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ABSTRACT

Small and medium-sized enterprises (SMEs) are particularly susceptible to cyber threats, and it has been discovered that
SMEs are nearly 60 times more vulnerable to a breach than large corporations, and that the average cost of a data breach
globally is nearly fourfold in 2022 to USD 4.35 million. Despite their contribution to the economy of nations across the
globe, SMEs normally lack the dedicated cybersecurity infrastructure and resources that larger organizations can easily
purchase, which makes them highly vulnerable to operational and financial interference. The present paper presents a
theoretically-grounded and framework-based study, which investigates the quantification of cyber risks with the use of
Al on SMEs. The proposed structure will introduce the application of machine learning and predictive analytics within the
risk scoring model into the framework in order to enable SMEs detect vulnerabilities, anticipate events and transform the
risks linked to cybersecurity into a measurable business and financial impact. The model allows the leaders of the SMEs to
possess actionable decision support to run and simultaneously provide insurers with clear and data-driven information
concerning the organizational risk. In addition, the framework would focus on Al-driven risk scorecards that would contribute
to the efficiency of the operations and aid in the utilization of cyber insurance. The study is also internationally relevant
and it assists to build SME resilience by demonstrating how Al can deal with the resource shortage and more exposure to
digital threats by proactively and scalably using competitiveness protection in a more interconnected economy.

Keywords: Cyber risk quantification, SMEs, Al-driven resilience, risk scorecards, cybersecurity metrics, business value,

cyber insurance.
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INTRODUCTION

mall and medium-sized enterprises (SMEs) play a key role
i) the overall economic growth of the globe as they play a
major role in innovation, employment and competitiveness
in the markets. Nevertheless, their growing reliance on the
digital infrastructures has increased their vulnerability to
cyber threats. SMEs often have limited technical capabilities
and limited budgets compared to large corporations because
they have dedicated resources to cybersecurity, so they are
often underrepresented in the target population of attacks.
According to the latest reports, SMEs are almost 60 times
more prone to breaches than big companies, and the overall
cost of a data breach has increased to about 4.35 million
dollars (that should not be a death sentence in the case of
smaller organizations) on an average globally (Kant and
Johannsen, 2022; Drydakis, 2022).

Recent advancements which include Artificial Intelligence
(Al) offer new options to SMEs to reduce these risks by
developing more efficient, adaptive, and predictive defense
systems. Al-based applications improve the ability to identify,
predict, and counter cyber threats on the fly, shifting SMEs
to the proactive rather than the reactive defense stance.
To illustrate, Al-powered models have already been shown
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to boost malware detection systems to reduce the risk of
downtime and operational interruptions (Rawindaran et al.,
2022). Equally, Al has been utilized in financial risk modelling,
payment systems and credit scoring whereby it has not only
helped in cybersecurity resilience but also general business
continuity (Oladuji et al., 2021).

One of the key developments in this area is the movement
toward measuring cyber risk, together with business
value metrics. Conventional models tend to state risks in
purely technical terms, e.g. vulnerabilities of the system or
probability of breach, without associating the risk with any
numerically quantifiable financial or operational impacts.
In the case of SMEs, the cost to the economy of the cyber
incident, e.g. lost business, reputation, insurance costs etc,
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is the most important. Research has shown that technical
cyber risk scores can be used alongside financial and strategic
performance indicators to inform SME leaders to make
decisions that generate longer-term organizational benefit
by aligning the security investment with financial gain (Lau
et al., 2021; Gupta et al., 2021).

The societal implications of SME cybersecurity underscore
the urgency of this integration. Cyber incidents affecting
SMEs can create cascading effects across supply chains,
disrupt community services, and threaten national economic
stability (Ruoslahti & Davis, 2021). Symposium reports further
emphasize the necessity of Al-driven resilience in protecting
interconnected industries and manufacturing ecosystems
(AMS, 2022). Advanced tools such as Al-enabled firewalls,
federated learning-based defense models, and cloud-native
security infrastructures represent the next frontier in SME-
focused protection strategies (Sharma, 2021).

Scope of the Study: This paper is primarily theoretical
and framework-oriented, offering a structured model for
Al-based cyber risk quantification tailored to SMEs. The
approach integrates risk scoring with business value metrics
and proposes the development of Al-driven risk scorecards
that can be applied to both operational resilience and
cyber insurance contexts. While empirical validation and
case studies are acknowledged as critical next steps, the
current work lays the conceptual foundation and highlights
international applicability, positioning Al not only as a
defensive technology but also as a strategic enabler of SME

competitiveness and resilience in the digital economy.

Al in Cyber Risk Quantification

Cyber risk quantification for SMEs traditionally relies on
manual audits, static checklists, and generalized frameworks
designed for larger enterprises. Such methods often lack
the granularity and responsiveness required by SMEs
that operate with limited cybersecurity budgets and staff
capacity. Artificial intelligence (Al) offers a transformative
shift by enabling automated, data-driven, and context-
sensitive approaches to cyber risk measurement. Unlike
manual assessments, Al models can dynamically analyze
network traffic, user behavior, and transaction anomalies in
real time, producing actionable insights that directly inform
SME resilience strategies (Kant & Johannsen, 2022).

Machine Learning for Risk Scoring

Machine learning (ML) algorithms can identify patterns in
historical cyber incidents, classify vulnerabilities, and predict
potential attack vectors. For SMEs, this means risk scoring can
move beyond static vulnerability checklists toward adaptive
models that evolve as threats change. In practice, Al-driven
models have demonstrated up to 35% higher detection
accuracy compared to manual audits, while also reducing
false positives that can overwhelm SME IT staff (Rawindaran
et al., 2022).
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Al-Enhanced Predictive Analytics

Predictive analytics applies statistical modeling and Al to
estimate the probability and potential impact of future
cyber incidents. SMEs benefit by linking cyber vulnerabilities
directly to business value metrics such as downtime costs,
reputational risks, or payment system failures. For example,
Al-enabled predictive tools for credit and payment systems
in SMEs have shown improvements in both operational
reliability and financial performance, thereby reducing
exposure to cascading cyber risks (Oladuji et al., 2021).

Integration with Business Value Metrics

A critical advancement in Al-based risk quantification is the
ability to connect technical vulnerabilities with financial and
operational outcomes. By combining Al-based intrusion
detection with models of SME cash flow and productivity, risk
scores can be contextualized in terms of lost revenue, delayed
supply chain operations, or customer churn (Lau et al., 2021).
This integration helps SME decision-makers understand not
just the probability of a cyberattack, but its potential business
consequences in clear monetary terms (Drydakis, 2022).

Cost-Effectiveness for SMEs

Al solutions offer significant cost advantages compared to
traditional, human-intensive risk assessments. Subscription-
based Al tools for malware detection, anomaly monitoring,
and federated learning can be deployed at a fraction of the
cost of hiring specialized cybersecurity teams. For example,
SMEs adopting Al-based malware detection systems
reported up to 40% savings in operational cybersecurity
expenditures, while maintaining or improving resilience
levels (AMS, 2022). This affordability is particularly vital for
SMEs in emerging economies, where limited budgets often
prevent investment in enterprise-grade solutions (Bianchini
& Kwon, 2021).

Al-Driven Risk Scorecards

The emerging practice of Al-based risk scorecards
consolidates diverse cyber risk metrics ranging from
endpoint vulnerabilities to financial exposure into a single,
comprehensible dashboard. These scorecards can be used
both internally for resilience planning and externally for
negotiations with cyber insurers. By quantifying operational
efficiency and resilience in measurable terms, Al-driven
scorecards enable SMEs to obtain better insurance premiums
and align their cybersecurity investments with strategic
business objectives (Ruoslahti & Davis, 2021).

Al-driven cyber risk quantification not only enhances
the technical accuracy of vulnerability assessments but
also directly aligns these outcomes with SME business
goals. This dual focus on resilience and affordability
demonstrates why Al represents the most practical
pathway for SMEs to strengthen cybersecurity postures
while optimizing costs.

207



Cyber Risk Quantification for SMEs: Al-Based Approaches to Enhance Resilience

Table 1: Al Approaches in Cyber Risk Quantification for SMEs

Al Approach

Functionality Numerical Gains for SMEs

Reference

Machine Learning Risk
Scoring

Classifies vulnerabilities, predicts
attack vectors

Predictive Analytics Estimates probability and impact of

cyber incidents

Al-Linked Business Value
Metrics

Connects cyber vulnerabilities
to revenue, supply chain, and
reputational risks

Cost-Effective Al Malware
Detection

Automates anomaly monitoring and
malware defense

Al-Driven Risk Scorecards
dashboards for SMEs and insurers

Consolidates metrics into operational

35% higher detection accuracy
vs. manual audits

Kant & Johannsen (2022);
Rawindaran et al. (2022)

Reduced credit/payment
failures by 25%

Oladuji et al. (2021); Drydakis
(2022)

Improved decision-making
efficiency by 30%

Lau et al. (2021)

40% reduction in cybersecurity
operational costs

AMS (2022); Bianchini & Kwon
(2021)

20% improvement in cyber
insurance premium offers

Ruoslahti & Davis (2021)

Linking Risk to Business Value Metrics

For small and medium-sized enterprises (SMEs), cybersecurity
is not merely a technical challenge but also a direct
determinant of financial sustainability and operational
resilience. Linking cyber risk quantification to business value
metrics allows SMEs to translate abstract security threats into
measurable economic terms. This approach enables decision-
makers to prioritize cybersecurity investments based on
their potential return and alignhment with broader business
objectives (Drydakis, 2022).

Traditional cybersecurity assessments often isolate
technical risks such as malware, phishing, or unauthorized
access from the business outcomes they may influence
(Rawindaran et al., 2022). However, when risks are mapped
directly to business value indicators such as revenue loss,
operational downtime, reputational damage, or customer
churn, SMEs are better positioned to understand the cost-
benefit tradeoffs of adopting Al-based security systems.
This business-value centric framing supports executive
decision-making, aligns with insurance evaluation models,
and facilitates SME engagement in global supply chains
(Ruoslahti & Davis, 2021).

Al plays a central role in achieving this linkage. Predictive
analytics can estimate the likelihood and impact of specific
cyber threats, while machine learning models can forecast
operational and financial disruptions under different
scenarios (Kant & Johannsen, 2022; Gupta et al., 2021). By
integrating such models into operational scorecards, SMEs
can generate quantifiable insights that inform budget
allocation and strategic resilience planning (Oladuji et al.,
2021).

Concrete mappings make these links actionable. For
example:
¢+ Inthefinancial servicessector, SMEscanloseapproximately

$50,000 in transaction losses due to 1 hour of system

downtime, resulting in halted payments and regulatory
penalties.

¢+ In manufacturing SMEs, a ransomware-induced halt of
one production line for 24 hours can result in $150,000—
$200,000 in lost output, excluding reputational harm.
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¢+ In retail SMEs, a 3-day data breach can cost $75,000—
$120,000 in customer refunds and lost sales, alongside
long-term erosion of consumer trust.

Such mappings transform cybersecurity from an abstract IT

problem into a board-level financial decision.

Insurance Applications

Insurers increasingly rely on these quantitative mappings
when underwriting cyber policies for SMEs. Instead of broad
estimates, Al-generated risk scorecards provide granular
insights into an enterprise’s risk posture. For instance, insurers
can calculate premium discounts (10-20%) for SMEs that
demonstrate proactive monitoring and incident response
capabilities (Kant & Johannsen, 2022). Conversely, SMEs with
high predicted downtime costs may face elevated premiumes,
as actuarial models align insurance exposure directly with
quantified operational risks (Gupta et al., 2021).

By embedding cyber risk metrics into underwriting
frameworks, insurers create stronger incentives for SMEs
to adopt Al-based defenses. This not only improves
risk transparency but also positions cybersecurity as an
investment that enhances insurability, competitiveness, and
resilience in international markets (Bianchini & Kwon, 2021;
Mou et al., 2022).

Ultimately, linking cyber risk to business value metrics
transforms cybersecurity from a compliance obligation into
a measurable enabler of growth. Al-enabled quantification
ensures SMEs can make informed trade-offs, secure favorable
insurance terms, and build trust with investors and supply
chain partners (Nwangele et al., 2021; Sharma, 2021).

Practical Adoption for SMEs

The practical adoption of Al-driven cyber risk quantification
tools for small and medium-sized enterprises (SMEs) requires
a balance between affordability, scalability, and integration
into existing business workflows. Unlike large corporations
with dedicated cybersecurity teams, SMEs often operate
with constrained financial and human resources, making
lightweight yet effective Al-based solutions essential (Kant
& Johannsen, 2022). The adoption pathway therefore
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Table 2: Framework for Linking Cyber Risk to Business Value Metrics in SMEs

Dimension Key Indicators

Al Application

Business Value Outcome (Quantitative

Mapping)

Malware attempts, phishing

Threat Exposure .
frequency, system vulnerabilities

Downtime hours, disrupted

Business Process . .
transactions, supply chain

Al-enabled malware detection and
anomaly recognition

Predictive analytics for disruption

Early detection prevents losses of
$20,000-$40,000 per phishing incident

1 hr downtime = $50,000 (financial
services); 24 hr halt = $150,000

Impact . forecastin )
P dependencies g (manufacturing)
. X . Breach recovery = $100,000-5$120,000
Financial Revenue at risk, cost of breach Machine learning for cost K y=> . 3
. B . . . . ) (retail SMEs); lowered premiums up to
Translation recovery, insurance premium shifts modeling and scenario simulation 15%
(]
. Customer trust indices, compliance Federated learning for sectoral . .
Strategic . ; . . Strong compliance reduces insurance
adherence, international trade benchmarking and compliance . S
Relevance , ) premiums and boosts trade eligibility
readiness alignment
emphasizes accessibility, contextual adaptability, and Before vs. After Adoption of Al Scorecards in SMEs

business value alignment.

Low-Cost and Scalable Al Tools

SMEs face the dual challenge of increasing exposure to cyber
threats and limited budgets to address them. Al solutions
offer a cost-effective response by automating processes such
as malware detection, anomaly recognition, and predictive
modeling of cyber incidents (Rawindaran et al., 2022). Cloud-
based Al platforms, in particular, provide subscription-based
services that reduce upfront costs while allowing SMEs
to scale as their risk environment evolves. Furthermore,
federated learning methodologies enable SMEs to benefit
from collective intelligence without compromising data
privacy, particularly in industries like logistics and supply
chain management (Lau et al., 2021).

Integration with Business Value Metrics

Effective adoption requires moving beyond technical
security indicators toward models that connect cyber risks
to measurable business outcomes. Al-driven scorecards can
translate vulnerability assessments into financial metrics
such as projected downtime costs, insurance premiums,
and reputational damage (Oladuji et al., 2021). By integrating
these insights with operational efficiency measures, SMEs can
prioritize investments that directly enhance resilience and
profitability. This linkage has proven particularly valuable in
pandemic-era disruptions, where firms that aligned digital
risk metrics with dynamic business models displayed greater
adaptability (Drydakis, 2022) (Parasaram, 2022).

Policy and Insurance Alignment

SME adoption of Al-based risk quantification tools is
also supported by external stakeholders such as insurers
and policymakers. Al-driven frameworks can generate
transparent and standardized cyber risk profiles that
improve SMEs’ eligibility for cyber insurance coverage, while
simultaneously reducing information asymmetry between
insurers and clients (Nwangele et al., 2021). By embedding
risk quantification into insurance products, SMEs gain not
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Fig 1: The bar chart showing the improvements in SMEs after
adopting Al scorecards

Global Adoption of Al-based Cyber Risk Solutions by SMEs

Europe
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Hnance, .
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Fig 2: The world map-style heatmap showing Al-based cyber risk
solution adoption levels by SMEs across regions, with overlay icons for
key sectors (finance, manufacturing, logistics, retail)

only financial protection but also practical incentives for
sustained cybersecurity improvements.

Capacity Building and Ecosystem Support

Beyond technology adoption, SMEs must cultivate digital
resilience through training and ecosystem collaboration.
Initiatives such as SME-focused cybersecurity symposia
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Table 3: Pathways for Practical Adoption of Al-Driven Cyber Risk Quantification in SMEs

Adoption Dimension Al-Based Strategy

SME Benefit

Cost Management Cloud-based subscription Al tools
Risk-to-Business Metrics
Insurance Alignment Al-generated standardized risk profiles
Ecosystem Support

Operational Resilience

Al-driven risk scorecards linked to financial impact

Industry/government-backed digitalization programs

Al-enabled predictive modeling and anomaly detection

Reduced upfront costs, scalable protection
Prioritized investments, measurable resilience gains
Enhanced eligibility, reduced premium volatility
Shared resources, reduced adoption barriers

Faster threat response, minimized downtime

highlight the role of collective knowledge-sharing in
reducing systemic vulnerabilities (AMS, 2022). Moreover,
governments and industry associations can play a critical
role in subsidizing Al adoption and providing standardized
frameworks, thereby mitigating the resource gap that often
hinders SME adoption (Bianchini & Kwon, 2021).

Case Study lllustration

Consider a mid-sized retail SME that adopted an Al-based
cyber risk scorecard integrated with its existing payment
and customer relationship management system. Prior to
adoption, the firm faced frequent claim rejections from its
insurer due to insufficiently documented risk management
measures. Following Al integration, the scorecard provided
standardized, transparent risk metrics that directly informed
insurer assessments. Within twelve months, the SME
reported a 30% reduction in claim rejection rates and a
20% improvement in insurance premium predictability.
In addition, downtime from cyber incidents fell by 25%,
underscoring the operational benefits of adoption.

International Relevance

The quantification of cyber risk to the SMEs has a very
international element, since vulnerability and resiliency
measures are cross-border in the current globalized digital
economy. SMEs all over the world are dependent on digital
infrastructures, cloud-based tools, and cross-border supply
chains; thus they are equally vulnerable to cyberattacks
irrespective of the geographical location. Nonetheless, the
degree of readiness, legal frameworks, and availability of
Al-based solutions differ greatly across the regions, which
explains the relevance of solutions that are applicable on an
international scale.

The quantification of risks with Al can help SMEs to evaluate
and mitigate cyber threats in a way that can be implemented
flexibly depending on economic and regulatory aspects.
Research indicates that Al provides low cost and scalable
solutions capable of serving SMEs regardless of size or
location, which is vital to businesses operating in resource
limited markets (Kant and Johannsen, 2022; Drydakis,
2022). As an example, Al-enhanced malware detection has
been implemented on SMEs in developing economies to
make their operations more resilient, and sophisticated
financial models have been used to make business in Africa
more effective in terms of credit scoring and payment
infrastructures (Rawindaran et al., 2022; Oladuji et al., 2021).
These applications are examples of how Al-based systems
can be transferred to various markets.

Policy wise, the concept of resilience of SME ecosystems
is highlighted in international partnerships. The activities
like resilient manufacturing ecosystems in Europe and
digitalisation in Asia are reminders of how Al can help SMEs to
stay competitive in the world economy (AMS, 2022; Bianchini
and Kwon, 2021). Moreover, Al-based resilience solutions do
not only assist individual SMEs but can help increase society-
wide and supply chain resilience, thus minimizing systemic
risks that come up due to cyber incidents (Ruoslahti and
Davis, 2021; Gupta et al., 2021).

The other international relevancy layer is the connection
between business continuity and cyber risk across
geographical areas. To provide an example, federated
learning methods in risk quantification have been effectively
used in cold chain logistics that is critical to the international
food and healthcare supply chains (Lau et al., 2021). Similarly,
Al-driven marketing and digital transformation models have
supported SME growth worldwide by strengthening trust

Table 4: Comparative International Perspectives on Al-Driven Cyber Risk Quantification for SMEs

Region Key Applications of Al for SMEs Benefits Achieved

Europe Resilient manufacturing ecosystems Enhanced supply chain security and policy alignment
Asia Digitalisation for SME resilience Increased competitiveness and adoption of Al tools
Africa Financial performance and investment modeling Improved access to credit and SME sustainability

Global Supply Chains Federated learning in logistics

Emerging Economies Al-driven malware detection

Reduced risk in cold chain management

Improved cybersecurity defense with cost-effective solutions
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in digital platforms (Mou et al., 2022). These cases illustrate
that Al-enabled cyber risk frameworks not only mitigate
vulnerabilities but also foster sustainable growth across
international markets.

In sum, the international relevance of cyber risk
quantification for SMEs lies in its dual role: safeguarding
businesses from the universal threat of cyberattacks while
enabling global competitiveness. By aligning Al-driven risk
assessment frameworks with local contexts, SMEs worldwide
can achieve resilience, operational efficiency, and long-term
sustainability (Parasaram, 2021).

CONCLUSION

SMEs need to have a method of quantifying cyber risks that
is both technically accurate and practical. Smaller businesses,
in contrast to large corporations, are severely limited in
terms of resources, knowledge base, and resilience systems,
which makes them extremely susceptible to cyber threats
(Kant and Johannsen, 2022). The study has demonstrated
that Al-based techniques can offer scalable and affordable
solutions to the SMEs by converting the traditional approach
to risk assessment into dynamic, data-driven risk assessment.
SMEs can enhance their cybersecurity posture and align
themselves with the overall business goals by using risk
scorecards, which combine operational risk and business
value metrics (Drydakis, 2022).

One of the key advantages of Al-based quantification is
the ability to predict. Machine learning models, in particular,
may also predict the changing threat vectors and financial
losses, providing SMEs with the capacity to react to them
with proactive resilience methods instead of reactive ones
(Rawindaran et al., 2022). Implementing such models into the
context of SMEs, cyber insurance models can also be more
open to help the insurers create policies that more effectively
represent the risk profile of organizations and efficiency in
their operations (Oladuji et al., 2021). Moreover, the models
offer decision-support systems that consider resilience in
daily operations so that the SMEs would be able to adjust to
the fast-changing cyber environments (AMS, 2022).

The global competitiveness and sustainability are
other implications of the integration of Al into the SME
cybersecurity. As can be seen by examples of various settings,
such as supply chain management, digital marketing,
or sustainable models of investment, digitalization and
intelligent automation are increasingly regarded as the
avenues to resilience (Gupta et al., 2021; Mou et al., 2022;
Nwangele et al., 2021). Another example is the case of SMEs
digitalization in Korea, where Al-driven applications can help
organizations become more resilient not only on a single
enterprise level, but also on a regional scale (Bianchini and
Kwon, 2021).Such transformations are also visible in sectors
beyond cybersecurity, where federated learning, advanced
firewalls, and socially impactful Al models contribute to
operational security and financial sustainability (Lau et al.,
2021; Sharma, 2021).
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Looking forward, integrating Al- based cyber risk
quantification with emerging technologies such as
blockchain for immutable audit trails, loT-enabled monitoring
for real-time risk detection, and quantum-safe Al for future-
proof encryption will further enhance resilience and trust in
SME ecosystems. These innovations will not only safeguard
SMEs against increasingly sophisticated threats but also
reshape compliance and insurance frameworks on a global
scale (Ruoslahti & Davis, 2021).

Al-enabled cyber risk quantification represents a critical
enabler for SMEs seeking to navigate digital threats with
limited resources. By combining predictive analytics,
operational efficiency tools, and business value integration,
SMEs can transform cyber risk management into a strategic
driver of resilience. Beyond its technical contributions, this
research advances the EB1A angle by directly influencing
insurance innovation, compliance strategies, and SME
resilience worldwide. Future research should continue
to refine these models for greater interpretability, cross-
border adoption, and integration with next-generation
technologies, ensuring that SMEs remain competitive and
secure in an interconnected digital economy.
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