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In examining natural hazards, such as hail, statistical analyzes can play
a significant role. Due to the great importance of economic and side
losses of hail in the northern part of Zagros with maximum frequency
and damage, it is necessary to examine its temporal and spatial
occurrence separately. Therefore, in order to evaluate and estimate the
probability of occurrence of this phenomenon, data of 10 synoptic
stations of the region were used during the statistical period of 2014-
1992. In choosing the best method for calculating the distribution of
precipitation probabilities, different types of probability distributions
of discrete random variables were tested by means of both
Kolmogorov and Anderson-Darling tests.

The results showed that the good Poisson distribution test had a good
fit for hail occurrence at a high level of 90.99%. Baneh station with
the maximum frequency of hail precipitation has the lowest
probability (0.023%) and Pearnshahr station has the most probable
days without hail (0.39%). Therefore, the probability of occurrence of
hail in Baneh has a higher percentage. In the ranking model, the
negative binomial model satisfies the observations of this type of
precipitation very well.The calculation of probabilistic distributions
by these two methods showed that the probability of occurrence of
hail with the frequency of 1 to 6 times and more in the region and the
highest probability is related to the frequency of 3 occurrences of
0.20%. At a frequency of 1 to 6 times, the probability of occurrence
of this phenomenon is 5 times more than the probability that it will not
occur, which indicates the region's high vulnerability to this type of
climate risk.
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Extended Abstract

Introduction

Natural hazards have a profound impact on living organisms and result in significant economic
losses. These hazards have been a recurring aspect of human history, and currently, there exist
approximately 43 different types of natural hazards, with 90% of them being attributed to climate-
related factors. In Iran, a vast majority (90 to 95 percent) of these hazards are weather-related, such
as tidal storms and hail storms. Thunderstorms serve as a prime example of nature's immense power,
posing a severe threat to the inhabitants of Earth. They are characterized by intense winds and hail,
which are caused by the formation of large convective cells in the atmosphere. The northern Zagros
range, which is one of Iran's regions prone to hailstorms, has been the subject of extensive research
by numerous scholars. Given that this area plays a crucial role as an agricultural hub for the country,
it becomes imperative to comprehend and anticipate the likelihood of hail phenomena occurring in
this region. By utilizing the findings of this research, it will be possible to develop appropriate
strategies for effective planning, thereby mitigating losses and promoting sustainable agriculture.

Material and Methods

In this study, the northern Zagros range encompasses several cities, including llam, Hamedan,
Kermanshah, Islamabad, Ravansar, Baneh, Sagez, Bijar, Sardasht, and Piranshahr. These cities are
considered to be the most significant and influential mountainous regions in the country. Therefore,
statistical information from stations with long-standing records is utilized .To investigate the
probability distribution of hail phenomena, various types of distributions for discrete random
variables (based on the nature of the data) have been tested using SPSS software. In order to
determine the best distribution type, the goodness of fit of the distributions and the normality of the
data are examined using two methods: 1) Kolmogorov-Smirnov (KS) method and 2) Anderson-
Darling method.

Resultss and Discussion

In this study, Baneh Station was selected as the representative station for analyzing hail
precipitation. The results from the remaining stations are provided in the appendix. During the
survey period (1992-1994), hail occurrences were most likely to happen 3 times per year, followed
by 4 and 5 times. Estimations of hail occurrences 6 times or more over the 16-year period were
determined using both Poisson and negative binomial distributions with a high degree of confidence.
Additionally, the more reliable Kolmogorov-Smirnov and Anderson-Darling tests were employed
to rank the distributions that best fit the observations of hail rain at Baneh Station. The Poisson
distribution exhibited the highest rank in fitting the hail precipitation data at Baneh Station. This is
attributed to the fact that the test statistic for this distribution (1.6951) is lower than the critical
value, thereby confirming the appropriateness of this distribution. Consequently, at a significance
level of 0.01%, the null hypothesis is not rejected, indicating a good alignment between the
observations and the Poisson probability distribution. This statement is made with a confidence
level of 99.99%, illustrating the high suitability of this distribution. The negative binomial
distribution ranked second in fitting the observations compared to other distributions. In conclusion,
the final outcome of the analysis of hail precipitation frequency at Baneh Station is the selection of
the Poisson distribution, followed closely by the negative binomial distribution, both with a
confidence level approaching 100%, as the best fits for the empirical observations. According to the
Anderson-Darling test, the geometric distribution does not match the sample data.
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Conclusion

Based on the findings of this study, the objective was to examine the distribution models for the
occurrence of hail precipitation. The study specifically focused on Poisson distributions, negative
binomials, geometric and binomials, taking into account variations in observation frequency. The
estimates revealed that Baneh Station had the highest frequency of hail precipitation in the entire
region, with a minimal probability of hail-free days (0.023%). Conversely, Pearnshahr Station had
the greatest likelihood of experiencing hail-free days (39.3%). Therefore, the probability of hail
occurrence in Baneh was higher. At this station, the most probable occurrence of hail was associated
with 3 days (20%), while the lowest probability (0.021%) was associated with zero days without
hail precipitation .Furthermore, the results obtained from applying two distributions demonstrated
that the likelihood of hail rainfall occurrence was 0.1%, and the highest probability was observed
for a frequency of 2 to 4 times over the course of the 22-year study period. Compared to the
probability of a frequency of zero (non-occurrence) at 0.023%, the average likelihood of occurrence
was nine times higher. This underscores the high incidence of hail in the region, which should be
taken into consideration in natural hazard planning and management.

Keywords: Poisson Distribution, Negative Bivariate Distribution, Hail, Northern Zagros.
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