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Abstract
Ransomware has become one of the most serious threats to cloud and enterprise systems, not only because it can encrypt critical 
data, but also because it can disrupt operations, expose sensitive information, damage public trust, and weaken business continuity. 
Modern ransomware attacks are no longer limited to simple malware infections. They often involve data theft, double extortion, 
compromised backups, lateral movement across enterprise networks, and attacks on cloud-based workloads, storage systems, 
and identity services. As organizations continue to depend on hybrid infrastructure, remote access, third-party platforms, and 
cloud-native applications, ransomware resilience has become a major requirement for cybersecurity planning.
This article examines ransomware resilience in cloud and enterprise systems by reviewing the evolution of ransomware threats, 
major attack vectors, detection methods, incident response strategies, and recovery practices. It discusses the importance of early 
detection through behavioral monitoring, endpoint protection, cloud log analysis, anomaly detection, and machine learning-based 
techniques. The article also examines response and containment measures, including incident triage, endpoint isolation, access 
restriction, communication planning, and forensic preservation. In addition, it highlights recovery strategies such as immutable 
backups, disaster recovery planning, clean restoration, recovery testing, and business continuity management. Based on these 
discussions, the article proposes an integrated ransomware resilience framework that connects governance, prevention, detection, 
response, recovery, and continuous improvement. The proposed framework emphasizes that ransomware defense should not 
be treated only as a technical detection problem, but as a wider resilience issue involving people, processes, technology, and 
organizational decision-making.

Keywords: Ransomware resilience, Cloud security, Enterprise cybersecurity, Ransomware detection, Incident response, Cyber 
resilience, Zero trust, Disaster recovery.	 DOI: 10.64235/njgnaq19

Introduction

Background of the Study
Ransomware has become one of the most disruptive 
threats in modern cybersecurity because its impact 
extends far beyond the encryption of files. In many 
cases, a ransomware incident can interrupt business 
operations, expose confidential records, weaken 
customer trust, damage institutional reputation, and 
create serious financial and legal consequences. Earlier 
forms of ransomware were often designed to lock files 
and demand payment for decryption. However, the 
threat has changed significantly. Current ransomware 
campaigns are more organized, more targeted, and more 
closely linked to broader cybercriminal ecosystems. 
Attackers now use advanced intrusion methods, data 

theft, extortion pressure, and persistent access techniques 
to increase the impact of their operations.
The growth of ransomware-as-a-service has also changed 
the scale of the problem. Instead of requiring every 
attacker to develop their own malware, ransomware-
as-a-service allows criminal groups to rent or distribute 
ransomware tools through affiliate models. This has 
lowered the technical barrier for attackers and increased 
the number of campaigns targeting organizations of 
different sizes. As a result, ransomware is no longer 
limited to isolated attacks against individual users. It has 
become a strategic threat to enterprises, cloud service 
environments, healthcare systems, public agencies, 
educational institutions, financial organizations, and 
critical infrastructure (Beaman et al., 2021; Oz et al., 2022; 
Razaulla et al., 2023).
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Modern ransomware attacks also involve double 
extortion, where attackers not only encrypt data but also 
steal sensitive information and threaten to publish or sell 
it if payment is not made. In some cases, attackers attempt 
to destroy or encrypt backups before activating the final 
ransomware payload. This makes recovery more difficult 
and increases pressure on victims. These developments 
show that ransomware should not be understood only 
as malicious software. It is now a coordinated form 
of cyber intrusion that may involve reconnaissance, 
credential theft, privilege escalation, lateral movement, 
data exfiltration, encryption, and extortion. This shift has 
made ransomware resilience a key concern for cloud and 
enterprise security planning.

Ransomware in Cloud and Enterprise Systems
Cloud and enterprise systems are especially exposed to 
ransomware because they combine large volumes of data, 
complex user access structures, remote connectivity, third-
party services, and distributed digital infrastructure. 
Many organizations now operate across hybrid 
environments that include on-premises servers, public 
cloud platforms, software-as-a-service applications, 
virtual machines, containers, endpoint devices, and 
remote users. While this structure supports flexibility 
and scalability, it also creates a wider attack surface. 
A single compromised identity, exposed application 
programming interface, misconfigured cloud storage 
service, or unpatched system may provide attackers with 
an entry point into a much larger environment.
Identity mismanagement is one of the most serious risks 
in cloud and enterprise ransomware incidents. Attackers 
often seek valid credentials because legitimate access can 
help them avoid early detection. Weak passwords, lack of 
multifactor authentication, excessive privileges, inactive 
user accounts, and poor access reviews can all increase 
ransomware exposure. Once attackers gain access, they 
may move across systems, escalate privileges, identify 
high-value data, disable security tools, and attempt to 
compromise backup repositories. In enterprise networks, 
this may involve abuse of remote desktop services, shared 
drives, Active Directory, and endpoint management 
systems. In cloud environments, similar risks may appear 
through compromised administrator accounts, insecure 
identity and access management policies, vulnerable 
APIs, and exposed storage resources.
Cloud misconfiguration remains another major concern. 
Organizations sometimes assume that cloud platforms 
are secure by default, but cloud security depends heavily 
on proper configuration and shared responsibility 
between the provider and the customer. Poorly configured 
storage buckets, excessive permissions, weak monitoring, 
insecure API access, and inadequate logging can make 
ransomware attacks harder to detect and contain. 
Cloud-native environments also introduce additional 

complexity because workloads may be distributed across 
regions, containers, microservices, and multiple service 
providers. This can make forensic investigation and 
recovery more difficult when organizations do not have 
clear visibility across their assets (Singh & Chatterjee, 
2017; Tabrizchi & Kuchaki Rafsanjani, 2020; Ali et al., 
2024; Kalaiarsan & Selvan, 2024).
Enterprise systems face similar challenges because 
many organizations still depend on legacy applications, 
flat network structures, outdated backup practices, and 
incomplete asset inventories. When these weaknesses 
exist, ransomware can spread quickly from one 
compromised device to shared systems, file servers, 
databases, and business-critical applications. Therefore, 
ransomware resilience in cloud and enterprise 
environments must address both technical controls and 
organizational readiness.

Problem Statement
Although ransomware has become more sophisticated, 
many organizations still respond to it mainly as a 
malware detection problem. This narrow view is 
inadequate because detection alone cannot protect an 
organization if it lacks a tested response plan, segmented 
infrastructure, reliable backups, recovery procedures, 
and post-incident validation. A security tool may identify 
suspicious activity, but if the organization cannot isolate 
affected systems, revoke compromised access, preserve 
evidence, restore clean backups, and maintain essential 
operations, the incident may still cause major disruption.
The main problem is that ransomware defense is 
often fragmented. Detection may be handled by the 
security team, backups by the infrastructure team, legal 
notification by compliance personnel, and business 
continuity by management. If these functions are not 
coordinated before an incident occurs, response becomes 
slow and confused. Attackers often exploit this delay 
by spreading laterally, encrypting more assets, stealing 
more data, and targeting backup systems. Recent studies 
on ransomware detection show the importance of early 
identification, but they also reveal that technical detection 
methods have limitations, especially when ransomware 
variants use evasion techniques, legitimate tools, or 
staged intrusion methods (Beaman et al., 2021; Cen et 
al., 2024).
For this reason, ransomware must be treated as a resilience 
problem rather than a purely technical malware problem. 
A resilience-based approach considers what happens 
before, during, and after an attack. It includes governance, 
risk assessment, prevention, monitoring, incident 
handling, containment, recovery, business continuity, and 
continuous improvement. Incident response guidance 
also emphasizes the need for preparation, analysis, 
containment, eradication, recovery, and lessons learned, 
which shows that effective ransomware management 
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requires structured procedures rather than improvised 
decisions during a crisis (Cichonski et al., 2012). Similarly, 
the NIST Cybersecurity Framework 2.0 supports a wider 
view of cybersecurity by organizing security outcomes 
around governance, identification, protection, detection, 
response, and recovery (NIST, 2024).
The gap addressed in this article is the need for an 
integrated ransomware resilience framework for cloud 
and enterprise systems. Such a framework should connect 
detection, response, and recovery into one practical 
model that supports technical defense, operational 
continuity, and organizational decision-making.

Aim and Objectives
The aim of this article is to examine ransomware resilience 
in cloud and enterprise systems, with specific attention to 
detection, response, and recovery frameworks. The article 
focuses on how organizations can move beyond isolated 
security controls and adopt a coordinated approach that 
supports early detection, rapid containment, reliable 
recovery, and continuous improvement.
The specific objectives are to:
•	 Review recent ransomware trends affecting cloud and 

enterprise systems.
•	 Examine ransomware detection methods, including 

behavior-based, machine learning, and cloud-native 
detection.

•	 Analyze ransomware incident response and 
containment strategies.

•	 Evaluate recovery and business continuity approaches 
for ransomware resilience.

•	 Propose an integrated ransomware resilience 
framework for cloud and enterprise environments.

Contribution of the Article
This article contributes to the cybersecurity literature 
by presenting ransomware resilience as an integrated 
process rather than a single technical control. Its main 
contribution is a structured framework that connects 
governance, prevention, detection, response, recovery, 
and continuous improvement. This approach is 
important because ransomware incidents affect not 
only information systems but also business operations, 
legal responsibilities, human decision-making, and 
organizational trust.
The article also links ransomware resilience to broader 
information security management. It recognizes that 
prevention and response must be balanced because no 
organization can assume that all ransomware attacks will 
be blocked before they begin. Incident-centered security 
research shows that organizations must manage the 
relationship between preventive controls and response 
capability, especially when dealing with complex cyber 
incidents (Baskerville et al., 2014). In addition, the concept 
of cyber resilience emphasizes the ability to continue 
functioning, recover from disruption, and learn from 

incidents rather than relying only on perimeter defense 
(Björck et al., 2015). By aligning these ideas with the 
NIST Cybersecurity Framework 2.0, this article provides 
a practical structure for understanding ransomware 
resilience in cloud and enterprise systems (NIST, 2024).

Ransomware Threat Landscape in Cloud and 
Enterprise Systems

Evolution of Ransomware Attacks
Ransomware has evolved from relatively simple file-
locking malware into a highly organized criminal 
business model. Early ransomware attacks often focused 
on encrypting personal files and demanding payment 
from individual users. These attacks were harmful, but 
their technical and operational scope was usually limited. 
Over time, attackers began to target organizations 
with greater financial capacity, larger data stores, and 
stronger dependence on digital systems. This shift moved 
ransomware from opportunistic malware infection to 
targeted enterprise intrusion.
One major development is ransomware-as-a-service. In 
this model, ransomware developers provide malware, 
payment portals, negotiation tools, and technical support 
to affiliates who carry out attacks. The profits are then 
shared between developers and affiliates. This model 
has expanded ransomware activity because it allows 
attackers with limited technical knowledge to participate 
in sophisticated campaigns. It has also made ransomware 
more difficult to control because different groups may 
use similar tools while targeting different sectors and 
regions (Beaman et al., 2021; Oz et al., 2022).
Another important development is double extortion. 
Attackers no longer rely only on encryption to pressure 
victims. They may steal confidential data before 
encryption and threaten to publish it if payment is not 
made. This changes the impact of ransomware because 
even when backups are available, the victim may still face 
privacy, regulatory, reputational, and legal risks. Some 
attacks also involve harassment of customers, suppliers, 
or employees to increase pressure on the organization. 
As a result, recovery from ransomware is no longer only 
a matter of restoring systems. It also requires breach 
assessment, communication planning, legal review, and 
trust rebuilding.
Modern ransomware campaigns may also target backup 
systems, security tools, and operational infrastructure. 
Attackers often spend time inside a network before 
launching encryption. During this period, they may 
identify critical assets, disable defenses, locate backup 
repositories, and expand privileges. This pattern shows 
that ransomware has become a full intrusion lifecycle 
rather than a single malware event. Recent ransomware 
studies describe this evolution as a major shift in both 
attack complexity and organizational risk exposure 
(Razaulla et al., 2023).
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Common Ransomware Attack Vectors
Ransomware attacks usually begin through weaknesses 
that allow attackers to enter an environment, execute 
malicious code, or gain unauthorized access. Phishing 
remains one of the most common entry points because 
it exploits human trust and routine communication. A 
user may open a malicious attachment, click a harmful 
link, or provide credentials on a fake login page. Once 
attackers obtain access, they may deploy malware directly 
or use the compromised account to move deeper into the 
environment.
Credential theft is another major attack vector. Stolen 
usernames and passwords may come from phishing, 
password reuse, malware, data breaches, or dark 
web markets. In cloud and enterprise systems, valid 
credentials can be more dangerous than obvious malware 
because attackers may appear to be legitimate users. 
When multifactor authentication is absent or poorly 
enforced, attackers can use compromised accounts to 
access email, cloud dashboards, remote access services, 
file repositories, and administrative tools.
Remote desktop protocol abuse and insecure remote 
access services also increase ransomware risk. Many 
organizations rely on remote access for administration, 

hybrid work, and third-party support. If these services 
are exposed to the internet, weakly protected, or not 
monitored, attackers may use brute force attacks, 
stolen credentials, or vulnerability exploitation to gain 
entry. Unpatched vulnerabilities are another major 
path into enterprise systems. Attackers often scan 
for known weaknesses in VPN appliances, servers, 
web applications, file transfer systems, and cloud-
connected services. Once a vulnerability becomes 
public, organizations that delay patching may become 
easy targets.
Supply chain compromise has also become a serious 
concern. A ransomware group may compromise a 
software provider, managed service provider, or third-
party vendor and use that trusted connection to reach 
multiple victims. Cloud misconfiguration creates a 
similar risk when storage, APIs, or administrative 
services are exposed without proper access control. 
These attack vectors show that ransomware risk is not 
caused by one weakness alone. It usually emerges from 
a combination of technical exposure, poor access control, 
delayed patching, weak monitoring, and insufficient 
security awareness (Razaulla et al., 2023; CISA, 2020; 
ENISA, 2025).

Table 1: Common Ransomware Attack Vectors in Cloud and Enterprise Systems
Attack vector Target environment Common weakness Potential impact Mitigation strategy

phishing emails 
and malicious 
attachments

Enterprise users, cloud 
email platforms

Low user awareness, weak 
email filtering, lack of 
attachment scanning

Credential theft, 
malware execution, 
initial compromise

Security awareness training, 
email filtering, attachment 
sandboxing, phishing 
simulation

Stolen credentials Cloud platforms, VPNs, 
enterprise applications

Password reuse, weak 
authentication, lack of 
multifactor authentication

Unauthorized access, 
privilege escalation, 
data theft

Multifactor authentication, 
password hygiene, access 
reviews, identity threat 
monitoring

Remote desktop 
and remote 
access abuse

Enterprise networks, 
remote administration 
systems

Exposed services, weak 
passwords, poor access 
restriction

Network intrusion, 
lateral movement, 
ransomware 
deployment

Limit remote access 
exposure, use VPN 
protection, enforce MFA, 
monitor login anomalies

Unpatched 
vulnerabilities

Servers, VPN appliances, 
web applications, cloud-
connected systems

Delayed patching, poor 
vulnerability management

Initial access, 
privilege escalation, 
system compromise

Patch management, 
vulnerability scanning, risk-
based remediation

Cloud 
misconfiguration

Cloud storage, SaaS 
platforms, APIs, identity 
services

Excessive permissions, 
exposed storage, weak 
logging

Data exposure, cloud 
storage encryption, 
unauthorized 
modification

Cloud security posture 
management, least 
privilege, access control, 
continuous configuration 
review

Supply chain 
compromise

Managed services, 
software providers, 
third-party platforms

Overtrusted vendors, 
weak third-party 
monitoring

Multi-organization 
compromise, 
ransomware spread 
through trusted 
channels

Vendor risk assessment, 
third-party access controls, 
software update validation

Backup 
compromise

Backup servers, cloud 
backup repositories, 
shared storage

Online backups, weak 
backup credentials, lack of 
immutability

Failed recovery, 
extended downtime, 
greater ransom 
pressure

Immutable backups, 
offline copies, backup 
segmentation, regular 
restoration testing
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Ransomware Risks in Cloud Environments
Cloud environments introduce specific ransomware 
risks because of their scale, flexibility, and dependence 
on identity-driven access. In traditional networks, 
attackers often focus on endpoints, servers, and shared 
file systems. In cloud environments, they may target 
storage buckets, cloud databases, administrative consoles, 
virtual machines, containers, snapshots, and software-
as-a-service platforms. If attackers gain access to cloud 
identities with excessive privileges, they may encrypt 
data, delete snapshots, alter configurations, or disrupt 
services across multiple workloads.
One of the major risks in cloud environments is insecure 
identity and access management. Cloud platforms often 
rely on roles, permissions, access keys, service accounts, 
and API tokens. If these are poorly managed, attackers 
may gain broad access without needing to compromise 
many devices. Overprivileged accounts are especially 
dangerous because they can allow attackers to move 
from one service to another, modify security settings, or 
disable logging. This makes identity governance a core 
part of ransomware resilience in cloud systems.
Cloud storage is another important target. Ransomware 
does not always need to infect a traditional endpoint to 
damage cloud data. If attackers gain access to storage 
through compromised credentials or APIs, they may 
encrypt, delete, overwrite, or exfiltrate data directly. 
SaaS platforms also create ransomware exposure because 
organizations may store sensitive business records 
in email, collaboration tools, customer relationship 
management systems, and document repositories. If 
these systems are not properly backed up and monitored, 
ransomware-related damage can extend beyond local 
infrastructure.
Cloud forensics and incident response can also be 
difficult. In some cases, organizations may not have 
complete visibility into logs, network traffic, or underlying 
infrastructure. The shared responsibility model requires 
customers to understand which security tasks belong 
to them and which belong to the cloud provider. 
When this responsibility is misunderstood, gaps may 
appear in monitoring, configuration management, 
access control, and recovery planning. Studies on 
cloud security consistently identify misconfiguration, 
access control weakness, vulnerability exposure, and 
poor risk assessment as major concerns for cloud 
environments (Singh & Chatterjee, 2017; Tabrizchi & 
Kuchaki Rafsanjani, 2020; Theodoropoulos et al., 2023; 
Ali et al., 2024; Kalaiarsan & Selvan, 2024).

Ransomware Risks in Enterprise Networks
Enterprise networks remain highly exposed to 
ransomware because they often contain a mixture of 
legacy systems, modern applications, endpoint devices, 
shared resources, and business-critical services. In 
many organizations, systems have been added over 

time without a fully unified security architecture. 
This can create flat networks, inconsistent patching, 
unmanaged endpoints, excessive user privileges, and 
poor visibility. Ransomware attackers take advantage of 
these weaknesses to move from an initial access point to 
more valuable systems.
Lateral movement is one of the most serious risks 
in enterprise ransomware attacks. After gaining 
initial access, attackers may search for administrative 
credentials, shared drives, domain controllers, backup 
servers, and sensitive databases. Active Directory is often 
a major target because it controls authentication and 
access across many enterprise environments. If attackers 
compromise privileged accounts, they can distribute 
ransomware widely, disable security tools, and interfere 
with recovery operations.
Endpoint compromise is also important because laptops, 
desktops, and servers are common entry points for 
ransomware activity. Employees may work from different 
locations, use personal networks, connect through 
remote access tools, and interact with email attachments 
or web downloads. If endpoint detection, patching, 
and access controls are weak, one compromised device 
can become the starting point for a larger ransomware 
incident. Shared network drives increase this risk because 
ransomware running on one device may encrypt files 
accessible through shared permissions.
Backup targeting has become a defining feature of 
modern ransomware. Attackers understand that reliable 
backups reduce pressure to pay a ransom. For this reason, 
they often attempt to locate and damage backups before 
encryption begins. If backups are connected to the 
same network, protected by weak credentials, or not 
tested regularly, the organization may discover during 
the incident that recovery is slower or less reliable than 
expected. This is why ransomware resilience requires 
more than malware protection. It requires segmentation, 
access control, backup isolation, monitoring, response 
planning, and recovery validation across the full 
enterprise environment (Beaman et al., 2021; Oz et al., 
2022; Razaulla et al., 2023).

Conceptual Foundation of Ransomware 
Resilience

Meaning of Cyber Resilience
Cyber resilience refers to an organization’s ability to 
prepare for cyber incidents, continue essential operations 
during disruption, respond effectively, recover critical 
systems, and improve its security posture after the event. 
In the context of ransomware, this idea is especially 
important because a successful attack can affect far more 
than individual files or isolated devices. It can interrupt 
business processes, restrict access to cloud workloads, 
compromise backups, expose sensitive data, and create 
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legal, financial, and reputational consequences. For this 
reason, ransomware resilience should not be understood 
only as the ability to block malware. It should be treated 
as a broader organizational capability that combines 
technical controls, governance, incident response, 
recovery planning, and continuous learning.
Björck et al. (2015) explain cyber resilience as a concept 
that moves beyond simple protection by focusing on 
the ability of systems and organizations to absorb 
disruption and continue functioning under adverse 
conditions. This view is highly relevant to ransomware 
because no organization can assume that all attacks will 
be prevented. Even mature security programs can face 
compromised credentials, unpatched vulnerabilities, 
cloud misconfigurations, or social engineering attacks. 
Therefore, resilience requires organizations to plan for 
the possibility of compromise and ensure that critical 
services can be restored with limited operational damage. 
NIST (2024) also supports this broader view by organizing 
cybersecurity around governance, asset identification, 
protection, detection, response, and recovery. These 
functions show that cybersecurity is not a single 
defensive activity, but a continuous cycle of preparation, 
action, and improvement.
Ransomware resilience is therefore broader than 
prevention. Prevention remains important because 
organizations must reduce the likelihood of attack 
through measures such as access control, patch 
management, endpoint security, network segmentation, 
and user awareness. However, prevention alone cannot 
address what happens after ransomware enters an 
environment. A resilient organization must be able to 
detect suspicious activity early, isolate affected systems, 
protect clean backups, maintain essential operations, 
restore services safely, and learn from the incident. In 
cloud and enterprise environments, this is even more 
important because systems are often distributed across 
on-premises networks, cloud platforms, software-as-
a-service tools, third-party vendors, and remote users. 
A weakness in one area can quickly affect the wider 
environment if resilience planning is not properly 
integrated.

From Prevention to Resilience
Traditional cybersecurity strategies often focused 
heavily on prevention. The main assumption was that if 
firewalls, antivirus tools, access controls, and perimeter 
defenses were strong enough, most attacks could be 
blocked before they caused damage. While these controls 
remain necessary, they are no longer sufficient against 
modern ransomware. Ransomware groups now use more 
sophisticated methods, including phishing, credential 
theft, vulnerability exploitation, lateral movement, 
privilege escalation, and backup targeting. Once 
attackers gain access, they may spend time studying the 

environment before deploying ransomware. This means 
that a purely prevention-based approach may fail to 
detect the early stages of compromise.
Baskerville et al. (2014) argue that information security 
should balance prevention and response rather than 
treating prevention as the only priority. This argument 
is particularly relevant to ransomware because the 
speed and impact of ransomware incidents leave little 
room for unplanned reaction. Organizations need 
prepared response playbooks, defined responsibilities, 
communication channels, recovery priorities, and 
tested restoration processes. Ahmad et al. (2014) also 
emphasize the importance of organizational information 
security strategies, showing that effective security 
depends on coordinated managerial, technical, and 
operational actions. In ransomware defense, this means 
that technology alone cannot protect an organization 
if governance, response planning, staff training, and 
recovery testing are weak.
Modern ransomware defense must therefore include 
anticipation, detection, containment, recovery, and 
learning. Anticipation involves identifying critical assets, 
understanding likely attack paths, assessing cloud and 
enterprise risks, and preparing response plans before an 
incident occurs. Detection involves monitoring endpoints, 
networks, cloud logs, user activity, and file behavior 
for early signs of ransomware activity. Containment 
involves stopping the spread of ransomware by 
isolating affected devices, disabling compromised 
accounts, restricting network movement, and protecting 
clean systems. Recovery involves restoring data and 
services from trusted backups, validating system 
integrity, and returning operations to a stable condition. 
Learning involves reviewing the incident, correcting 
weaknesses, improving controls, and strengthening 
future preparedness.
Beaman et al. (2021) show that ransomware continues 
to evolve in both technical and operational complexity. 
This evolution makes resilience a practical necessity. 
A resilient organization does not assume that all 
ransomware attempts will fail. Instead, it prepares 
for different stages of the attack lifecycle and builds 
the ability to reduce impact if prevention fails. In this 
sense, ransomware resilience is not a replacement for 
prevention. It is a stronger model that includes prevention 
as one part of a wider security and continuity strategy.

Alignment with NIST Cybersecurity Framework 2.0
The NIST Cybersecurity Framework 2.0 provides a useful 
foundation for organizing ransomware resilience because 
it presents cybersecurity as a structured and repeatable 
process. The framework includes six core functions: 
Govern, Identify, Protect, Detect, Respond, and Recover 
(NIST, 2024). These functions align closely with the needs 
of cloud and enterprise ransomware defense. They also 
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help organizations move away from fragmented technical 
controls toward a more complete resilience model.
The Govern function addresses leadership, policy, 
accountability, risk management, and decision-making. 
In ransomware resilience, governance is essential 
because ransomware incidents often require executive-
level decisions involving legal reporting, customer 
communication, insurance, operational continuity, and 
possible regulatory obligations. The Identify function 
focuses on understanding assets, systems, data, users, 
dependencies, and risks. This is important because 
organizations cannot protect or recover what they have 
not properly identified. In cloud and enterprise systems, 
asset identification must include cloud workloads, SaaS 
applications, endpoints, privileged accounts, databases, 
backup repositories, and third-party dependencies.
The Protect function includes safeguards designed to 
reduce the likelihood and impact of attacks. In ransomware 
defense, this includes multifactor authentication, least 
privilege access, patch management, endpoint hardening, 
email filtering, network segmentation, secure backups, 
and staff awareness. The Detect function focuses on 
identifying abnormal activity as early as possible. 
Ransomware detection may involve endpoint detection, 
behavioral monitoring, cloud log analysis, network 
traffic inspection, file integrity monitoring, and anomaly 
detection. The Respond function covers actions taken after 
suspicious activity or a confirmed incident is identified. 
These actions include triage, containment, investigation, 
communication, evidence preservation, and coordination 
across technical and managerial teams. Cichonski et al. 
(2012) emphasize the importance of structured incident 
handling, including preparation, detection, analysis, 
containment, eradication, and recovery. This supports 
the need for planned response processes rather than 
improvised action during a ransomware event.
The Recover function focuses on restoring affected 
systems and improving resilience after disruption. For 
ransomware incidents, this includes restoring clean 
backups, validating systems before reconnection, rotating 
compromised credentials, checking for persistence, 
rebuilding damaged infrastructure, and conducting 
post-incident reviews. When these functions are applied 
together, the NIST framework provides a practical 
structure for ransomware resilience. It shows that 
resilience is not achieved through one product or one 
technical control. It depends on coordinated governance, 
risk awareness, protection, detection, response, and 
recovery.

Ransomware Detection Strategies

Signature-Based Detection
Signature-based detection is one of the oldest methods 
used to identify malware, including ransomware. It 

works by comparing files, processes, or code patterns 
against a database of known malicious signatures. 
When a file or program matches a known ransomware 
signature, the security tool can block, quarantine, or 
alert security teams. This method is useful for detecting 
known ransomware families and variants that have 
already been analyzed. It is also relatively fast, easy 
to deploy, and widely used in antivirus and endpoint 
protection systems.
However, signature-based detection has serious 
limitations against modern ransomware. Attackers 
can modify code, use packing techniques, change file 
hashes, or release new variants that do not match existing 
signatures. Ransomware-as-a-service models have also 
made it easier for threat actors to generate different 
versions of ransomware, making static signatures less 
reliable. Beaman et al. (2021) note that ransomware has 
continued to advance in ways that challenge traditional 
detection and defense methods. Oz et al. (2022) also show 
that ransomware evolution requires broader defense 
strategies because attackers increasingly adapt their 
methods to avoid simple detection.
In cloud and enterprise environments, signature-based 
detection is best used as one layer of defense, not as 
the main detection strategy. It can help identify known 
ransomware payloads, but it may miss new, modified, 
or fileless attacks. For this reason, organizations need 
to combine signature-based tools with behavior-based 
monitoring, anomaly detection, endpoint telemetry, cloud 
log analysis, and incident response workflows.

Behavior-Based Detection
Behavior-based detection focuses on what ransomware 
does rather than what its code looks like. This approach 
is especially important because ransomware often 

Figure 1: Ransomware Resilience Lifecycle for Cloud and 
Enterprise Systems
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performs recognizable actions once it begins operating. 
These actions may include rapid file modification, 
mass encryption, unusual file renaming, abnormal 
file entropy changes, suspicious registry operations, 
unauthorized privilege escalation, deletion of shadow 
copies, and communication with command-and-control 
infrastructure. By monitoring these behaviors, security 
systems can identify ransomware activity even when the 
specific ransomware variant is new or unknown.
Kharaz et al. (2016) demonstrate the importance of 
automated ransomware detection through behavioral 
analysis, showing that ransomware can be identified 
by observing how it interacts with user files and system 
resources. Scaife et al. (2016) also focus on stopping 
ransomware attacks against user data by detecting 
suspicious file activity before widespread damage 
occurs. Their work is important because ransomware 
impact often depends on how quickly it can encrypt or 
damage files. If abnormal activity is detected early, the 
organization may be able to stop the process before large-
scale disruption occurs.
Behavior-based methods are valuable because they can 
detect unknown ransomware variants, but they also 
have limitations. Some legitimate business activities may 
resemble suspicious behavior, such as bulk file updates, 
database migration, software installation, backup 
operations, or large-scale document processing. This can 
lead to false positives if detection rules are too broad. 
Han et al. (2020) highlight concerns about the practical 
effectiveness of behavior-based ransomware detection, 
particularly when attackers adapt their behavior to 
avoid detection. Jethva et al. (2020) propose a multilayer 
detection approach using registry key operations, file 
entropy, and file signature monitoring, showing that 
combining multiple behavioral indicators can improve 
ransomware detection reliability.
For enterprise systems, behavior-based detection is useful 
at endpoints, servers, shared drives, and identity systems. 
For cloud environments, similar logic can be applied 
through monitoring unusual storage access patterns, 
abnormal API calls, suspicious user behavior, and 
unexpected changes to cloud resources. The strongest 
approach is not to rely on one behavior alone, but to 
correlate multiple indicators across endpoints, networks, 
identities, and cloud workloads.

Pre-Encryption and Early Detection Methods
Pre-encryption detection is a critical area in ransomware 
defense because the greatest damage often occurs after 
encryption begins. Once ransomware has encrypted large 
volumes of data, organizations may face downtime, data 
loss, restoration pressure, and operational disruption. 
Early detection aims to identify ransomware before 
encryption is completed or before it spreads across the 
environment. This can reduce damage and improve 
recovery outcomes.

Kok et al. (2019) examine the prevention of crypto-
ransomware using a pre-encryption detection algorithm. 
This approach is important because it attempts to detect 
ransomware activity before files are fully encrypted. Kok 
et al. (2022) further develop this idea by focusing on early 
detection of crypto-ransomware using pre-encryption 
methods. These studies support the argument that 
ransomware detection should occur as early as possible in 
the attack lifecycle, rather than waiting for obvious signs 
such as inaccessible files, ransom notes, or widespread 
system disruption.
Cen et al. (2024) provide a recent survey of ransomware 
early detection and show that early-warning methods 
remain a major research priority. Early detection may 
involve monitoring file access patterns, process behavior, 
entropy changes, suspicious encryption routines, 
privilege changes, and attempts to disable recovery 
features. Albshaier et al. (2024) also emphasize the 
importance of early decision-making in ransomware 
identification, especially because fast detection can help 
security teams contain the threat before it spreads.
In enterprise systems, early detection can protect 
shared drives, critical servers, endpoints, and backup 
repositories. In cloud systems, early detection may 
involve monitoring cloud storage activity, identity access 
logs, API behavior, and sudden changes in workload 
activity. For example, repeated access to large numbers 
of files, abnormal encryption-like behavior in cloud 
storage, or unusual access from privileged accounts may 
indicate an early ransomware event. However, early 
detection must be carefully tuned to avoid unnecessary 
alerts. A practical early detection model should combine 
multiple signals and support rapid containment actions 
such as process termination, endpoint isolation, account 
suspension, or storage access restriction.

Machine Learning and Deep Learning Detection
Machine learning and deep learning methods have 
become increasingly important in ransomware detection 
because modern ransomware can change its code, 
behavior, and execution patterns. Machine learning 
models can analyze large volumes of data and identify 
patterns that may not be obvious through manual rules 
or traditional signatures. These methods can be trained 
on features such as file behavior, memory activity, system 
calls, network traffic, file entropy, registry changes, and 
user activity. Common methods include random forest, 
decision trees, support vector machines, supervised 
classification, anomaly detection, and deep neural 
networks.
Khammas (2020) demonstrates the use of random forest 
techniques for ransomware detection, showing how 
machine learning can classify ransomware based on 
extracted features. Poudyal and Dasgupta (2021) use 
machine-learning-based multi-level profiling to analyze 
crypto-ransomware, which is useful because ransomware 
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behavior may need to be examined at more than one 
system level. Smith et al. (2022) review machine learning 
algorithms and frameworks in ransomware detection, 
showing the growing importance of data-driven 
approaches in this area. Alraizza and Algarni (2023) also 
discuss machine learning-based ransomware detection 
and provide a useful survey of techniques, strengths, 
and limitations.
More recent research has expanded the focus toward 
broader machine learning and deep learning models. 
Ispahany et al. (2024) review ransomware detection 
using machine learning and identify research limitations 
and future directions. Aljabri et al. (2024) examine 
ransomware detection using memory features, which 
is important because memory-based analysis may help 
detect ransomware activity that is not easily captured 
through static file inspection. Rele et al. (2025) explore 
ransomware detection using artificial intelligence and 
machine learning, while Kritika (2025) reviews deep 
learning techniques for ransomware detection. Together, 
these studies show that AI-based detection is becoming 
an important part of ransomware defense.
Despite these advantages, machine learning and deep 
learning models also have limitations. They require 
quality training data, careful feature selection, model 
validation, and continuous updating. Poorly trained 
models may generate false positives or fail to detect new 
ransomware variants. Deep learning models may also 
be difficult to interpret, which can create problems for 
incident response teams that need to understand why an 
alert was generated. In addition, attackers may attempt to 
evade models by changing ransomware behavior or using 
techniques that reduce detection confidence. Therefore, 
machine learning should not replace traditional security 
controls. It should be integrated with endpoint detection, 
cloud monitoring, threat intelligence, and human analyst 
review.

Cloud-Native Detection
Cloud-native detection focuses on identifying ransomware 
activity in cloud platforms, cloud workloads, SaaS 
environments, and hybrid systems. This is important 
because many organizations now store critical data 
and run essential operations in cloud environments. 
Ransomware in the cloud may not always look the same 
as ransomware on a traditional endpoint. Instead of 
encrypting local files, attackers may abuse compromised 
identities, access cloud storage, change permissions, 
delete snapshots, disable logging, exfiltrate data, or 
encrypt cloud-hosted resources.
Cloud-native detection depends heavily on visibility. 
Organizations need to monitor identity and access 
management activity, API calls, cloud storage behavior, 
workload activity, container events, configuration 
changes, and network traffic. Singh and Chatterjee (2017) 
identify several cloud security issues and challenges, 

including risks related to cloud architecture, data 
protection, and access control. Tabrizchi and Kuchaki 
Rafsanjani (2020) also discuss cloud computing 
security threats and solutions, which are relevant to 
ransomware because cloud environments introduce 
shared responsibility, multi-tenancy, remote access, and 
configuration risks.
Theodoropoulos et al. (2023) extend this discussion to 
cloud-native services, where microservices, containers, 
orchestration platforms, and distributed workloads create 
new security monitoring needs. In such environments, 
ransomware detection should include workload behavior, 
container activity, cloud storage events, and service-to-
service communication. Ali et al. (2024) also highlight the 
importance of information security risk assessment in 
cloud computing, which supports the need for structured 
cloud monitoring and risk-aware detection.
Cloud-native ransomware detection should be connected 
to security information and event management systems, 
cloud security posture management tools, endpoint 
detection platforms, and identity threat detection 
systems. For example, a ransomware-related alert may 
begin with unusual login activity, followed by abnormal 
API calls, mass file access, permission changes, and 
suspicious data movement. When these signals are 
viewed separately, they may appear harmless. When 
correlated, they may show an active ransomware or 
extortion campaign. Therefore, cloud-native detection 
requires integrated monitoring across identity, data, 
applications, workloads, and network activity.
In enterprise environments, cloud-native detection is 
also important because many organizations operate 
hybrid infrastructures. A ransomware attack may 
begin on an endpoint, move through an enterprise 
network, compromise privileged credentials, and 
then affect cloud storage or SaaS platforms. Likewise, 
a cloud account compromise may expose enterprise 
data and create downstream operational disruption. 
Effective ransomware detection must therefore connect 
endpoint, network, identity, and cloud telemetry into one 
coordinated monitoring strategy.

Ransomware Response and Containment 
Frameworks

Incident Response Planning
A ransomware incident can move quickly from an 
isolated technical problem to a full organizational crisis. 
For this reason, response planning must begin before an 
attack occurs. An effective incident response plan gives an 
organization a clear structure for identifying ransomware 
activity, escalating the incident, assigning responsibility, 
preserving evidence, communicating with stakeholders, 
and restoring affected services. Without a prepared plan, 
response teams may lose valuable time deciding who 
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Table 2: Comparison of Ransomware Detection Techniques

Detection technique Data source Strength Limitation Relevance to cloud 
systems

Relevance to 
enterprise systems

Signature-based 
detection

Known malware 
signatures, file hashes, 
static code patterns

Fast and useful for 
known ransomware 
variants

Weak against 
new, modified, 
or obfuscated 
variants

Useful for 
scanning uploaded 
files and known 
malicious binaries

Useful for 
antivirus and 
endpoint 
protection

Behavior-based 
detection

File activity, process 
behavior, registry 
changes, privilege 
activity

Can detect unknown 
ransomware through 
suspicious actions

May produce 
false positives 
during legitimate 
bulk operations

Useful for 
identifying 
abnormal storage, 
API, and workload 
behavior

Strong for 
endpoints, servers, 
shared drives, and 
user devices

Pre-encryption 
detection

Early file access 
behavior, encryption 
routines, entropy 
changes, process 
activity

Can reduce damage 
by stopping 
ransomware before 
full encryption

Requires rapid 
response and 
careful tuning

Useful for 
detecting 
suspicious storage 
and workload 
changes

Useful for 
protecting 
shared drives, 
critical files, and 
endpoints

Machine learning 
detection

File features, system 
calls, memory data, 
network traffic, 
behavioral patterns

Can identify complex 
patterns and support 
anomaly detection

Requires quality 
datasets and may 
suffer from false 
positives or model 
drift

Useful for cloud 
behavior analytics 
and identity 
anomaly detection

Useful for 
endpoint, 
network, 
and malware 
classification

Deep learning 
detection

Large-scale behavioral, 
memory, file, or traffic 
datasets

Can model complex 
ransomware patterns

Often difficult 
to interpret and 
resource-intensive

Useful where large 
cloud telemetry 
datasets are 
available

Useful for 
advanced security 
operations and 
malware analysis

Cloud-native 
detection

Cloud logs, IAM 
records, API calls, 
storage events, 
workload telemetry

Provides visibility 
into ransomware 
activity in cloud 
environments

Depends on 
proper logging, 
configuration, and 
integration

Highly relevant 
for SaaS, IaaS, 
cloud storage, 
and hybrid 
environments

Relevant where 
enterprise systems 
connect to cloud 
services

Network-based 
detection

Traffic patterns, 
command-and-
control activity, lateral 
movement, exfiltration 
signals

Can detect spread, 
data movement, 
and external 
communication

Encrypted traffic 
and stealthy 
movement may 
limit visibility

Useful for 
monitoring cloud 
network traffic 
and service 
communication

Useful for 
detecting lateral 
movement and 
command-and-
control traffic

should act, what systems should be isolated, whether 
legal or executive teams should be involved, and how 
business-critical operations should be protected.
Incident response planning should define clear 
roles for technical teams, security analysts, system 
administrators, legal advisers, communication officers, 
senior management, and third-party service providers. 
These roles are important because ransomware events 
often involve several layers of decision-making. A 
security team may focus on containment and forensic 
investigation, while business leaders assess operational 
impact, legal teams evaluate regulatory obligations, 
and communication teams manage internal and 
external updates. NIST SP 800-61 Rev. 2 provides a 
widely recognized structure for incident handling 
by emphasizing preparation, detection and analysis, 
containment, eradication, recovery, and post-incident 
activity (Cichonski et al., 2012).
A good response plan should also include escalation 
procedures. Not every suspicious file encryption event 
has the same severity, but ransomware can spread 

rapidly if it is not handled with urgency. The plan should 
specify when an incident must be escalated from routine 
investigation to emergency response. For example, 
escalation may be required when multiple endpoints are 
affected, privileged accounts are compromised, backups 
are targeted, cloud storage is modified unexpectedly, or 
sensitive data appears to have been exfiltrated. CISA’s 
ransomware guidance also emphasizes preparation as a 
key part of reducing the impact of ransomware attacks, 
particularly through backup protection, access control, 
vulnerability management, and coordinated response 
planning (CISA, 2020).
Communication protocols are equally important. During 
a ransomware incident, unclear communication can 
increase confusion and delay containment. Organizations 
should identify who can authorize system shutdowns, 
who communicates with cloud providers, who notifies 
affected departments, and who engages external 
incident response firms. Technical response playbooks 
should also be prepared in advance. These playbooks 
may include steps for isolating endpoints, disabling 
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compromised accounts, collecting logs, preserving disk 
images, checking backup integrity, and restoring clean 
systems. As Baskerville et al. (2014) argue, information 
security management should balance prevention and 
response rather than focusing only on defensive controls. 
In ransomware response, this balance is essential 
because even strong preventive systems may fail against 
targeted attacks, stolen credentials, or newly exploited 
vulnerabilities.

Incident Triage and Scope Assessment
Once ransomware activity is suspected, the first priority 
is to confirm whether the event is truly a ransomware 
incident and determine how far it has spread. Triage 
should begin with evidence from endpoint alerts, user 
reports, file changes, network activity, authentication 
logs, cloud audit trails, and security monitoring systems. 
A single encrypted workstation may indicate a limited 
infection, but multiple encrypted shares, abnormal login 
activity, disabled backups, or suspicious outbound traffic 
may suggest a wider compromise.
The scope assessment should identify affected systems, 
affected users, compromised accounts, encrypted data 
stores, exposed cloud resources, and any signs of data 
exfiltration. This step is especially important in enterprise 
and cloud environments because ransomware often 
moves laterally before encryption begins. Attackers may 
first compromise one account, escalate privileges, disable 
security tools, search for backups, and then deploy 
ransomware across several systems. A rushed response 
that focuses only on visible encryption may miss hidden 
persistence mechanisms or compromised administrative 
credentials.
Incident handlers should also identify the likely entry 
point. Common entry points include phishing emails, 
exposed remote desktop services, stolen credentials, 
unpatched applications, compromised VPN accounts, 
malicious attachments, and cloud misconfigurations. 
Determining the entry point helps the organization 
prevent reinfection during recovery. If the original 
vulnerability or compromised account remains active, 
restored systems may be attacked again. NIST incident 
handling guidance emphasizes the need to analyze 
incident-related data carefully so that responders can 
select appropriate containment, eradication, and recovery 
actions (Cichonski et al., 2012).
Evidence preservation should occur throughout the 
triage process. Logs, ransom notes, malware samples, 
affected file paths, suspicious processes, authentication 
records, firewall logs, endpoint telemetry, and cloud audit 
data should be collected before systems are wiped or 
restored. This evidence supports forensic investigation, 
legal review, insurance claims, regulatory reporting, and 
lessons learned after the incident. CISA’s ransomware 
guidance also stresses the importance of response 

coordination and careful handling of affected systems 
during ransomware events (CISA, 2020). In practice, triage 
should therefore be fast but not careless. The goal is to 
understand enough of the incident to contain it without 
destroying evidence that may be needed later.

Containment Strategies
Containment is the stage where the organization attempts 
to stop ransomware from spreading further. The first 
practical step is often endpoint isolation. Infected or 
suspicious machines should be removed from the 
network, either physically or through endpoint detection 
and response tools. This reduces the risk of continued 
encryption, lateral movement, and communication with 
attacker-controlled infrastructure. However, isolation 
must be done carefully so that important forensic data 
is not lost.
Network segmentation is another important containment 
measure. If an organization has properly segmented its 
environment before an attack, ransomware movement can 
be limited to a smaller part of the network. Segmentation 
is particularly useful for separating user workstations, 
servers, domain controllers, backup systems, operational 
technology, and cloud-connected workloads. Zero trust 
architecture supports this containment goal by limiting 
implicit trust across systems and requiring continuous 
verification of access requests (Syed et al., 2022). In 
ransomware response, zero trust principles can help 
prevent a compromised account or device from becoming 
a gateway to the entire enterprise environment.
Compromised accounts should be disabled immediately, 
especially privileged accounts. Attackers often use stolen 
credentials to access file shares, cloud dashboards, 
administrative tools, and backup systems. Organizations 
should reset passwords, rotate keys, revoke suspicious 
sessions, disable unused accounts, and review identity 
and access management logs. In cloud environments, 
access restriction is especially important because 
attackers may use compromised identities to delete 
snapshots, modify storage permissions, or create new 
access tokens. Migration toward zero trust architecture 
can strengthen these controls, although implementation 
challenges may arise in legacy enterprise environments 
(Teerakanok et al., 2021).
Command-and-control traffic should also be blocked 
where possible. Security teams may use firewall rules, 
DNS blocking, proxy controls, and threat intelligence 
feeds to disrupt attacker communication. At the same 
time, cloud access should be reviewed and restricted. 
This may involve disabling affected API keys, limiting 
administrator permissions, locking down storage 
buckets, and temporarily suspending suspicious 
workloads. Containment should not be treated as a single 
action. It is usually a sequence of coordinated steps that 
includes isolating systems, securing identities, blocking 
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malicious traffic, preserving evidence, and preventing 
further lateral movement. NIST incident handling 
guidance supports this structured approach by treating 
containment as a core phase of incident response before 
eradication and recovery (Cichonski et al., 2012).

Communication and Governance During Incidents
Ransomware response is not only a technical activity. 
It is also a governance problem that requires timely 
decisions from senior management, legal advisers, 
communication teams, insurers, and sometimes law 
enforcement. Once an incident is confirmed, leaders 
need reliable information about what happened, which 
systems are affected, whether data may have been 
stolen, how long operations may be disrupted, and what 
recovery options are available. Poor governance can lead 
to delayed decisions, inconsistent messaging, and greater 
operational damage.
Executive decision-making is important because 
ransomware incidents often involve trade-offs. For 
example, shutting down a critical system may slow 
the attack, but it may also interrupt essential services. 
Restoring from backup may be possible, but only if 
the backup is clean, recent, and protected. Legal teams 
may need to determine whether breach notification 
laws apply, whether regulators must be informed, and 
whether ransom-related communication creates legal or 
compliance risks. Insurance providers may also require 
specific documentation, forensic evidence, and approved 
response procedures.
Communication with employees, customers, vendors, 
and regulators should be controlled and accurate. Internal 
communication should tell staff what actions to take, such 
as disconnecting affected devices, avoiding suspicious 
emails, and reporting unusual activity. External 
communication should avoid speculation and should be 
aligned with verified facts. Ahmad et al. (2014) emphasize 
that information security strategy is organizational as 
well as technical, meaning that governance structures 
and management practices shape how effectively security 
incidents are handled. Similarly, Baskerville et al. (2014) 
argue that organizations must manage the strategic 
balance between prevention and response, which 
becomes especially visible during ransomware incidents.
Human pressure during an incident can also affect 
governance quality. Security teams may face long hours, 
conflicting instructions, incomplete information, and 
pressure from business units to restore systems quickly. 
Nobles (2022) notes that stress, burnout, and security 
fatigue are important human factors in cybersecurity. 
During ransomware response, these factors can weaken 
decision-making, reduce attention to detail, and increase 
the risk of mistakes. For this reason, communication 
and governance structures should be established before 
an incident, not improvised during a crisis. CISA’s 
ransomware guidance also supports coordinated 

planning, reporting, and recovery actions as part of 
ransomware readiness and response (CISA, 2020).

Human Factors in Ransomware Response
Human factors play a major role in ransomware response. 
Even when an organization has strong technical tools, 
the response can fail if people are poorly trained, 
overwhelmed, uncertain about their roles, or unable to 
communicate effectively. Ransomware incidents often 
create intense pressure because business operations may 
stop, customers may be affected, sensitive data may be 
exposed, and senior management may demand quick 
answers. Under these conditions, fatigue and stress can 
lead to rushed decisions.
Alert fatigue is one common problem. Security analysts 
may receive large numbers of alerts from endpoint tools, 
SIEM systems, cloud monitoring platforms, and network 
sensors. If alert quality is poor, analysts may overlook 
early signs of ransomware activity or respond too 
slowly. Burnout can also reduce response capacity. 
When teams are understaffed or constantly exposed to 
high-pressure incidents, they may struggle to maintain 
the level of attention required for forensic analysis, 
containment, and recovery coordination. Nobles 
(2022) identifies stress, burnout, and security fatigue 
as serious issues in cybersecurity practice, and these 
concerns are highly relevant to ransomware response.
Poor training can create additional weaknesses. 
Employees may not know how to report suspicious 
activity, managers may not understand incident 
escalation procedures, and technical staff may not 
be familiar with ransomware-specific playbooks. 
Unclear responsibility can also delay action. If no one 
knows who can approve system isolation, cloud access 
restriction, legal notification, or backup restoration, 
the response becomes slower and less coordinated. 
Ahmad et al. (2014) show that information security 
requires an organizational strategy that includes 
people, processes, and management structures, not 
only technical controls.
A stronger human-centered response model should 
include regular tabletop exercises, role-based training, 
clear reporting channels, and realistic ransomware 
simulations. Teams should practice technical and 
non-technical decisions, including how to classify an 
incident, who should be notified, how evidence should 
be preserved, and how recovery priorities should be 
selected. In this way, ransomware response becomes 
less dependent on improvisation and more grounded in 
prepared organizational behavior.

Recovery and Business Continuity Strategies

Backup and Restoration Planning
Recovery is one of the most important parts of ransomware 
resilience because the ability to restore systems can 
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determine whether an organization survives the incident 
without severe long-term damage. Backups are often 
the last line of defense when ransomware successfully 
encrypts production systems. However, backups are 
only useful if they are protected, tested, and recoverable. 
Modern ransomware groups often search for backup 
repositories before deploying encryption, which means 
that poorly secured backups can be deleted, encrypted, 
or modified during the attack.
A strong backup strategy should include immutable 
backups,  of f l ine backups,  segmented backup 
environments, strict access control, and regular 
restoration testing. Immutable backups are valuable 
because they cannot be altered or deleted within a 
defined retention period. Offline backups also reduce 
exposure because they are not continuously connected 
to the production network. Backup segmentation is 
necessary because backup systems should not share 
the same credentials, access paths, or administrative 
dependencies as production systems. CISA’s ransomware 
guidance emphasizes backup protection and recovery 
preparation as essential steps for reducing ransomware 
impact (CISA, 2020).
Backup credentials must also be protected. If attackers 
gain access to backup administration accounts, they 
may delete recovery points or disable backup jobs 
before encryption begins. Organizations should 
therefore use multifactor authentication, privileged 
access management, separate administrative accounts, 
and continuous monitoring of backup activity. Beaman 
et al. (2021) note that ransomware defense requires 
attention to both preventive and recovery-oriented 
strategies because attackers increasingly target 
organizational continuity. Razaulla et al. (2023) also 
discuss ransomware evolution and the need for stronger 
defense and recovery planning as ransomware tactics 
become more sophisticated.
Restoration testing is just as important as backup 
creation. Many organizations assume they can recover 
because backups exist, but they only discover during 
an incident that backups are incomplete, corrupted, 
outdated, or too slow to restore. Regular recovery 
exercises help confirm whether critical systems can be 
restored within acceptable timeframes. Testing should 
include file-level recovery, application recovery, cloud 
workload restoration, identity service recovery, and full 
disaster recovery exercises.

Disaster Recovery Planning
Disaster recovery planning focuses on restoring 
technology services after a major disruption. In 
the context of ransomware, disaster recovery must 
address not only system availability but also system 
trustworthiness. Restoring an infected system or 
reactivating a compromised account can restart the 
attack. For this reason, recovery should be based on clean 
restoration, verified backups, rebuilt systems, patched 
vulnerabilities, and reset credentials.
Two important disaster recovery concepts are recovery 
time objective and recovery point objective. Recovery 
time objective refers to how quickly a system must be 
restored after disruption. Recovery point objective refers 
to the maximum acceptable amount of data loss measured 
by time. For example, a hospital, bank, or logistics 
company may require much shorter recovery times than a 
non-critical administrative department. These objectives 
help organizations prioritize systems and decide which 
services must be restored first.
System prioritization is essential. Not all systems have 
the same operational importance. During ransomware 
recovery, organizations should identify the systems that 
support safety, customer service, revenue generation, 
communication, identity management, and core business 
operations. Restoration should follow a clear sequence, 
beginning with trusted infrastructure, identity systems, 
network services, security monitoring, and then business 
applications. NIST incident handling guidance supports 
a structured approach to recovery after containment 
and eradication, including validation that systems are 
functioning correctly before returning them to normal 
operation (Cichonski et al., 2012).
Cyber resilience also requires learning from disruption. 
Björck et al. (2015) describe cyber resilience as a concept 
that goes beyond resisting attacks and includes the 
ability to recover and continue functioning. NIST CSF 
2.0 also places recovery within a broader cybersecurity 
governance and risk management structure (NIST, 2024). 
In ransomware recovery, this means that disaster recovery 
planning should not be treated as a separate IT document. 
It should be connected to business continuity, risk 
management, governance, and continuous improvement.

Cloud-Based Recovery Models
Cloud environments offer several recovery advantages, 
including snapshots, cross-region replication, backup 

Figure 2: Ransomware Incident Response Workflow
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vaults, automated provisioning, and infrastructure-as-
code. These tools can help organizations restore services 
faster after ransomware incidents. However, cloud-based 
recovery also introduces risks. If cloud identities are 
compromised, attackers may delete snapshots, alter 
storage permissions, or disable recovery resources. 
Therefore, cloud recovery must be designed with strong 
identity protection, access monitoring, and separation 
between production and recovery environments.
Snapshots can provide point-in-time recovery for virtual 
machines, storage volumes, and databases. They are 
useful when ransomware damage is detected early 
and clean recovery points are available. Cross-region 
replication can help maintain service continuity if a 
primary region or environment becomes unavailable. 
Backup vaults can add another layer of protection 
when they are configured with immutability, restricted 
access, and separate administrative controls. Singh and 
Chatterjee (2017) identify several cloud security issues 
and challenges, including data protection, access control, 
and infrastructure security, all of which are relevant to 
ransomware recovery planning.
Infrastructure-as-code can also improve recovery. 
Instead of rebuilding systems manually, organizations 
can redeploy clean infrastructure from approved 
templates. This approach can reduce recovery time 
and limit configuration errors. However, the templates 
themselves must be protected and regularly reviewed. 
If attackers compromise deployment scripts or cloud 
automation tools, recovery environments may be 
rebuilt with insecure configurations. Tabrizchi and 
Kuchaki Rafsanjani (2020) emphasize that cloud security 
challenges include technical and management-related 
risks, which supports the need for controlled recovery 
processes in cloud systems.
Cloud-native services such as containers, microservices, 
and serverless workloads also require specialized 
recovery planning. Theodoropoulos et al. (2023) show 
that cloud-native environments have distinct security 
considerations because applications are distributed 
across multiple components, APIs, and service layers. Ali 
et al. (2024) also highlight the importance of information 
security risk assessment in cloud computing. For 
ransomware recovery, this means organizations must 
understand dependencies among cloud resources, 
identity services, storage systems, application workloads, 
and third-party integrations before an incident occurs.

Business Continuity and Operational Resilience
Business continuity focuses on keeping essential 
operations running during and after a ransomware 
incident. While disaster recovery is concerned mainly 
with technology restoration, business continuity considers 
the wider organization. It asks how the organization 
will continue serving customers, communicating with 
employees, processing transactions, meeting legal 

obligations, and coordinating vendors when major 
systems are unavailable.
A ransomware incident may force an organization to 
use alternative workflows. These may include manual 
processing, temporary communication channels, 
alternate customer support procedures, paper-based 
documentation, backup payment processes, or temporary 
service prioritization. Such arrangements should be 
planned in advance because they are difficult to create 
during a crisis. Critical departments should know 
which services have priority, which manual processes 
are allowed, and when operations can safely return to 
digital systems.
Vendor coordination is another important part of 
operational resilience. Many organizations depend on 
cloud service providers, managed security providers, 
payment processors, software vendors, and external 
recovery specialists. If ransomware affects a third-party 
platform or if a vendor is needed during recovery, 
unclear responsibilities can slow the response. Business 
continuity planning should therefore include vendor 
contacts, service-level expectations, communication 
procedures, and access requirements.
Recovery governance is also necessary. Senior leaders 
must make decisions about service prioritization, 
customer communication, legal reporting, financial risk, 
and operational trade-offs. Baskerville et al. (2014) explain 
that information security involves strategic balancing 
between prevention and response, while Björck et al. 
(2015) emphasize the need for resilience in the face of 
disruption. Cremer et al. (2022) also show that cyber 
risk and cybersecurity decision-making depend on the 
availability and quality of information. In ransomware 
recovery, this means that leadership should receive 
accurate, timely, and practical information so that 
recovery decisions are based on evidence rather than 
pressure or speculation.

Proposed Ransomware Resilience Framework 
for Cloud and Enterprise Systems

Framework Overview
Ransomware resilience in cloud and enterprise systems 
requires more than a collection of security tools. 
It requires a structured framework that connects 
governance, prevention, detection, response, recovery, 
and continuous improvement into one coordinated 
model. Modern ransomware attacks do not usually 
begin and end with file encryption. They often involve 
reconnaissance, credential theft, privilege escalation, 
lateral movement, data exfiltration, backup targeting, 
and operational disruption. For this reason, a narrow 
defensive approach that focuses only on malware 
detection is no longer sufficient. Organizations need a 
resilience-based model that prepares them to withstand 
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Table 3: Ransomware Recovery and Continuity Strategies
Recovery strategy Purpose Implementation requirement Risk reduced Limitation
Immutable 
backups

Protect backup data from 
deletion or alteration

Backup platform with 
immutability controls and 
strict retention policies

Loss of recovery 
points

May increase storage 
cost and requires careful 
configuration

Offline backups Keep recovery copies 
disconnected from 
production networks

Scheduled offline storage and 
secure backup handling

Backup encryption 
or deletion by 
attackers

Recovery may be slower 
than online restoration

Backup 
segmentation

Separate backup systems 
from production systems

Separate credentials, access 
controls, and network zones

Lateral movement 
into backup 
infrastructure

Requires stronger 
administrative discipline

Recovery testing Confirm that systems can 
be restored successfully

Regular restoration drills and 
documented test results

Failed or incomplete 
recovery during 
crisis

Testing can interrupt 
operations if poorly 
planned

Disaster recovery 
sequencing

Restore systems in order of 
operational priority

Recovery time objectives, 
recovery point objectives, and 
dependency mapping

Chaotic or unsafe 
restoration

Requires accurate 
asset and dependency 
inventory

Cloud snapshots 
and replication

Support faster restoration 
of cloud workloads

Secure snapshot policies, 
cross-region replication, and 
access monitoring

Long service 
downtime

Snapshots may be 
compromised if cloud 
accounts are breached

Infrastructure-as-
code recovery

Rebuild clean 
environments from 
approved templates

Protected templates, 
version control, and secure 
deployment pipelines

Manual 
configuration errors 
and slow rebuilding

Compromised templates 
can reproduce insecure 
systems

Manual fallback 
procedures

Maintain essential 
operations during system 
outage

Trained staff, approved 
workflows, and continuity 
documentation

Complete business 
interruption

Manual processes may be 
slower and less scalable

Vendor 
coordination

Ensure third-party support 
during recovery

Contact lists, service 
agreements, and escalation 
procedures

Delayed external 
support

Dependency on vendor 
availability and response 
time

Post-recovery 
validation

Confirm that restored 
systems are clean and 
secure

Forensic review, credential 
reset, patching, and 
monitoring

Reinfection or 
persistence

Requires skilled 
personnel and careful 
investigation

ransomware incidents, limit damage when attacks occur, 
restore critical operations, and improve security posture 
after recovery.
The proposed framework is designed as a layered model 
for cloud and enterprise environments. Each layer 
addresses a different stage of ransomware resilience, 
but the layers are not isolated. Governance shapes 
security policy and investment decisions. Preventive 
controls reduce the likelihood of compromise. Detection 
and monitoring provide early visibility into suspicious 
activity. Response and containment limit the spread of 
ransomware once an incident is confirmed. Recovery and 
continuity restore business operations, while continuous 
improvement ensures that lessons from each incident 
are converted into stronger controls, better training, and 
more mature cyber resilience practices.
This layered approach is consistent with the broader 
concept of cyber resilience, which emphasizes the ability 
of systems and organizations to prepare for, absorb, 
recover from, and adapt after cyber disruption (Björck 
et al., 2015). It also aligns with the NIST Cybersecurity 
Framework 2.0, which organizes cybersecurity activities 
around governance, identification, protection, detection, 

response, and recovery (NIST, 2024). In the ransomware 
context, this structure is particularly useful because it 
recognizes that an organization may not be able to prevent 
every attack, but it can reduce exposure, detect intrusion 
earlier, respond more effectively, and recover with less 
operational damage. The CISA ransomware guidance 
also supports this practical view by emphasizing 
preparation, protective measures, incident response, and 
recovery planning as part of ransomware risk reduction 
(CISA, 2020).
The framework proposed in this article therefore treats 
ransomware as both a technical and organizational 
problem. It recognizes that resilient cloud and enterprise 
systems depend on secure architecture, disciplined 
risk management, trained personnel, reliable backups, 
coordinated incident response, and leadership 
involvement. The following subsections explain the six 
layers of the framework.

Layer 1: Governance and Risk Preparedness
The first layer of ransomware resilience is governance 
and risk preparedness. Without governance, ransomware 
defense can become fragmented, reactive, and overly 
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dependent on technical teams. Governance provides 
direction for policy, accountability, risk ownership, 
investment priorities, compliance, and executive decision-
making. It also ensures that ransomware is treated as a 
business continuity risk rather than only an information 
technology problem.
A strong governance layer begins with clear cybersecurity 
policies. These policies should define acceptable use, 
access control, data protection, incident reporting, 
backup management, third-party risk, and cloud 
security responsibilities. In enterprise environments, 
ransomware often spreads because basic responsibilities 
are unclear, critical assets are poorly documented, 
or business units operate with inconsistent security 
practices. Ahmad et al. (2014) emphasize that information 
security requires an organizational strategy rather than 
isolated technical controls. This is especially relevant to 
ransomware because response decisions often involve 
legal, operational, financial, reputational, and regulatory 
concerns.
Executive oversight is also essential. Senior management 
should understand the possible operational consequences 
of ransomware, including downtime, data loss, service 
interruption, customer impact, regulatory penalties, and 
recovery costs. Governance should therefore include 
ransomware risk reporting at the leadership level. This 
allows executives to make informed decisions on security 
investment, cyber insurance, backup architecture, 
incident response capacity, and recovery planning. 
Baskerville et al. (2014) argue that information security 
management requires a strategic balance between 
prevention and response, which directly applies to 
ransomware resilience. An organization that invests only 
in prevention may still be unprepared when an incident 
occurs, while an organization that plans only for response 
may remain unnecessarily exposed.
Risk assessment is another core part of this layer. 
Organizations must identify critical assets, high-value 
data, privileged accounts, cloud workloads, network 
dependencies, and third-party services that could be 
exploited or disrupted during a ransomware incident. An 
accurate asset inventory is especially important in hybrid 
environments, where systems may be spread across 
on-premises infrastructure, public cloud platforms, SaaS 
applications, containers, and remote endpoints. Without 
visibility into these assets, it becomes difficult to prioritize 
protection, detect abnormal activity, or restore systems 
in the right order.
Cyber insurance and regulatory readiness also belong 
within this layer. Cyber insurance may help organizations 
manage financial exposure, but it should not be treated as 
a substitute for security maturity. Insurers increasingly 
require evidence of controls such as multifactor 
authentication, endpoint protection, backup testing, 
patch management, and incident response planning. 

At the same time, organizations must be ready to 
meet legal and regulatory obligations related to data 
breaches, privacy, customer notification, and sector-
specific reporting. Cremer et al. (2022) show that cyber 
risk management depends heavily on the quality and 
availability of risk-related data, which reinforces the need 
for disciplined governance and documentation.
Staff awareness is equally important. Many ransomware 
incidents begin through phishing, weak passwords, 
unsafe attachments, or compromised credentials. 
Governance should therefore include regular staff 
training, executive exercises, role-specific security 
awareness, and reporting procedures. NIST (2024) also 
places governance at the center of cybersecurity because 
it shapes how organizations identify, prioritize, and 
manage cyber risk. In this framework, governance is the 
foundation that supports every other layer.

Layer 2: Preventive Security Controls
The second layer focuses on preventive security controls. 
While resilience accepts that no organization can prevent 
every attack, prevention remains essential because 
it reduces the likelihood, frequency, and severity of 
ransomware incidents. Preventive controls should be 
designed to make initial compromise harder, restrict 
attacker movement, protect privileged access, and reduce 
exposure across cloud and enterprise systems.
Zero trust is a central preventive principle in this 
layer. Instead of assuming that users, devices, or 
systems inside the network are trustworthy, zero 
trust requires continuous verification, least privilege 
access, segmentation, and strict identity control. This 
is important for ransomware defense because attackers 
often rely on stolen credentials and lateral movement to 
expand from one compromised account or endpoint to 
broader enterprise systems. Syed et al. (2022) describe 
zero trust architecture as a model that reduces implicit 
trust and strengthens access control across modern 
digital environments. Teerakanok et al. (2021) also note 
that migrating to zero trust involves both technical and 
organizational challenges, which means organizations 
should treat it as a gradual security transformation rather 
than a single product deployment.
Least privilege access is closely related to zero trust. 
Users, service accounts, and applications should only 
have the permissions required for their roles. Excessive 
privileges can allow ransomware operators to encrypt 
shared drives, access sensitive data, disable security tools, 
or compromise backups. Privileged access management 
should therefore be applied to administrator accounts, 
cloud consoles, identity providers, backup systems, and 
remote access tools. Multifactor authentication should 
also be enforced, particularly for privileged accounts, 
remote access, cloud dashboards, email platforms, and 
administrative services.
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Patch management is another essential preventive 
control. Ransomware actors frequently exploit known 
vulnerabilities in exposed services, outdated software, 
VPN appliances, remote access tools, and enterprise 
applications. Patch management should include 
vulnerability scanning, risk-based prioritization, 
emergency patch procedures, and verification that 
patches have been successfully applied. In cloud 
environments, this also requires understanding the 
shared responsibility model. Cloud providers may secure 
the underlying infrastructure, but customers remain 
responsible for many aspects of workload security, 
identity configuration, application patching, and access 
management.
Email filtering and endpoint hardening are also critical. 
Since phishing remains a common delivery path for 
ransomware, organizations should use secure email 
gateways, attachment scanning, URL rewriting, domain 
authentication, and user training. Endpoint hardening 
should include disabling unnecessary services, restricting 
script execution, controlling macros, applying application 
allowlisting where feasible, and ensuring that endpoint 
detection tools are active and monitored. Razaulla et al. 
(2023) explain that ransomware defense requires layered 
protection because attackers use different techniques 
across the attack lifecycle.
Network segmentation further limits the spread of 
ransomware. Flat networks allow attackers to move 
quickly from one compromised system to many others. 
Segmentation can separate critical servers, backup 
systems, cloud workloads, development environments, 
user devices, and operational systems. In cloud 
environments, segmentation may involve virtual private 
clouds, security groups, network access controls, identity-
based access policies, and workload isolation. The goal 
is not only to prevent compromise, but also to prevent a 
single compromise from becoming an enterprise-wide 
outage.

Layer 3: Detection and Monitoring
The third layer addresses detection and monitoring. Even 
with strong preventive controls, ransomware attempts 
may still occur. Early detection is therefore vital because 
the speed of response often determines the scale of 
damage. Ransomware can encrypt large volumes of data 
within a short period, and many attacks include stealthy 
activities before encryption begins. These activities may 
include abnormal login attempts, privilege escalation, 
lateral movement, suspicious file access, command-and-
control communication, and unusual data transfer.
Endpoint Detection and Response systems are important 
because endpoints are often the first visible location of 
ransomware activity. EDR tools can monitor suspicious 
processes, file changes, registry activity, abnormal 
encryption behavior, privilege misuse, and unauthorized 
attempts to disable security services. However, endpoint 

monitoring alone is not enough. Enterprise systems also 
require Security Information and Event Management 
platforms that collect and correlate logs from endpoints, 
servers, identity systems, cloud platforms, firewalls, 
email systems, and applications. SIEM tools help security 
teams identify patterns that may not be obvious when 
each log source is viewed separately.
Extended Detection and Response can strengthen this 
capability by connecting endpoint, network, cloud, 
identity, and email telemetry. XDR is particularly useful 
in ransomware defense because ransomware campaigns 
often cross several environments before encryption 
begins. For example, an attacker may compromise an 
email account, use stolen credentials to access cloud 
services, move laterally through a network, and then 
deploy ransomware through administrative tools. A 
detection system that only monitors one layer may miss 
the full chain of activity.
User behavior analytics and anomaly detection also play 
important roles. Ransomware incidents often involve 
behavior that differs from normal patterns, such as 
unusual login times, impossible travel, abnormal file 
access, bulk file renaming, sudden permission changes, or 
large outbound transfers. Cen et al. (2024) emphasize the 
importance of early ransomware detection, particularly 
because earlier detection can reduce the amount of 
data encrypted or exfiltrated. Ispahany et al. (2024) also 
show that machine learning has become a major area of 
ransomware detection research, although it still faces 
limitations related to data quality, generalization, and 
false positives.
Cloud-native logging is essential for cloud and hybrid 
environments. Organizations should monitor identity 
and access management events, API calls, storage access, 
snapshot changes, workload behavior, container activity, 
and configuration changes. A ransomware actor who 
compromises a cloud account may not need to deploy 
traditional malware immediately. Instead, the attacker 
may change access permissions, delete backups, copy 
sensitive data, or encrypt cloud-hosted storage through 
legitimate services. This makes identity and activity logs 
central to cloud ransomware detection.
Threat intelligence can also support monitoring 
by providing indicators of compromise, attacker 
infrastructure, known ransomware behaviors, and 
emerging tactics. However, threat intelligence must 
be integrated into operational workflows to be useful. 
It should inform detection rules, alert prioritization, 
incident response playbooks, and hunting activities. 
Smith et al. (2022) and Alraizza and Algarni (2023) 
both highlight the growing role of machine learning 
and analytical frameworks in ransomware detection, 
but these methods should be combined with human 
expertise and operational context rather than treated as 
fully autonomous solutions.
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Layer 4: Response and Containment
The fourth layer focuses on response and containment. 
Once ransomware activity is detected or suspected, 
the organization must act quickly and in a coordinated 
manner. A delayed or disorganized response can allow 
the attacker to encrypt more systems, exfiltrate more 
data, compromise backups, or destroy forensic evidence. 
Effective response therefore depends on preparation 
before the incident occurs.
A ransomware response playbook should define 
the steps to be taken when an incident is suspected, 
confirmed, contained, investigated, and recovered. It 
should include roles and responsibilities for security 
teams, IT operations, legal advisers, communications 
teams, executive leadership, cloud administrators, and 
business continuity personnel. Cichonski et al. (2012) 
provide foundational incident handling guidance that 
remains useful for structuring preparation, detection, 
analysis, containment, eradication, and recovery. CISA 
(2020) also emphasizes the importance of ransomware-
specific preparation and response procedures.
Containment begins with limiting further spread. This 
may involve isolating infected endpoints, disabling 
compromised accounts, blocking malicious domains 
and IP addresses, restricting remote access, revoking 
suspicious tokens, and temporarily segmenting affected 
systems. In cloud environments, containment may 
require disabling compromised access keys, locking down 
identity roles, preventing changes to storage buckets, 
protecting snapshots, and limiting administrative access 
until the scope of the incident is understood.
Identity lockdown is especially important. Many 
ransomware groups rely on stolen or abused credentials. 
If only infected devices are isolated while compromised 
credentials remain active, the attacker may continue 
operating through other systems. For this reason, 
response teams should review privileged accounts, 
disable suspicious sessions, rotate credentials, reset 
passwords where necessary, and verify multifactor 
authentication status. Account activity logs should also 
be preserved for investigation.
Evidence preservat ion must not be neglected. 
Organizations under pressure may rush to wipe systems 
or restore backups, but this can destroy valuable forensic 
evidence. Response teams should preserve logs, memory 
captures where practical, disk images, ransom notes, 
network traffic records, endpoint alerts, and cloud audit 
trails. This evidence can help determine the entry point, 
affected systems, data exposure, attacker behavior, and 
whether persistence remains in the environment.
Coordinated communication is also part of response. 
Ransomware incidents can create confusion among 
employees, customers, regulators, vendors, and executives. 
A response plan should define who communicates 
internally and externally, what information can be 

shared, and when legal or regulatory notification may 
be required. Baskerville et al. (2014) argue that incident-
centered security requires a balance between prevention 
and response, which is particularly relevant here because 
ransomware response requires technical action and 
organizational coordination at the same time.

Layer 5: Recovery and Continuity
The fifth layer focuses on recovery and continuity. 
Recovery is not simply the act of restoring data from 
backups. It involves restoring trusted systems, validating 
that attackers no longer have access, prioritizing critical 
business functions, and ensuring that operations can 
resume safely. In many ransomware incidents, recovery 
is difficult because attackers deliberately target backups, 
domain controllers, identity systems, and administrative 
tools before encryption begins.
Backup restoration is the most visible part of recovery, 
but backup quality matters more than backup existence. 
Organizations should maintain offline or immutable 
backups, separate backup credentials from normal 
administrative accounts, test restoration regularly, 
and protect backup management consoles with strong 
access controls. Backups that are connected to the same 
compromised environment may also be encrypted or 
deleted. For this reason, ransomware recovery planning 
should include backup isolation and restoration testing 
under realistic conditions.
Disaster recovery planning should define recovery 
time objectives and recovery point objectives for critical 
systems. Not all systems have the same priority. During 
a ransomware incident, organizations must know 
which applications, databases, identity services, cloud 
workloads, and business processes should be restored 
first. Clean restoration is also essential. Restoring infected 
systems or compromised accounts can reintroduce the 
attacker into the environment. Recovery should therefore 
include malware scanning, vulnerability remediation, 
credential resets, patching, and validation of system 
integrity.
Business continuity is broader than technical restoration. 
During recovery, an organization may need temporary 
manual processes, alternative communication channels, 
customer support procedures, vendor coordination, and 
executive decision-making structures. Björck et al. (2015) 
frame cyber resilience around the ability to continue 
and recover after disruption, which directly applies 
to ransomware recovery. NIST (2024) also reinforces 
the importance of recovery as a formal cybersecurity 
function rather than an afterthought.
Post-recovery assurance is the final part of this layer. 
Before returning fully to normal operations, organizations 
should confirm that affected systems are clean, logs have 
been reviewed, exploited vulnerabilities have been 
addressed, and unauthorized persistence has been 



Ransomware Resilience in Cloud and Enterprise Systems: Detection, Response, and Recovery Frameworks

81

removed. Recovery should also include documentation 
of the incident timeline, affected assets, decisions made, 
and lessons learned. CISA (2020) emphasizes recovery 
planning as part of ransomware resilience, but recovery 
should be treated as a controlled process rather than a 
rushed return to business as usual.

Layer 6: Continuous Improvement
The final layer is continuous improvement. Ransomware 
resilience cannot remain static because attackers change 
their techniques, cloud environments evolve, business 
operations expand, and new vulnerabilities appear. Every 
incident, near miss, tabletop exercise, audit, and red-team 
activity should feed into security improvement.
Lessons learned are central to this layer. After a 
ransomware incident or simulation, the organization 
should review what happened, what worked, what failed, 
and what needs to change. This review should not be 
used to blame individuals. It should be used to strengthen 
policy, improve detection logic, update response 
playbooks, refine communication procedures, close 
technical gaps, and improve recovery readiness. Ahmad 
et al. (2014) highlight the importance of organizational 
security strategy, and continuous improvement is one 
way that strategy becomes practical.
Tabletop exercises are also valuable. These exercises allow 
leaders, technical teams, legal advisers, communications 
staff, and business units to practice ransomware response 
before a real crisis occurs. They can expose unclear 
responsibilities, missing contact lists, weak escalation 
processes, and unrealistic recovery assumptions. Red-
team testing and adversary simulation can further help 
organizations evaluate whether controls work under 
pressure.
Employee retraining should also be part of continuous 
improvement. If incident reviews show that phishing, 
poor password practices, unsafe remote access, or delayed 

reporting contributed to risk, training should be revised 
accordingly. However, training should be practical and 
role-specific. Generic awareness sessions may not be 
enough for administrators, cloud engineers, executives, 
or help desk personnel. Nobles (2022) notes that stress, 
burnout, and security fatigue can affect cybersecurity 
performance, so training and exercises should also 
consider the human workload placed on security teams.
Finally, resilience metrics should be developed. Useful 
metrics may include time to detect, time to contain, 
recovery time, backup restoration success rate, patching 
speed, phishing reporting rate, percentage of privileged 
accounts protected by multifactor authentication, and 
frequency of tested incident response exercises. Lezzi et 
al. (2025) emphasize the importance of measuring cyber 
resilience, especially in complex digital and industrial 
environments. Without metrics, organizations may 
believe they are resilient without evidence. Continuous 
improvement therefore closes the framework by turning 
experience into measurable maturity.

Challenges and Limitations

Technical Challenges
Ransomware resilience faces several technical challenges. 
One of the most serious is the speed of encryption. 
Once ransomware begins encrypting files at scale, 
the window for intervention may be very short. Early 
detection is therefore critical, but it is also difficult 
because ransomware behavior may resemble legitimate 
administrative or file management activity in some 
situations. For example, large file modifications, 
compression, or transfers may be normal in some 
enterprise workflows but suspicious in others.
Evasion techniques also create difficulty. Ransomware 
actors may use legitimate tools, disable security services, 
exploit trusted administrative channels, or delay 
execution to avoid detection. Some attacks involve living-
off-the-land techniques, where attackers use tools already 
present in the environment. This makes detection more 
complex because the activity may not always appear as 
traditional malware behavior.
False positives remain another challenge. Detection 
systems that are too sensitive may overwhelm analysts 
with alerts, while systems that are too relaxed may 
miss early signs of attack. Pont et al. (2020) show that 
some statistical approaches to ransomware detection 
can fail under practical conditions. Han et al. (2020) also 
question the effectiveness of behavior-based ransomware 
detection when attackers adapt their methods. These 
limitations show why detection cannot depend on one 
technique alone.
Backup compromise is another major technical problem. 
Many organizations assume that backups guarantee 
recovery, but attackers increasingly target backup 

Figure 3: Proposed Ransomware Resilience Framework 
for Cloud and Enterprise Systems
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repositories, administrative consoles, and recovery 
credentials. If backup systems are not isolated, immutable, 
or regularly tested, they may fail when needed most. 
Fragmented cloud visibility further complicates the 
problem. Logs may be spread across multiple platforms, 
regions, accounts, and services, making it difficult to 
reconstruct the full incident timeline. Cen et al. (2024) 
and Ispahany et al. (2024) both emphasize the need 
for improved ransomware detection, but technical 
limits remain in speed, accuracy, generalization, and 
operational deployment.

Organizational Challenges
Organizational challenges can be just as damaging as 
technical weaknesses. Many organizations lack the 
budget, personnel, and maturity required to build 
full ransomware resilience. Small and medium-sized 
enterprises may depend on limited IT teams, while 
larger organizations may struggle with complexity, 
legacy systems, and inconsistent security practices across 
departments.
Poor incident readiness is a common problem. Some 
organizations have written incident response plans that 
are rarely tested. Others have backups but have never 
practiced full restoration. Some have detection tools 
but no clear escalation process. During a ransomware 
incident, these weaknesses become visible very quickly. 
Delays in decision-making, unclear authority, and 
poor communication can increase damage even when 
technical tools are available.
Security fatigue is another serious issue. Cybersecurity 
teams often face high alert volumes, long working 
hours, and pressure to respond quickly to incidents. 
Nobles (2022) highlights stress, burnout, and security 
fatigue as important human factors in cybersecurity. In 
ransomware response, fatigue can affect judgment, delay 
action, and weaken coordination. Organizations that 
ignore the human side of cybersecurity may overestimate 
their response capacity.
Weak governance also limits resilience. If leadership 
treats ransomware as only an IT issue, important 
business decisions may be delayed. Questions about 
system shutdowns, customer notification, ransom 
communication, legal reporting, cyber insurance, and 
public messaging cannot be solved by technical teams 
alone. Ahmad et al. (2014) and Baskerville et al. (2014) both 
show that information security requires strategic and 
organizational coordination, not only technical control.

Cloud and Hybrid Infrastructure Challenges
Cloud and hybrid environments introduce additional 
challenges. One of the most common is confusion 
around shared responsibility. Cloud providers secure 
the underlying infrastructure, but customers remain 
responsible for identity configuration, access control, 
workload security, application settings, data protection, 

and many monitoring functions. If organizations 
misunderstand this division, they may leave important 
gaps unaddressed.
Multi-cloud complexity also creates diff iculty. 
Organizations may use several cloud providers, 
SaaS platforms, identity systems, and on-premises 
environments at the same time. Each platform may 
have different logging formats, access models, backup 
tools, and security controls. This can make it difficult to 
maintain consistent visibility and policy enforcement. 
Singh and Chatterjee (2017) and Tabrizchi and Kuchaki 
Rafsanjani (2020) identify cloud security threats and 
management challenges that remain highly relevant in 
ransomware resilience.
Cloud forensics is another challenge. In traditional 
environments, investigators may collect disk images, 
server logs, and network captures directly. In cloud 
environments, evidence may depend on service logs, 
snapshots, provider tools, retention settings, and account 
permissions. If logging was not enabled before the 
incident, evidence may be incomplete. Ali et al. (2024) 
stress the importance of risk assessment methods in cloud 
computing, which is important because weak cloud risk 
assessment often leads to weak forensic readiness.
Identity exposure is especially serious in cloud and 
hybrid systems. A compromised cloud administrator 
account can allow attackers to delete backups, copy data, 
change permissions, create new access keys, or deploy 
malicious workloads. Visibility gaps may also occur when 
cloud teams, security teams, and business units manage 
different parts of the environment without centralized 
monitoring. Kalaiarsan and Selvan (2024) also connect 
cloud computing with ransomware and digital forensics 
concerns, reinforcing the need for cloud-aware resilience 
planning.

Limitations of AI-Based Detection
AI-based ransomware detection is promising, but it has 
limitations that must be acknowledged. Machine learning 
models can identify patterns in file activity, memory 
behavior, system calls, network traffic, and user behavior. 
However, these models depend heavily on the quality 
and representativeness of training data. If training data 
does not reflect new ransomware variants, cloud-specific 
attack behavior, or real enterprise conditions, model 
performance may decline.
Adversarial evasion is another concern. Attackers may 
modify ransomware behavior to avoid detection, slow 
encryption activity, mimic legitimate processes, or 
exploit blind spots in detection models. Model drift can 
also occur when normal business behavior changes over 
time. A model trained on one environment may perform 
poorly in another because enterprise workflows, cloud 
configurations, and user behaviors differ.
Explainability is also a practical issue. Security teams 
need to understand why an alert was generated before 
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they take disruptive actions such as isolating servers, 
disabling accounts, or shutting down systems. If an AI 
model produces high-risk alerts without clear reasoning, 
analysts may hesitate to act or may begin ignoring alerts. 
Operational false positives can therefore reduce trust 
in AI-based systems. Ispahany et al. (2024), Alraizza 
and Algarni (2023), Rele et al. (2025), and Kritika (2025) 
all show that AI and machine learning are important 
directions in ransomware detection research, but 
these methods still require careful validation, human 
oversight, and integration with broader security 
operations.

Future Research Directions

AI-Driven Early Warning Systems
Future research should continue to develop AI-driven 
early warning systems for ransomware. The most 
valuable systems will be those that detect suspicious 
activity before encryption reaches a damaging stage. This 
requires models that can identify early indicators such as 
abnormal authentication, unusual file access, suspicious 
privilege escalation, lateral movement, command 
execution patterns, and unexpected cloud API activity.
Research should also focus on behavioral analytics that 
can distinguish ransomware preparation from normal 
business operations. This is difficult because enterprise 
environments contain many legitimate high-volume 
activities, including backups, software deployment, 
database operations, and file synchronization. Cen et al. 
(2024) emphasize the importance of early ransomware 
detection, while Ispahany et al. (2024) identify machine 
learning as a growing area with important limitations. 
Future work should therefore move beyond laboratory 
datasets and evaluate early warning systems in realistic 
cloud and enterprise settings.
Deep learning may also support future ransomware 
detection, but it should be studied with attention to 
explainability, false positives, and operational usefulness. 
Rele et al. (2025) and Kritika (2025) show the growing 
interest in AI and deep learning approaches, but future 
research must demonstrate how these models can be 
trusted, interpreted, and maintained in real security 
operations.

Zero Trust and Identity-Centric Ransomware 
Defense
Future research should also examine zero trust and 
identity-centric ransomware defense. Many ransomware 
attacks succeed because attackers gain access to valid 
credentials and move through the environment as if 
they are legitimate users. This makes identity one of the 
most important control points in modern ransomware 
resilience.

Research is needed on adaptive access control, continuous 
authentication, privileged access management, identity 
threat detection, and just-in-time access models. Zero 
trust should also be studied in practical settings because 
migration can be difficult for organizations with legacy 
systems, complex enterprise networks, and hybrid cloud 
deployments. Syed et al. (2022) provide a broad survey 
of zero trust architecture, while Teerakanok et al. (2021) 
discuss migration challenges. Future studies should build 
on this work by examining how zero trust controls affect 
ransomware containment, recovery speed, and lateral 
movement reduction.

Ransomware Resilience in Critical Infrastructure 
and Cyber-Physical Systems
Critical infrastructure and cyber-physical systems 
require special attention because ransomware incidents 
in these environments can affect public safety, industrial 
operations, healthcare delivery, energy systems, 
transportation, and essential services. Unlike ordinary 
IT systems, many cyber-physical environments cannot 
be easily shut down, patched, or restored without 
operational consequences.
Future research should investigate sector-specific 
ransomware resilience models for industrial control 
systems, healthcare networks, smart grids, manufacturing 
systems, and public infrastructure. These environments 
often include legacy devices, real-time processes, 
vendor-managed systems, and safety requirements that 
make standard enterprise controls difficult to apply. 
Benmalek (2024) highlights ransomware risks in cyber-
physical systems, while Lezzi et al. (2025) emphasize the 
importance of measuring cyber resilience in industrial 
IoT contexts. Future studies should therefore focus not 
only on detection, but also on continuity, safety, recovery 
prioritization, and resilience metrics.

Cloud-Native Automated Recovery
Cloud-native automated recovery is another important 
research direction. Cloud environments create new 
risks, but they also offer opportunities for faster recovery 
through automation, infrastructure-as-code, immutable 
infrastructure, snapshots, replication, and automated 
redeployment. Future studies should examine how 
organizations can use these capabilities to reduce 
downtime after ransomware incidents.
Research should explore automated restoration of clean 
environments, secure infrastructure templates, recovery 
orchestration, cloud backup vaulting, and validation of 
restored workloads. Theodoropoulos et al. (2023) discuss 
cloud-native security concerns, while Ali et al. (2024) 
focus on cloud risk assessment methods. NIST (2024) 
also supports recovery as a core cybersecurity function. 
Future work should connect these ideas by studying how 
cloud-native recovery can be tested, governed, measured, 
and protected from attacker manipulation.
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Human-Centered Ransomware Resilience
Future ransomware research should give more attention 
to human-centered resilience. Security tools are 
important, but people make many of the critical decisions 
during ransomware incidents. Employees may detect and 
report suspicious activity. Analysts investigate alerts. 
Executives approve major operational decisions. Legal 
and communication teams manage external obligations. 
Cloud and IT teams restore systems. If these groups are 
not trained and coordinated, technical controls may fail 
to produce effective resilience.
Research should examine training methods, incident 
simulation, tabletop exercises, security fat igue 
reduction, cross-functional decision-making, and 
crisis communication. Nobles (2022) highlights the 
effect of stress and security fatigue in cybersecurity 
work, while Ahmad et al. (2014) shows the importance 
of organizational security strategy. Future studies 
should therefore consider how organizations can build 
ransomware resilience without overloading security 
teams or treating human users as the weakest link 
only. Human-centered resilience should focus on better 
systems, clearer responsibilities, practical training, and 
sustainable response capacity.

Conclusion
Ransomware resilience in cloud and enterprise systems 
requires more than malware prevention or technical 
detection. Modern ransomware attacks target identities, 
cloud workloads, shared storage, backups, remote access 
services, third-party platforms, and business operations. 
Because of this, organizations need a coordinated 
resilience model that connects governance, preventive 
security controls, detection and monitoring, response and 
containment, recovery and continuity, and continuous 
improvement.
This article proposed a layered ransomware resilience 
framework for cloud and enterprise systems. The 
framework begins with governance and risk preparedness 
because ransomware must be treated as an organizational 
risk, not only a technical issue. It then emphasizes 
preventive controls such as zero trust, least privilege, 
multifactor authentication, patch management, endpoint 
hardening, email filtering, and segmentation. Detection 
and monitoring are also essential because early visibility 
can reduce the scale of encryption, data theft, and 
operational disruption. Response and containment 
provide the structure needed to isolate affected systems, 
restrict compromised identities, preserve evidence, and 
coordinate decisions under pressure. Recovery and 
continuity ensure that organizations can restore clean 
systems, maintain critical services, and validate that 
attackers no longer have access. Continuous improvement 
closes the framework by turning lessons learned into 
stronger controls, better training, improved metrics, and 

more mature cyber resilience.
The central argument is that ransomware defense should 
not be reduced to a single product, tool, or detection 
method. It must be built into the way organizations govern 
cyber risk, design cloud and enterprise architectures, 
train personnel, manage identities, protect backups, 
and prepare for operational disruption. As ransomware 
continues to evolve, resilience will depend on the ability 
to detect attacks early, contain them quickly, recover 
safely, and improve continuously. This is especially 
important for cloud and hybrid enterprise systems, 
where technical complexity, identity exposure, shared 
responsibility, and business dependence on digital 
infrastructure make ransomware both a cybersecurity 
threat and a business continuity challenge (Beaman et 
al., 2021; Razaulla et al., 2023; NIST, 2024; CISA, 2020).
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