"Safeguarding Digital Livestock Farming — A Comprehensive Cybersecurity Roadmap for
Dairy and Poultry Industries" by Suresh Neethirajan, published in Frontiers in Big Data on
April 16, 2025.

Overview

Digital technologies are revolutionizing dairy and poultry farming through automation,
precision monitoring, and data-driven decision-making. However, this transformation
introduces new cybersecurity risks that can compromise animal welfare, food safety, and
supply chain resilience. This roadmap outlines the current threat landscape and offers
strategies to secure digital livestock systems.

@, Key Technologies in Digital Livestock Farming
Modern livestock operations increasingly rely on interconnected technologies:

¢ Internet of Things (loT) Devices: Sensors monitor animal health, feed intake,
environmental conditions, and equipment performance.

o Artificial Intelligence (Al): Algorithms analyze data to optimize feeding, detect
diseases early, and improve breeding decisions.

e Blockchain: Ensures traceability and transparency in food supply chains.
¢ Cloud Computing: Stores and processes vast amounts of farm data.

While these technologies enhance productivity and sustainability, they also create potential
entry points for cyber threats.

I. Cyber Threats in Dairy and Poultry Farming
The integration of digital systems exposes farms to various cyber risks:

« Ransomware Attacks: Malicious software encrypts farm data, demanding payment for
access restoration.

« DataBreaches: Unauthorized access to sensitive information, such as proprietary
breeding data or supplier contracts.

¢ System Manipulation: Hackers could alter sensor readings, leading to inappropriate
feeding or environmental conditions.

e Supply Chain Disruptions: Cyberattacks on logistics or processing facilities can halt
product distribution.

A Impact of Cybersecurity Incidents
Cyber breaches in livestock farming can have significant consequences:
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e Operational Downtime: Disrupted systems can halt feeding schedules, milking
routines, or climate control, affecting animal health.

¢ Financial Losses: Costs associated with ransom payments, system repairs, and lost
productivity.

¢ Regulatory Penalties: Non-compliance with data protection laws can lead to fines.

e Consumer Trust Erosion: Publicized breaches can diminish confidence in food safety
and quality.

The interconnected nature of food systems means that a cyber incident on one farm can ripple
through the entire supply chain.

{ Existing Cybersecurity Measures

Some farms have begun implementing basic cybersecurity practices:
o Firewalls and Antivirus Software: Protect against unauthorized access and malware.
¢ Regular Software Updates: Patch known vulnerabilities in systems.

e Employee Training: Educate staff on recognizing phishing attempts and proper data
handling.

However, adoption is inconsistent, and many operations lack comprehensive security
protocols tailored to agricultural contexts.

% Advanced Cybersecurity Strategies
To enhance resilience, the roadmap recommends:

e Zero Trust Architecture: Assume no device or user is inherently trustworthy; verify all
access attempts.

e Al-Driven Threat Detection: Use machine learning to identify unusual patterns
indicative of cyber threats.

e Blockchain for Data Integrity: Implement immutable records to prevent tampering
with supply chain data.

¢ Regular Audits and Penetration Testing: Assess system vulnerabilities proactively.

+ Incident Response Plans: Develop clear protocols for responding to cyber incidents
swiftly.

These measures should be customized to the specific needs and capacities of each farming
operation.



+ Integrating Cybersecurity with Biosecurity and Food Safety

Cybersecurity should not be siloed but integrated with existing biosecurity and food safety
protocols:

o Unified Risk Assessments: Evaluate physical and digital threats together to identify
overlapping vulnerabilities.

e Cross-Training Staff: Educate employees on both biosecurity measures and
cybersecurity best practices.

o Coordinated Response Strategies: Ensure that responses to biological threats
consider potential cyber implications, and vice versa.

This holistic approach enhances overall farm resilience.

28 Human-Centric Cybersecurity
People are often the weakest link in cybersecurity. Strengthening human factors involves:
o Continuous Training: Regularly update staff on emerging threats and safe practices.

¢ ClearPolicies and Procedures: Establish and enforce guidelines for data access and
device usage.

o Fostering a Security Culture: Encourage reporting of suspicious activities without fear
of reprisal.

Empowered and informed employees are crucial to preventing and mitigating cyber incidents.

m Policy and Regulation
Governments and industry bodies play a vital role in establishing cybersecurity standards:

o Developing Guidelines: Create sector-specific cybersecurity frameworks for
agriculture.

¢ Incentivizing Compliance: Offer subsidies or certifications for farms that implement
robust security measures.

o Facilitating Information Sharing: Encourage reporting and dissemination of threat
intelligence among stakeholders.

Collaborative efforts can elevate the overall security posture of the agricultural sector.



