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Wet& Wetter) and clone states for dry periods and temporal non-homogeneity in the transition
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predictive uncertainty, allowing for full model evaluation through posterior predictive
analyses. For this research, eight years of hourly rainfall data (from 2015 to 2022) from the
Amir Kabir station in Alborz province were utilized. The results of the model are interpretable
and allow for the examination of seasonal and annual variations in hourly rainfall occurrence
and intensity. Considering the various complex aspects of rainfall patterns at an hourly time
scale, this model can serve as a valuable tool for meteorologists, hydrologists, and water
resource planners.
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1. Introduction

Hydrological models play an important role in managing water resources, reducing damages which are caused
by floods and environmental problems. These models are usually used to test the reaction of the hydrological
system for designing storm surges, but using these models have limitations in recording the important features
of the system. To solve this problem, using the long-term time series of rainfall which are caused by random
models in these techniques is necessary. Precipitation modeling is a challenge because its natural variability in
seasonal structures or long-term trends is more than other meteorological variables. Hidden Markov model is
widely used to determine the temporal structure in the occurrence and intensity of precipitation. This model
includes a hidden and invisible quantity that will change during discrete times and fluctuates among a limited
number of values and dry and wet states. But hidden Markov models are faced with problems and this issue
leds to the development of advanced Markov models. This model is able to overcome the limitations of the
basic hidden Markov model to some extent. The main features of this model are as follows: 1- Recording time
changes in the occurrence and intensity of rainfall: daily changes (different hours of the day), seasonal changes
and time changes (over longer periods)

2 - Recording long dry periods
3- Recording extreme values

By measuring the hourly rainfall data and by using the Posterior prediction model, performance of the
proposed model and by considering these three features is investigated in general.

2.Materials and methods

A basic Markov model has challenges to record the complete distribution of rainfall and a discrete combination
of rainfall intensity states (dry, wet and very wet) can be used to solve this challenge. Dry period is
defined as a period of zero or very little rainfall, and the wet period is defined as a non-zero period.
These three states, dry, wet and very wet, are used to describe the distribution of rainfall to including
time dependence in the model. This temporal structure is parameterized through the transfer matrix,
then, the conditional model is specified, which includes a Bernoulli quantity that indicates the
occurrence of precipitation, and also the conditional model has an absolute positive value that indicates
the intensity of precipitation depending on its occurrence. It is difficult to choose a distribution for
precipitation intensity due to the high number of observations. To solve this problem, an advanced
hidden Markov model is used. This model has high flexibility for dry periods and can record time
stability and extreme rainfall events. The implementation of this model includes three main parts that
are given below:1- Cloning states and inhomogeneity 2- Creating a conditional precipitation

model 3- Implementation of the previous model and distributions. Here, 8 years of hourly rainfall observation
data from Amir Kabir station located on the Karaj Dam were used to implement the model.

3.Results

The advanced hidden Markov model includes several innovations compared to the basic Markov models, such
as: considering dry states for drought periods and considering time heterogeneity in the transfer matrix. Using
different marginal distributions for each state and considering splines and random effects for each state in all
parameters of the conditional model are other advantages of this model compared to basic hidden Markov
models. The advanced hidden Markov model is able to take into account all the necessary features including:
seasonal changes in the occurrence and intensity of precipitation, long dry periods and threshold values.
According to the mentioned capabilities, the model can be a useful tool for meteorologists, hydrologists and
water resource planners, because it considers different and complex aspects of rainfall patterns on an hourly time
scale.,

4.Discussion and Conclusion

In this research, the advanced hidden Markov model which developed by Stoner and Economou in 2020, was
used to simulate the hourly rainfall of Amir Kabir station located on the Karaj Dam. By placing the model in a
Bayesian framework, the model allows for a quantification of parametric and predictive uncertainty, which
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means that posterior prediction checks can be used to verify that the model captures important features of the
data. Moreover, its application on hourly precipitation data shows the applicability of the model in situations
with high (temporal) resolution. In a study, Dawkins et al (2022) used an advanced hidden Markov model to
simulate daily precipitation at the Angeline station in England, and their results are consistent with the present
study. The use of this model may not have enough flexibility in different climates. To solve this problem, we
can use more wet conditions and alternative conditional distribution. In general, the results of this research are
consistent with the research of Stoner & Economou, 2020), which simulated the hourly rainfall at the Exeter
station in England with the development of the hidden Markov model to the advanced hidden Marmov model.

Discussion and Conclusion
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