disaster Recovery Plan with Minimum Replica (PRPMR), ad-
vised keeping one copy for short-term backups (up to a week) and two copies for long-
term backups (over a week). The team created and checked their disaster recovery
method in a multi-cloud setup using three ways to schedule: COST-first, RTO- first,
and a mix of COST/RTO-first. Their approach turned out to be cost-effective bringing
down the needed number of copies to less than three.

The Bamboo system introduced by Alwan AA et al. [30] separated system components
from the core by using a design based on microkernel technology, allowing dynamic
addition, removal, and modification during runtime. However, despite its widely recog-
nized benefits, this approach introduced significant challenges, particularly in facilitat-
ing interaction between components developed in different programming languages.
Additionally, achieving extensibility requires a deep understanding of programming
languages. The Java Adaptive Dynamic Environment (JADE) was created by Alhazmi
OH [31] using Java design concepts as inspiration. The lightweight, cross-platform core
of JADE facilitates system evolution while the application is running. Nevertheless,
despite its flexibility, it did not effectively address the challenges of expanding Collab-
orative Virtual Environment (CVE) systems. A communication-based solution using
IoT technology was presented by Nordin A et al. [32]. The advantage of the proposed
approach was that the transmission of data between all devices did not require any ex-
isting network infrastructure. In a study, Lenk A, Tai S, and Chang et al. [33,43] pre-
sented the Geographic Redundancy Approach (GRA) for cloud systems disaster recov-
ery with the analysis of the Markov model. According to the results, GRA maintained
minimal costs and downtime while achieving excellent availability and survival. Re-
covery Time Objective (RTO) and Recovery Point Objective (RPO) have not however,
been used to assess the strategy, which are crucial for assessing any disaster recovery
solution. Additionally, the proposed solution is designed for single-cloud systems and
may not be suitable for multi-cloud environments, where multiple independent cloud
platforms are interconnected. In their review of disaster recovery plans and techniques
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Alshammari et al. [34] highlighted the critical factors influencing the healing process.
The three main types of disaster recovery procedures are hot backup sites, warm backup
sites, and cold backup sites. The study also examined the challenges of failover and
failback catastrophe scenarios, emphasizing how important it is to preserve continuity
for vital business operations and return to the original location with ease.

Khoshkholghi et al. [35] examined the difficulties associated with online data backup
in cloud computing systems, emphasizing cost reduction through on-premises backup
management. With a focus on removing dependency on outside cloud providers, the
suggested method aimed to tackle complicated problems pertaining to cloud-based data
backup and disaster recovery (DR). According to the authors, this technology stream-
lined data migration between cloud providers and successfully reduced backup ex-
penses. Nevertheless, the study only looked at disaster recovery in single-cloud settings
and ignored the need to continue operating a business during or following a disaster.
One important factor is the cost-benefits of cloud-based disaster recovery. Scalability
of the service and network bandwidth have a significant impact on the effectiveness of
the recovery process; in other words, a high-bandwidth network and scalable services
enable a faster recovery process. Depending on how well the cloud-based disaster re-
covery system works with the IT infrastructure, operations can typically resume
within a few hours after adisaster. The majority of data backup and recovery proce-
dures are now completely automated, requiring little to no human intervention [15, 24,
25, 36-37].

Sengupta and Annervaz [16, 38] introduced the Data Distribution Plan for multi-site
disaster recovery (DDP-DR), which enabled backup data to be stored across different
data centers, including shared cloud facilities. Before determining the optimal data dis-
tribution idea, the approach took into account customer policy constraints and infra-
structure limitations. This method was particularly effective for safeguarding critical
business data by distributing backups across geographically diverse and data-centric
areas. Usage of knowledge acquisition and delivery to simplify the integration process
was proposed by Grolinger, Capretz, Mezghani, and Exposito [39]. However, the design
phase for Disaster Cloud Data Management (Disaster-CDM) is still a work in progress.
So far, most of the research has focused on acquiring simulated data, while other areas
remain underdeveloped. One of the main challenges in delivering knowledge is achiev-
ing semantic integration across diverse data sources. An important outcome of this ap-
proach is the creation of Knowledge as a Service (KaaS). In the same way, Togawa and
Kanenishi [40] introduced a framework of disaster recovery using Moodle e-learning
model. Their research focused on the potential impact of a high-level natural catastro-
phe like an earthquake which is likely to hit Japan in the next 30 years. They empha-
sized the importance of having a disaster recovery plan in place of e- learning. While
they presented findings on their proposed framework, their evaluation did not consider
key performance criteria such as cost, time of recovery objective or point of recovery
objective.
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Saquib et al. [41,16] proposed a cloud-based disaster recovery (DR) solution for data-
base applications, designed to ensure fast recovery and prevent data loss. Their ap-
proach achieved a zero Recovery Point Objective (RPO) and minimal Recovery Time
Objective (RTO) by utilizing a database server, iISCSI-based synchronous and semi-syn-
chronous block replication, along with automated failover and failback. The scalability
of their solution made it a cost-effective option for Disaster Recovery as a Service
(DRaaS). Gu etal. [42] proposed a multi-cloud disaster recovery model that consolidates
access to various cloud providers via a single interface. However, their research did not
address how data operations and service reliability would be maintained during or after
catastrophic events such as cyberattacks, natural disasters, or infrastructure failures.

A study comparing cloud storage management was conducted by Sakhardande et al.
[44] with traditional non-cloud storage, focusing on biomedical scientists as users. The
aim was to find ways to improve competence and accuracy. They discovered that job
failures, file size, and network latency were essential elements that adversely affected
performance. To assess these impacts, they conducted experiments while applying Or-
ganizational Sustainability Modeling (OSM) to ensure fair comparisons. However, the
study had some limitations—it only considered a Single Cloud environment and did not
evaluate service performance during or after a disaster. Sambrani and Rajashekarappa
[45] focused on the role of security in dataretrieval. They initiated an algorithm designed
to achieve some key objectives: delivering the maximum security for cloud users and
guaranteeing data recovery following a natural disaster. Along with this, the study also
took into account factors such as data integrity, cost, recovery time, and overall effi-
ciency. To evaluate their approach, they conducted experiments using two primary per-
formance metrics: Recovery Time Objective (RTO) and cost.

3 Disaster Management Cycle

In organizational contexts, a disaster represents an unexpected catastrophic event caus-
ing significant disruption to normal operations and potentially resulting in substantial
losses. As depicted in Figure 1, organizations must implement comprehensive disaster
recovery planning, which requires understanding the complete disaster cycle. The dis-
aster management process encompasses four interconnected phases [9,10].
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Fig. 1. Disaster Management Cycle

Prevention: This stage involves implementing measures to eliminate or minimize vul-
nerability to disaster impacts, including potential injuries, fatalities, and property dam-
age. This includes strengthening infrastructure to withstand specific natural hazards.
Effective prevention requires organizing resources, conducting thorough risk assess-
ments, producing protective plans, documenting comprehensive plans, as well as estab-
lishing implementation and evaluation protocols. Through strategic prevention plan-
ning, decision-makers can leverage reliable danger evaluation and risk management
data to systematically reduce exposure in the future.

Readiness: This phase encompasses initiatives that enhance disaster preparedness for
organizations and business communities. These programs focus on understanding po-
tential impacts and developing appropriate educational resources, outreach programs,
and training initiatives to support effective response and recovery. Comprehensive dis-
aster preparedness requires considering worst-case scenarios and developing appropri-
ate organizational response capabilities.

Action: This stage addresses immediate response following a disaster, including preser-
vation of life and addressing humanitarian needs. Organizations must attempt to control
and limit damage while coordinating appropriate emergency assistance. Following ini-
tial response activities, organizations enter the resumption phase, which represents the
transition from emergency response to service restoration.

Revival: This phase involves comprehensive rebuilding of affected systems and em-
phasizes returning to normal operations. Recovery primarily focuses on restoring less
time- sensitive organizational functions and encompasses both activities like long and
short. Short recovery typically involves providing quick services to business opera-
tions, while long recovery describes the comprehensive rebuilding of organizational
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capabilities and infrastructure. All of these combines to form the management of disas-
ter-based recovery using cloud technologies and expertise.

4 Cloud Computing Service Models

Cloud Computing products are designed to meet diverse end user requirements. Service
providers offer various solutions to customers with the principal offerings including
[11,12]:

Infrastructure as a Service (IaaS): This category provides computing hardware com-
ponents, including system and storage, networking equipment, virtual, I[P addresses, and
operational work. It offers organizations access to computing infrastructure while re-
ducing capital expenditures. Major providers in this category include Amazon Web
Services, Microsoft Azure, and Google Cloud.

Platform as a Service (PaaS): This offering gives cloud-based development platforms
and environments for application creation and deployment. It includes additional com-
ponents such as systems like database, analysis tools, and intelligent business capabili-
ties. These services are used remotely and accessible via internet connections. Exam-
ples include Google App Engine and Red Hat OpenShift.

Software as a Service (SaaS): This widely adopted service category which provides
remote access to software applications and features through internet connections. Com-
mon examples include Facebook, Dropbox, Salesforce, Microsoft Office 365, and Tab-
leau.

Disaster Recovery as a Service (DRaaS): This specialized offering helps organiza-
tions protect applications and data from disaster impacts, whether from security
breaches or environmental events. Examples include Zerto, Axcient and iland DRaasS.
These service categories continue expanding as cloud adoption increases, allowing or-
ganizations to select appropriate solutions based on specific workload requirements and
desired outcomes.

TaaS enhances business continuity capabilities, while PaaS supports recovery planning
through various methodological approaches. DRaaS provides comprehensive recovery
solutions ensuring technology availability for business operations.

4.1 STRATEGIES OF DISASTERRECOVERY

Cloud-based disaster recovery enables remote system backup and restoration while reduc-
ing costs associated with recovery metrics. Research indicates that cloud-based ap-
proaches offer greater effectiveness and numerous advantages that organizations should
consider when establishing disaster recovery strategies. Cloud environments are typi-
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cally categorized as private, public, community, or hybrid each with specific character-
istics [13,14] as discussed in the following section.

5 Disaster Recovery Strategies

For disaster recovery purposes, private cloud implementations involve restoring
data to organizational infrastructure, as system recovery requires data restoration to
previous operational states.

Public cloud represents another implementation category, characterized by efficient re-
source sharing that optimizes technology asset utilization. In this model, applications,
storage, and data operate on shared resource pools accessible to general users through
internet connections [18,19]. Public clouds provide suitable environments for organiza-
tional backup and recovery implementations, offering cost efficiency and high availa-
bility.

Community clouds are managed by and distributed among specific firms with common
goals and information needs. Group participants share access to cloud-based resources
and applications. These implementations enhance user experiences and facilitate com-
munication while incorporating disaster recovery capabilities that ensure business conti-
nuity at reduced operational costs [20].

Hybrid clouds combine more than two cloud types to do different roles in the same or-
ganization. This approach integrates shared cloud resources with internet, remote pri-
vate, or collaborative clouds [21,22]. Hybrid implementations are highly adaptable and
encompass various services and applications, including comprehensive backup and re-
covery solutions.

Virtual private cloud is isolated private cloud hosted within a public cloud offers en-
hanced durability and security can be one of the best options for disaster recovery [46].
Multi-tenant private cloud architectures can reduce expenses through hardware slice
purchasing and isolation techniques. Disaster recovery frameworks typically incorpo-
rate multiple recovery levels, including system and application layers [23]. These levels
are established according to specific system requirements as shown in Table 1.

Table 1. Data Tiers

DR level System Needs
Data level Protection of app data
System level Minimizing recovery time to the greatest

extent feasible.
Application level | Application continuation

Replication represents a critical component of disaster recovery implementations. Data
must be distributed across multiple geographic regions, utilizing various concurrent
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backup repositories from different service providers. Replication methodologies can be
either synchronous or asynchronous, with synchronous approaches potentially reducing
recovery metrics through virtual mirroring techniques.

Virtual
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Virtual Virtual
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Fig. 2. Virtual Disaster Recovery Management System

As depicted in  Figure 2, asynchronous replication provides backup capabilities across
various locations. During disaster events, primary sites become inaccessible. To
ensure operational continuity, the synchronous site must activate first. If this site also
experiences failure, additional backup sites must be activated. This architecture is par-
ticularly suitable for small to medium enterprises, while larger organizations may ben-
efit from hybrid implementations incorporating our virtual model.

Benefits of the Virtual Private Cloud for Disaster Management:
Reduced operational expenses

Improved recovery metrics

Enhanced security controls

Continuous business operations

Improved scalability and flexibility

Accelerated recovery capabilities

By this we come to know that disasters come to restoration by using backup techniques
like parallel multi-model locations with different cloud owners. The main site becomes
unavailable when any catastrophe occurs as well as the first site of backup also gets ru-
ined up. The stimulated site needs to get activated checking the security and the data re-
trieval levels. Such an architecture is amazing for a small-scaled to large -scaled firms
which require multi- model design and structure for the remote users which will accel-
erate the comeback capabilities even quicker [28,29].
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According to the industry research, whether an organization's core systems operate in
cloud environments or on-premises, business continuity must remain a priority. Com-
pared to traditional approaches, cloud-based disaster recovery offers numerous signifi-
cant advantages, including enhanced reliability, improved scalability, and increased
availability. While implementations may utilize various cloud types, several key bene-
fits apply across all recovery approaches based on cloud [26,27]:

o Faster Response: Recovery based on cloud services significantly reduces recovery
timeframes from days to hours.

e Amount Savings: By leveraging shared resources and minimizing traditional backup
infrastructure through consumption-based pricing models, cloud-based disaster re-
covery offers improved affordability.

e Resource Preservation: Organizations avoid capital expenditures for establishing
dedicated backup data centers, eliminating responsibility for maintaining these facil-
ities.

e Enhanced Security: Advancements in cloud security technologies facilitate services
that protect critical data, allowing providers to implement robust security features.
Cloud services incorporate various cryptographic algorithms for data protection.

o Greater Flexibility: Organizations gain independence from specific recovery facility
locations, as these can dynamically relocate to different global regions within dis-
tributed cloud environments.

6 Analysis and Evaluation

The virtual cloud model discussed in this paper offers a modern and flexible alternative
to traditional disaster recovery approaches. This section presents an analytical evalua-
tion based on performance, scalability, cost-effectiveness, availability and real-world
applicability using insights gathered from professional researchers. This approach cre-
ates additional expenses, particularly when organizations upgrade primary systems and
servers necessitating corresponding upgrades to recovery infrastructure. The virtual
model provides organizations with comprehensive disaster recovery capabilities that
protect critical data while minimizing operational costs. This approach ensures robust
security, business continuity, and accelerated recovery while addressing limitations as-
sociated with traditional recovery methods. By implementing multi-cloud storage ar-
chitectures, the model improves cost- effectiveness, performance, and security, ena-
bling continuous data accessibility during significant service disruptions. This model
aims to provide firms with a dependable recovery plan that uplifts cloud-based solutions
for cost-effective data protection. Additionally, it fortifies security, guarantees business
continuity, and speeds up recovery, all while addressing the difficulties associated with
traditional ways of recovery from a disaster. Even though few drawbacks are the lack
of time available and storage concerns.
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7 Conclusion

This paper has examined cloud solution implementation for disaster recovery purpose.
We have studied the innovative secure virtual private cloud architecture leveraging in-
dustry standard recovery metrics to maximize cloud advantages. This model employs
data duplication to enhance storage capabilities and can utilize multiple parallel loca-
tions across different service providers. Our study has demonstrated several cloud-
based recovery strategies providing improved information accessibility, cost efficiency,
and faster response capabilities compared to traditional approaches. Additionally, we
have performed comprehensive study of cloud recovery services, particularly recovery
services for disasters, highlighting its suitability for organizational recovery implemen-
tations. Our study indicate that cloud-based recovery systems offer significantly greater
effectiveness and scalability than conventional approaches.
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