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Abstract: Northwestern Iran, as the country’s most important

agricultural hub and the region with the highest frequency of
hail occurrence, experiences the greatest level of damage
associated with this phenomenon. The present study was
conducted with the aim of selecting a probability distribution
best fitted to the data on hail days and planning to reduce
vulnerability to this phenomenon. Based on goodness-of-fit
tests, except for Bernoulli and hypergeometric distributions,
other discrete distributions including Poisson, negative
binomial, discrete uniform, geometric, and binomial were able
to represent the observed frequency pattern with varying
degrees of accuracy. The goodness-of-fit test confirmed the
significant superiority of the Poisson distribution at a
confidence level of 99%. Marivan station, which has the highest
frequency of hail in the entire region, shows the greatest
probability of hail occurrence. Following the Poisson
distribution, the negative binomial model is introduced as the
second most efficient fit. These findings provide a valid
statistical basis for designing risk management strategies and
reducing hail-related damage in Northwest Iran.
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Extended Abstract

Introduction

Extreme atmospheric phenomena
constitute one of the most significant
manifestations of climate variability,
producing extensive economic, social,
and environmental impacts. Among
these phenomena, hail is considered a
major hazardous event due to its
sudden occurrence, high destructive
intensity, and spatially localized yet
severe impacts. Hail-related damages
are primarily observed in the
agricultural sector, resulting in
reduced crop yields, destruction of
orchards and greenhouses, damage to
livestock, and infrastructure losses.
Northwestern Iran, owing to its
mountainous topography, interaction
of Mediterranean synoptic systems,
and the convergence of cold and
warm air masses that intensify
convective uplift, represents one of
the primary hail-prone regions in the
country. The concentration of major
agricultural hubs in this region
amplifies the economic consequences
of hail events. Given that the exact

timing of extreme weather events

cannot be predicted deterministically,
statistical ~analysis of historical
records and probabilistic modeling
provide a scientific framework for
risk management. Identifying an
appropriate probability distribution
for modeling the annual number of
hail days can support agricultural
planning, crop insurance schemes,
disaster management strategies, and
mitigation policies aimed at reducing
vulnerability.  Accordingly,  the
present study seeks to determine the
most suitable discrete probability
distribution for fitting the annual
frequency of hail days in northwestern
Iran, thereby enabling more reliable
probability  estimations of hail

occurrence.
Data and Methods

The dataset consists of hail
occurrence records from 25 synoptic
meteorological stations located in
northwestern Iran for the statistical
period 1992-2009, obtained from the
Iran Meteorological Organization.
Hail events were extracted based on

relevant present weather (WW) codes



corresponding to hail phenomena.
Due to low occurrence frequencies at
several stations, only 12 stations
demonstrated sufficient distributional
suitability for statistical modeling.

Given that the variable under
investigation is the annual count of
hail days, discrete probability
distributions were

examined,

including Poisson, negative binomial,

binomial, geometric, discrete
uniform, Bernoulli, and
hypergeometric distributions.

Goodness-of-fit was evaluated using
the Kolmogorov—Smirnov (KS) and
Anderson—Darling (AD) statistical
tests. Data processing, parameter
estimation, and model ranking were
performed using Excel, EasyFit, and
StatAssist software. Model selection
criteria were based on minimizing test
statistics and validation at predefined

significance levels.
Results & Discussion

The results indicate that the Bernoulli,
binomial, and  hypergeometric
distributions do not adequately
describe the annual hail frequency

data. In contrast, the Poisson and

negative  binomial  distributions
exhibited the highest levels of
conformity with observed records. A
detailed analysis of the Marivan
station, which recorded the highest
hail frequency within the region,
revealed that the probability of three
hail occurrences per year was the
most dominant. The probabilities of
four and six occurrences per year
ranked subsequently. The estimated
probability of zero hail days in
Marivan was relatively low, reflecting
the persistent nature of hail activity in
this station. The Anderson—Darling
test produced the smallest test statistic
for the Poisson  distribution,
confirming its validity at the 0.01
significance level. The Kolmogorov—
Smirnov test yielded consistent
results, although the Anderson—
Darling test demonstrated greater
discriminative  power. In most
distribution-compatible stations,
more than 90 percent of observed
frequencies were satisfactorily fitted
by the Poisson model, with an
estimated error rate below 5 percent.

The negative binomial distribution

ranked second in most stations and, in



certain cases, showed performance
comparable to the Poisson model. The
geometric and discrete uniform
distributions exhibited  weaker
conformity across the majority of

stations.
Conclusion

The findings suggest that the annual
hail occurrence pattern in
northwestern  Iran  follows the
behavior of a stochastic counting
process with an approximately
constant average rate over time,
consistent with the assumptions
underlying the Poisson distribution.
The superiority of the Poisson model
over other distributions indicates that
hail events in this region can be
effectively represented as
independent annual count processes
without strong temporal dependence
structures.

The acceptable performance of the
negative binomial distribution further
implies that slight over dispersion

relative to the mean exists in some

stations, although not to a degree
sufficient to surpass the Poisson
model overall. In conclusion, the
Poisson distribution was identified as
the most appropriate probabilistic
model for the majority of distribution-
compatible stations in northwestern
Iran, with a confidence level
approaching 100 percent. The
negative binomial distribution was
ranked second. The Poisson model
provides a reliable statistical
foundation for estimating annual hail
occurrence probabilities and can be
effectively applied in agricultural risk
management, crop insurance
planning, and climate hazard
mitigation strategies. Considering
regional climatic  heterogeneity,
similar distributional analyses are
recommended for other regions of the
country to determine locally

appropriate probabilistic models.
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