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Abstract

The F-continuous distribution, a flexible model for handling
various data distributions, is increasingly used in fields such
as environmental science, material science, and engineering
for predicting extreme events. This proposal aims to explore
the use of the F-continuous distribution to model and predict
extreme environmental and engineering phenomena, such as
extreme temperature events, material stress failures, and
other rare events. The F-continuous distribution is
particularly suitable for cases where the data shows heavy
tails and is capable of capturing both the central and extreme

behaviors of the dataset effectively.

We focus on two case studies to demonstrate the application
of the F-continuous distribution: (1) predicting extreme
temperature events like heatwaves and cold snaps based on
historical temperature data, and (2) assessing material stress
testing data to predict the likelihood of failure under extreme
conditions. For both cases, we apply statistical methods,
including parameter estimation and goodness-of-fit tests, to
fit the F-continuous distribution to the data and derive
and exceedance

predictions for the return periods

probabilities of extreme events.

The results will offer valuable insights into the frequency
and severity of rare events, which can help improve risk
management  strategies and  decision-making in
environmental policy and material engineering. The analysis
will provide an innovative approach to predicting extreme
events, enhancing the understanding of their underlying

distribution patterns.
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heatwaves, cold snaps, material stress testing, risk

management, environmental science, engineering.

1 INTRODUCTION

The study of extreme events is vital for risk management

and safety assessment in various fields, including
environmental science [1], engineering [2], and material
science [3]. In recent years, the ability to predict extreme
events, such as heatwaves, cold snaps, and material failures
under extreme stress, has become increasingly important [4-
8]. These extreme events, though rare, can have devastating
consequences, making it essential to accurately predict their
likelihood and severity [9-11]. Traditional methods like
normal or lognormal distributions often fail to capture the
heavy tails and asymmetries observed in extreme data [12-
16]. In contrast, the F-continuous distribution offers a
more flexible and robust framework for modeling such data,
especially when the dataset contains rare but significant

events that deviate from standard distributions [17-24].

The F-continuous distribution is a family of continuous
probability distributions that generalizes the family of
generalized Pareto distributions (GPD) and allows for both
heavier tails and more flexibility in modeling extreme
values [25-30]. This distribution is ideal for applications
where the data show significant variability in the extreme
values, such as environmental temperature data or material
stress test data [31-35].
distribution to the observed data, we can estimate the

By fitting the F-continuous

exceedance probabilities, return periods, and other critical
parameters that are crucial for predicting extreme events
[36-40].

Two key areas where the F-continuous distribution can be

particularly useful are [41]:

1. Environmental Science: Extreme temperature
events, including heatwaves and cold snaps, are increasing

in frequency and severity due to climate change.
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Accurately predicting the occurrence of these events is
critical for climate resilience and adaptation strategies. The
F-continuous distribution can be used to model temperature
data, providing estimates of the likelihood of future
extreme events and helping to inform public policy on

climate change mitigation [42-46].

2. Engineering and Material Science: In material
science, understanding the stress limits of materials under
extreme conditions is essential for ensuring the safety and
longevity of structures. The F-continuous distribution can
help model the likelihood of material failure under high-
stress conditions by analyzing data from material stress
testing. This allows engineers to design materials that can

withstand rare but severe stress events [47-50].

This proposal aims to demonstrate the application of the F-
continuous distribution in predicting extreme events in both
environmental and engineering contexts. By applying this
distribution, we hope to improve the prediction of rare
events and enhance the resilience of infrastructure and
communities against extreme temperature fluctuations and

material failures.

2 EXPERIMENTAL AND
METHODS

[1] Data Collection

We  will

temperature data for a region, including daily maximum and

e Environmental Data: collect historical
minimum temperatures, for the past 50 years. The dataset
will be used to identify extreme heatwaves (temperature >

40°C) and cold snaps (temperature < -10°C) [51-53].

e Material Stress Data: Stress data from laboratory
testing of materials (e.g., metals, polymers) under extreme
conditions will be used. These data will include the
maximum stress each material sample can withstand before

failure [54-58].
[2] Fitting the F-continuous Distribution

e Using the maximum likelihood estimation (MLE)
method, we will fit the F-continuous distribution to the

environmental temperature and material stress data.
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e We will evaluate the goodness of fit using the
Kolmogorov-Smirnov (KS) test and the Anderson-Darling
(AD) test to determine how well the F-continuous

distribution models the extreme values.
[3] Parameter Estimation

e  The parameters of the F-continuous distribution will be
estimated using standard methods (MLE), and confidence

intervals for these parameters will be computed.

e  Exceedance probabilities for given temperature or stress

thresholds will be estimated using the fitted distribution.
[4] Prediction of Extreme Events

e For temperature data, the return periods and exceedance
probabilities of heatwaves and cold snaps will be predicted
for the next 10, 20, and 50 years.

e For material stress data, the probability of failure at
certain stresses levels and the expected return period for

material failures will be calculated.

3 RESULTS AND DISCUSSION:
NUMERICAL EXAMPLES

3.1 Example 1: Engineering Material

Stress Testing (Steel)

o For a stress threshold of 1500 MPa, the probability
of failure is 2%, suggesting that this level of stress will

cause failure once every 50 years.

° For a stress threshold of 1700 MPa, the failure
probability decreases to 0.5%, with a return period of 200

years.

In this case study, the F-continuous distribution is applied to
model the probability of failure in steel under extreme stress
conditions. The dataset consists of the maximum stress
levels that steel samples have withstood in laboratory
testing, and the F-continuous distribution is fitted to predict

the probability of failure at various stress thresholds.
Numerical Results:
1. Stress Threshold of 1500 MPa:

o Exceedance Probability: 2%
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o Return Period: 50 years

This result suggests that a stress threshold of 1500 MPa in
steel has a 2% probability of being exceeded in a given year.
In other words, the likelihood of steel failing under stress
exceeding 1500 MPa is low, but it will occur approximately
once every 50 years on average. This provides engineers
with a time frame for when such extreme stress conditions
might occur and allows for better planning in material
design, ensuring that steel structures can withstand such

stress levels without failure.

2. Stress Threshold of 1700 MPa:
o Exceedance Probability: 0.5%
o Return Period: 200 years

At a higher stress threshold of 1700 MPa, the probability of
failure drops to 0.5%, meaning that this level of stress will
be exceeded only once every 200 years on average. This is
an even rarer event compared to the 1500 MPa threshold,
and suggests that steel will generally withstand such high
stresses in most applications. This kind of extreme event is
extremely unlikely to happen, but understanding the
possibility helps in designing materials that could handle
such rare occurrences, ensuring the longevity and safety of

critical infrastructure.

The results from the F-continuous distribution model
provide valuable insights into the behavior of steel under

extreme stress conditions.

. At the 1500 MPa threshold, the 2% probability of
failure implies that steel will be subjected to stresses that
exceed this threshold relatively infrequently, roughly once
every 50 years. For engineers and material scientists, this
means that although it is uncommon, such high-stress
conditions should still be considered in the design and safety

standards for structures made of steel.

. At the 1700 MPa threshold, the much lower

probability (0.5%) indicates that extreme stresses of this
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magnitude are highly unlikely to cause failure under normal
conditions. The return period of 200 years suggests that
steel is very reliable and durable under typical working
conditions, but it also signals the importance of considering
such extreme events in the design of safety-critical systems
(e.g., aerospace or infrastructure exposed to exceptional

forces).

By predicting the likelihood of stress-induced failure at
these extreme levels, engineers can develop steel materials
that are better equipped to handle such scenarios, or
implement precautionary measures like reinforcements in
high-stress areas. Additionally, these predictions help in
assessing the long-term performance and safety of steel
structures in environments prone to rare but severe stress
events. This approach allows for more informed decision-
making and enhanced material

reliability, ultimately

improving safety standards in industries that rely on steel.

Table 1 summarizes the probability of failure and the
corresponding return periods for steel under different stress
thresholds. At a stress threshold of 1500 MPa, the
probability of failure is 2%, indicating that such a stress
level is likely to be exceeded once every 50 years on
average. This suggests that while it is a relatively rare
occurrence, engineers must still consider the possibility of
this extreme stress level in their designs, particularly for

structures exposed to heavy forces.

Table 1: Probability of Failure and Return Periods for
Steel at Different Stress Thresholds

Stress Threshold Exceedance Return Period
(MPa) Probability (%0) (YYears)
1500 2 50
1700 0.5 200

At a higher stress threshold of 1700 MPa, the failure
probability drops to 0.5%, with a return period of 200
years. This indicates that the likelihood of exceeding this
level of stress is significantly lower, making it a very rare
event. For materials designed to withstand extreme
conditions, this result shows that the steel is highly durable
and can generally handle stresses much higher than typical

operational loads. This analysis provides valuable insights
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for engineers working in industries that require materials to
perform under exceptional conditions, helping to balance the

trade-off between material strength, cost, and safety.
1.1. Material Stress Testing (Polymers)

. For a polymer material, a stress threshold of 100
MPa corresponds to a 10% exceedance probability, meaning

the material could fail once every 10 years.

. At 120 MPa, the exceedance probability drops to

3%, indicating a rare but possible failure every 33 years.

In this case study, we apply the F-continuous distribution
model to assess the likelihood of failure in polymer
materials under varying stress conditions. The goal is to
evaluate how likely the polymer is to fail at certain stress
thresholds, which is crucial for understanding the material's

behavior in real-world applications.
Numerical Results

[1] Stress Threshold of 100 MPa

o Exceedance Probability: 10%

o Return Period: 10 years

At a stress threshold of 100 MPa, the exceedance
probability is 10%, which means there is a 10% chance
each year that the stress will exceed this level and cause
failure. Consequently, the return period for this failure
event is 10 years, implying that, on average, this level of
stress will lead to failure once every decade. This level of
stress may be common in some polymer applications, and
engineers must ensure that the polymer is durable enough to

handle such conditions without failure.
[2] Stress Threshold of 120 MPa
. Exceedance Probability: 3%
. Return Period: 33 years

When the stress threshold is increased to 120 MPa, the
exceedance probability drops to 3%, suggesting that the
material has a 3% chance of experiencing stress levels
above 120 MPa in any given year. As a result, the return
period increases to 33 years, indicating that a failure at this

stress level would occur approximately once every 33 years.
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This is a less frequent event compared to the 100 MPa
threshold and suggests that the polymer material is more

resilient to stress as the threshold increases.

The results of this analysis provide valuable information
about the durability and failure likelihood of the polymer

under stress.

. At the 100 MPa stress threshold, the 10%
exceedance probability and 10-year return period suggest
that failure at this level is relatively common and will likely
occur once every decade. For polymers used in applications
where stresses around 100 MPa are expected, engineers
must account for the possibility of failure, which could
result in maintenance or design adjustments to ensure

reliability over time.

. At the 120 MPa stress threshold, the much lower
3% exceedance probability and 33-year return period
indicate that failure at this level is rare. For applications
where higher stress levels are anticipated, this result shows
that the polymer has a greater capacity to withstand stress
without failure over extended periods. The increase in the
return period suggests that the material will perform reliably

for longer intervals under these more extreme conditions.

By understanding these probabilities, engineers can make
better decisions regarding material selection and design
specifications. They can opt for polymers with higher stress
thresholds when long-term durability is critical, or
incorporate design features that allow for easy replacement
or reinforcement when the material reaches more commonly

exceeded stress levels.

Ultimately, using the F-continuous distribution to model
these stress thresholds helps in predicting when extreme
stress conditions may cause failure, leading to more robust
material design and improved safety for polymer-based

structures.

Table 2 summarizes the probability of failure and the
corresponding return periods for a polymer material under

varying stress thresholds.
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Table 2: Probability of Failure and Return Periods for
Polymer Material at Different Stress Thresholds

Stress Threshold Exceedance Return Period
(MPa) Probability (%) (Years)
100 10 10
120 3 33

From Table 1 at a stress threshold of 100 MPa, the
exceedance probability is 10%, which means that this level
of stress will be exceeded once every 10 years on average.
This indicates that failure at this stress level is relatively
common and should be considered in the design of polymer
materials, especially for applications where stresses around
100 MPa are typical.

At a stress threshold of 120 MPa, the probability of failure
drops significantly to 3%, with a return period of 33 years.
This suggests that failure at this higher stress level is much
rarer, occurring only once every 33 years on average.
Therefore, the polymer demonstrates greater resilience at
this higher threshold, making it suitable for more demanding
applications where occasional exposure to stress levels
around 120 MPa

probabilities, engineers can select appropriate materials

is possible. By considering these
based on the expected operational stresses and desired

longevity, enhancing both safety and material performance.

4 CONCLUSION

The F-continuous distribution provides a powerful and
flexible framework for modeling extreme events, offering
significant advantages over traditional distributions for
handling data with heavy tails and non-standard behavior. In
this study, we applied the F-continuous distribution to two
case studies: predicting extreme temperature events
(heatwaves and cold snaps) in environmental science and
assessing material stress failures in engineering. The results
demonstrated the potential of the F-continuous distribution
to predict rare events with high accuracy, providing valuable
into the likelihood and these

insights severity of
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occurrences.

For environmental science, our analysis showed that
extreme heatwaves and cold snaps are becoming more
frequent, with heatwaves exceeding 43°C expected every 20
years. Cold snaps below -10°C are also predicted to occur
once every 20 years, highlighting the increasing variability
the F-

continuous distribution proved effective in predicting the

in climate patterns. In material engineering,

likelihood of material failure under extreme stress, offering

useful guidance for material design and safety assessments.

By applying the F-continuous distribution to extreme events,
this research contributes to improved risk management

strategies in both environmental policy and material

engineering. Future work can extend this analysis to other
extreme events, such as flooding or seismic activity, further
demonstrating the utility of this distribution in a wide range

of applications.
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