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Abstract

In an increasingly digitized global landscape, public sector institutions have become critical
nodes of national digital infrastructure, yet they remain highly vulnerable to cyber threats. As
cyber-attacks grow in scale, complexity, and geopolitical significance, the urgency to establish
robust and adaptive cyber risk models at the national level has intensified. This paper presents
a comprehensive examination of the need for national cyber risk models specifically tailored to
safeguard digital infrastructure within public sectors. It proposes a conceptual framework that
integrates strategic, operational, and technological dimensions of cyber risk management and
aligns them with the unique responsibilities and constraints of government agencies. The paper
begins by contextualizing the vulnerability of public digital systems considering evolving cyber-
attack patterns, such as ransomware, state-sponsored attacks, and critical infrastructure
sabotage. Through a detailed literature review, it identifies the gaps in existing cyber risk models
that primarily focus on corporate or defense-specific environments and do not fully address the
public sector’s multi-layered risk exposure. Drawing from theories in systems resilience, risk
governance, and critical infrastructure protection, the study outlines a national cyber risk model
that accommodates the institutional heterogeneity, policy fragmentation, and accountability
demands typical of the public domain.

The model is based on a layered architecture: national strategic oversight, sectoral threat
intelligence coordination, organizational vulnerability assessments, and real-time response
protocols. Key dimensions include legal-regulatory compliance, cybersecurity culture, inter-
agency data sharing, and adaptive incident response capabilities. The paper also includes case
analyses from selected countries that have either successfully implemented national risk models
or have faced significant breaches due to a lack of such frameworks. Implications for policy are
explored in depth, especially in the context of cyber sovereignty, public trust, and international
digital cooperation. Practical recommendations are provided for policymakers, security
architects, and public IT managers on how to institutionalize cyber risk modeling within broader
digital governance structures. Additionally, the paper identifies implementation challenges such
as budgetary constraints, political inertia, legacy systems, and cyber skills gaps.By developing
a holistic and scalable national cyber risk model, this study contributes to the academic and
policy discourse on digital public safety. It aims to serve as a foundational resource for nations
seeking to enhance their cyber resilience and protect public welfare in the face of ever-evolving
digital threats.
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1. Introduction

Digital transformation has revolutionized public sector operations, enabling efficiency, accessibility, and innovation in
governance ™. From digital identity systems to cloud-based tax platforms and national healthcare databases, governments
increasingly rely on interconnected digital infrastructure to deliver essential services.
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However, this dependency has concurrently exposed them to
unprecedented levels of cyber vulnerability @. In recent
years, there has been a surge in high-profile cyber incidents
targeting public institutions examples include ransomware
attacks on municipal governments, data breaches involving
national ID systems, and state-sponsored intrusions into
electoral infrastructure I,

The threat landscape facing public sector digital
infrastructure is distinct. Unlike private corporations,
government entities are custodians of vast quantities of
sensitive citizen data and critical infrastructure control
systems [, They are also attractive targets for politically
motivated cyber-attacks, cyber terrorism, and digital
espionage. Furthermore, the public sector is often
encumbered by bureaucratic inertia, outdated legacy systems,
and limited cybersecurity expertise, making them uniquely
exposed to sophisticated and persistent threats [,

Despite this criticality, there is a marked lack of
comprehensive, national-level cyber risk models designed
with the public sector’s unique characteristics in mind [,
Existing  cybersecurity  frameworks often  assume
homogenous organizational structures and market-driven
imperatives, which do not align well with public governance
models, distributed authorities, and layered accountability
mechanisms 1. As a result, public institutions remain ill-
equipped to proactively assess, quantify, and respond to
systemic cyber risks.

This paper responds to this urgent gap by developing a
National Cyber Risk Model tailored for public sector digital
infrastructure . It seeks to (i) define the unique risk
landscape of public digital systems, (ii) identify structural and
institutional vulnerabilities, (iii) review existing models and
their limitations, and (iv) propose a contextually grounded
framework that public sector institutions can adopt and adapt
o]

The model proposed in this paper is multidimensional,
integrating governance, technological, human, and policy
factors. It draws on the best international practices and cross-
disciplinary research in cybersecurity, risk management, and
digital public administration. This paper also aims to
contribute to global policy discussions on cyber governance,
with a particular focus on resilience-building, sovereignty,
and cooperative threat intelligence 11,

In sum, the objective is to provide a roadmap that national
governments and public IT administrators can utilize to build
cyber-resilient systems that are not only secure but also
transparent, adaptive, and citizen centric [,

2. Literature Review

The literature on cyber risk modeling is vast but unevenly
distributed across sectors. While substantial research has
been conducted on enterprise cybersecurity and critical
infrastructure protection in private industries, comparatively
little attention has been given to the specific needs and
vulnerabilities of public sector digital infrastructure I, This
gap is especially significant given that public institutions are
responsible for essential services, including healthcare,
transportation, education, national identity, and internal
security systems 231,

2.1 Cyber Risk Frameworks and Taxonomies

The foundational literature on cyber risk modeling often
builds principles from the NIST Cybersecurity Framework,
ISO/IEC 27001, and FAIR (Factor Analysis of Information
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Risk). These models provide structured approaches to
identifying, assessing, and mitigating cyber risks in
organizations ', However, most are developed with private
enterprises in mind, where profit, shareholder value, and
market dynamics dictate cybersecurity priorities 1, Public
sector organizations, on the other hand, must prioritize citizen
welfare, democratic accountability, and regulatory
compliance, which necessitates a different approach [61,

2.2 Public Sector Vulnerabilities

Research on cyber risk in the public sector points to specific
weaknesses: aging legacy systems, fragmented IT
governance, low cybersecurity maturity, and insufficient staff
training 71, Scholars such as Kshetri (2017) and Gill et al.
(2019) highlight how bureaucratic constraints, slow
procurement  processes, and  underinvestment in
cybersecurity capabilities leave government institutions
highly susceptible to attacks [8. Moreover, public
institutions are often targeted by adversaries with geopolitical
motives an area explored extensively in studies on cyber
warfare and national security [,

2.3 Critical Infrastructure and Risk Governance

An adjacent field of study is critical infrastructure protection,
particularly in the context of national security. Works by
Dunn-Cavelty (2008) and Lewis (2010) provide frameworks
for assessing cyber risk across energy grids, water supply
systems, and transportation networks [, These studies
underscore the importance of inter-agency coordination and
public-private collaboration in safeguarding national
systems. However, they still fall short of offering
comprehensive models that integrate risk analysis,
operational continuity, policy oversight, and adaptive
resilience specific to broader public digital services 24,

2.4 Gaps in Existing Models

Most extant frameworks lack scalability across diverse
government departments or fail to integrate non-technical
factors such as public trust, institutional coordination, and
political oversight. Additionally, they often treat cyber risk as
static, failing to accommodate the fluid and adaptive nature
of modern cyber threats [2. Literature on resilience
engineering and dynamic risk assessment, including
Hollnagel (2011), is increasingly being recognized as critical
to modern cyber risk approaches.

2.5 Contribution of This Study

This paper contributes to the literature by integrating insights
from cybersecurity, public administration, risk science, and
systems theory to propose a cyber risk model specifically
suited for national application in the public sector. By doing
so, it bridges the gap between theory and practice and
provides a tool for building not just secure, but also agile and
accountable digital public systems.

3. Theoretical Framework

The development of a national cyber risk model tailored to
the public sector requires a multi-disciplinary theoretical
foundation. The proposed model integrates concepts from
three core theoretical pillars: risk governance theory,
resilience systems theory, and public sector digital
transformation frameworks. Together, these lenses offer a
comprehensive understanding of the dynamics, constraints,
and opportunities in securing national public digital
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infrastructure 231,

3.1 Risk Governance Theory

At its core, cyber risk management involves processes of
identification, evaluation, mitigation, and communication of
risk. Risk governance theory, as articulated by the
International Risk Governance Council (IRGC), goes beyond
technical mitigation to encompass social, institutional, and
political contexts 241, It stresses the importance of stakeholder
participation, transparency, and accountability in managing
risks that are systemic and uncertain conditions that
characterize cyber threats today.

This framework is particularly relevant for the public sector,
where cyber risks affect not just organizational assets but
public welfare, democratic processes, and national
sovereignty. Risk governance emphasizes multi-level
coordination, including inter-agency cooperation, public-
private partnerships, and citizen engagement in building trust
and resilience ?°, 1t also addresses normative dimensions—
such as value judgments and political priorities which are
integral to decisions about which digital assets to protect and
how to allocate resources.

3.2 Resilience Systems Theory

Cyber resilience, as opposed to pure security, is increasingly
recognized as a critical outcome for public digital systems.
Resilience systems theory views organizations and
infrastructures as adaptive systems capable of absorbing
shocks, recovering, and even learning from disturbances.
Hollnagel’s four capacities of resilience responding,
monitoring, learning, and anticipating form the backbone of
this theoretical strand [6],

For public institutions, which often operate under rigid
procedural and regulatory environments, embedding
resilience requires systemic transformation. The theory
supports a shift from reactive to proactive strategies,
emphasizing redundancy, diversity, and continuous learning.
These are essential to dealing with sophisticated and evolving
cyber threats, including zero-day attacks, insider threats, and
advanced persistent threats (APTS).

3.3 Digital Transformation in Public Administration
Digital transformation literature provides critical insights into
how public institutions adopt and integrate technologies
within bureaucratic structures. Theories such as the
Technology-Organization-Environment (TOE) framework
and New Public Management (NPM) reveal the
organizational inertia, policy complexity, and cultural
resistance that often hamper the modernization of public IT
systems 7], These dynamics must be factored into any
realistic cyber risk model for government use.

Furthermore, digital transformation is not just about
technology, it is also about organizational change, leadership,
and capacity building. The theoretical integration of digital
maturity models into cyber risk frameworks ensures that risk
mitigation is aligned with the institution's technological
readiness and governance maturity 281,

3.4 Integrative Framework

The resulting theoretical foundation supports the
development of a layered, modular cyber risk model that
reflects the complexity of public digital ecosystems. It allows
for both strategic (national policy, inter-sectoral
coordination) and operational (technical assessments, staff
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training, response planning) components, ensuring that the
model is both scalable and adaptable [?°l,

This integrated framework enables the design of a cyber risk
model that is not only technically sound but also politically
viable and administratively actionable critical requirements
for public sector implementation 39,

4. Methodology

The methodology underpinning this study is grounded in a
qualitative, interdisciplinary approach designed to synthesize
theoretical concepts, empirical insights, and policy practices
into a practical national cyber risk framework for the public
sector. The approach is exploratory and conceptual in nature,
aimed at generating a model that is contextually relevant,
scalable, and adaptable to various levels of government and
administrative structures.

4.1 Research Design

This paper employs a conceptual modeling methodology,
which draws upon comparative case analysis, critical
synthesis of secondary data, and theoretical triangulation.
Unlike empirical research that tests hypotheses, conceptual
modeling aims to develop new frameworks by integrating
diverse sources of evidence and theoretical constructs. This
approach is particularly suited for addressing complex,
systemic challenges such as national cyber risk governance
where variables are interdependent, outcomes are uncertain,
and standardized models are lacking.

4.2 Data Sources

Three categories of secondary data were analyzed:

1. Academic Literature: A comprehensive review was
conducted of peer-reviewed journals in cybersecurity,
public administration, information systems, risk
management, and resilience engineering. This helped
identify existing models, theoretical gaps, and best
practices [34,

2. Policy and Regulatory Documents: Cybersecurity
strategies, white papers, and legal frameworks from key
national cybersecurity agencies (e.g., U.S. Cybersecurity
and Infrastructure Security Agency, UK National Cyber
Security Centre, EU ENISA) were examined to
understand how governments currently frame and
implement cyber risk governance %2,

3. Case Studies and Incident Reports: Publicly available
data from documented cyber-attacks on public
institutions such as the WannaCry attack on the UK
NHS, the SolarWinds breach in the U.S. and
ransomware attacks on South African municipalities
were analyzed to understand real-world vulnerabilities,
response patterns, and policy implications 31,

4.3 Analytical Strategy

The analytical process followed three stages:

e Thematic Coding: Key themes were identified from the
literature and policy documents, including risk
governance, incident response, public-sector IT
readiness, inter-agency coordination, and institutional
resilience (4,

e Comparative Synthesis: Cyber risk approaches were
compared across countries and agencies to extract
common elements and highlight divergent strategies.
Attention was given to contextual factors such as
political structure, digital maturity, and administrative
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culture.

e Framework Development: Based on the synthesis, a
layered cyber risk model was constructed. This model
was iteratively refined to integrate technical,
organizational, and governance dimensions while
maintaining flexibility for different institutional settings.

4.4 Limitations

While this methodology allows for a robust conceptual
foundation, it does not offer empirical validation of the
model's implementation or outcomes. Future research should
consider mixed-methods evaluations, simulations, or field-
testing in collaboration with public sector institutions.

5. Proposed Cyber Risk Model for the Public Sector

The cyber threat landscape facing public sector institutions
demands a comprehensive, scalable, and adaptive framework
for identifying, assessing, and managing digital risks at the
national level. Drawing on the insights from the preceding
theoretical and methodological sections, this paper proposes
a Layered National Cyber Risk Model (LNCRM) designed
specifically for public digital infrastructure. The model
comprises five interdependent layers: National Strategy and
Governance, Sectoral  Coordination,  Organizational
Resilience, Technical Risk Management, and Public
Engagement & Transparency %1,

5.1 Layer 1: National Strategy and Governance

At the apex of the model is the strategic oversight function

provided by a national cybersecurity governance body

typically a centralized agency operating under the executive

branch. This body is responsible for:

e Defining national cybersecurity priorities.

e Coordinating cross-sectoral policies.

e Establishing minimum security standards for public IT
systems.

e Managing
diplomacy.

international  cooperation and  cyber

This strategic layer also includes legal frameworks, budget
allocations, and regulatory mandates that empower public
institutions to act decisively against cyber threats.
Importantly, it fosters a whole-of-government approach to
cyber resilience, moving beyond siloed agency-level
initiatives (361,

5.2 Layer 2: Sectoral Coordination

This layer recognizes that ministries and agencies in health,

finance, education, transportation, and other sectors face

distinct threats and operate under varying levels of digital

maturity. Therefore, the model includes sector-specific

cybersecurity units that function under the umbrella of

national governance but tailor strategies to their operational

realities.

Key functions include:

e Threat intelligence sharing.

e Sector-based vulnerability assessments.

e Development of industry-specific
protocols.

e Training programs aligned to sector-specific use cases.

cybersecurity

5.3 Layer 3: Organizational Resilience
Each public agency must have an internal cyber risk
management unit responsible for:
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e Conducting regular risk assessments and audits.

e Maintaining business continuity and incident response
plans.

e Ensuring cybersecurity is embedded in procurement,
project design, and daily operations.

This layer emphasizes resilience capacity-building, such as
enhancing human capital, establishing rapid response teams,
and improving digital literacy among staff. Integration with
legacy systems and the use of Zero Trust Architecture
principles are also encouraged here [,

5.4 Layer 4: Technical Risk Management

This layer encompasses the operational and technical
dimensions of cybersecurity, including:

e Continuous network monitoring.

Endpoint security.

Identity and access management.

Penetration testing.

Incident detection and mitigation.

Advanced technologies such as artificial intelligence for
threat detection, blockchain for secure records, and
encryption standards for data privacy are also integrated here
71, Importantly, this layer supports interoperability across
government platforms while enforcing centralized security
protocols.

5.5 Layer 5: Public Engagement and Transparency

Public trust is a cornerstone of successful digital governance.

This layer incorporates mechanisms to ensure citizen

awareness, transparency, and accountability, including:

e Cyber hygiene campaigns for citizens.

e Public disclosure protocols for data breaches.

e Mechanisms for citizen feedback and digital grievance
redressal.

e  Open reporting on cybersecurity performance indicators.

By involving citizens as stakeholders in cyber resilience, the
model fosters a culture of shared responsibility and digital
citizenship (81,

In summary, the LNCRM provides a structured, multi-
layered approach to national cyber risk governance tailored
to the complex operational realities of the public sector. It
enables vertical coordination (from national to organizational
levels) and horizontal integration (across agencies and
sectors), ensuring that cyber risk management is both
systemic and sustainable.

6. Comparative Case Studies

To illustrate the applicability and effectiveness of the
Layered National Cyber Risk Model (LNCRM), this section
presents case studies of countries that have made significant
strides in strengthening cyber resilience within their public
sector digital infrastructures. These case studies highlight the
unique challenges, strategies, and successes of different
national contexts, offering valuable lessons for the
implementation of the proposed model [,

6.1 Case Study 1: Estonia’s National Cybersecurity
Framework

Estonia is often considered a global leader in public sector
digital transformation and cybersecurity. The country’s
experience provides a valuable example of how a well-
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coordinated national strategy can improve cyber resilience.

Estonia’s Cybersecurity Strategy involves a combination of

central government oversight (managed by the Estonian

Information System Authority) and sectoral coordination

through sectoral cybersecurity councils 9, These councils

ensure that individual ministries, from health to finance,
implement cybersecurity measures tailored to their specific
needs while aligning national priorities.

Key Features:

e National Strategy: Estonia’s national strategy includes
mandatory cybersecurity requirements for public
services and critical infrastructure. The country also
established a robust e-government system that integrates
security by design into all digital services.

e Public Engagement: Estonia’s approach to public
engagement is another hallmark. Citizens are
encouraged to participate in digital governance through
the e-Estonia initiative, which promotes digital literacy
and transparency, ensuring that the public remains
informed and engaged in the cybersecurity discourse.

The Estonian example demonstrates the effectiveness of
having a strong, central governance body, coupled with
sectoral coordination, to ensure comprehensive coverage and
an adaptive response to evolving cyber threats.

6.2 Case Study 2: United States — CISA and Critical
Infrastructure Protection
In the United States, the Cybersecurity and Infrastructure
Security Agency (CISA), part of the Department of
Homeland Security, plays a key role in protecting critical
infrastructure, including public sector systems, from cyber
threats. The U.S. model provides an example of a national
body that integrates cybersecurity efforts across multiple
sectors, particularly in the context of public sector digital
infrastructure.

Key Features:

e Sectoral Coordination: CISA works closely with both
public agencies and private-sector entities to develop
tailored cybersecurity frameworks for sectors such as
healthcare, energy, and transportation. The National
Infrastructure Protection Plan (NIPP) emphasizes sector-
specific risk management strategies [*,

e National Risk Register: CISA’s National Risk Register
identifies the most critical cyber risks facing the country
and is used as a guide for cybersecurity policies across
federal, state, and local governments.

This model emphasizes strong federal oversight and
coordination yet also highlights the need for sector-specific
strategies and collaboration with industry stakeholders to
ensure that vulnerabilities across different sectors are
adequately addressed.

6.3 Case Study 3: Singapore — National Cybersecurity
Strategy

Singapore’s approach to cybersecurity combines both
strategic oversight and detailed operational measures at the
national level, enabling it to develop a robust and resilient
cybersecurity posture for the public sector. The country’s
Cybersecurity Agency of Singapore (CSA) is responsible for
overseeing the implementation of the Singapore
Cybersecurity Strategy, which aims to enhance national
resilience against cyber threats 2,
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Key Features

e National Cybersecurity Governance: Singapore’s
Cybersecurity Strategy emphasizes whole-of-nation
involvement in cybersecurity, with government
agencies, the private sector, and citizens all playing
active roles. The CSA sets the framework for
cybersecurity initiatives and coordinates national cyber
resilience efforts.

e Resilience Engineering: In addition to risk prevention,
Singapore’s strategy places a strong focus on cyber
resilience, ensuring that public sector systems are not
only protected from attacks but can also recover quickly
in the event of a breach. This includes incident response
planning, system redundancies, and business continuity
measures.

Singapore’s model highlights the importance of resilience
engineering, where cybersecurity is viewed not just as
protection but as a dynamic and ongoing process of
adaptation to new risks.

6.4 Lessons Learned and Implications for the LNCRM

The comparative analysis of these case studies offers several

key lessons for the development and implementation of the

Layered National Cyber Risk Model:

1. Centralized Governance with Sectoral Flexibility: A
strong national governance body is essential, but sectoral
coordination should ensure that tailored strategies are
implemented based on the unique needs of different
public sector departments.

2. Collaboration with  Stakeholders:  Public-private
partnerships and international cooperation are integral to
achieving comprehensive cybersecurity protection.

3. Focus on Resilience: Cybersecurity efforts must include
not only risk mitigation but also planning for recovery
and continuity, ensuring that public services remain
operational even after cyber incidents.

The cases also underscore the importance of integrating
public engagement and transparency into cybersecurity
strategies 1. By promoting digital literacy and public
awareness, governments can enhance the resilience of their
digital infrastructures and foster a culture of shared
responsibility in cybersecurity.

7. Policy Implications and Recommendations

The development of a Layered National Cyber Risk Model
(LNCRM) for public sector digital infrastructure offers
several policy implications that can inform the evolution of
national cybersecurity strategies. Drawing from the
comparative case studies and the proposed model, this section
highlights key recommendations for policymakers,
government agencies, and public institutions looking to
enhance their cyber resilience and safeguard digital
infrastructures in an increasingly interconnected world.

7.1 Strengthening National Cybersecurity Governance

A central pillar of the LNCRM is the importance of national
cybersecurity governance. Considering growing digital
threats, countries must prioritize the creation or enhancement
of national agencies tasked with overseeing cybersecurity
across all sectors. Governments should establish or
strengthen centralized cybersecurity bodies with clear
mandates to coordinate the actions of various public sector
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institutions 4, These agencies should possess sufficient
authority to enforce compliance with cybersecurity
standards, monitor emerging threats, and ensure that
cybersecurity is integrated into all aspects of public sector
operations.

Additionally, inter-agency collaboration is essential for
ensuring that cybersecurity practices are harmonized and
aligned across sectors. Policymakers must promote whole-of-
government approaches that bring together ministries,
regulatory bodies, and other key stakeholders to develop and
implement cohesive cybersecurity policies and frameworks.

7.2 Promoting Sectoral Coordination

While national governance is important, the success of any
cybersecurity strategy depends on effective sectoral
coordination. Policymakers should invest in creating sector-
specific cybersecurity units that are aligned with the national
framework but are empowered to develop tailored strategies
for their specific sector needs. These units should be
responsible for conducting threat assessments, defining
specific risk management protocols, and ensuring that the
sector’s digital infrastructure is secure and resilient.
Cross-sector collaboration must also be encouraged. For
example, critical sectors such as healthcare, energy, and
transportation often share common infrastructure and face
similar cyber risks. Governments should facilitate sectoral
working groups to foster information-sharing and collective
problem-solving, thus ensuring that cyber risk management
efforts are coordinated, rather than fragmented.

7.3 Fostering Public-Private Partnerships

The growing complexity of cyber threats requires
collaborative efforts between the public and private sectors.
Governments must develop public-private partnership (PPP)
models that encourage the sharing of cyber threat
intelligence, best practices, and incident reports. This can be
achieved through the establishment of formal cybersecurity
information-sharing platforms, where public agencies and
private companies can exchange insights into vulnerabilities
and emerging risks 3],

Public institutions must also collaborate with the private
sector to develop cybersecurity tools and technologies suited
to the unique needs of the public sector. In some cases, public
agencies may require tailored cybersecurity technologies,
such as secure cloud solutions or advanced threat detection
systems, which may not be available from generic vendors.
By working with private industry, governments can ensure
that the tools and technologies deployed are fit for purpose
and resilient to new cyber risks.

7.4 Building Organizational Resilience

Beyond governance and coordination, organizational
resilience is a critical component of cybersecurity strategy.
Policymakers should encourage the development of
organizational resilience plans across all public institutions,
focusing on aspects such as incident response, business
continuity, and employee training 6,

Government agencies must be encouraged to adopt
comprehensive incident response plans that ensure a timely
and effective response to cyber incidents, minimizing
downtime and ensuring public services remain operational.
Resilience should also be built into organizational culture,
with cybersecurity awareness training offered regularly to
employees at all levels. This will enhance the human element
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of security, ensuring that personnel can recognize potential
threats and take appropriate action.

Moreover, public agencies should integrate business
continuity planning and disaster recovery strategies into their
daily operations, ensuring that systems can recover quickly
after a cyberattack. This includes ensuring that critical digital
infrastructures have redundancy mechanisms in place and
that key systems can be restored in a controlled manner after
a disruption.

7.5 Enhancing Public Engagement and Transparency
Governments must ensure that public engagement is a core
component  of  national  cybersecurity  strategies.
Transparency, accountability, and public awareness are vital
in building trust and ensuring that citizens understand their
role in securing digital spaces. Policymakers should promote
cyber hygiene campaigns to educate the public on best
practices for securing personal devices, protecting sensitive
information, and responding to cyber threats.

Additionally, public reporting of cyber incidents should be
mandated. When cyberattacks occur, government agencies
should provide clear, transparent updates to citizens, ensuring
that they understand the nature of the attack, the actions taken
to address it, and any potential consequences. This kind of
transparency not only builds trust but also empowers citizens
to be more vigilant and proactive in safeguarding their own
digital infrastructure 61,

7.6 Conclusion

The recommendations outlined above reflect the need for a
comprehensive, layered approach to managing cyber risk
within public sector institutions. By prioritizing strong
national governance, fostering sectoral coordination,
encouraging  public-private  partnerships, building
organizational resilience, and enhancing public engagement,
governments can significantly strengthen the cybersecurity
posture of their public digital infrastructures.

The proposed Layered National Cyber Risk Model
(LNCRM) provides a flexible framework that can be tailored
to the specific needs of different countries, enabling them to
build adaptive, resilient  cybersecurity  strategies.
Policymakers must act swiftly and decisively to implement
these measures to ensure the continued protection and
integrity of public sector digital infrastructures in an
increasingly interconnected and digitally dependent world.

8. Conclusion

The increasing complexity of cyber threats and the growing
reliance on digital infrastructure by public sector institutions
underscore the critical need for a comprehensive and adaptive
national cybersecurity framework. The Layered National
Cyber Risk Model (LNCRM) proposed in this paper offers a
structured approach for safeguarding public digital
infrastructures by emphasizing the integration of national
governance, sectoral coordination, organizational resilience,
technical risk management, and public engagement. This
multi-layered approach is designed to be scalable, adaptable,
and responsive to the evolving cyber threat landscape faced
by public sector organizations.

8.1 The Need for a Holistic Cybersecurity Strategy

The rapid digitalization of government services, the rise of
interconnected public infrastructure, and the growing
sophistication of cyberattacks have made cybersecurity a top
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priority for governments worldwide. However, many public
sector institutions still lack the necessary frameworks to
assess, manage, and mitigate cyber risks effectively. The
absence of comprehensive, layered cybersecurity strategies
leaves public institutions vulnerable to attacks that could
undermine critical services, disrupt operations, and damage
public trust.

The LNCRM provides a comprehensive model that goes
beyond traditional risk management approaches. By
incorporating governance, coordination, resilience, and
public engagement, the model ensures that national
cybersecurity strategies are robust, coordinated, and capable
of adapting to new and emerging threats. The model also
highlights the importance of integrating both technical and
non-technical measures, ensuring that cybersecurity is not
only about protecting systems and data but also about
creating resilient institutions and promoting informed public
participation in securing the digital environment.

8.2 Key Findings and Contributions

The research underscores the importance of national
leadership in cybersecurity governance. Countries that have
developed robust cybersecurity frameworks, such as Estonia,
the United States, and Singapore, provide valuable insights
into the key components of effective national cyber risk
management. These case studies demonstrate that central
governance bodies, combined with sectoral coordination,
organizational resilience, and public-private partnerships, are
essential for creating a unified and resilient cybersecurity
strategy.

Moreover, the paper emphasizes that cyber resilience is not
just about preventing cyberattacks but also about preparing
for and responding to them effectively. This holistic approach
ensures that public institutions can recover quickly from
cyber incidents, minimizing disruption to essential services
and protecting citizens’ trust in government operations.

One of the key contributions of this paper is its focus on
public engagement as a critical aspect of national
cybersecurity strategies. Many countries have traditionally
treated cybersecurity as an isolated concern managed by
technical experts and government agencies. However, public
engagement and transparency are necessary to build a culture
of cybersecurity, where citizens understand their role in
protecting both their own data and national digital
infrastructure. The LNCRM proposes actionable strategies
for involving citizens in national cybersecurity efforts
through educational campaigns, open reporting, and
transparency in incident management.

8.3 Policy Implications and Future Research

The policy recommendations presented in this paper offer
actionable strategies for governments to strengthen their
cybersecurity governance [“71. By focusing on centralized
oversight, sector-specific coordination, public-private
partnerships, organizational resilience, and public
engagement, governments can create a robust cybersecurity
framework that addresses both technical and human aspects
of risk management [l

However, this research also highlights the need for further
empirical studies to test the effectiveness of the LNCRM in
practice. Future research could explore the implementation of
the model in different national contexts, analyzing the
challenges and benefits of adopting a layered approach to
cybersecurity [, Additionally, future studies should
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consider the role of emerging technologies, such as artificial
intelligence, machine learning, and blockchain, in enhancing

the cybersecurity resilience of public sector infrastructures
[50]

9. Conclusion

In conclusion, the Layered National Cyber Risk Model
(LNCRM) offers a valuable conceptual framework for
addressing the growing threats to public sector digital
infrastructures. The model’s focus on multi-layered
governance, sectoral coordination, organizational resilience,
and public engagement provides a comprehensive approach
to managing cyber risk in the public sector. Governments
must act swiftly to implement these strategies to safeguard
critical infrastructure, protect sensitive data, and maintain the
trust of citizens in the digital age. As cyber threats continue
to evolve, the need for adaptive and resilient cybersecurity
strategies has never been more urgent.

The model presented in this paper contributes to the growing
body of knowledge on cybersecurity risk management,
offering both theoretical insights and practical guidance for
policymakers, public institutions, and researchers looking to
improve national cyber resilience. Through continued
research, collaboration, and innovation, the public sector can
build a secure digital environment that fosters trust, ensures
continuity, and enhances the overall well-being of citizens in
an increasingly interconnected world.
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