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Abstract 

Small municipal institutions increasingly depend on digital systems for revenue collection, licensing, 

public records, emergency coordination, utility management, citizen communication, payroll, 

procurement, geographic information, and other essential local-government functions. This dependence 

creates substantial cyber-resilience challenges because smaller municipalities commonly operate with 

constrained information-technology staffing, fragmented infrastructure, aging applications, limited 

monitoring capacity, outsourced services, and cybersecurity budgets that must compete with immediate 

public-service priorities. Cyber resilience requires more than preventing compromise. NIST defines 

cyber-resiliency engineering around the capacity of systems and organizations to anticipate, withstand, 

recover from, and adapt to adverse cyber conditions and compromises. 

This study develops a community-oriented cyber-resilience framework specifically for small 

municipal institutions. It integrates the six functions of the NIST Cybersecurity Framework 2.0—

Govern, Identify, Protect, Detect, Respond, and Recover—with shared-service arrangements, regional 

mutual aid, managed security partnerships, no-cost public cybersecurity services, backup resilience, 

incident-response coordination, and community-level continuity planning. NIST CSF 2.0 is intentionally 

adaptable to organizations of different sizes, sectors, and cybersecurity maturity levels, making it 

suitable as a foundation for resource-constrained municipalities. A transparent simulation compares five 

operating models: isolated basic security, shared services, regional mutual aid, managed security 

partnerships, and an integrated community cyber-resilience model.  

The simulated mean maturity score rises from 38.7 under the isolated model to 91.7 under the 

integrated community model. These values are illustrative rather than empirical measurements of actual 

municipalities. The study concludes that small municipal institutions should not attempt to replicate the 

cybersecurity structures of large metropolitan governments. Their strongest strategy is to combine a 

prioritized local security baseline with regional cooperation, externally supplied technical capability, 

tested recovery arrangements, clearly assigned governance responsibilities, and community-level 

continuity mechanisms. 

 

Keywords: cyber resilience, municipal cybersecurity, local government, community resilience, small 
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1. Introduction 

Digital transformation has made cybersecurity inseparable from the continuity of local government. 

Even relatively small municipalities now depend on networked information systems for financial 

administration, property and taxation records, citizen portals, public-safety coordination, permitting, 

document management, utility operations, communications, and interaction with external service 

providers. CISA specifically identifies state, local, tribal, and territorial governments as an important 

cybersecurity audience and notes that municipalities face cyber intrusions capable of disrupting critical 

governmental functions. Consequently, cyber incidents affecting a small municipality can no longer be 

treated merely as information-technology failures; they can become public-service continuity events. 

The problem is especially difficult because institutional capability does not necessarily grow in 

proportion to digital dependence. Smaller municipalities may employ only a few generalist IT staff, 

depend heavily on external vendors, operate legacy software, lack continuous security monitoring, and 

have limited capacity to maintain specialized incident-response teams. CISA's continuing provision of 

no-cost cyber hygiene, vulnerability assessment, and related cybersecurity services reflects recognition 

that many organizations require external assistance to establish basic defensive capacity. The State and 

Local Cybersecurity Grant Program similarly exists to help eligible governments address systemic 

cybersecurity risks and threats rather than expecting every local institution to build equivalent capability 

independently. 

Cybersecurity and cyber resilience are related but not identical concepts. Preventive controls 

attempt to reduce the likelihood of compromise, whereas resilience additionally asks whether public 

institutions can continue essential functions, contain damage, restore services, communicate with 

residents, and adapt following a successful attack. NIST SP 800-160 Volume 2 Revision 1 characterizes 

cyber resilience through the capacity to anticipate, withstand, recover from, and adapt to adverse 

conditions, stresses, attacks, or compromises involving cyber resources. This broader orientation is 

particularly appropriate for local government because complete prevention is unrealistic, while 

interruption of essential services can have immediate community consequences. 

The NIST Cybersecurity Framework 2.0 offers a useful organizational structure for 

operationalizing this resilience objective. Its six functions—Govern, Identify, Protect, Detect, Respond, 

and Recover—create a lifecycle view of cyber-risk management, and NIST explicitly designed the 

framework to be adaptable to organizations regardless of size, sector, or maturity. CISA's updated Cross-

Sector Cybersecurity Performance Goals complement this flexibility by identifying a prioritized baseline 

of practices with known risk-reduction value, making them particularly useful when institutions cannot 

implement every possible control simultaneously. 

The present study argues that the strongest cyber-resilience model for small municipalities is not 

institutional self-sufficiency but community-supported capability. A municipality should retain local 

ownership of governance, asset knowledge, service priorities, incident authority, and recovery decisions 

while sharing or externally sourcing specialized technical functions that are difficult to sustain locally. 

Regional monitoring, mutual-aid agreements, managed security providers, state or national cyber 

resources, vulnerability scanning, cyber grants, and tested continuity partnerships can collectively 

provide resilience beyond what a small internal team could achieve alone. The paper develops this 
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argument through a conceptual-methodological framework and an explicitly simulated maturity 

comparison rather than claiming empirical assessment of real municipalities. 

 

2. Objectives of the Study 

2.1 To Identify the Core Cyber-Resilience Requirements of Small Municipal Institutions 

The first objective is to determine which cybersecurity and continuity capabilities are essential for 

municipalities operating with limited staff and financial resources. The study emphasizes asset 

identification, identity protection, patching, backups, logging, phishing-resistant authentication where 

feasible, incident-response planning, service prioritization, recovery testing, and clear governance. 

CISA's Cybersecurity Performance Goals are especially relevant because they are intended to 

provide high-impact baseline practices that organizations can prioritize according to available resources. 

 

2.2 To Compare Alternative Community Cyber-Resilience Models 

The second objective is to compare organizational models through which small municipalities may 

obtain cybersecurity capability. These include isolated internal security, shared municipal services, 

regional mutual-aid arrangements, managed security partnerships, and an integrated community 

resilience model combining local governance with shared and external technical capacity. 

The comparison emphasizes that cybersecurity maturity is shaped not only by technology but 

also by institutional relationships, access to expertise, information sharing, incident coordination, and 

continuity planning. 

 

2.3 To Develop a Resource-Sensitive Municipal Resilience Framework 

The third objective is to propose a phased model that allows small municipal institutions to strengthen 

cyber resilience without requiring immediate enterprise-scale investment. 

The model prioritizes high-impact controls, use of no-cost or publicly supported cybersecurity 

services, shared procurement, mutual assistance, tested backup and recovery arrangements, and 

continuous improvement aligned with the NIST CSF 2.0 lifecycle. CISA provides no-cost services 

intended to help organizations improve vulnerability management and broader cyber hygiene, creating 

practical opportunities for municipalities with restricted budgets. 

 

3. Review of Literature 

3.1 Cyber Resilience as an Organizational Capability 

Traditional cybersecurity strategies have frequently emphasized prevention through perimeter defense, 

access controls, anti-malware systems, vulnerability management, and secure configurations. These 

controls remain necessary, but resilience assumes that some preventive controls may eventually fail. 

NIST's cyber-resiliency engineering approach therefore focuses on systems capable of continuing 

trustworthy operation in the presence of cyber adversity and on limiting the mission or organizational 

consequences of dependence on cyber resources. 

For municipal institutions, this perspective changes the central cybersecurity question. Instead of 

asking only whether a ransomware attack can be prevented, a resilience-oriented institution asks whether 

essential services can continue if files become unavailable, whether backups are isolated and 
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recoverable, whether emergency communications remain functional, whether public officials know who 

has authority during an incident, and whether external support can be mobilized quickly. 

NIST CSF 2.0 provides a suitable governance structure for these questions because it organizes 

cybersecurity outcomes into six functions. Govern establishes organizational risk strategy and 

responsibilities; Identify develops awareness of assets and risks; Protect applies safeguards; Detect 

identifies cybersecurity events; Respond manages incidents; and Recover restores affected capabilities. 

Importantly, NIST states that these functions should be considered collectively rather than as a rigid 

sequence, because prevention, detection, response, and recovery capabilities must coexist. 

This lifecycle structure is particularly important for small municipalities because resource 

limitations can encourage disproportionate investment in visible preventive technologies while leaving 

incident response and recovery underdeveloped. A municipality may operate antivirus software and 

firewalls yet possess an outdated asset inventory, untested backups, or no documented continuity 

procedure. A resilience model evaluates the entire service lifecycle rather than equating security with the 

presence of technical products. 

 

3.2 Resource Constraints, Shared Services, and External Capacity 

Small governments face a structural cybersecurity challenge because highly specialized defensive 

capabilities can be expensive to maintain locally. Continuous monitoring, threat hunting, digital 

forensics, vulnerability assessment, incident response, security engineering, and identity governance 

require expertise that may be difficult to recruit or retain within small public administrations. 

CISA's state and local programs directly address this capacity problem. Its state, local, tribal, and 

territorial government resources include technical assistance and no-cost cybersecurity services intended 

to reduce exposure and improve organizational readiness. Cyber Hygiene services, for example, are 

offered without charge to support proactive identification and mitigation of externally visible 

vulnerabilities. 

Financial assistance creates another form of shared resilience. The State and Local Cybersecurity 

Grant Program is designed to assist eligible governments in managing systemic cybersecurity risk, while 

FEMA describes the program as supporting cybersecurity risk and threat reduction for government 

information systems. GAO reported in 2025 that, as of August 1, 2024, DHS had provided 

approximately $172 million to 33 states and territories supporting 839 state and local cybersecurity 

projects. These figures illustrate the importance of collective and intergovernmental mechanisms rather 

than purely municipal self-financing. 

Shared services can take multiple forms. Several municipalities may jointly procure managed 

detection and response. Regional authorities may operate centralized security monitoring. State 

institutions may provide vulnerability scanning, training, or incident coordination. Municipalities may 

also establish mutual-aid arrangements in which neighboring governments provide communications, 

staffing, or technical support following disruption. 

The underlying economic principle is specialization. A small municipality does not need to 

employ every category of cybersecurity specialist if it can access dependable external capability while 

maintaining local governance over priorities and decisions. However, externalization can itself create 

risk when vendor responsibilities, escalation procedures, data access, service-level expectations, or 
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incident ownership are unclear. Shared resilience must therefore be governed rather than merely 

outsourced. 

 

3.3 Baseline Cyber Hygiene and Community Continuity 

Community cyber resilience requires a balance between technical sophistication and operational 

practicality. CISA's Cross-Sector Cybersecurity Performance Goals were developed specifically as a 

baseline of practices with known risk-reduction value, helping organizations prioritize cybersecurity 

investments when resources are constrained. The updated CPGs continue to focus on practical controls 

across areas including account security, devices, data protection, vulnerability management, and incident 

preparedness. 

For small municipalities, high-value controls often include strong authentication for privileged 

users, rapid removal of default credentials, reliable patching, offline or otherwise protected backups, 

centralized logging for critical systems, vulnerability management, phishing defenses, and tested 

response procedures. These controls do not eliminate cyber risk, but they can reduce both probability 

and severity. 

Community continuity extends beyond municipal IT. Connected-community technologies can 

involve transportation, utilities, public safety, infrastructure monitoring, and other local functions, 

increasing interdependence among governmental and private actors. CISA's Connected Communities 

guidance emphasizes both the opportunities and cybersecurity considerations associated with 

technology-enabled local services. CISA's smart-city cybersecurity guidance similarly highlights the 

importance of balancing technological efficiency and innovation with security in local digital 

infrastructure. 

These interdependencies imply that cyber resilience should include communications with utility 

operators, emergency services, vendors, elected officials, public-information officers, and neighboring 

jurisdictions. A technically contained incident can still become a community crisis if payment systems, 

emergency communications, public records, or municipal websites remain unavailable for an extended 

period. 

 

4. Research Methodology 

4.1 Research Design 

This study adopts a conceptual-methodological design with simulation-based cyber-resilience maturity 

analysis. No real municipality, confidential government network, cybersecurity incident dataset, or 

penetration-testing evidence was used. 

The framework was constructed through analysis of NIST cyber-resilience engineering guidance, 

the NIST Cybersecurity Framework 2.0, CISA's state and local cybersecurity resources, Cross-Sector 

Cybersecurity Performance Goals, Cyber Hygiene services, and federal grant mechanisms supporting 

state and local cybersecurity. 

The analysis assumes a hypothetical small municipality characterized by restricted IT staffing, 

limited cybersecurity specialization, reliance on third-party software and cloud services, modest 

financial capacity, and responsibility for several digitally dependent public functions. 
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4.2 Community Cyber-Resilience Model 

Five institutional models are compared. 

 The Isolated Basic Model relies primarily on local staff and ordinary security tools. 

 The Shared-Service Model pools selected cybersecurity services among multiple public institutions. 

 The Regional Mutual-Aid Model combines local cybersecurity capabilities with reciprocal incident-

response and recovery assistance among nearby jurisdictions. 

 The Managed Security Partnership Model uses specialized external providers for monitoring, 

vulnerability management, or incident support while maintaining municipal governance. 

 The Integrated Community Resilience Model combines local security ownership, shared services, 

regional mutual aid, external technical expertise, public-sector cyber resources, continuity planning, 

and structured community coordination. 

 

Table 1: Proposed Community Cyber-Resilience Framework 

Resilience 

Domain 
Municipal Requirement 

Resource-Sensitive 

Approach 

Expected 

Resilience Effect 

Governance 

Named accountability, 

policies, cyber-risk priorities 

and vendor responsibilities 

Assign senior owner and 

maintain concise 

municipal cyber-risk 

register 

Prevents 

responsibility gaps 

Asset and 

Dependency 

Identification 

Know systems, data, 

accounts, vendors and 

essential services 

Prioritize critical assets 

before attempting 

complete inventory 

perfection 

Improves risk-

based investment 

Protective 

Baseline 

MFA, patching, secure 

configuration, backup 

protection and least privilege 

Use CISA/NIST priority 

practices and shared 

procurement 

Reduces common 

compromise 

pathways 

Detection 

Recognize suspicious activity 

and externally visible 

vulnerabilities 

Shared SOC/MDR, 

centralized logs and no-

cost vulnerability 

scanning 

Shortens attacker 

dwell time 

Incident 

Response 

Defined escalation, 

communications and 

technical response procedures 

Regional mutual aid and 

external incident-

response agreements 

Increases surge 

capacity 

 

Source: Author-developed framework based on NIST CSF 2.0, NIST cyber-resiliency guidance, CISA 

CPGs, and state/local cybersecurity resources. 
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4.3 Simulated Maturity Assessment 

The five models were scored across the six NIST CSF 2.0 functions using a normalized 0–100 scale. 

Scores represent a methodological simulation rather than measured municipal security maturity. 

A conceptual Community Cyber-Resilience Maturity Index (CCRMI) is expressed as: 

[ CCRMI=\frac{G+I+P+D+R_s+R_c}{6} ] 

where: 

(G) = Govern (I) = Identify (P) = Protect (D) = Detect (R_s) = Respond (R_c) = Recover 

Equal weights are used only for methodological simplicity. Real municipalities may assign greater 

weight to particular functions according to critical services, local threats, statutory obligations, and 

existing capabilities. 

 

5. Analysis 

5.1 Comparative Maturity of Municipal Resilience Models 
 

Table 2: Simulated Cyber-Resilience Maturity Across Municipal Operating Models 

Municipal 

Model 
Govern Identify Protect Detect Respond Recover 

Mean 

Maturity 

Isolated Basic 

Model 
38 44 47 35 32 36 38.7 

Shared-

Service Model 
55 63 68 59 54 58 59.5 

Regional 

Mutual-Aid 

Model 

67 70 72 69 78 81 72.8 

Managed 

Security 

Partnership 

72 78 83 86 80 76 79.2 

Integrated 

Community 

Resilience 

Model 

88 90 92 91 94 95 91.7 

 

Note: All values are author-generated simulations. They should not be interpreted as measured 

capability of any real municipality. 

The isolated model performs weakest because limited staffing restricts not only prevention but 

also detection, response, and recovery. The strongest simulated value within this model occurs in Protect 

at 47, illustrating how small institutions may find it easier to purchase protective technologies than to 

maintain continuous detection and response capability. 
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Shared services increase the simulated maturity mean to 59.5. The strongest improvement occurs in 

Protect because centralized procurement, standardized security configurations, shared identity controls, 

and common backup services can deliver economies of scale. 

Regional mutual aid performs particularly strongly in Respond and Recover, with simulated 

values of 78 and 81. This reflects the purpose of mutual aid: increasing surge capacity during the period 

when a small institution is least able to operate independently. 

Managed security partnerships produce the strongest Detect score outside the integrated model. 

Continuous monitoring and specialized security operations are precisely the capabilities that can be 

difficult for small municipalities to maintain internally. 

The integrated community model combines these strengths rather than selecting only one. Its 

mean simulated maturity of 91.7 reflects local governance combined with externally amplified technical 

and recovery capacity. 

 

5.2 Heatmap of Community Cyber-Resilience Maturity 
 

Graph 1: Simulated Cyber-Resilience Maturity Across Small-Municipality Operating Models 

 
 

Source: Author-generated simulation. 

The heatmap demonstrates that cyber resilience improves not only as more controls are introduced but as 

institutional capability becomes more collaborative. 

The isolated model contains its deepest weaknesses in Detect, Respond, and Recover. These 

functions often require specialized expertise, continuous attention, and surge capacity that are difficult to 

sustain within a very small local technology team. 

The managed security partnership improves detection substantially but does not automatically 

produce the strongest recovery capability. An external provider can identify suspicious events, yet 

http://www.ajamir.com/


 

American Journal of Advanced Multidisciplinary 

Innovation and Research (AJAMIR) 

 
E-ISSN: XXXX-XXXX   ●   Website: www.ajamir.com   ●   Email: editor@ajamir.com 

 

AJAMIR Volume 3, Issue 3, May-June 2022 64 

 

recovery still depends on municipal data backups, continuity priorities, application knowledge, vendor 

cooperation, and executive decision-making. 

The regional mutual-aid model displays the opposite strength: response and recovery improve 

considerably because additional personnel and resources can be mobilized during disruption. 

The integrated model performs strongly across all functions because specialized detection, local 

governance, protective controls, mutual assistance, and continuity planning reinforce rather than replace 

one another. 

 

5.3 Phased Community Cyber-Resilience Strategy 

A resource-constrained municipality should begin by establishing a Minimum Viable Resilience 

Baseline. The objective is not immediate maturity across every cybersecurity function but reduction of 

the most consequential and avoidable risks. 

The initial phase should identify critical public services, privileged accounts, major vendors, 

external-facing systems, and authoritative data stores. NIST CSF 2.0 emphasizes understanding 

organizational assets and current risks through the Identify function. 

The municipality should then implement a prioritized protective baseline using CISA's 

Cybersecurity Performance Goals as a practical reference. 

The second phase should strengthen detection through central log collection for critical systems, 

vulnerability scanning, and externally sourced monitoring where local staffing is insufficient. CISA 

provides no-cost Cyber Hygiene and other cybersecurity services that can reduce the burden on 

organizations unable to independently operate equivalent capabilities. 

The third phase should establish a Municipal Cyber Mutual-Aid Network. Participating 

institutions should predefine contact channels, incident-notification rules, temporary staffing support, 

communication assistance, alternate work locations where relevant, and arrangements for sharing 

technical expertise during recovery. 

The fourth phase should involve exercises that test actual service restoration rather than merely 

reviewing written plans. Recovery should answer which public services must return first, how long each 

service can remain unavailable, which backups are authoritative, who can authorize emergency 

expenditures, how the municipality communicates with residents, and what dependencies exist on 

vendors or neighboring institutions. 

 

6. Discussion 

6.1 Small Municipalities Need Shared Capability Rather Than Large-Government Imitation 

The simulated comparison suggests that cybersecurity maturity in small municipalities cannot be 

understood simply as a function of the number of locally employed cybersecurity specialists. A 

municipality with limited staff can achieve stronger resilience when it understands which capabilities 

must remain locally controlled and which can be shared, purchased, or accessed through higher levels of 

government. CISA's state and local cybersecurity programs, Cyber Hygiene services, and grant 

mechanisms already reflect a policy assumption that cybersecurity capacity can be strengthened through 

intergovernmental and shared support rather than complete local self-sufficiency. 
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Local ownership should remain strongest around governance, essential-service priorities, asset 

knowledge, legal obligations, public communication, and final incident authority. These functions 

depend upon knowledge of the municipality and cannot be fully outsourced. By contrast, vulnerability 

scanning, 24-hour monitoring, specialist forensic investigation, certain security-engineering tasks, and 

threat intelligence may be more efficiently obtained through shared or external services. The strongest 

model therefore does not eliminate local cybersecurity responsibility; it concentrates local attention on 

responsibilities that cannot realistically be transferred. 

This distinction also improves financial sustainability. Attempting to purchase independent 

security products for every possible function can create fragmented tools that small teams lack capacity 

to operate. Shared procurement or managed services can sometimes reduce duplication, although these 

arrangements must include clear contractual responsibilities, incident escalation procedures, data-access 

restrictions, service continuity expectations, and exit planning. 

The maturity model should consequently evaluate effective capability, not institutional 

ownership of technology. A municipality receiving reliable continuous monitoring through a regional 

service may possess stronger detection capability than a municipality owning expensive monitoring 

software that no one actively reviews. 

 

6.2 Cyber Resilience Must Protect Public-Service Continuity, Not Only Information Assets 

A second implication is that municipal cybersecurity programs should be designed around essential 

community functions rather than treating all systems as equally important. NIST's cyber-resiliency 

guidance focuses on reducing mission and organizational risk associated with dependence on cyber 

resources, which is directly applicable to municipal continuity. 

A property-information archive, emergency dispatch environment, utility control interface, 

online payment portal, public website, payroll system, and internal file share do not necessarily require 

identical restoration priorities. Resilience planning should therefore establish recovery tiers based on the 

consequences of prolonged unavailability. 

This service-centered approach also changes backup strategy. Creating backups is only one 

component of resilience. Municipalities need confidence that backups are sufficiently isolated from 

ordinary administrative compromise, that restoration procedures are documented, that credentials 

required for recovery remain accessible, and that restoration has been tested. 

Response plans should also address periods when normal digital communication becomes 

unavailable. Contact information for critical personnel, vendors, insurers, neighboring jurisdictions, 

public-safety partners, and external cyber-response resources should remain available outside the 

primary municipal network. 

Community continuity additionally requires communication with residents. A technically 

competent recovery process can still produce unnecessary public harm when citizens do not know 

whether services are operating, how to make emergency payments, where to obtain permits, or whether 

personal information may have been affected. Public communication therefore belongs inside cyber-

resilience planning rather than being treated solely as post-incident public relations. 
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6.3 Regional Mutual Aid Can Convert Fragmented Municipal Capacity into Collective Resilience 

The simulation identifies regional mutual aid as particularly valuable for response and recovery. This 

result follows from the asymmetry between ordinary operations and major incidents. A small 

municipality may require only modest cybersecurity staffing during routine periods but may suddenly 

need forensic analysis, infrastructure restoration, communication support, legal coordination, 

procurement assistance, and executive decision support during a serious cyber event. 

Maintaining enough permanent local staff to cover every potential incident role is financially unrealistic. 

Mutual aid creates a mechanism through which several municipalities can collectively maintain surge 

capability without duplicating every resource. 

The model can borrow conceptually from mutual-aid practices already used in emergency 

management. Cyber mutual aid might include predefined technical contacts, alternate communication 

channels, temporary access to specialist staff, shared incident-management templates, coordinated 

procurement, recovery workspace, and reciprocal assistance for non-compromised functions. 

Such partnerships must be established before incidents occur. Attempting to design intergovernmental 

access, legal agreements, or information-sharing arrangements while ransomware is actively disrupting 

operations will significantly reduce their effectiveness. 

Funding and external technical support can reinforce regional arrangements. The State and Local 

Cybersecurity Grant Program explicitly seeks to help governments manage systemic cybersecurity risks, 

while CISA's current CPGs provide prioritized practices that can help communities decide where shared 

investment should begin. 

The most mature community model therefore combines three levels of capability: municipal 

ownership of local priorities and decisions, regional sharing of scarce expertise and response capacity, 

and access to national or state-level cybersecurity resources. Resilience emerges from coordination 

among these levels rather than from any single technology. 

 

7. Conclusion 

Small municipal institutions face a cybersecurity challenge that is structurally different from that of large 

national agencies or metropolitan governments. Their digital dependence can be substantial even when 

their cybersecurity teams, budgets, procurement capacity, and specialist expertise remain limited. 

Essential public services increasingly depend on information systems, meaning that a cyberattack can 

affect not only data confidentiality but also revenue collection, public communication, licensing, 

records, emergency coordination, and other core functions. CISA's continuing emphasis on state and 

local cybersecurity support and NIST's broad applicability of CSF 2.0 demonstrate that cyber-risk 

management must accommodate institutions with widely different levels of capability. 

The central argument of this study is that small municipalities should organize cybersecurity 

around community cyber resilience rather than institutional isolation. Basic protective measures remain 

essential, but prevention alone cannot provide sufficient assurance. Municipalities must be capable of 

detecting compromise, coordinating response, restoring essential services, communicating with citizens, 

and learning from incidents. NIST's cyber-resilience framework captures this requirement through its 

emphasis on anticipating, withstanding, recovering from, and adapting to adverse cyber conditions. 
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The simulation illustrates the potential value of progressively more collaborative operating models. The 

isolated basic model achieves a mean simulated maturity of only 38.7, while shared services increase 

maturity to 59.5. Regional mutual aid strengthens response and recovery, and managed security 

partnerships improve detection and protection. The integrated community resilience model reaches a 

simulated mean of 91.7 because it combines local governance with regional surge capacity, externally 

sourced technical expertise, protective controls, detection, incident coordination, and tested recovery. 

These figures are synthetic and should not be interpreted as measured effects, but they illustrate why 

municipalities should avoid treating outsourcing, internal staffing, and regional cooperation as mutually 

exclusive alternatives. 

For resource-constrained institutions, the most practical strategy is incremental. Municipalities 

should first identify essential services and critical assets, implement high-impact cyber hygiene, secure 

privileged identities, protect and test backups, improve vulnerability management, and develop clear 

incident procedures. They should then strengthen detection through shared or externally supplied 

capability and establish formal mutual-aid relationships before major incidents occur. CISA's 

Cybersecurity Performance Goals and no-cost cybersecurity services provide useful starting points for 

prioritizing these improvements, while intergovernmental grant mechanisms can help finance broader 

capacity development. 

The long-term objective should not be a municipality that can prevent every cyber incident 

independently. Such an objective is economically unrealistic and technically unattainable. A more 

defensible target is a municipality that understands its dependencies, limits preventable exposure, detects 

abnormal activity sufficiently early, mobilizes assistance rapidly, preserves essential public functions, 

restores trusted services from validated resources, and adapts after disruption. Future empirical research 

should evaluate regional cybersecurity cooperatives, shared municipal security operations, recovery 

exercises, managed service arrangements, and cyber mutual-aid agreements across municipalities of 

different population sizes and resource levels. The strongest community cyber-resilience model will 

ultimately be one in which scarce local resources are amplified through coordinated governance, shared 

expertise, tested recovery capacity, and dependable institutional partnerships. 
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