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Introduction

Imagine being in the centre of Malaysia, amidst the vibrant cities, lush rainforests, and
breathtaking scenery that make up this lovely country. The weather in Malaysia often has sunny
days, occasional rain showers, and light breezes. This predictable weather is what you would
consider the "normal” situation.

However, once in a blue moon, a powerful monsoon passes through a few locations especially, on
the shores of the South China Sea with heavy rain and strong winds. Many places are in danger of
being submerged by rivers that overflow and the sea that surges. This extraordinary weather event
represents extreme value data.

Extreme value data refers to observations or data points that represent exceptionally rare or
extreme events within a dataset. These events are situated in the tails of the probability
distribution and are typically characterized by their infrequent occurrence and significant deviation
from the typical or expected values. Extreme value data can be found in various fields, from
finance (market crashes) to meteorology (severe storms), and from healthcare (rare diseases) to
engineering (catastrophic failures).
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Figure 1: Various Field of Extreme Events
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Extreme Value Theory (EVT)

The foundation of studying the probability of the occurrence of extreme values uses the Extreme
Value Theory (EVT); a branch of statistics that focuses on modelling the extreme tails of
probability distributions. The frequency and magnitude of extreme events are described by the
upper part of the distribution, which is typically known as the “tail”. Probability distributions can
be classified into heavy-tailed, and light-tailed, depending on their tail behaviour (Figure 2).
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Figure 2: Graph of Extreme Events

Block Maxima (BM) approach

The field of EVT was pioneered by Fréchet (197), Fisher & Tippett (1928), Gumbel (1935) and Von
Mises (1936) introduced the asymptotic theory of extreme value distributions. While Gnedenko
(1943) and de Haan (1941) provided mathematical proof of the fact that under certain conditions,
three families of distributions (Gumbel, Fréchet and Weibull) can arise as limiting distributions of
extreme values in random samples. The three limiting distributions were unified by Jenkinson
(1955) into a single expression known as the Generalized Extreme Value (GEV) distribution. This
approach also can be defined as Block Maxima (BM). A single expression known as the Generalized
Extreme Value distribution is given by:
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where o,/ andy are location, scale and shape parameters respectively.

The block maxima (BM) approach consists of dividing the observations into subsets (usually
months or years) and considering the maximum value of each subset to be analysed (Figure 3).
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Figure 3: Block Maxima of Finance Losses

Peak-Over-Threshold (POT) approach

Instead of just considering the maximum value of each block as an extreme value, the
observations above a high level or threshold can be considered extreme values as well. It is
the so-called Peak-Over-Threshold method (POT) which is based on exceedances above
thresholds. The threshold approach is the analogue of the Generalized Extreme Value
distribution for the annual maxima, but it leads to a distribution called the Generalized Pareto
Distribution (GPD) which is proven to be more flexible than the annual maxima (Goldstein et al.,
2003; Smith & Shively, 1995). The mathematical form of the Generalized Pareto distribution is
the following:
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where & , u and o are shape, location, and scale parameters respectively.
The fundamentals of extreme value analysis based on threshold values were established by

Balkema & de Haan (1974) and Pickands (1975) whereby the mean number of exceedances
above a high threshold in a cluster was given as the key parameter (Figure 4).
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Figure 4: Peak-Over-Threshold of Precipitation

Practically, POT approach is more efficient for measuring the tail behaviour than the BM approach
since it focuses on all observations which over the threshold. While BM approach involve loss of
information as some blocks might have more than one extreme in them. However, the POT
approach always facing a challenge in the choice of threshold, beyond which data can be
considered as extreme data or more formally where the asymptotically justified extreme value
models will provide an adequate approximation to the tail of the distribution.

Conclusion

In summary, analysing extreme value data is not only a matter of statistical interest but also a
practical necessity in addressing risks, ensuring safety, protecting the environment, and making
informed decisions in a wide range of domains. It allows us to prepare for and respond to rare but
high-impact events, ultimately enhancing the safety, security, and well-being of individuals,
communities, and societies.
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