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Abstract. This research aims to develop an actuarial analysis framework to eval-
uate the probability of insolvency for the infrastructure property insurance of a
specific region. The study focuses on the case of nationwide transmission tower
failures. The proposed framework takes into account the correlations among
claims, as well as the interdependence of individual infrastructure failures, in or-
der to calculate revised insurance premiums. To achieve this, the research utilizes
advanced statistical modeling techniques to capture the intricate relationships be-
tween claims and their correlation patterns. By integrating historical data on
transmission tower failures, claims, and relevant economic factors, a comprehen-
sive risk assessment model is constructed. This model estimates the probability
of insolvency for the insurance portfolio, accounting for the interplay of corre-
lated claims. Furthermore, the research investigates the interdependence among
individual transmission towers, recognizing that failures in one tower can trigger
a cascading effect throughout the network. This dynamic is captured through net-
work analysis methods, allowing for a more accurate assessment of the risk and
potential systemic repercussions. The findings of this study could provide valua-
ble insights for insurance companies, policyholders, and risk managers involved
in the infrastructure sector. The actuarial analysis framework incorporates corre-
lations among claims and accounts for the interconnectedness of transmission
tower failures. Such a comprehensive approach improves accuracy in estimating
insolvency probabilities, enabling better risk pricing, underwriting, and decision-
making in the insurance industry.
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1 Introduction

Infrastructure plays a vital role in the socio-economic development of nations, serving
as the backbone of transportation, communication, and power supply systems [1]. How-
ever, the risks associated with infrastructure failures can have severe consequences,
both economically and socially[2]. Property insurance is a common mechanism used to
mitigate these risks by providing financial protection against damage or loss. Insol-
vency probability, a key consideration in property insurance, refers to the likelihood
that an insurance provider may become unable to honor its financial obligations due to
a high volume of claims. Accurately assessing this probability is crucial for insurance
companies to maintain solvency, appropriately price policies, and manage their risk
exposure[3]. Traditional actuarial methods have primarily focused on estimating insol-
vency based on individual claim events. However, in complex infrastructure systems,
such as nationwide transmission networks, there is a need to account for the interde-
pendencies and correlations among claims.

The purpose of this study is to develop an advanced actuarial analysis framework
that incorporates the correlations among claims and the interdependence of individual
infrastructure failures, specifically focusing on the case study of nationwide transmis-
sion tower failures. By considering these factors, the framework aims to provide a more
accurate estimation of the probability of insolvency and enable the calculation of re-
vised insurance premiums.

Correlations among claims play a crucial role in understanding the collective risk
faced by insurers. When claims exhibit dependencies or similarities, the occurrence of
one claim event may increase the likelihood of subsequent events. For instance, extreme
weather conditions or natural disasters can cause multiple transmission tower failures
in close proximity or over a short period. By taking into account these correlations,
insurers can better assess their risk exposure and make informed decisions to manage
their portfolios effectively[4]. Furthermore, the interdependence of individual infra-
structure failures within a nationwide transmission network is a critical aspect to con-
sider. Transmission tower failures can trigger a cascade of consequential damages,
leading to widespread network disruptions and potentially catastrophic events. Analyz-
ing the interplay between individual tower failures allows for a more comprehensive
assessment of the overall risk and potential systemic repercussions. This analysis can
provide valuable insights into the network resilience, vulnerability, and potential areas
for infrastructure improvement and risk reduction[5].

To achieve the objectives of this study, advanced statistical modeling techniques will
be employed, integrating historical data on transmission tower failures, claims, and rel-
evant economic factors. This comprehensive risk assessment model will account for the
correlations among claims, enabling a more accurate estimation of the probability of
insolvency for the insurance portfolio. Network analysis methodologies will be utilized
to capture the interdependence among transmission towers, incorporating the dynamics
of cascading failure events. The findings of this research are expected to contribute to
the field of insurance risk management, providing valuable insights for insurance com-
panies, policyholders, and risk managers involved in the infrastructure sector. The ac-
tuarial analysis framework developed in this study, considering correlations among
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claims and the interdependence of transmission tower failures, can improve the accu-
racy of estimating insolvency probabilities. This, in turn, facilitates more effective risk
pricing, underwriting, and decision-making in the insurance industry, ultimately en-
hancing the resilience and sustainability of infrastructure systems.

In the following sections, the methodology employed for data collection, statistical
analysis techniques, and network modeling will be discussed, followed by the presen-
tation and analysis of results and concluding remarks.

2 Probability of insolvency

In actuarial science, the probability of insolvency refers to the likelihood or probability
that an insurance company or financial institution may become unable to meet its fi-
nancial obligations or honor its policyholder claims due to inadequate reserves or an
excessive amount of liabilities. It is a measure of the financial vulnerability of an in-
surer.

The probability of insolvency is a key metric used to assess the financial stability
and solvency of an insurance company. It quantifies the risk of the insurer's financial
resources being insufficient to cover its liabilities, resulting in potential bankruptcy or
inability to fulfill its contractual obligations. Let R(t) be the capital of an insurance
company at the time ¢, therefore, R(t) can be represented as,

R(E) =C+T®) - X(t) (1)

where C denotes the initial capital of an insurance company, T(t) denotes the total pre-
mium income functionalized with t and X (t) is the aggregate claim amount up to time
t which can be also defined as risk process. Moreover, let N(t) be a stochastic process
that denotes the total number of claims up to time t and X(t) can be further calculated
as,

X)) =yrOx, (2)

Mathematically, the probability of insolvency or bankruptcy can be defined through
the following equation:

P =Pr(R(t) <0, w.r.t t €[0,T]) 3)

Therefore, the probability of bankruptcy quantifies the evolving risk of the bank in-
solvency. Actuarial analysis considers various quantitative and qualitative factors to
estimate the probability of insolvency accurately. These factors include historical claim
experience, risk management practices, underwriting standards, investment perfor-
mance, regulatory requirements, and economic conditions. Advanced modeling tech-
niques, such as stochastic simulations and stress testing, are often employed to assess
the likelihood of insolvency under different scenarios and market conditions. Insurance
regulators and industry stakeholders closely monitor the probability of insolvency to
ensure the financial stability of insurance companies and protect policyholders. Ade-
quate capital requirements and solvency regulations are implemented to minimize the
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risk of insolvency and maintain the long-term viability of insurers in the market. Un-
derstanding and managing the probability of insolvency is crucial for insurers' risk man-
agement strategies, ensuring they maintain sufficient reserves, appropriate pricing, and
sound investment practices to mitigate the risk of financial instability. By accurately
assessing and monitoring the probability of insolvency, insurers can safeguard their
financial soundness and provide policyholders with the confidence that their claims will
be honored in the event of losses or unforeseen events[6].

3 Estimate of premium considering dependent claims

As is widely known, the calculation of premiums for clients is based on the application
of the law of large numbers in statistics[7]. In other words, under the current definition
of premiums, the probability of insurance companies making a profit must not fall be-
low a certain threshold. In actuarial science, the Central Limit Theorem (CLT) plays a
crucial role in various analytical processes and statistical modeling. The CLT states that
the distribution of the sum (or average) of a large number of independent and identically
distributed random variables will tend towards a normal distribution, regardless of the
shape of the original distribution. In the context of insurance actuarial analysis, this
theorem is of immense significance. It allows insurance professionals to make proba-
bilistic inferences and predictions based on a limited amount of data. The insurance
industry deals with uncertainty and risk, and the application of the Central Limit The-
orem helps in understanding the behavior of various insurance-related variables[8]. Let
Xy be the covariance of the dependent claims:

sz(xl) P1,20x (x1) oy (x2) P1n0x(x1)ox (xy)
_ | P210x(x2)0x(x1) ax”(xz) P2n0x (x2)0x (xy)
Zx : : (4)
PN,10'X(xN)0'X(x1) PN,zo'X(xN)O'X(xz) sz (xn)

where o2 denotes the covariance between two dependent claims x; and x; Therefore,

the variance of the probability distribution of the aggregate claims can be calculated as
follows,

O')% = y=12?:1 z'XiJ' (5)

According to CLT, the aggregate claim amounts up to time t, X(t), can be defined
as a normal distribution with the mean value, uy, and variance, o2,

X(O)~N(ux, 0% ) (6)

Therefore, combining Eq. (1) and (3), the optimal premium can be subsequently de-
fined as,

Y* = argmax R(t) %

Xp€rl', Pins2Pthr
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where ¥* can be defined as the optimal premium, which maximizes the capital and
simultaneously ensures the probability of insolvency not exceeding the prescribed
value, Pypy.

4 Case study

In this section, we will examine an imaginary numerical case to demonstrate the pro-
posed premium pricing scheme. In this case, we will examine the insurance scheme for
the transmission towers of New York state's infrastructure system. The transmission
towers, as the main structures supporting the entire power transmission network, play
a critical role in ensuring the supply of the national energy system. The damages and
failures of individual transmission towers are interrelated, as the collapse of a transmis-
sion tower caused by natural disasters such as hurricanes and strong winds is intercon-
nected. In other words, the failure of transmission towers in a particular region will
have an impact on the health of adjacent transmission towers, and the insurance scheme
should also take into account the interdependence of individual premiums.

As shown in the Fig. 1 below, transmission towers are distributed across various
regions in the state of New York, with the red dots representing the areas where the
transmission towers are located. However, their damages and failures are intercon-
nected, which can be expressed through the following formula:

; AD
pij = min [1 “Vom 1] (8)
where p; ; represents the geographical correlation between transmission tower 7 and j,
Dypr 1s a constant, AD is the geographical distance between transmission tower 7 and j,
and y is the corresponding correction coefficient. In this case, Dy, is set to 500 km,
and y is assumed to be 0.78. In addition, N(t) follows a Poisson random process, the
initial capital, C, is defined as 500k $, and the client's premium is collected annually.

« Transmission tower location

|:| Map shape

Transmission
tower

Fig. 1. Topology of the location of transmission tower in New York City
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By combining Eq. (5), (6) and (7), it is estimated that the optimal premium, ¥*, is
finally calculated as 3.84 X 10% $ per year. However, it is also estimated that ¥* is
equal to 2.97 x 102 §$ if the correlations among the claims are not considered. This is
partially attributed to the reason that the dependence among claims increase the chance
of failure risks of transmissions tower. This substantial difference can be attributed to
the fact that the dependence among claims greatly influences the risk of failure in trans-
mission towers. When correlations among claims are taken into account, it becomes
evident that the potential failure of one tower can more significantly impact the likeli-
hood of failures in other towers within its vicinity. This interconnectedness increases
the overall risk exposure, which subsequently affects the optimal premium calculation.
One possible explanation for this increased risk is the potential for cascading failures.
When one transmission tower fails, it can impose additional stress on nearby towers,
leading to a higher likelihood of subsequent failures. The correlations among claims
capture this spreading effect and emphasize the importance of considering them in the
premium estimation process. Furthermore, by incorporating the correlations among
claims, insurers can more accurately assess the overall risk profile of a portfolio of
transmission towers. Understanding the interplay between individual tower risks and
their collective impact on the entire portfolio is crucial for setting appropriate premi-
ums. Failing to account for these correlations may result in underestimating the true
risk exposure, leading to lower premiums that might not adequately cover potential
losses.

5 Conclusion

This research developed an advanced actuarial analysis framework to evaluate the prob-
ability of insolvency in infrastructure property insurance, focusing on nationwide trans-
mission tower failures. By incorporating correlations among claims and considering the
interdependence of infrastructure failures, this framework enhances the accuracy of es-
timating insolvency probabilities. The findings provide valuable insights for insurance
companies, policyholders, and risk managers, enabling them to make informed deci-
sions and effectively manage their risk exposure. Future work should explore additional
factors, advanced statistical techniques, and expand the scope of analysis to further im-
prove risk assessment in the infrastructure insurance sector. Firstly, incorporating ad-
ditional factors into the model could yield more accurate predictions. Factors such as
weather patterns, maintenance records, and technological advancements in infrastruc-
ture systems could significantly influence the likelihood of failures and subsequent in-
surance claims. By integrating these factors into the framework, insurers could better
understand and manage their risk exposure. Secondly, exploring more sophisticated
statistical techniques could enhance the modeling capabilities. Machine learning algo-
rithms, such as neural networks or random forests, could be employed to identify com-
plex patterns and non-linear relationships between variables.

These techniques could provide deeper insights into the interdependencies and cor-
relations among claims, leading to improved risk assessment and more precise estima-
tions of insolvency probabilities. Additionally, expanding the study to cover a broader
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range of infrastructure systems and geographical regions would contribute to a more
comprehensive understanding of the challenges and risks in property insurance [9]. Dif-
ferent types of infrastructure, such as bridges, tunnels, or power plants, exhibit unique
characteristics and failure patterns. By extending the analysis, insurers can gain insights
into industry-specific risks and develop tailored risk management strategies. Address-
ing the limitations of this research is crucial for future studies. One limitation is the
availability and quality of data, particularly regarding past claims and infrastructure
failure events. Improved data collection methods, including collaboration with industry
stakeholders and utilizing emerging technologies such as Internet of Things (IoT) sen-
sors, could overcome this limitation [10]. Additionally, the framework's assumptions
and simplifications may require further refinement to capture the complexity of real-
world scenarios more accurately.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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