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Why Kubernetes Security 
Matters

Kubernetes Security 101

CHAPTER 1

Kubernetes is a prime target for cybercriminals due 
to its widespread adoption and valuable assets. 
Attacks can lead to data breaches, unauthorized 
access, service disruptions, and financial loss.

Increasing Attacks on Kubernetes

02

03

04

05

Kubernetes security ensures uninterrupted 
service, preventing financial losses and 
maintaining customer trust.

Securing Kubernetes safeguards proprietary 
software, trade secrets, and intellectual property 
from theft.

Meeting industry regulations (e.g., GDPR, HIPAA) 
requires robust Kubernetes security to safeguard 
sensitive data.

Proper Kubernetes security prevents resource 
exhaustion, inefficient allocation, and 
misconfigurations.

Business Continuity and Availability 

Protecting Intellectual Property

Compliance and Regulatory 
Requirements 

Mitigating Operational Risks 
A lack of security knowledge about Containers 
and Kubernetes is a major reason for this.

90%
Experienced security 

incidents in Kubernetes 
environments

67%
Delayed application 
deployment due to 

security issues

Kubernetes clusters are attractive targets for 
cybercriminals, with potential consequences 
such as data breaches and service disruptions. 
Therefore, Kubernetes security is vital to protect 
infrastructure, applications, data, and intellectual 
property. Here are some of the major reasons why 
Kubernetes security matters:
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Understanding Kubernetes 
Architecture

Kubernetes Security 101

CHAPTER 2

Kubernetes Cluster
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Ch 2: Understanding Kubernetes Architecture

In a Kubernetes cluster, the architecture consists of two main types of nodes: 
master nodes and worker nodes. 

The Master Node represents the control plane components responsible for 
managing and coordinating the cluster. It consists of the API server, controller 
manager, etcd, and scheduler.

The Worker Node represents the worker or compute nodes in the cluster. 
It executes the workloads and runs the containers. Each worker node has 
the Kubernetes runtime environment, including components like kubelet, 
container runtime (e.g., Docker), and other necessary components.

Pod(s) Security Measures

Control Plane Components

 – Group of one or more containers
 – Shared network namespace
 – Communication via localhost

 – Pod Security Policies
 – Resource Limits
 – Network Policies
 – Trusted Container Images
 – Access Controls
 – Least Privilege
 – Container Vulnerability Scanning – API Server (gateway for administrative 

operations)
 – Controller Manager (oversees controllers)
 – etcd (primary data store)
 – Scheduler (assigns pods to worker nodes)

https://www.practical-devsecops.com/
https://www.facebook.com/pdevsecops/
https://twitter.com/pdevsecops/
https://www.linkedin.com/company/practical-devsecops


www.practical-devsecops.com @pdevsecops @pdevsecops Practical DevSecOps

ebook

4

Kubernetes Security 
Best Practices

Kubernetes Security 101

Securing a Kubernetes cluster is crucial to protect 
against vulnerabilities and attacks. Follow these 
best practices to enhance your Kubernetes 
environment’s security:

RBAC

Implement Role-Based Access Control for granular 
access control.

Regular Updates

Keep Kubernetes components up to date with 
patches and security releases.

Secure Container Images

Use trusted sources, scan for vulnerabilities, and 
enforce image signing.

Secure API Server

Enable encryption, validate certificates, and 
restrict access to trusted networks.

Network Segmentation

Use network policies to isolate and control 
communication.

Pod Security Policies

Enforce security constraints for pods, like 
resource limits and privilege restrictions.

CHAPTER 3
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Ch 3: Kubernetes Security Best Practices

Logging and Monitoring

Collect and analyze logs to detect suspicious 
activities.

Encryption and Secrets Management

Encrypt data at rest and in transit, and use secure 
secret management.

Implementing these best practices will enhance 
the security of your Kubernetes cluster. In the 
next chapter, we’ll explore specific tools and 
technologies to help implement these practices 
effectively.

Auditing and Penetration Testing

Regularly assess vulnerabilities and test security 
controls.

Education and Training

Stay informed about emerging threats and train 
your team.
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Securing Kubernetes 
Deployments

Kubernetes Security 101

Securing your Kubernetes deployments is vital to 
protect your applications, data, and infrastructure 
from potential threats. This chapter will explore 
key strategies and best practices for securing your 
Kubernetes deployments effectively.

CHAPTER 4

Pod Security Policies (PSPs) define a set of security 
policies that govern the deployment and execution 
of pods within a cluster.  

Key considerations for implementing PSPs include:
 – Restricting privileged containers.
 – Controlling host namespace and volume 
access.

 – Enforcing container runtime restrictions.
 – Defining strong pod-level access controls.
 – Adhering to the principle of least privilege.

Container images serve as the building blocks 
for Kubernetes deployments. Securing container 
images is crucial to prevent vulnerable or malicious 
software deployment. 

Best practices include:
 – Using trusted sources for container images.
 – Scanning images for known vulnerabilities.
 – Regularly updating container images to 
incorporate security patches.

 – Implementing image signing and verification 
mechanisms.

Resource quotas play a significant role in securing 
Kubernetes deployments by limiting the amount 
of resources (CPU, memory, storage) that a 
namespace or user can consume. 

Benefits of implementing resource quotas include:
 – Preventing resource exhaustion and potential 
denial-of-service attacks.

 – Ensuring fair resource allocation among 
different users or teams.

 – Monitoring and controlling resource utilization 
to optimize cluster performance.

Pod Security Policies

Secure Container Images

Resource Quotas

“Securing your Kubernetes 
deployments is vital to 
protect your applications, 
data, and infrastructure 
from potential threats.
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Ch 4: Securing Kubernetes Deployment

Security auditing involves monitoring and reviewing 
the activity within a Kubernetes cluster to detect 
and investigate security-related events. 

Key considerations for security auditing include:
 – Enabling and configuring audit logging at the 
cluster level.

 – Defining audit policies to capture specific 
events of interest.

 – Centralizing audit logs for analysis and 
correlation.

 – Regularly reviewing and analyzing audit logs for 
potential security incidents.

 – Integrating with security information and event 
management (SIEM) systems.

Security Auditing

Security contexts allow for granular control over the 
security settings of pods and containers. 

Key aspects of security contexts include:
 – Defining user and group permissions within 
containers.

 – Configuring read-only file systems.
 – Isolating network access with network policies.
 – Applying AppArmor or SELinux profiles for 
additional security layers.

 – Limiting privilege escalation capabilities.

Security Contexts
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Kubernetes Network 
Security

Kubernetes Security 101

In this chapter, we will explore key aspects of 
Kubernetes network security. We’ll cover network 
segmentation, secure communication with TLS, 
network policies, secure service discovery, and 
ingress controller security.

CHAPTER 5

Divide the Kubernetes network into isolated 
segments to minimize the impact of security 
breaches. This separation helps restrict 
unauthorized access and movement within the 
cluster.

Network Segmentation
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Ch 5: Kubernetes Network Security

Utilize Transport Layer Security (TLS) encryption 
to ensure secure communication between 
Kubernetes components, such as pods, nodes, 
and services. Implementing TLS safeguards data in 
transit, protecting it from unauthorized access and 
tampering.

Secure Communication with TLS 

kube-scheduler
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ca.crt

kube-proxy

proxy.key

proxy.crt

ca.crt

controller-manager

controller-
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Certificate 
Authority (CA)

ca.key

ca.crt
To verify the identity 
of other components, 
each component 
needs to have a copy 
of the CA’s public 
certificate.
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Kubernetes: TLS Certificates
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Ch 5: Kubernetes Network Security

Leverage network policies to define and enforce 
rules for traffic flow within the Kubernetes 
cluster. By specifying criteria such as pod labels, 
namespaces, IP addresses, or ports, you can control 
which pods can communicate with each other. 
Network policies reduce the attack surface and 
prevent unauthorized access to sensitive resources.

Implement measures to secure service discovery, 
which enables pods and services to discover and 
communicate with each other. Utilize features 
like service accounts, role-based access control 
(RBAC), and endpoint visibility restrictions to ensure 
that only authorized services can discover and 
communicate with each other.

Protect the ingress controller, the entry point for 
external access to services within the Kubernetes 
cluster. Configure access controls, enable rate 
limiting, and utilize Web Application Firewalls 
(WAFs) to defend against unauthorized access and 
common attack vectors like DDoS and injection 
attacks.

Network Policies

Secure Service Discovery 

Ingress Controller Security
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Securing Kubernetes 
Storage

Kubernetes Security 101

One of the critical aspects of securing a Kubernetes cluster is ensuring the 
security of its storage resources, particularly Persistent Volumes (PVs) and 
Persistent Volume Claims (PVCs).

CHAPTER 6

Best practices for securing Persistent Volumes (PVs) and 
Persistent Volume Claims (PVCs)

Best Practices for storage security in Kubernetes

Best Practices for Data Backup and Disaster Recovery

1.	Configure access controls using RBAC to grant the least privilege 
necessary.

2.	Regularly review and monitor permissions to ensure they align with the 
principle of least privilege.

3.	Enable encryption for data at rest using the storage infrastructure’s 
encryption mechanisms.

4.	Implement encryption for data in transit using TLS.

1.	Encrypt communication channels between containers and storage 
resources using TLS and secure network policies.

2.	Select storage solutions with strong encryption capabilities and proven 
security.

1.	Regularly back up PV data using snapshot or replication methods.
2.	Develop a comprehensive disaster recovery plan and regularly test its 

effectiveness.
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Kubernetes Security Tools 
and Solutions

Kubernetes Security 101

CHAPTER 7

Comprehensive platform for 
vulnerability scanning, 
providing insights into 
vulnerabilities in container 
images, configurations, and 
runtime environments.

Detects known vulnerabilities and 
offers remediation guidance.

Kubernetes 
Vulnerability 
Scanning

Security 
Auditing and 
Compliance

Aqua Security

Open-source tool for 
vulnerability scanning of 
container images.

Scans container images for 
vulnerabilities, provides detailed 
reports, and suggests remediation 
actions.

Anchore

Open-source vulnerability 
scanner specifically designed 
for container images.

Integrates with Kubernetes to scan 
for vulnerabilities and provides 
insights into image security.

Clair

Security platform for 
real-time threat detection, 
compliance monitoring, and 
forensics.

Offers deep visibility into container 
activities, detects security 
incidents, and ensures compliance 
with regulatory requirements.

Sysdig Secure

Open-source tool for auditing 
Kubernetes clusters against 
best practices recommended 
by the Center for Internet 
Security (CIS).

Automates the auditing process 
and generates reports highlighting 
non-compliance issues.

Kube-bench

Subsection Tools and Solutions DescriptionSection
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Ch 7: Kubernetes Security Tools and Solutions

Runtime security tool 
leveraging Kubernetes 
auditing capabilities to detect 
anomalous behavior.

Provides real-time insights into 
container activities and integrates 
with alerting systems for 
immediate response to security 
incidents.

Container 
Runtime 
Security

Kubernetes- 
specific 
Security 
Solutions

Falco

Open-source sandbox 
runtime that enhances 
security and isolation of 
containers in Kubernetes.

Enforces fine-grained access 
controls, preventing container 
escapes and adding an extra layer 
of defense.

gVisor

Kubernetes feature for 
defining network access rules 
at the pod level.

Enables network segmentation and 
limits communication between 
pods, reducing the attack surface 
of the cluster.

Kubernetes 
Network 
Policies

Comprehensive security 
platform combining 
vulnerability scanning, 
runtime protection, and 
compliance automation.

Offers end-to-end security for 
Kubernetes clusters, covering 
various aspects of security 
management.

Aqua Security 
Platform

Integrated security, 
compliance, and monitoring 
platform for Kubernetes.

Provides a holistic approach to 
securing Kubernetes environments, 
combining multiple security 
functionalities.

Sysdig Secure 
DevOps 
Platform

Policy engine for fine-grained 
access control and 
policy-based security in 
Kubernetes.

Enables custom policy enforcement 
to ensure compliance with 
organizational security 
requirements.

Open Policy 
Agent (OPA)

Subsection Tools and Solutions DescriptionSection
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Monitoring and Incident 
Response

Kubernetes Security 101

In this chapter, we’ll explore monitoring Kubernetes 
clusters and implementing incident response 
strategies. We’ll cover tools and techniques for 
detecting and responding to security incidents and 
best practices for incident response in Kubernetes.

CHAPTER 8

Monitoring Kubernetes clusters is crucial for 
maintaining their health, performance, and 
security. Here are some considerations for effective 
monitoring:

Monitoring Kubernetes Clusters

01 04

02 05

03

Cluster-Wide Monitoring Health Checks and Probes

Application Monitoring Alerts and Notifications

Resource Utilization

Implement a comprehensive solution, such as 
Prometheus, Grafana, Heapster, or Metrics Server, 
to monitor all critical components of your cluster, 
including nodes, pods, containers, and network 
resources.

Leverage Kubernetes’ built-in health checks and 
readiness probes to monitor the health of your 
applications. Regularly monitor the results of these 
probes to ensure your applications are running 
smoothly.

In addition to infrastructure monitoring, use 
logging and tracing tools like Fluentd, Elastic Stack, 
or Jaeger to gain insights into application behavior, 
identify bottlenecks, and troubleshoot issues.

Set up alerts and notifications to promptly detect 
and respond to critical events or abnormalities. 
Define alert thresholds for metrics that indicate 
potential performance or security issues and 
configure alerts to be sent via email, chat platforms, 
or other communication channels.

Keep track of resource utilization metrics, including 
CPU, memory, and storage, to ensure efficient 
allocation and utilization. This information is 
valuable for capacity planning, scaling, and 
optimizing resource allocation.
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Ch 8: Monitoring and Incident Response

To improve incident detection and response in 
Kubernetes clusters:

Detecting and Responding to 
Security Incidents

01

03

02

04

Log Analysis

Threat Intelligence

Intrusion Detection System (IDS)

Incident Response Playbooks

Collect and analyze logs using tools like ELK Stack, 
Splunk, or Loki to identify suspicious activities.

Stay updated with security advisories, patch 
vulnerabilities, and update Kubernetes 
components, container images, and operating 
systems.

Implement an IDS like Falco or Sysdig to monitor 
system calls, network traffic, and Kubernetes API 
events for security threats.

Develop clear playbooks with defined steps, 
escalation paths, communication channels, and 
roles for incident response team members.
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Ch 8: Monitoring and Incident Response

When responding to security incidents in 
Kubernetes clusters, follow these best practices:

Incident Response Best 
Practices

01 04

02

03

05

06

Preparation Investigation and Analysis

Rapid Detection

Containment and Mitigation

Communication and Reporting

Lessons Learned

Establish an incident response plan with predefined 
roles and procedures. Conduct regular drills and 
exercises.

Thoroughly investigate the incident, preserving 
relevant logs and evidence for analysis.

Use automated monitoring and detection systems 
for quick incident identification. Implement 
anomaly detection and behavior-based analysis.

Take immediate steps to contain the incident’s 
impact. Isolate affected components and revoke 
compromised credentials. Have a rollback plan for 
service restoration.

By following these practices, you can enhance 
security and minimize the impact of security 
incidents in Kubernetes clusters. Remember 
to continually improve and adapt your incident 
response strategies.

Maintain clear and transparent communication 
with stakeholders. Provide regular updates on 
containment efforts and preventive measures.

Conduct a post-incident review, document lessons 
learned, and update incident response playbooks.
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