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Abstract

Cybersecurity risk quantification and economic impact modeling are vital tools in
understanding and managing the threats a business faces today. These methods help organizations
measure the potential loss from cyberattacks and see how these risks could affect their bottom line.
By assigning numbers to the likelihood and possible damage of cyber threats, companies can make
smarter decisions about where to spend their security budget. For example, if a company's data
breach could cost millions in fines, lawsuits, and lost revenue, then investing more in security
makes financial sense.
Economic impact modeling takes this a step further. It looks at how cyber incidents ripple through
a company's finances, its supply chain, customer trust, and even regulatory fines. For instance, a
ransomware attack that blocks access to critical systems could halt production lines or disrupt
customer service, leading to lost sales and reputation damage. These models give a clear picture
of total costs, including direct expenses like incident response and indirect effects such as brand
damage that can last for months or even years.

1. Overview

Economic impact modeling and cybersecurity risk quantification are crucial instruments in
the rapidly evolving digital world of today. Organizations can better grasp the true cost of cyber
threats with the aid of these tools. They go beyond merely determining whether a system is
hackable to calculating the potential financial harm of a cyberattack. Businesses, governments,
and other organizations that depend on digital systems to function properly need this type of
analysis.

Organizations can improve their planning with this kind of modeling. It enables them to
balance the possible losses from an attack against the expenses of making an investment in more
robust cybersecurity measures. For instance, a small business may discover that it is less expensive
to upgrade their security system than to deal with the consequences of a significant breach. These
models are frequently used by big businesses to prioritize their security projects and defend
cybersecurity budgets.

2. Related Tasks
An overview of the current approaches for risk assessment

To assist organizations in comprehending and managing cyber risks, a number of risk
assessment techniques have been developed. The NIST Special Publication 800-30 is a popular
framework that offers a detailed procedure for carrying out qualitative risk assessments. Using this
approach, assets, threats, and vulnerabilities are identified, and then, using expert judgment,
possible impact levels and likelihoods are assigned. Because of its ease of use and adaptability, it
is well-liked by businesses of all kinds. In a similar vein, the ISO/IEC 27005 standard provides an
organized method for handling information security threats. It places a strong emphasis on
comprehending the organizational context and ranking risks according to their possible
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consequences. Despite being largely qualitative, both frameworks aid organizations in making
well-informed decisions by offering precise rules and classifications for risk.
Qualitative models' limitations in economic contexts

When it comes to economic decision-making, qualitative models have significant
drawbacks despite their value. They mainly rely on the opinions of experts, which can be biased
and vary greatly. Because of this, it is challenging to attain consistent outcomes across various
businesses or industry sectors. Furthermore, qualitative evaluations are unable to offer precise
numbers regarding possible losses. This may make it more difficult to evaluate risks or defend
investment choices. Qualitative models might not be able to keep up with or accurately depict the
level of danger in highly dynamic environments where cyber threats are constantly evolving.
Because of this, companies may overestimate or underestimate their true economic exposure,
which could result in bad risk management decisions.

Developments in regulatory frameworks and cyber risk insurance

The way cyber risks are regulated and insured has improved recently. Insurance policies
for cyber risk have advanced, frequently integrating data-driven models with qualitative
evaluations. In order to more precisely set premiums and terms of coverage, insurers now use
comprehensive risk profiles, credit scores, and industry data. As a result, risk exposure and
financial protection are better matched. Additionally, regulators are taking action by enacting new
regulations to raise cybersecurity standards. Nowadays, a lot of governments mandate that
businesses conduct routine risk assessments and promptly report breaches. These regulations
promote openness and the uptake of improved risk management techniques. As a result, the overall
security environment is getting stronger and businesses are better protected against cyber threats.
These developments signal a change.

3. Approach
3.1 Framework for Quantifying Risk: FAIR (Factor Analysis of Information Risk)

A risk management framework called FAIR analyzes the factors that contribute to
information risk in order to quantify it. Its main goal is to determine precise odds for the occurrence
and severity of data loss incidents.

Important Metrics:

Loss Event Frequency (LEF): The likelihood that a loss event will transpire on a yearly basis.
Loss Magnitude (LM): The likely financial impact of a loss event.

Expectation of Annualized Loss (ALE): The anticipated annual financial loss, computed as
follows:

LEF x LM = ALE

For example, the single loss expectancy (SLE) is 25% x $100,000 = $25,000 if the exposure factor
(EF) is 25% and the asset is worth $100,000. ALE = 3 x $25,000 = $75,000 if the annual rate of
occurrence (ARO) is 3.

3.2 Modeling Economic Impact

Economic impact modeling evaluates how events, policies, or projects will affect the
economy.
Important Elements:
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Direct vs. Indirect Costs: Direct costs, like immediate repair expenses, are those that can be
directly linked to an event. Secondary consequences, such as harm to one's reputation or a decline
in customer trust, are known as indirect costs.

Mapping Technical Events to Financial Outcomes: This helps quantify possible effects by
determining how particular technical malfunctions or breaches result in monetary losses.
Integration with Business Impact Analysis: Matching business goals with technical risk
assessments to determine how disruptions impact the performance of the entire organization.

3.3 Methods of Simulation: Simulation Using Monte Carlo

A statistical technique for comprehending the influence of uncertainty in prediction and
forecasting models is Monte Carlo simulation.

Important attributes:

Using probability distributions for input variables, uncertainty modeling adds
unpredictability and randomness to models.

Input Distributions and Assumptions: Using past data or professional opinion, this section
specifies the probability distributions (such as normal, lognormal, and triangular) for input
variables.

Sensitivity and Scenario Analysis: Determines how crucial elements and risks are evaluated
in various scenarios by analyzing the effects of changes in input variables.

In finance, Monte Carlo simulations are frequently used to price securities like options and
interest rate derivatives, set budgets, and model and manage investment portfolios.

4. Case Study: A Mid-Sized Financial Institution Experienced Ransomware

4.1 Description of the Scenario

Threat Actor: A ransomware collective that has a track record of attacking banks.

The core banking system, which is essential to day-to-day operations, is the asset that is at risk.
Control Environment: Moderately mature, suggesting that security measures are in place but could
be strengthened.

4.2 Quantification of Risk Using FAIR Estimating LEF (Loss Event Frequency)

The frequency of ransomware attacks is evaluated using historical threat data.

Assessing LM (Loss Magnitude): An attack's possible financial impact is calculated by taking
recovery expenses, downtime, and ransom demands into account.

Calculating the Annual Loss Expectancy (ALE): ALE is calculated as follows:

LEF x LM = ALE This measures the anticipated yearly monetary loss brought on by ransomware
attacks.

4.3 Simulation of Economic Impact

10,000 iterations of the Monte Carlo simulation were used to model the range of potential financial
outcomes.

Measures Obtained:Expected Loss Range: The likely amount of money lost in typical
circumstances.

The 95th percentile, which denotes a high-severity situation, is the loss amount at the 95%
confidence level.

Tail Risk: Evaluates the possibility of severe, unlikely occurrences that have a big financial
impact.

4.4 Assistance in Making Decisions
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Return on Security Investment, or ROSI, compares the cost of implementation to the risk reduction
to determine how effective additional security controls are.

Insurance Premium Optimization: This strategy negotiates suitable insurance coverage and
premiums by using risk quantification.

The Executive Dashboard View helps senior management make decisions by providing a visual
representation of risk metrics.

5. Conversation

5.1 Analysis of the Findings

A clear picture of the possible financial impact is provided by quantitative outputs (such as loss
exceedance curves, value-at-risk, and expected loss).

Finding the most dangerous threats, weaknesses, or business operations is made easier with the
use of scenario-specific insights.

Comparability enables benchmarking against historical baselines or peers in the industry.
Although it necessitates careful explanation to stakeholders who are not technical, probabilistic
understanding encourages better planning under uncertainty.

5.2 Value in Board-Level Risk Deliberations

aligns with boards' perspective on risk by converting technical risk into financial terms (impact on
EBITDA, shareholder value).

supports using risk-return analysis to prioritize cyber investments and controls.

helps make strategic choices about risk tolerance, cyber insurance, and backup plans.

promotes a proactive approach by characterizing cyberthreats as business risks rather than merely
IT problems.

5.3 Compliance with Regulatory Reporting (such as the SEC Cyber Risk Rules) Assists in
meeting disclosure obligations regarding incident impact, material cyber risks, and risk
management techniques.

By measuring risk and incorporating it into enterprise risk management (ERM) procedures, one
demonstrates governance maturity.

supports the documentation of risk assessment assumptions and methods, which is crucial for
transparency in compliance.

complies with regulatory requirements for risk-informed, data-driven decision-making.

5.4 Assumptions and Limitations of the Model
Since many models rely on past breach data or expert opinion, accuracy may be limited by data
availability and quality.

6. Conclusion and Upcoming Projects
6.1 Summary of Results and Input

Cyber risk financial quantification has improved risk visibility, allowing for better-
informed decision-making. By translating cyberthreats into financial measures that the board could
use, the gap between the technical and business worlds has been bridged. demonstrated compliance
with laws, notably those included in frameworks like the SEC's cyber risk disclosure requirements.
Model boundaries were found, including the need for open procedures, data gaps, and static
assumptions.
6.2 Potential for Risk Modeling

Using Al Integration of dynamic threat intelligence: Al can analyze massive amounts of
data (including CVEs, threat feeds, and incident reports) and instantly update risk postures. Using
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natural language processing (NLP), risks and indicators can be extracted from unstructured data
(such as news, warnings, and disclosures). Machine learning can be used to predict the impact by
forecasting the likelihood of a breach, its duration, or the financial losses using historical and
environmental data. detecting anomalies for early warning systems that feed data into probabilistic
models. 6.3 Upcoming Projects Real-Time Cyber Risk Assessment (CRQ): Combine vulnerability
data, threat intelligence, and real-time telemetry. Allow for ongoing evaluation as opposed to
sporadic risk assessments. Sector-Specific Frameworks: Adjust exposure metrics and assumptions
according to industry (e.g., finance, healthcare, critical infrastructure). Boost accuracy by
conforming to regulatory frameworks and threat landscapes unique to a given domain.
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2024) NIST Sp 800-30 Rev.1: Risk Assessment Guide
https://csrc.nist.gov/publications/detail/sp/800-30/rev-1/final NIST SP 800-37 Rev.2:

e Information Systems and Organizations Risk Management Framework IEC/ISO
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